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', In add:.tion, .

""‘.frelated to » tension develogment 3 Werew.-""

B 51gnificant1y reduced m thlS *Jroup'- warth respéct t° bOtH:}_‘;}‘:‘.";
: < . is’onievtric and J.sokinetic contractions..-' : g S v.
AN The RF muscle showed significant differences 1n 1ts
act1v1ty patten with respect to peak EMG values recordedS by

arthrtic subjects and peak activity was increased dpri\ng

isometric and decreased duringwlsokinetic contﬁaction. - J

“M._” EMG values and t1me factors related to te nSlon"_

development showed similarlties of activity between rlsk‘-f

_’_and arthrtic subjects in some 1nstances, 1n Others, the

:I.;vrisk“ group was found to perform nomally. 5 R

& e Results of this preliminary ;nvestlg’{?ion suggest::fj"':'

L that the adaptive responses of the musculature 1n OA are-'."

_'mplex..‘ The potentia’i for early prediction of.OA has also_." e

: :"__‘,_een assessed. Further ,study is needed before clinical"__f
g implications can be derived N ‘_ ,' !
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Gsteoarthritis (OA) is the most prevelant of the v

":}f...‘_*f.:f'rheumatic joint diseases (1) ;- occuring in one to two

-‘r"'_'.i‘:_"-findividuals of three in any population over 35 years of age

,;(2) As derin ed by Doyle (3),‘ OA 15 a degeneratlve-;::_;-;._.:.

‘ ‘."'-':‘f"fcondition affect&ng the axial skeleton and the peripheral-;:f-___,-‘:,»_

H-SWTdiarthrodial joints in which there is progressive bonef_._'." :".'I
) _',_renrodelling, outgrowth of bone,' art’icular ca,rtilage:_‘:.':_"-

‘:,.degeneration and capsular fibrosis. Symptoms of pain, jo:.nt":_—lfjf

sti 'fness, instability and swelling occur, resulting in

'.‘.lfunotitnal disability (4) 'rhe increasing awareness that OA

. ":represents the largest proportion of the rheumatio j,oint‘ '_";“5,?

i ‘}i..v_.,"diseases in a. 9enera1 populatiom f coupled Wi"«'—h the

‘»'-,""substantial economic and social cost _(1) ‘has resulted in a;:,

e search :pr improved treatment strategies and a need -to .

._-._develop preventative measures against the disease, This has__:_‘,f_;:
‘.‘.'_led to an intensitied inquj_ry into the causes of nis

Although secondary osteoarthritic changes followingaf‘,,j_‘-.'

-i-'»'vtrauma, congenital deformity, infection and other causes of,_:fﬂi--b’

"-.'joint incongruity are easily explained, there ie as yet no..i{'

o e clear explan‘ation of t}xe primary and more common form of_’t

“ o "_:this disuse (4) A large body of research on possible’_f:'_':.ﬁ.j_

RIS _-chemical , enzymatic and hereditary tactors has shown that'-.*"g"-'

"(‘



“etiological  relationshipito . primary degenerative joint'

"tffrarising from a complex inferplay oif multiple factors f@;;f

H“{7ZJ(3 4 5) In particular, it 1s postulated that the disease;t

"17iigimay result from an imbalance betwe:n the mecha'i"al
: b ;"-:?:ﬂ,.t’stresses Placed on the jOl!‘t aﬂd the ability °f the tissues.

?.iiiof the j01nt to withstand these stresses (5v63 This may
o f"."involve ‘both static features of joint geometryr Stabﬂity"
Jgiiff;and alignment as well as the;‘dynamic factors 'involvingt3
o ';TfJOint motion and sensorYfi;lij;f?“v.'MWEJn
' “*ifj;f' Hooever};
.vi;h<ifthe natural history of OA and the 98n3913 °£ the disea83318

fuﬁrigenerally pOOrly understood remaining’largely °°nj°°tnra1*

'V'fhiﬁdespite significant research efforts inﬂthe past several

llittle imformation isalavailable“ regarding

ifofiyears to increase our understandinq of'th"conditioi»f

One of*the problems arising in ‘tudying the natural_




ﬁ72[§crerosis fand cyst formation, these :changes cannot be£} ;:

characterisation and diagnosﬁ; of OA for either research @: °

Le

hf]perceived until 1ate 1n the disease. Therefore the in v1vo:3ﬁﬂﬁ

&'~ﬁgc11nical purposes diffacult. Furthermore:;H£H9?7*””

s ”human clinical trials des1gned to evaluate the potential ofif-ff

‘lfytherapy to alter, the rate of progress of OA (5Yif~[7f

'f7ﬁ_resonance rmaging techniques show Changes in OA\ earlierjﬁft‘“
: .ilfthan those seen’radiographically (7 8 9), these i

“.fnvetare not universally employedvfor diagnostic purposes.;,?””:'

: u_,Additionally,g although bone sc1ntiscanning and. magnetic;gffﬁ

Since OA remains largely a cliniqpl diagnos:.s for =

ufwhich back up evidence is provided bm radiologlcalggf;f
:fifinVestigation, and since joints are symptom free during the‘fi?ﬁ

thinitial morphological ohanges Of OA, patlents With earlYiﬁ
‘Uflysigns of the disease may go unobserved and untreated as’ ai:v_
'téresult Furthermore,‘a relatively weak relationship between“ifﬁf
"'».:;_i'radiographio findin‘;s and the symptoms Of OA ‘in: Welght'j"‘.'::
',xbearing joints is found and forty percent of persons w1thf’ff‘

,;fradiographio evidence of OA may have neither disability nor:f'uq

liefsymptoms of OA (2) In fact, one study reports severity oni@-f

& )

‘.1 ;in in knee joint
*,dqf synoq_tis and 'oth r;_ B
'fﬂarthroscOPY than with the&7severit¥ of the abnormalityffe;:
Q,Jpereeived radiographically (ﬁq Thus undue reliance'

'Troentenographic data, leads one to believe that the prob&em

:..

tovcorrelate better with the degree};:ﬁi

soft tissue changeS‘ seen at_..?'

§ o, e
iﬁponﬂﬁ"'

‘e‘ AR : o

,%' u ';,,,y ! o .A"



: function in this diseaseL _'[‘herefore,

_,_'el‘solm'f"‘ d by studyi , :
assoeiated pathogenic factors (4 5 10).‘ In addition,t it-

appears that meaningful and comprehensiv& treatment ot this‘
dxsease is only possible if it stems from a reliable;_ :
analysis of the normal and pathol\ogical stresses of the:j.f-

Jo.mt in question (5 6) ._In this reg?rd, the role of mu8c13 :

Ho

is of interest to- seVeral investigators (11 12 13 14) RS
A For physi _al therapists, the evaluation and treatment ,J'_—‘_i
of muscle is 'an~ essential component of the rehabilitation

process.__; However, ; a major impediment to study on the';:-"___.j{ S

ef’fectiveness of exercise in 'tteating ek—yztients has been
the lack of basic kn‘uwledge concerning ', anges of musc]se_,

racterisation ot‘_; e G
alterations whicl;- atfect movement »patterns and limbjf'f‘

of OA may | assist in d;efin
osteoarthritic patient in ¥

The . rationale tor»

1 ({16,17,18) and factérs such as inadequate muscle capability. -




.'._-v'.»that is of a mechanical nature (19 20 21 22)

.,’—/—.

o resulting from inappropriately timed and modulated levels

: 'of force production, may contribute to joint dysfunction

It i‘also suggested that muscle imbalance may play a» ::_'_;_

. "'".ﬁ.'frole in the development of jOint _dysfunction.__ Notably

..m b
'athletes with prev:.ous injuries and those requiring

r‘""

Q

I surgery., often present w1th agonist muscle weakness andf._ i ':-

'.: associated tightness in reciprocal muscle groups. ‘I‘hey may

also display hj_gh rateg of rerinjury as a Gpnsequence (23)

imbalance in the lumbo-?acral and c;,ervico-thoracic region***’—__fi‘

In. addition,v persons with a history of muscle ‘\
. , T i

S develop chronic pa&in syndromes and joint dysfunction ( 24)

This suggests that the weaker or more imbalanced a muscle

e fféroup is ,' the more prone the joint may be to injurY

Furthermore,, with’ respect to OA of the kﬁee joint

| (gonarthrosis), since both the frontal (valgus and varus)

o and rotational alignment (&nternal tibial torsion) of the

lower limb are aetiological factors in the disease process,

R it is suggested that the nature of muscle activity as well

i '__'. de‘termining the genesis of the disease (25 26 27 28)

t

as . other influences of alignment must be, considered when

- ,,,“ o
"‘\-» e v :

ATION or uuscm mncnon m cormu'akosxs g
= Information on the muscle property and its function
'.i":in gonarthrosis is ‘ poorly docume qg fv To date, such

';'-.v";‘»studies have largely been confine to both static and

B




dynamic torque_‘,; mea" 'ures and.

s‘elected ‘bi omechanic

o

parameters during gait -_~;"'.(29 30 31 32 '33)

h‘ave accounted for the timing and level of .associated rorce

'output_:_'lj" uscles of a ]:.,given

(19 24 29 31) Fewer studiest‘?'-':escribe the role ‘of: muscl as

an etiologica.JD facto

(13 21 22)

: n the development fthedi;‘ease

i3

T

componente (35) Although altered myoelectric activ:l.ty' .oan



'evaluate thej'"ﬂ

.iﬁ_,factors related to tensl°nf:ff

. ‘-I.

The obﬂective,gwas also

Lo e

p‘to derive limformation,f-.iv
ipertinent to the -evaluation and treatment\}of muscle}"“

.it dysfunction in gonarthrosis.jfidfﬁéi}f].i;ﬁgf; ;imflljfff.j"

fThe specific questions‘posedfwere the folloWinga

'f,ﬁ'ffiij Is.the EMG pattern of the quadriceps muscle of normali;~{

females the same ‘as' th;\/ﬁﬁs patt”rn of femalesi;,*‘

fig ;e;j presentin with signs of tibial to‘
- 9 | f

Nf:'alignment?

-2;) Is the EMG paﬁtern of young femalei

'“j:‘similar alignment who have osteoarthritis°73’”f?i h
3 Y Is ‘there a' relationshi—_between time facto#s related
to teﬁ/ion development in the quadriceps muscle and

the presence[or absence of tih}al malalignment°,t'

.ov.

‘Hion or varus;'f7

with tibial?f;f;

torsion ‘or- Varus alignment ‘the game  as womén with i

°

' The research hypothesis stated that s”;jects w1th

normal knee joints differ from subjects i_entified at
* I

"risk" or presenting with definitive OA of the knee joint

o _“.

with re8pect to the nyoelectric activity of the anterior o

thigh muscle and to selected torque measures related to fﬁg

time.

R W



| le:’f:];severe in middle-aged and elderly adults._-_;:ﬂ since m
- ..:f_-,dise'ése is thought to begin at A re'l'atively - .

: SIGNIHQ Ncnor sv: v

-*«?_-";;_Jusually in the third decade, the demox(\stration of

= abnormalities in the pres?xce Of ‘mj_nimal clinical SYmPtOmsf.:__‘*

a experimental and clinical studies have ‘tocussed von th

R :
or perhaps even in tbeir absence, is« important with regard-‘.
o N

S 'to preventitive as well as remedial measures (3)

While epidemiological studies have elucidated upon :a~

number of factors* 'associated with knes joint thhfo: "'rs_’ ~

sucﬁ_ as increasing age, trauma, sporting or occupational; :

tiviti& these studies have ‘ not :been helptul "_._»in""-
By establishing a caueaI role f.or pathog'ﬁg;ic L:ftactors in:'f;

primary OA of this joint (4 5). ,.In' addition, ‘most,ﬁ

later stage of OAs.',’d“'_"_elopment in wnich the gross cartilage~

Ry be - J; ;remodeling and osteophytj fomat'i- n"

occurring in the advanced stages or the disease, r’ender ‘th
Sl o 3

j’int in a state much dittere _t from the pre-arthriti'

condition_ (‘5—}. L o

'l‘hus articular cartila\b or_ . hone : studies done



I

I S

N : . T . .o, -

*l dlagnosis and \1dent1f1cation of the pre-arthrltlc ]olnt
before any gross changes arise (5) | _ ‘d”. L |
E Early detectlon of dysfunctlon,_ followed' by

v

approplate 1nterventlon could reduce thv rlsk'of dlsablllty h

assoc1ated w1t \ A;”V ' T"}' 5? ,':"f,'_i ',. y,"'

To meet the_ goals, an 1mproved ab111ty to quantlfy

2

‘ any v151ble structural .or. functlonal changes sin the llmb
”"°; segments affluéted by the pathology based on well deflned
and’ cllnlcally 51gn1ficant varlables ﬂIé lmportant.; inl;

' tabligh ati g
addltlon, a’ cegefully es abll ed normgh&ve base from a

.\v.

broad spectrum of the populatlon 1s essentlal to deflne

s AN

anthropometrlc and phy51ologlcal varlablllty._,y,ft
| : In thls regard dlfferences 1n the llnearvenvelope G75
| detected full wave rectlfxed EMG patterns durlng max1mal |
voluntary contractlon of the quadrlceps femorls muscles 1n_7”m
three groups of subjects were examlned thereby 1ndlcat1ng
“the. \pattern of myoeledtrlc act1v1ty ln both normal and
patholog1ca1 knee joints w1th respect‘“to the quadrlcepS‘

: fg%orls muscle under the condltlons spec1f1ed 1n the study

-

Tlme factors related to tensxon develdpment were also

studled. o ;f
. ' U R N ,
- F: OPERATIONAL DEFINITIONS <~ . . * .-
1. 1s deflned as the use of

'fxesurface “or percutaheous : electrodes tovlrecord'\



N '.l-.'_-rectified Signals are fil—tered.

RERY

i f-\.electrical activa.ty from one or more muscles and to

1j5 v:'relate B these s recordings to corresponding body '
J":",.'_'--_movements du’r:mg attempts at a purposeful task or.
: f-}._'.';spec:ifled motion._:_ , L 3
' Wﬂg refers to the‘ superpos:.tion-,"'_
of . opposite phases of the motor ' unit _ action )
- 'f'.f_ji’potentials -’ such that all fignals lie above the"
'baseline.. - L "i S R

oAl T N . B B g ‘ oA . . . . . .

.

"refers to the surface'

area delimited by the EMG 51gnal after the full wave
| ‘2‘-‘-.‘."

R -

Ngmaliz.as_ism is the use of a reference value by’

4'wh1ch comparisen between levels of EMG activitW~;-" o
. between dlfferent muscIes and different individuals
‘ _“v_may be calculated | F |
Mu_agl_e_lmb_alans_e implies either assymetry of the:'_‘_}”}'f

muscle function of the extremities when compaxing' s

e 1P811atera1 ’ and o contra-lateral ' mutc‘ks d:’-‘ ?a‘-"”

e . 0
differential within the normal values of opposing R

muscle groups within the extremity which is temed__._;-‘

agonist-antagonist muscle imbalance. -;] o & :




B 6. ;s_qme_tng_u&ram:_ign 1nv01ves the deve10p:nent of

L force by an . 1ncrease : 1n 1ntra muscular ten51on SR

_;_lw1thout any change in the length of the muscle. S

s

] AR .

7& kifnetic. nkrac 1nvolves t“he development of;
A o force during a. concentric muscle contractionbj -
' "1ch the angular velocity of them segment is

-~;"‘he1d constant throughout the range of motion.

PR

4’.

8 o Igr_ggg is described as the product of a. fort:e that

'acts about an axis of rotatlon and 1t's perpendicular 'I :

vdistance from the axis. - ,:; ._,-I’f R .’ e -".'-'x&.:‘_" -
‘ e ' B A T

"-'9‘. o G_qn_annr_og_& refers to osteoarthrltls, degenerative S
L '-‘arthritis, osteoarth;rosis or degeneratlve disease of,.

"».':=".\_v~the kneg joint. G o

1_0.‘_"‘_ ,me_t_j.b_ig_],_anglg_is the angle formed 1n the frontal] 5;?
plane by the distal ~one third of the leg duringf"

"'stance w1th respect to the vert1ca1 axls of the

fem’ur., 'I'his angle, normally known as the valgus angle« _
\lies in the range of seven degrees plus or mJ.nus two

‘degrees.;°

11 umg_kng_e is deflned as hav1ng a tibio-femo; al

angle of 4 degrees of valgus or less (a neutral knee E

e e

- e ' : ! i . R
N _ . b ‘ . _—
- c . L ' ' - M



[RECI

ffe?abgﬁt its .longitudinal axis,4 relative td’ the”" L

if’i?external tibial torsidn._lfff:'ﬁv';1714'.'5”“i”"‘iiy -

is one ranging from 5 to S.degrees of valgus).

’ transverse axes of the proximal (knee) and distal"

_(ankie) joint surfaces of the lower limb This angleijll

N

'"-__which the normal range of external tibial torsion is

"f'-decreased,.usually causing the foot to lie adducted

.,‘i_with respect to the tibia.i,V’
(RN SR -

p- . :‘Thls

. DELIMITATIONS

.,.:)a. ’

study is delimi ed to ;ilf‘,

'&w%

The 'exémi[héﬁfb "

;knee joints in a selected female population.;

refers to»tibial alignment in

o

refers to the alignment of the tibia;ffef9

]:"normally lies 1n the range . of 15 to 25 degrees ofswf_[

e

‘of healthy, "risk" and pathological'?}';_‘-';v

fThe evaluation of the musculoskeletal status of thét“"

»

: f?the sitting position.f =

fThe measurement of . the mot activity over selectedﬁJ

.LF;.

pointslnf the quadriéﬁps femoris musculature duringj*s"

isokinetic' and isometricf musole contraction ath"l'

4)_

‘4~fknee joints during voluntarysmuscle contraction inf-ff7

‘ selected speeds, using quantified, EHG qnd surface“f”



.,5’.'-'«~' -

H:.

' electrodes, . . . \, N R

7'Relidbility of EMG is limited to the‘calibration of

, :the instrument, the ambient enVironmental conditions,'gf;f.

77;ffiltering properties of electrodes and electrolytes,

'peffective signal proce881ng and conditioning,..fzf

-] ~

~%'bﬂe1ectrode' size ,and placement and extent 'ff;ﬁii
'fi=subcutaneous tissues.'fi ‘ o ii,_ | 4,..A |
S Reliability of torque measures is ‘limited to the

3ca1ibration.of the cybex II1 Isokinetic Dynamometor.'.iv,

. 'V.The ability of each subject to exert maximal effort }fgf

" Voduring muscle contraction is beyond the control of

'b_fdiscriminated among patients.. e

f;'picture of muscle balance imbalance.

.~the researcher. Further, maxima of different subjects

,are 1ike1y to be different. This.may influence the-;'

:5;The osteoarthritic and aging changes can not be

WL

Jormex A atvieidn o ‘mex Ine. 210p smithtom
Avenue. Ronkonoma, N. y 11779 . v ‘,”% ST



'_ f‘i'rm nod’ular swelling of the distal interphalangeal j‘oints_}:-."‘:?.';_fi:'::'-f~-

in patients with OA Were described by the Hunter brothers e

; over 200 years ago (37) In 1802, Heberden described the_;

" that bear his name and osteoarthritic changes of the'.-;-ff

ij'muc,h of the 20th' century, OA was not distinguished fromi;

. proximal interphalengeal joints were described by Bouchard..-:ff_;f-:.."." :

1n 1884 (37) In general however, throughout the 19th and'.

other arthritic conditions,, particula‘rly from rheumatoid;‘ff;,‘-'_r.v."__ljff

v.-,arthritis (RA) In 1904 however, Goldthwait classified OA

as atrophic and RA as hypertrophic arthritis and in 1907“;.;"

= Garmd related the earlier«g findings ot Heberden and.'f_':“}..::;

"'.*'Bouchard to OBteoarthritic involvement of the proxima]_ and
:} distal intarphalangeal j°int5 (38) In recent decades,,'
attempts ha,ve been made to subdivide OA into specific-;f':;..f

v

v'_categories end Gollins (39) introduced an classification'v'-’-'3':.',*

gt syste‘m upon which much of the current metabolic,._'"";‘“"

o : biochemical and immunological studies are ‘based. Kellgren.f‘
';"."";(40) made e signifil"i

i .,,-»with generalised OA. More recently the Anerican Rheunstisn\ﬁ ?'::j“:i-}‘_j
R A_SOCiQ‘ty has sought to, establisma classitication system :'b

't contribution in this ngard snd e

L

clessified subjects into those with 1ocalised end tho‘se

S

tne diagnosis end reporting %t oA (41),




w”?isokinetic dynamometry will also be discussed “ﬂ

.-._g'diseases affecting mankind (1) AL’7

'_f'joints~o

‘ ‘
v This review w111 describe the aetiology éﬁdfgftﬁ
agpathogenesis of OA with emphasis %n the role of muscularfﬁf_u

tiChanges that aCCONPaﬂY the pathological 'changes wlthfffff

;tirespect to the knee joint @est procedures such as EMG and' o

."sktherapy treatment approaches in the\management of OA w111+lfﬁﬁ

.’ialso be described _“ﬁfr*{uftfff'ﬂ

Phy51ca1ff7,h

Ideally this literature fsearch"should 1nc1qde;'f“[

*ﬂclinical

fapplication of biomechanical andjfﬁi

bh’,neurophysiological concepts WLth respect to OA and the~if,“

l;-physical management thereof However,_ a4 paucity

‘txjimformatron 1im1ts such an- endeavour and reflects need for;f~:f

f;”s”the application of dynamic pfinc1p1es of joint function toﬂnefu

:/Tthe understanding of this disease._i;gf_.- .
) o ".’ 7,' . . .o . -:v‘:.. ) _D. e . ' A
L 1‘3‘_'- osmoamxus | RSN

- OA is principally a diseasefof the articular

'cartilage that covers the ends of bones within diarthrodial'faif

Atvjoints (42). It is the most prevelant of the rheumatic

‘7ﬁfjoint diseases and one of the most common of the chronic

The disease»is slowly progressmve,_and characterisedfg‘u”

1Ec1in1cally by pain, deformity, and limitation of motion,,ff’

“'particulzily in, the hands and the large weight-bearing;Vd‘
the lower limb (43) Whils the disease has no

©

'known cause the main risk factors in OA are well known and



. g j".‘f-fextrinsic factors, essentially Hmechanical streSses

_"""‘f‘intrinsic factors especially aging (39 43 44 45)

"'{-,_.'failure"' That is, it is a disease of an organ, namely.‘theft_-_”_»f-.“;v.-

| j"‘diart}rodial joint" whioh can result. from a number of :

.:_'f’,".‘different and interrelated factors and is not merely 'a'-

P!

: -:.dise@se of a single tissue, ie., the articular cartilage-.':i;-"--_"37-"{

-'".,‘(3 40)

| is (43)

j AN
Al

Traditionally, OK is classified a primary

"idiopathic if a cause is not apparent and secondary if one

o

' "A_OA }rrto two distinct subset_!.for types, more. reqent studies
indieate tha.z primary OA is often relathd to minor-'-"v

-"-_,»abnormalities of the underlying joint which escape

‘,detection, Harris ( 47 ) concluded'from a study ‘of the"'

' '»v""'.':..:?disease in the hip joint, that the term "primary" 'applied}'_":f.»;fj-.:";;;.".-

- ":'f'ito less than 40 percent ot subjects diagnosed as such and,,f'

that with improved detection methods, it is probable that

at different rates in difterent people over a prolonq Y.

| , y- S "clinically symptomatio v

11 OA will be eventually be reclassified and r‘cognised as _

_ The likelihood is high that OA is a disorder that is_.';'-:f
non-linear in it's evolution. that is, it progresses elov)ly"

¥ .f"iiasymptomatic period __'__"_':.'rhen in some, the' disease becones ar

P



":"This point in time,

may .

lv';.":findings are usually diagnoetic, : to date no correlativeg"
"-‘ data have established radiographic or histological markers : :
- to coincide with this event. ¥ The initial changes in: an"'
; osteoarthritic joint are Stlll the subject of speculation

i (40) The clinical, _ l'aboratorg( and radlographlp Criteria .

for the diagnosis of cllnical or definitive OA are listed

'?]_in Appendix A (41 48) "7“:’:;ft,?"”’°}f”15;5]}7‘;'

e &

prs Ty

ﬁ’~.¢,

f,éLASSIFICATION 'b_;__paf;v;pi”fﬁqﬁfl .lhr;'{in:f{-térf}ﬂ>:;¥>

'rhe anatomical patterns of OA suggest this 1s not a -'.'

) '. "-single disorder but rather a large heterogeneous group of

'i"i'conditions (49) For instance polyarticular small joint OA, -

kS _'.'usually-—o presenting -'a'_s-.- a_' nodular arthritis of the

:fmetacarpophalangeal j01nts, has a distinct age, sex and
| "F'.qrace distribution which sets it apart from large jomt -
'.pauciarticular OA which 1s common in the J;tnees and hips.

Furthermore, pauciarticular large jon.nt OA can be

"subdivided -into hypertrophic_ (well—marked new bone

','formation and remodelling) and atrophic (minimal new bone

formation) types in which the distribution of the twof' S
-,groups differ significantly. In a&t»ion, generalised( OA; is ) .
. said to be a combination of polyarticular small joint and“



I 'pauciarticular

_.ﬂhyperostosis 1s also found (50)

large jomt .:__r_';.'_disease, onwith skeletal

RS :'.:: IERANE

In terms of pathology clinical and distinguishing" |

"characteristics, OA disorders ::may be differentiatfed intof‘.'v;.',.'-""-'i‘“'.

o :_‘-three basic patterns.; Type I lesions exhibit progressive

;‘deterioration of prev:Lou : normal cartilage due»- to

excessive stress 'a-.. nne point of the joint (absolute"::-.'__‘,:':_'ff.'f?'

D

' "_"f"'f‘age (51) . One suggestion for xponentia

SN

;'overload) Type II‘ leeions occur duo to an intrinsic defectv-_.;_. .

""]which renders v*..he cartiiege susceptible to normal levels of""._.__-‘-:'-.-f-':?-‘

'..---__--stress (relative ‘:verload) Type III 1esions arise where_m.f‘-‘,f}""}.;

. '.kb-".conditions chondioCalcinosis | (50) Radiographic]";

_,:"‘.fthese two anechanisms co-exist (,and may occur in "Suchj"‘:;.';f:

IR disease mto four distinct grades (appdndix A)

;;most consistent teature of the dis?se.__, In any populationl,..-f,

"-'.representation of populaf ion groups further classify the

The prevalence of OA in relation to age, appears the_'

:.',over 35. years of age, OA ean be detected in one to two'v

Vi ":explained in terms of a m ., ony - th
i autolOgous cartilage proteins bydelle o;‘
- with aging, | which due to their isolat'iom

""-_:'“.individuals out of three, and the severity ot OA gradesv’:f:;-,_’::",.'-'

:-j“::thr‘ee and four has been found to increase with advancingg'_,;'- T




i the findi _ﬁ that increasing secondary mechanical

. jf__'-instability superimposes itself on the aging cartilage over

"a long period of time (52) Forman and associates (53)

8-
' ,'fnoted that OA will not inevitably occur in the aged nor

»:‘when present was it certaibto progress and suggested that

"'factors other than aging may play a role in the aetiology

| ":and pathogenesis of OA. _\' ' (

The specific joints affected by OA vary depending on

' the age o{ the groups studied.* Peyron (51) @eports the

i disease is seen earliest at the age of 25 in the metatarso-' :‘v 5
= A

‘phalangeal joint. At the age of 35, OA begins in the wrist
"and at age 45, tge distal phalangeal joint o,f the index
; ,"i;-fihger, '_the' carpo-metacarpal, metacarpophalangeal :

_'_;..proximal phalangeal joints may all "dé\lelop OA. However,

v‘ j_these data may not include injuries and subsequent joint

' damage incurred by very young athletes,. as 'described/;«.,by_,

: ".Michieli and associates (54)

Up to the age of 45 years, OA is slightly more

.j.prevelant in males than fema’%es. After age 45 the disease i

Lo becomes\ more severe in females; ' with , multiple joj_nt\ o

P :::}g.
- involvment in 50 percent of: females over age 55 in contrast( o

'to 29 percent of males at. the same age. In females, the .

' ’E_disease : ~is primarily localised to‘ the distal

',"'~}‘.intberphalangea1, : rirst carpo-metacarpal and knee joints,

uhilz the most frequent pattern in \the male involves the
. t

- metac&rpo-phalangeal and hip joints (3) G e

R : R

0



) of articular cartilage w:lath exposure of bone,}v ehurnation_' :
"_']remodelling and o‘steophytosis (42 55).

':'v"therefore "necessﬁtatinq t’\e usé clinical d

‘_'i'fmajor or even sole criterion used in many 2 studies,v;.,.

Danielsson and Hernborg (56) found that only\ one third of b

- '_'v\.‘/.develope& other radiographically | apparent structural

'I‘he gross 1esions of OA culminate in a. completéi loss

""owever G the o
e anatomic definiti‘% of OA by examination of gross patholpgy :

cannot be used i longitudinal clinicaI studies of OA,a'}:'.

’_":: radiographic criteria (41 48) While ost.eophytes a;e th’m

. . \

patients with osteophytes alone progressed to joint space

narrowing._ In a second study repor‘ted by Hernberg and

| Nilsson (57) only 34 of 86 patients 'ith osteophytes\ C

i ; changes over a 10 year period.,_’ Hernborg and Nilsson lSB)

::.,'_.:. :subseguently followed 71 patients with knee OA for« 10 to 18_“4:_ .

e years to assess rate of progress of OA. _ In this prospective}l.ff':_:

Sey

: ,_.*__-.study, symptoms improved in 15, : remained un ;'""anged* in 23 .

:‘:-,-‘; and worsened in 49. ot note;_ was' the tinding

changes remained limited to tﬂe compartmont.:"‘



A’.

ol ,interval of 12 to 16 years. In addition, an even lower rate._-":_“

of degeneration in _'~"jdi<=sta1 ihterphalangeal joznt's was

the equivalent of about one grade per 1nd1v1dual over an

of degeneration was found with respect te~the proximalf"'

interphalangeal joints. - e i-;:' T

~ Sokoloff (60) studying the. natural history

T

, rotated on the femur. L

.*-degenerative joint disease in small laboratory am.mals.;;

‘.noted conspicuous changes in the soft tissues of the jomts',-/-'

:cin the presence of joint degeneration.» similarly Videmar(
: "t'-ffand associates (61) . using an animal model found changesf
in the ligaments, joint capsules, and menisci in their"_-?_- f-
‘:{,_f:"study of the osteoarthritic Joint.' In the *animal models.

‘)

r_f-'stucgﬁd by Sokoloff (60) ’ the knee was found to. be the most

‘..

severﬁy - affected joint with medial compartment;

' dysfunction generally greater than 1atera1 compartment

BN dysfunction. In addition, at times, the patella appeared to

,’-_-

Ogata et al (25) - produced unicompartmental OA by*

‘-applying varus stress to the moving rabbit knee joint and

| l;n°t°d degenerativg changeg confined to the medial tibial“-f‘

Q?

lf“and medial %moral articular surfaces. In particular, -
| ‘within the range of varus stress used dura,tion appeared to"\‘
',be more important than magnitude of, varus stress in
'-*determining the. severity of. cart age damaged. o ;

-

Although most patients with OA of the knee are foundl



to present w1th a varus

f-“:,:'“.valgus deformlty It is not c’:lear however,ﬂ to what'

fﬁ26).;

e _::i:'.'}extent meChafiica'

j.vsublu.xxat:é.on 'may predispose : ths joint to the degenerativej _.

o _'f;'changes seen in gonarthresis. Ebong (-64) commeng:ed ’ hat i

_ f_-_falthough m.nor degrees of genu'Valm a.""" __not neccesarilxv'f‘

}f'related to OA, severe degrees of deformity_‘varedrelated._--,».‘ “ \

- "'a‘dltlom both valgus and varus deformities are known to be

R S

) fa55001ated with a greater progression ot degenerativetf,v-

'ff: qh»anges than is found to occur in knees with a":'-_

angulation (56 57) Kost,iukj,. and,_, ‘
marked change in tl;e amount ot ’wei”ght borne by the medial‘f.'_'j
and 1atera.1 compartments of the knee' in the presence of



i -," / _. R : o | -' " ‘ s o ~ . ) 23 :

HECHANICAL FACTORS | |
The concept that primary' OA is a pﬂvearﬁ‘and"tear"-'
‘process -has’ not been successfully-substantiated Since the'
coefficient of friction in joints has been ‘measurgd
,‘” experimentaliy and found to be remarkably low (66) it is
, inconceivable that joints could wear out by Simple rubbing |
/-(16) Radin and assoCiates (l’) also report that ]qints _;i:
A'will not wear outleven when the conSiderable lubricating
E,Iadvantages of synovial flu1d have been removed from the ;
qbricating system.vHowever, unlike rubbing, the forces the
joint is subject to from lonqitudinal loading are reported
to be quite substantialaand come nbt from weight bearing
per se, but from the contracture of'muscles which span the .;“
joint.'v o | B
4 The frequency and type of knee movements for speCific '
“-acth1tleS such as walking, ascending and descending stairs

B § . . L.
and sitting hat{ revealed a high rate of repetitive acts in.
i
normal persons perfodhing these common daily activities
R ZU _
~¢ad&n and others emphaSise:"

(68) Experimental findings of

4 b Ql
the role of repetitive loading in )oint wear in tﬁis regard

(12 l3 16) Folman and co-ngkers (69) report that rapid f.

£

cyclic forces may cause fat/ 1e failure and gradual tearing

1)

‘boff fibers in younﬁvx v ilage, and more 'so-~in .agingv

c cartilage._ With reg- d tod mechanical 'force, normal

oy

: cartilage may also faﬂ’ as a resuit of a- Single mechanical

" event asf demonst ed by Unsworth (44) . Bennett;-and,;h-c.

;brl



A_associates (70) reported ‘on age changes in the knee ﬁointllg e

“ﬂ;,and concluded that shearing and tWisting stresses applied;fi.

to- the weightbearing surfaces of the tibial con‘dyles__v:_'..’."
produced the earliest Signs of articular change.v _ ‘_‘
; Optimal distribution of load across a‘ joint is Tl
, '_paramount to maintaining joint integrity, and Bullough (45) !
'. states that consideration must be given to both the-v,
. structural co’tnponents as well as physiological mechanisms
of joint function in determining vulnerability to Aoad. In.”-.
yparticular, - since the diarthrodial jo:.nt moves normally_:-f :
- only when the actions of the skeletal muscles that act'_“.
'across the jOlnt are physiological,‘_ any discussion of the :
";r—igins and failure of hyaline articular cartilage in oA |
must take into account the role played by skeletal muscle'bm' |

: _and the neural control mechanisms thereof (45) This'-._{”.' R

~

o : concept is supported by Radin (15) who reported evidence of j'

..-’widespread neuromuscular dysfunction in generalised OA and:'_ :
: '-",by Janda (24) who found a- high incidence of degenerative’-__ SR
B join’t changes associated with problems of neuromuscular.‘

‘ 'origin arising in early childhood. Farfan ('71) stated that— s

L ".the normal physiological behaviour of a joint was dependent, o

. '-’:.upon control mechanisms involving the sensory, central e

L ; nmechanoreceptor function is postulated to result in exce'

nervous _ and muscular systems. " . Additionally altere e

: muscle tone which by increasing the load on the joint cou__ ;,"‘ g

,J.ead to cartilage breakdown. . In this regard., Moskowitz .', s

- L ey e .
FR RN



*Ahreported the work-of‘Palmoski and7assoc1ates, who noted,'

va

: that sectloning of the posterlor and ‘medlal artlcularg
‘ nerves of the knees of normal dogs led to an 1ncrease 1nl]

‘cartllage water» content- -proteoglycan ‘synthe51s handﬁi

'feXtractibility, findlngs 51m11ar to those occurrinr in

~definit1ve OA. -

N

.25

é;n regard to the aetlology of Heberdens nodes in

N

_generallzed OA (GOA)y Smythe (72) postulated the’“':

?h'lnvolvement of the musculature whereby follow1ng an early

'fixatlon of, the_fextensor tendon at the proxfmal S

interphalangeal joint compensatory distal 1nterpha1angeal

" Joint. flexion was produced by the powerful flexor muscles{_ -

5 Compressive forces actrng—on the cartilage and subchondral‘
.bone ‘were. 1ncreased as a result andﬁ% .crush injury 51m11a(\

. fta. the subchondral fractures described by Radin (16)

”developed follow1ng exceSSive use. vln ,support‘ of 7this

:Lconcept, Buckland and associates (74) 'examining' the

<

»relationship between soft’and hard tissue changes in nodal»

Goh;* both clinically and using microfocal radiography.

.noted that the interrelationship of osteoph.ytes and t e;

overlying soft tissue nodes correlated with the mechani 1

'iforces occurring in normal hand function o

: Additionallyr 'the frequent a55001ation’“of7fr

4unicompartment arthritis of the knee' with- angulation :

i'_deformities emphasises the role of mechahical factors 1n

_the proposed aetiology of the disease (25 26 27 28)

.
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HUSCUIAR REFLEX HECHANISIE L N

- Neuromuscular reflexes play an important role with‘

| ’ﬂ. respect to maintaining structural integrity Carlsoo andi‘%
F‘Johannson (75) showed that whenlsubjects fall to the groundf'-'v
‘?on the outstretéhed hand all the mnscles surrounding thef:utiﬁ
ielbow joint are “strongly activated some‘tenths of secondsii:“
before the hand touches the* surface" | Consequently theifih

Ji;‘ muspuiature is prepared to protect the joint.i Similarly,“

*f;}in lapding from a voluntary jump, deceleration i‘ broughti“

Ko

Cise

5 fJoints will also develop degenerative chanqes in responsg."'

~ ‘| I
“:;muscles under tension 'have vidoq-elastic time-dependent+y~w“

""ifab°ut bY ‘an’ accurately timed burst ot neuromuscularif“" h
éjﬁactivity which appears to berreprogrammed well in® adVancetp_}ff
Of the actual fall thus absorbing the qurqy and load of iﬂifl

~ thel impact (19): In cont;ast it has e’n demcnstrated that'_.':"f

_an’ unexpected tall is associat"”'

;;Jolt and the load of impact is pootly attenuated (19 76) .

th“to load if muscle tunction is inhibited (20) , These}'f; _
’findings indiCate that while appropiate mnsoular responses*;;éfﬂ
vimQY protect a joint from deleterious loading et:ects‘;gf.fi
‘u?failure of - this mechanism may lead to the pnset dtfff;[i
“l.idegenerative joint changes (11 12),’vIn particular. thO{}};f?
3&fshoék absorbing mechanism invoiving the stretching,ot the}rf;a7

‘-mechanical responses,zwhinh are rélatively ineffectivo inuffil‘

Ty : N . Y

. A . o IR NI
- t T ca o L B R . '; e ~a:'{»'l. AT P

; with -a very significantﬁfl‘df




w1thstanding sudden. impulse loads of short (50 msec&)

1oads of 500msecs.,v duration, Wlth'-,ﬂ..* o

‘rise tﬁes aré‘fmmd to. cause no'; s:.gnificant Joint

T
.\-

R ST RS
destruction' R (14) Inter-indiv1dual & variations in fJ,tness_v-‘ s
levels, muscular development and reflex respons1veness may’ :

modify this response and older less act.ive 1nd1v1duals are

v

more 1ikely to be susceptible to jOint damage as a result' o
(78) A | '

'. .The work by Radin and associates (15 16 18) suggests,

that muscle must be capable of well timed and appropiately’_i”
modulated contractions. In contrast, in abscence of thev-'-:'

3.

optimal amount and rate of development of muscle ten51on, S
. R

Jozmt destruction would almost be assured. o IS :

W’

-

MUSCLE PA'I‘HOIDGY
Richards (78), reViewed the functional role of muscle-

fibre type reporting on the work of Sherrington and co-'

«

workersv who found that scle fibres ‘are organised 1nto",
functional units‘ of mn:ar control ‘within-' '.mus_cle. =

| ( Furthermorev, muscle fibres i these : motor ‘units

i

, 'interdigitate with other muscle fibres from other motor =
units within a muscle to form a mosaic of fibre types in

C cross—section. _ Fibres | with long contraction times . are“ S

.\

differentiated from those with shorter contraction time""

L 4

(79) :' In general motor units are broadly class1f1ed as;,j

Y : |

\ P
fast-twitch glycolitid high tension, type II units, while



S type I units are slow-twitch, oxidative, low tension units

)pfﬁf dggeneration found in this age group (81)

Type n units are further cl&ssified as- type IIA ns and S

IIC fibres on the basis of contraction speed and rate of-”'“

fatiguEi(BO)

M“SCIes high 1ﬁ fast twitch fibre content demonstratefl":'

J

higher peak torque values, and a greater suscept;bility toi:“"‘

cartilage damage .F%r example, in an individual with a- 1°w_ﬂ3="

proportion of slow-twitch (red) muscle units, an inability:f Lo

to~perform tasks of endurance may render the cartilage morey

| ': susceptible. t° mjurY- COnVGrsely, an individual vith a 1ow"',': A

proportion of fast-twitch uhits, may display a deoreasedfpk?f

2

capac1ty to produce a fast rise in tension in response tOj“

. sudden 1°ad8 (80) MOtor unit discharge characteristics inf::”"‘

' aged persons (70 to 79) are found to discharge more slowlyry}

ue \ :
than those \in younger groupel and failure to develop'*

~.

adequate levels of tension in response to intermittentf77-~

impact may explain the high incidence of jointiffii

Ly
o

) sirca and associates (82) have found a preterential,ffﬁf?

loss of type II tibres in the glutei ot humen¢suhjectsfffjﬁ

presenting:with hip joint arthrosis, while Martin et a1f?7:

(83) note similar type II fibres loss 'ot the vaetusg7fofﬁ

lateralis muscle in persons with OA ot the knae joint‘




.f‘

J‘:‘;‘indica‘ting the poss;Lble 1nfluence of fast tw1tch fibre loss el

in the disease process. . e e g D ;"_'- ER T

. ,%0 ) CL o - S R ‘

' However, although muscle ,i OA 1s generally
associated with type II fibre atrophy (82 83), SJ.rca and .
'-_.f,'Susec-Michieli (82) found a decreased fibre diameter for

- __.both type I and II fibres in the gluteus medius and tensor o .

fascia lata muscles in younger patients w1th OA and a

'

"j extensive morphological changes in the quadriceps femorisv-;.'

. previously reported. In particulhr,vdenervation atr:ophy and'-'_

"_'-‘myopathic changes with a pOSitlve &tI'OPhY f'a',_v.

’ ’-Type I, Type IIA and Type IIB myofibres were note ‘. 'rhese" -

| "'may present vwith significant myopathy ‘as well aS-' "

_neuropathic : changes. These changes are notably different N

from'’ previously reported results of muscle biopsy in‘ V: ‘. ~,
| fpatients presenting | with / rheumatoid “ arthritis,'.’;f,:l‘-'”‘.'-“":..
"ermoropatellar arthritis, meniscus tears or dislocating"" |
| ‘\'patellae..v Whether muscle pathology is a predisposing‘
}757_"'.'factor in the disease process or merely a secondary’ -
phenomonon arising from disuse subject to the onset of-": :
gonarthrosis is not kn% (84)t ;-lowever, Harding (35),._“';;;__“--"..' :
noted disuse atrophy occurring as a secondary phenomonen 1n>‘-.':'_.'_
o arthritis. ' since , static , and dynamic thque measures”";—_‘. :
performed in conjunction with biopsy in elite. athletes show..fs

' -‘:jrecent study by Glasberg and co-workers (84) ‘has shown morej 'f

'muscles of persons w1th knee joint arthrosis than those

_*_'results indicated that patients with severe gonarthrosisi‘-”.f- o



- Y L
”Tof the knee joint (32 B?j, as well as: muscle fibre changes‘;.'

i _fnuscm: nmamcn

i ,‘ joint surﬁaces as noted by .‘Ianda (24) and De Bont andi:--;_-"j',;_'::’, o

T

B (23 24) »‘ e et

;,Aﬁ_a high correlation between f;'re type and strength measures?&giii

4-f€(36)"a1tered strength measures noted in subjects with OA;fFIV”

..g(84) likely emphasise the extent of muscle pathology in OA.f_J o

]

Factors affecting muscle tone are found to result j_n
.tYpical reactions or patterns of muscular agonist—f;.}‘.;f__;'.-._-_ :
antagonist imbalance. Muscle imbalance may Produce aberrant"_fl .
“,:movement patterns increasing abnormal joint stress, »thereby;*',f-;._f. “
permitting undue joint loading..‘ It is Speculated that an
._.»i‘_vincreased incidence of joint injury and the development of o

deqenerative joint changes may Arise as a consequénce'

Vo

1 A clinically developed muscle /imbalance is partially_,:;'}'
' *,.the result of reflex mechanisms.; .While certain muscles_-_» e

P

."respond to a given situation e g,. pain by tightness and
"shortness, others react bY inhibiti‘mr ' atrophy and weakness;._'._f‘_.'.',"-

V

'_.(24)- Muscle tightness or spasm occurring “condaruy tof‘ S 5

injury or disease may generate substantial compression on;'-i‘.f: ',,.5,:'.

\_\

- _-j‘associates (88) Arsever and co-workers (89) found lmsclev."_‘”f

weakness prod‘%ced by myectomy to result in the onset ot OA.",f""f

.-'.-_:_'However, b°th A Paraleed limlg as well as the remaininq':'ﬁl \
'.:"‘jomts °f an’ ““’“""t"" nmb u*g spared the aftects of oh‘_-;z',jf:,f




(90 91) others note that suboptimal loading of a jOlnt

from inadequate contraction of the muscles that span the

joint, may significantly alter the _Viability of the f.’ff

» \ X : ) "' ce -
‘ articular cartilage (67 72) ," S ;-ﬂjf,:. |
ffgiﬁ In hip joint -arthritis ' muscle lengthening yor L

P sectioning procedures such as the "hanging hip"i result in;.‘" -

movement of‘§he major weight-bearing sxte on the femoralif;'f

head, eventu 1y‘1eading to cartilage remodelling (92)

contrast Bullough (93)‘ suggests differing locations‘ oﬁ

.

g; wear in OA femoral heads noted in autOpsy studies result

,‘ from abnormal muscle "pull '". suggesting the pos51bility of_' .
‘;g?u "clenched" hip syndrome, analogous; to "c1enchingﬁai’
| jdescribed in. mandibular arthritis (ap) 5 1 h" 'h'."»‘“
SR The role “of muscle 1mbalance in the development of-?;7

gonarthrosis is unclear.,However, Mariano and Caruso (94).,”
found vastus medialis and lateralis 1mba1ance w1th respectr}'

to patello-femoral arthritiSr_In addition, Merrifﬁeld andf

Kukulka (95) monitoring the ﬁhG actibity of ‘the. quadricepg‘ﬂy]-f

femoris muscle with respect to varus and valgus deviation,

noted vastus medialis activity to exceed that of the vastusf ﬁfv

dateralis ﬁhscle durin

lateralis activity inc. ased with varus stress, suggesting :'

1l

.
DY ‘
gag_ malalignment. However there is no definitive work which 3an

muscle imbalance may be.lai factor 1' knee. joint .

'Jff'CIarify the cause and effeqt relationship between muscle:i

imbalance and OA of the knee joint.

L
©t)
N

valgus stress. In contrast vastus v;"fn



Identification' of neuromuscular altqrations, v

"associated w1th<)0A would _enhance the possibility ofi?fffﬁj

if'influencing the disease process. Since mechanical factorsfgiu':

i*these factors associated with 1oad attenuation should be.“7”

emphasised (96) ‘. ;j' ff ~;; B .'_ﬂ‘ j}"fﬂ':ij*"'“*f'

: In summary, curment eVidence suggests that a subject

N

risks joint damage in relation to repetﬁtive impulse loading ;

-_/,.1) his muscles are not strong or co-ordinated enough to
‘”attenuate the shock~bf loaded joints during activity
ji2) the subjeot ro‘tinely engages in activities which demand

f;a fastér reaction

o Capable of (97) Although poorly documented, it is likely

'cithat collison sports in particular would be implicated in :

T g. g L e

sy S

e _'c; THE KNEE Jom AND os;moamxns BRI e o

The knee is thenmost commonly involved major joint

\Vﬁfaffected by OA 'and -a trequent _sourceA ot tunct%ona

";;disability and pain (98 99) In addition, excess mortality
:f-f;and decreased survival rates have been noted in women age 55 ‘l

‘1fﬁﬁﬂto 74, who present with radi aphic ohanges ot OA of the

:“ﬁknee joint compared to those women with normal radiographs

(98) Most radiographig cross-sectional surveys

'ﬂ:"are a major factor in the onset of OA, the importaﬂce of;u;V'

» '

me\than his/hsr neuromuscular system is_if“




-

have detected an increasing prevelance of~ knee OA w:Lth age‘; i”: s

(101 102) This is confirmed bf autopsy studies of knee"‘,.'-"- L

pathology (43 44) In _,contrast ‘Forman et Tal (103),'>

: performed a cross-sectional survey 682 elderly ambulatoryh_ﬁ‘_'-'v .

: and hospitalised patients and found no s:.gnificant change'_.

e}

in prevelance or severity of gonartl'é)rosis ‘o occur w1th “ '\

increasing age. Kaplan (104) concluded that gonarthros:.s is
a specific disease occurring in only a proportion of thef"‘

population and may not necessarily be progressive. W1th the :

exception of obese indiViduals, ; Berkhout and associates L

( 105) found improvement irrespective of age and duratiqn of.' ‘

knee complaints in a six ‘mo T

patients with OA of the knee joint . j‘,

®

P

increases with age (63) ' Howevqr there 1s a discrepancy

L Like structural changes, the prevelance of knee pain ;'

."..,retrOSpective study of 7 2

‘ between the amount of significant daily pain present in

patients surveyed by the Unid:ed States National Center for’""_

o if*I-Iealth Statistics | and the prevelance of radqiograph'ic,-”v;.'vf |

&

degenerative joint disease of the knee. A substantialﬁ'" y

S minimal radiographic OA.; While this discrepency _

indicative ofv« early OA this postulate remains untested_:f'"

' because of lack of , adequate noninvasive di&gnostic'

techniques (55). Parnell (106) suggested that the presence L

or knee effusion in healthy young adults, found to increase'i-

. in prevelance with age, weight. ‘and ;bico__ndylar f_emora'l



width. o) “a's, ‘1ikély indicative of early - degenerative

!:Qj_f-fl e_:"f7'57‘;h“.is?;:.iiihfglit?ﬁ1ﬁv¥?§§ti:

oy )

: ,ve

| The femur is found to slant relatively medially uporr a

._:vertical tibia, torming an angle of approximately 10 to 15

{medial tibio-femoral 'joint bears 60 percent o( t‘he

position, depending on the .angl‘

arthritis. S B 1 ‘ iE

. o

I

NORHAL RNEE JOINT STRUCTURE AND FUNCTION **7‘q~'wn S

Bony Structure o

'I‘he 'kneé is classified as a: hinge jo:mt. It is a
&
tricompartmental ‘joint with considerable surface area and

incongruitﬁ(,& The osseus porti@ns of the knee include the

'. femur, ‘}tv_""iia, patella and fibule which form two distinct_'

o articulations lying within a single capsule. 'rhese are the:’

tibiofemoral joint Md the patellofemoral joints (107 108)
3

degrees between the vertical axis of the two bones. With

reference to %e frontal plane, this anguletion is known as

" the physiological valgus angle (107 108) In general, tne:,f{gf

remainder (77) .” f' 1, .5e;,;

. p .

Joint movement is considered a rela

RO

degrees

forwards slightly on the | v"ibia(" since

back,- the medio-lateral : a.xis of__ the ":jointt“f variu i

: | transmitted 1oad, while the lateral compartment carrios the.-,":_fl_jf.

] < fffidingﬁﬁTffPQ
:& .'f. “ motion of 4 the opposing condyles._, In the 1ast 10 to 20,};.; e
4 ,extension, hoquer, _tho femoral condyles roll

th radius off




~ °

f-fgand ’mbia during movement indicated that movement oécured

‘jpredominantly on the medial 51de of the joint when the knee,j;
.‘""-_‘.was in 0 to 20 degrees of flexmn (.110) In active or.

tpa551ve exten51on of the knee joint Hallen and rtnuanr——-~—

(111) found that about seven degrees of outward rotation of

v:’the tlbla was combined w1th saglttal plane movement to 1ock

" the knee in extension._i_.”'?;;"’g,fiﬁ{ ; Coly f\;" e

During weightbearing, the knee ’isﬁ_stabilised by

",__ligamentous and mqfular components.'The most 1mportant of

»fﬂthese are the anterior and posterior cruc1ate 11gaments,

'the medial and lateral collateral ligaments' and -the_"ﬂ&

&
'.fquadriceps femoris and hamstring musculature.

R
TR

P

" 1Articular Cartilage I ;;_:::>ff e n:v‘”_. ST

'3:”;‘ The articulating surfaces of the knee ]Olnt are lined

-."by articular cartllage.. Articular cartilage 1s a highly

'organized tlssue, 6relying on finely tuned metabolic

. A‘ . :

’fggprocesses for continued functional 1ntegr1ty (1&29"Cells'.

'.‘known as chondrocytes occupy one to t%n percent_of the»u

~vfmatr1x composed of collagen fibres,»proteoglycan ‘olecules‘ -

.'water (65? to 75%) and small amounts of lipid and 1norganic _;u'

.~' kY
T oa

. material (38, 113) ' 5 i;»f s:;:;‘M: v

oy

COllagen flbres compr151ng about half the dry weight

of adult articular cartilage and are anchored to the o



H_f; subchondral bone and tend to run vertically into more ;:f;;ﬁ

’~fibres are aligned tangentially.#This arrangement ensures
- superfiCial fibers can reSist’ friction (113 115) The

s fibrils which are crd;s-linked along their length to

superfiCial cartilage.i At the—articular surface, collagen
that the deep cartilage. can resist compression and the }ff?ﬁ
collagen network constitutes a radial array QI collagen

faCilitate dimensional stability in the unloaded state and

to prov1de mechanical resilience under~ a wide range of

.9,, SIS S :. K

1oading condition (114) iffi.jfy:l"fg-”ff;*i‘xfff;t[tﬁtifiﬁ%

Abundant organic substance in cartilage are proteoglycan '””ﬂ

;aggregates.- These' are molecules. consisting of a long

" . \. «‘

'.Vlﬁége fixed .negative charge at neutral pH. This charge

»xaluronic aCid_backbone to which many proteoglycan sub-ffvﬁ'

v

1% fts are attached,“ These subunits contaﬁn numerous side--fif‘

'}t%ins of chondroiten and bkeratin sulphame and, carry a

\

'creates an .electrostatic repulsion that forces these pﬂljﬁ

Vs D

Vg‘macromolecules into an extended conformation within the

} three dimensi al collagen network to become effective],y
n'~immobilisedb

*jgl;proteoglycan aggregates to occupy a large solvent domain in

o

'hermore this negative-charge causes thee

'_aqueous solutions.,'Af "swelling" pressure \is therefore,*""ﬂ
3 .

. j:mechanically taut composite structure capable of sustaining”

”fcompressive loads (114)

;.generated within the cartilage matrix,'and the constraint

lgjgsto this swelling given by the collagen network resnlts in a ﬁfo
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,"‘

: compressive loads (114) '3 ;{_{fﬁ,f”.;:if.,,;ﬁl;,}u’

v

Ch°ndr°cyteS’ constitute the 'cellula; element fp;'”'ﬂ'

articular cartilage and are responSible for their continual

£

degradation and replacement of cartilage matrixy, Surface5t;3;f

L cells are more numerous and assume flattened and disc01dal

\ (108 109)

Shapes and are conSidered quiescent, while the deeper cellﬂ
.

# o
are larger,“more spherical and actively syntheSise pr%tein o

(116 117, 118) ‘ |
In the knee jOint,,the medial tibial condyle has a

biconcave oval superior surtace. The articular cartilage

.\

lining this region is relatively thick ‘and. prOVides for a "ldif

more stable articulation than the lateral tibial condyle
The thicknesses of the\articular cartilage measured
at the centres of the contact areas from 1 8 to 3 3 mm and

3

aré\found to be greater at the contact areas of - 15 and 30

L

' degrees, than at 60 90 and 120 degrees of contact For the<w

1

‘:lateral condyles, thve thickness on the tibia is greater

A

‘ Mmedial condyles the thickness is closely equal (55)

“jFunction of Articular cartilage

'-nutrients takes place from bone into mature cartilage F

H Al

Articular cartilage is an avascular tissue and there ;'i't

'Lipi littlﬁ) evidence that any Significant difquion of,ﬁ;lf7°

(118) It is likely therefore,' that synoVial fluid is %w;Ja"

K

fthan on the femur by an’ average of 30 percent but on the o



——

creep. With the re%ease of 1oad there is an initiall.v';v‘* =

o will be two major variables, in addition.v

| @

va"

N contact will depend upon the degree of elastic

PR

'i‘alnost .entively ' responSible for . cartilage nutrition;
Radiolabelled .nutrients w:l.thln synov:..al fluid diffuse-v_.”_»""-;';.:""'""'4\".
rapidly 1nt° cartilage, Whlle actJ,Vity, which increases the
i c:;,_rculatrl.on of the ,fluld help;l to maintain a maxz.mum:i;,; L

concentration of nutrients on the ' articular cartilage”.,. SR

surface (118)

_' Articular cartilage is highly defornable and has a;:__ S
. combination of elastic and Visco-elastic properties. When h

load 15 applied there is an elastic deformation and with'i'_'

, .

time there is a slow increase i_‘

¥

elastic recoil then a slow recovery creep back to the‘-.v.:“ R
preIoad Gonflguration.,_'" The flow of water thrcugh the B
matrix, ‘the. rate of load application, and the thickness of:"'::
the cartilage, determ;.ne to a great extent the shape of the_l_v_;‘ : ?v
deformation 5urve for articular cartilage (119) Various;
factors aff"ect the contact of the 1oad bearing areas of a
j’01nt Wlth respect to articular cart:llage.r 'l‘he area c?f

‘ ~rirv;s¢o;fa~tii
elastic defromation Of articular cartilage layers, and the

,"
magnitude of the load as weﬁ as the durat‘

e

_ n' %eneral , the}

forces norma].ly acting on the rcartilage must fall withinv; ”"

the range suited to the continued vitality and viability of”

the cartilage cells (44 'rhat is, they *must be

sufficient amplitude to provide tor the nutritional suppl

l.,,‘.

'of the. loadf;::




bl breaks .in; the surfac

ks L vertical with time ’

-Pathology of articular cartilage

= The =§'gross lesions of OA culminate “in a complete loss;'

""of cartilage w1th exposure of bone, _eburnation, remodelling{-v_j_:;

Q and osteophytosis (9 42)7 .I while the n;'ost characteristic-'-”---

microscopic ' picture is-- one‘ of fibrillation of the«

superfic:l.al layer of cartiz.age. Here, shredding and small' R

can be seen. 'I‘he le51ons : are.-‘
s .

'-'_:Lnitially tangen\:ial - & the surface but become more’_'_ g

L

. ‘5';:?:;‘.?"I.;cartilage.‘ Thi"ﬁ E%S'UIts in ulceration and gross loss ofa R

-"-forming clefts which penetrate the o

«"':1"cartilage materi whi h may extend toward the region of_»-:., |

‘;,--,?th)e subchond,t.‘al ’bone (4 60) SRR . [ .
. », T - : IR
In ala. rforms of OA biochemical changes are detected

4

'enera;. 6‘the proteoglycan aggregates exhibit .mcreased':'

, i ‘ility despite their excessiVe production (100) and
"_',v"lthed units are smaller than normal. R Lo - of thet-

;"';,:._1proteoglycan 'content leads to a decrease 1n compressnre-‘-“

'_;,stiffness and elasticity ' within the . cartilage and an

increase in hydraulic permeability (121) and the cartilage_"

ity .wis rendered more vulnerable to mechanical stress .as. a

consequence (122)



""""v,'-'_i»overall content may increase w1th the severity pf the"'_vf"»-"_

,disease, (123) v the

'”,"_";collagtm fibres may be reduced (124).1 In addition, aﬁ anyf:’;"f?"." ”'

T O Studies of cartilage cql’lagen show that whereas vthe‘v

.’l!. ;

_ _ctural quality of the collagen my_"fl-, g

o " ’ : }L . ‘
e become altered whereby the tensile strength of individua@ = S

ﬁgiﬁren point in time *collagen synthesis hegins to fall as
."',the ch.ondrocytes become inactive (125 ) Saltn .' f
o 'A relationship between changes in the carti,ql&genous’f: ciny

":'fand suhjacent bony tissrms exists *&hereby there is‘f'.‘ ‘.

e g,_generally in‘é‘reasggg bone formation, - thickening of ..

v‘_‘addition, the synovial membrane may proliferate to me a‘"‘_-'

f}f._trabeculae, _ sclerosis ‘an‘d »cyst formation (326) '

\

RIS

B '-y'pannus and produ?se a synovial effusion (127). ’ "»_

.: b.":»'aged and osteoarthritic _Gartilaqe 3“99331: that factors_:‘;‘

"injury as a res‘@;t While knee stability 13 provided by the

1 igamen 8 and ot{'xer so;t tissue restraints, active muscular

' ,'.:‘f‘:'control serves to distribute the load in an optimum mannei:

L f-joint musculatur; amongst\ other factors, ( 128 129 /-130)

'rhe morphological d#fferences found between normal""'-v_if SR

.other than aging are involved in the’gsnesis of OA ( 117)
| The ‘Knee Joint Husct}lature-,,

Although the jqint is the largest in the body it is

,A‘-also one of the most unstable and is frequently subject to

complex interactien of a multitude of fdotors including

'rhe mobility requiremen’t is provided primarily by the knee
L8




‘_,.. .

The musculo-tendinousf units of the thigh

fgenerally separated into two synergistic groups namely theleifffﬁ

"'\{’quadriceps femoris and hamstring muscles. : The quadriceps_':‘..‘._‘;.'..‘};:"_’;
‘.}.'extend the kneeﬂand assist in- hlp flex:.on., ‘The four named-f-‘
__',(VL), vastus intermedius (VI) and rectus femoris (RF) ‘

= fiom t.he ilium. The RF i,nserts »into the tibial tubercle Via'

’. .'the patella and 1igamentum patellae and the VI inserts 1nto

the tendon of the RF.» The VM and V‘L muscles insert 1nto the_ SR

A

_tendon of rectus femoris on each side as well as the‘_-\,
-._-respective sides of the patella and the knee Joint capsule |

o .( 129) Since patellar tendon mOment arms (distance between

’.",shorter in women, accounting for the development of 20;2*'-‘“

percent greater , knee : joint forces than men fon the -

T4

femoris (QF) muscles are formed by four components that.
,iparts are the vastus medialis (VM), the vastus lateralisg_ e

muscles. Of these muscles, the three vasti take their'i ;_

:_"'{'.orj_gin from the femur, v while the rectus femoris Originates' L

o --_.point of force application \ and axis - of rotati“on) ‘ e SN

“"_-';equivalent extending muscular moment 'stresses on the»'

'_cartilage as ' a result of compressive forces w1ll be |

-greater. It is suggested that 'overweight women ‘in' T

o

: particular, are’ therefore exposed to higher jo:Lnt stresses-:’
than ‘men of qorresponding weight thereby explaining the.,._:,"'f.-._'_'

observed vulnerability of overweight women to developing};'j;"":" E

: gonarthrosis (131) "0‘ -

The hamstring muscles are primarily involyed in knee’,:;': |

”;':s;..f"" : '




L '}'_,_-.joint flexion (130).. other muscles associated with knee "
:joint function are the tensor fascia 1ata, sarto:;ius, '

,1‘

‘ "{-gracilis, gastrocnemius, : popliteus and plantaris muscles
":(129) 0f the muscles which assist 1n providing stability,
the qﬁadriceps femoris muscle is the most important. The J
f:{quadriceps muscle also plays an important role in gait by
.i:‘,jexxtending the knee joint and assisting in the deceleration

e :of the forward motion of the femur‘ on the tibl'_. (128 129)

In addition,_ measures of abduction and adduction of the
"'7.-"'_._»-.tibia with the thigh muscles in both relaxed and contracted

states, .- indicate the E stabilizing influence of the

.__Econtracting quadriceps and hamstring muscles in this regard
ke The force ‘exerted on the knee : in standing with
* S “symmetrical support on . both feet is half the body weight
'J,"Iminus both lower legs and feet.r During one-legged stance, ;
ﬁ ’ ‘the knee supports the partial body weight (bcdy weight
v '; vminus the loaded lower leg and foot) This force acts first
b-f‘ )

, & medially and behind the knee, then medially, and finally

o _mediany and in front ot the knee. 'l'his" force

: is balance . 3

.,-.:"'._'“.by muscular forces which act first laterally;f " nd' in front,



S '”jwhich are evenly distributed over both tibial plateaus

'_'~increased medially (133) RS . EE

During \gait the knee is subjected to static and

Aiﬁﬁdynamic forces developed by the mass of the same part of
the body and to both %uscular and ligamentous forces. At
’ heelstrike and just before toe-off,,when the maximum Jomt
1oad occurs, there are J/érge ‘varus: moments : acting at

Y .:.thjoint and the medial conlee«n‘:’ found to carry more load

L \5,

e than the lateral (134) The static and dynam.c distribution

w'-:,‘_'of force is altered lf the lateral muscular stay 1s

A

H_‘weakened and the body weight acting on the knee is then

In this regard, clinical evidence suggests that 1n

_isome individuals, obesity outstrips the ability of the

o "'_'-'lateral muscular stay to counter-balance body weight.,

-

' }'-,’addition, medial displacement can be the consequence of 1eg

__~.1ength discrepency resulting from the shifting of t_ £

}centre of gravity of the body. In an attempt to get the
feet under the centre of gravity, 4subjects may walk

“"*'»-“slightly bow-legged and develop a varus deformity,

significantly increasing the stress on the medial

compartment._‘_" Preferential arthritic '. involvment of the
medial side of the knee joint in patients who are obese, f.
] - supports the liklihood of this theory (18 133) | |

Moskowitz (135) reports on a study in <which joint

responses to alterations in load bearing iere studied

L LT T R AR . BN . ’




_"‘-‘,'."__”subjected to wedge osteotomy were ob '_fv:f"” d ;for up to 3

N

- .j_;i‘i.,..'jmonths after su.rgery. In a'!l instanoes histological

13

:_f.ev:Ldence of degenerative abnornalities were present.'} In

"'"";-f‘particular these chax\ges were limited to the lateral tibialg

"-'-'and lateral femoral condyles. . However, a study of static ‘, "

o "Eand dynamic loading patterns by Harrington (136) does not':,vf'_" .

.support the notion of ¥ direct relationship betweenvl-.
angulation defo“m y énd tht distribution of 1oad in the-:"':‘

: knee,"al.though knees with a varus deformity are found to’;.i_»'__"-

show a more predictable loading pattern than knees with a

b ..'_-j'.vglgus deformity. Kettlekamp and chao (31) suggest that the*_'

; "proportion of total load is shared by the medial and.‘"—;'{f,"’":-"

| T]A'::lateral plateaus such that the medial compartment traus*tits’*,

most of the force when a varus deformity is present,' as do"”i}'_‘,:’ S

t 'e lateral condyles when a valgus angulation exists. R

Huscle Inhalance B

"_L"'*"i:'_.":'i‘;_,vasti ’and- more particularly vastus ' edialis rely he&Vily on-..'
'"'v"'-,,f,';";,‘sensory feedback foz‘*' ir. espi ' '

»-A

The role of muscle imbalance inothe developmant ot :

"”'J'f-:'knee joint dstunction remains obecure. In general however.f’-f? o

,tight muscles may act in a

inhibitory way on weakened"f“:'}-_;u
d fl-_:'-__"'muscles and thereby alter joint fdnction (24) |

Ty 'rhe hamstring muscle{ are mainly involved in hris_ G

3',?non-weightbearin9 activities, while”the muscles such as th



S (:,With flexion deformlty to an . 1ncreased*load Per unit area Jfffffn

““of these 301n€§\‘SUPPOrt1ng the concept °f hamstrlng mUSCIQ:EFiﬁj

- [ R T
‘tlghtness 1n the pathogene51s of gonarthrosls. Stauffer et IR

f?;ord&nate',flexxon-extenelon movemen%

-t

D

"‘fhamstrlng muscles may result :i.ﬂ:lnhlbltlon of the)

f,fon the knee jOlnt both'ln stance and durlng the sw1ng phase[
v*tjfof ga1t 1n partlcular (31) |

Systematlc observatlons of arthrltlc knee ]Olnts ShOWf.;zl

v

N

ff%example,;hlf the flexors of the thlgh start. to contlact e
3 ng;elther as'a result of véwﬁntary or reflex mechanlsms, these;j;”h
“zﬂf;eflexes W111 1nh1b1t the thlgh extensors and 1ncrease the":"”k

:‘ﬁexc1tab111ty of the flexors4(131) Thus tlghtness of the“i"

‘.quadrlceps muscle. Loss of knee exten51on 1mposes a stralnql

'that knee flex1on contractures are a characterlstlc feature S

f?al (31) noted that durlng stance, the average range of kneel*d'

) :muscle strength. ThlS flndlng has been su.hstantlated. by o

”7;_several other 1nvest1gators (29 32 33)

‘r~1nvolving the medlal Joint cOmpartment as well as the;fy:{'k

)

,,’-'

EY
e' ":"

o
b

:fflex1on 1n 65 subjects w1&h gonarthrosis was approximateay P
'j9 2 degrees. -In. addltlon these workers found % :gnlflcanteeA‘y

PO

;inverse correlation (p < 05) between stanélng flexion and.iw‘
Mlller and associaées (99) found the degree of kneefr

:-; ﬁpatellofemoral jOInt.g In additlon,: Mlller 'et -al (99)-":”

'attrlbuted the greater frequency of cysts noted 1n kneesﬂr-°3"




Lo
.."

"and Tew, (140)» congucting autopsyﬁf}

studies of arthritic knee joints,'noted7 that in almost allﬁ?}gfﬁ

cases, le51ons of the medial and lateral femoral condyles*f7ff

were assoc1ated With a‘ knee flexion contracture These?*f

workers inferred that the development ‘of flexioni~'”

contractur%s might precede the onset of,an arthritic 1es10nrgggﬁf
and any knee ighich does not fully eﬁtend 1s likely to?;j;ﬁf
’.f‘Ldevelop pathological changes.x: In 'this regard flex1onf“’v¥

T

deformity of the knee increases the force per unit area,?fffff
51nce the area of contact between the tibia, meniscii and;ffif}
femur decrease with flexion;‘Thus a fixed flex1on deﬁormity;ﬁffnl
.1fproduces loads carried across a smaller surface..This is?ﬁ?;zg
,icompounded by 1ncreased quadriceps action required toh;;fif
3f_nmainta1n stability 1n a flexed position.:The net result isj;f;-
}fsincreased stress across the knee (24) L

Mlchlell and associates (154) suggest that during the""

‘7ftime of” the adolescent growth spurt ' enhanced bODY

R

d»ffdevelopment around the knee'.may produce significant

‘:ik alterations in’ the activity of adjacent musculature thereby»%ﬂa"”

':"nffipredispOSing the Joint to OA in the long term.,ﬁ[{ﬁfﬂﬁfg-'eéT

r“ft?iqidiopathic OA of the knee jointi,ave'beeiﬁ“

;"kj]fradiographie evaluation and hone scintiscanning gemain thefv

mma'rxou of OA E ’;f SR

While clinical criteri &or the diagHOSis ﬁgffj

'_stabli hed. (41)5 ci




}”pjxtjmost important-tools employed in the diagn051s of OA.; This/{fcggi
:2faapproach is not always sufficient in. helping clarify the |
cndia&nosis in early OA. This statement is- also true w1thjtifif
”i”regard to t;e use of ultrasonograﬁhy, ferrography, blOPSY:fas;ch

°1grmeasures of intra-venous osseous pressure -and variousfffy_f

" in some 1nstahces (141 142 143 144) “Qf_ff'-fjf]-ff' fil;}ﬁé

';recognition technlques and the accelerometgr 1n particular,f3

f‘In cont!ast prelimlnary studies 1n the use of acousticale"a’

D _‘_%Vﬁ”ﬁ PR

J ry tests,_'although arthroscopic 'examinatlon,7“

;vectomy and magnetic resonance imaglng may prove usefulv; ;f{

' fshow promise' with respect to . the - use' of non-inva51Ve13"[?e

','_techniques 1n 1dent1fying early 51gns of3501nt dysfunctionrﬁfyil;

%fhoxygen COnsumption and energy costs as 'well as gaitfi

’*(11 12 13"

‘h-W1th regard

~,4-', ) ;'. W

g ',\'_" o

vo the clinical evaluation of the knee" ;nt};Tf"

electromyography, torque 'measures force plate’fanalyseslgi 7;

= analyses and functional status parameters have been studied (ﬁﬂvf

o Strength Measurements

RN

'the non-diseased

'(29 3o 31 32 36) {ifj;ﬂav;.'fj;

Pertinent Studies :’h‘“jp?ﬁ

o e
[

Muscle strength me":sured 1sometr1cally by Wigren and :

co-workers (147),.showed no significant differe&te between.gﬂy f:
: : T Sl

‘idé °f subjects w1th unilateralﬁ57"1'
fchet €

.L

_ A L S
**gonarthr051s and the knees of healthy Volunteers._However,"

y551gn1f1cantly less strength could be noted w1th respect tol'

"Unathe' osteoarthritic knee joint | In contrast Nicolas,au f

,‘\ . . - S T - : ." . . ) o . B SILN TN



- -

extremlty, noted that subjects with modetate

groups of the lower 11mb

J"

groups: tested o none ‘showed aiﬂconslstantly signiflcant‘-ﬂfﬁf

d

3 LI e B
ddegeneratlve'arthrxtlc knee changes, showed no slgnificantgpﬁik
' muscle group weakness w1th respect to five major muscle;ff*i

That is, in‘pll of the muscleﬁffd-

f},affeeted |

»‘,‘r'"'. B

;:control

Back

Instabillty

RS V5 R

aras

';gngaﬁ{cff: |

Patella .”¢;;i§‘ T;tti4isfj'Huf\”'




“:fxcompared withua group of healthy volunteers,fsupporting thef-f{.,
"vxiﬁwork of - Wigren and co-workers (147) In thls study the,;;'fﬁ

"Vrlffpercentaqe decline in strength was greateq,for females with;ﬁ;ffff

i‘;;irespect to the quadriceps femoris muscle and greater forf}j'7““

7fimales Wlth respect to the hamstring muscle.; similarly, an

ak;:isokinetic study of peak torque activrty for' b&th knee nyn o

‘.L;ﬂflexion and extension at four speeds reported by Lankhorst

iand associates (32) showed readings taken from OA limbs to

.i3 percent 1ower*than those of the normal limh.,- Jant

‘ais and associates (87), found that with respect toff;aﬂ'f

.fiisotonic leg flexion and extension, strength was diminisheddfff?7f

5,

‘ipositioned dt gp or 45 degrees. _} i

:{.._ Sl - ' ‘

,sin OA subjects compared to age and sex matched healthy;;ﬁf;V'
?fcontrdlg but noted _uo significant differences in theﬁz*f;ff
?:4§%ximﬂm “torque ’in iSOmetric extension with the kneei?aJE

ese result suggest that subjects with gonarthrosis‘r?jf’*

i Hv*’have decreased isométric muscle strength compared to agef:55i7i

.‘ilv O

'f“*';;matched healthy subje¢t8-1~h"u’:
‘ .»_-mgz:ez
’ .j-”Electromyographic Stu&’ies

“”*’f7ngs frogﬁithe quadriceps ‘muscle duringig-

{;ffﬁftattempted.gmaximai contraction have beeﬂ :shown to bepf"
e 5 . :
i -.,.»“;‘-;.._significantly altered j_n gona);‘throsis (151) ol

ty,i.l

In particular,iBrucini et al (36) noted the presence’
' 0 -

'ifa~;°f involunta:y EHG*“

_ctivity at rest as well as a delayedﬁiix.fi



»-,;,of EMG activ:.ty during stance and it's sensitivity toz load

'v'""'-5"“:;.v_'._--"'"'change o and to intra-articular anaesthesia was also

_l‘{fw1th knee qunt pathology both pre and post-opemvely to ::ﬂ-
" groups in olocomotio "

: ,.'.".'-'_"hamstring and quadriceps muscle groups., In the pretibial

muscles, the greatest activ:.ty occured at th thegstance to

g N
compensatory mechanism for decreased knee movement. In

B . replacement '

-,:":"_of knee joznt proprioceptors contribute to the observed
"“f:"--_-;zf*muscular changes B e L '
| "j..'_'v.\jlfexamine t%e aCthitY Of fou' major 1ower extremity muscla

"_vf:electrodes placed Qon the pre-tibial triceps 'f surae,

:‘_ addition, . the triceps surae \andn hamstringj"'_ muscles
_' '_demonstrated continuous activity throughout the stance
'phase ‘as dld the .quadriceps activity.

"'..'_,ff."f:appeared to be compensatory.» Following total knee'

’ ’reported Thls study suggests that heightened’ sensitivity

Peat, Woodbury and Ferkul (150) evaluated 15'subjects

-‘XZ:'

P

;EMG data were obtaib't,i_d-_ifrom surfai\:e

f“g? ’sw:.ng phase | transitionp This appeared ~>to sex:ve ji"as ‘,a""' "."""'"

'I'his activity also

the EMG patterns were found to norma“ '



‘- muscles of the foot in two subjects.

LI DO

.

'most 1nstances.. i

:'eawas fodnd to correlate wlth paln,_lnstablllty of the knee,ff

:‘_gof the hezlthy locomotor system._Results indlcated thati

.7"of the subjects locomotor system.d;"

R VR

'"f Galt.analeis ;fffltdfnf;'f7hffﬁcf. 5fxftk f?f”ihﬂ‘t7;%k“,hf

c,.

Brinkman and Perry (29) studylng the rate and range'

. v

Gyory and assoc1ates (146) also found galt veloc1ty19b7

’vand range of knee motlon to ‘be., lower 1n arthrltlc subjects

._-:.

;'fthan in healthy subjects. In the1r study,:range of motlonj

""‘was found to be a good predictor of dlsabllity. _ ‘ _
: WOSk and Volishln (152? studied the attenuatlon of shock*”

'.yfwaves ~invading the human locomotlon system durlng galtid'

)

.:'vof knee motlon durlng ambulation in healthy and arthrlticfa‘”
| ftbsubjects found that in comparlson“w1th healthy subgectsr,,f7
| fambulatlng over a comparable ga1t-veloc1ty range, arthrltlcft“--

34l:subjects demonstrated reduced rates and range of motlon 1n‘; 7:

;-301nt effu51on and synov1al thlckenlng or. bony hypertrophyyyiﬂ,

,'and standlng knee flexlon and saglttal knee jOlnt motlon;-7ﬁ

alusing accelerometers to evaluate the attenuational capacitytf”"

't{“ﬂnormal "healthy" ind1v1duals may be dlfferentlated into two “fd

",_:groupsp;one presenting wiﬂh unlform and balanced results_fn;

v‘kfyand the second w1th severe 1mba1ance and nonunlformlty Of?.f]n
"_resultS- This investigative method providlng an example of?;;

‘Eha simple diagnostic tool for reVealing early deflcienciesfv s



"13ff1nd1ng 1s substantlated by Grote (201)r

if{‘fsnbstitutlng a more. lateral thrust for vertical thrust andgj;sf

mechanlcs of patlents W1th dlseased. knee jolnts Showeduizﬁﬁ

reduced vertlcal components of floor reaction force (thisf;?;f
1s cons1dered an indirect ‘but proportional approximationfafs

.t of the ax1al compre581on force across the kneeijoint) Thisﬂgﬁfﬂ

'In.addltlon, anqw
L i . PN ' o 3
'_attempt was made to "smooth out“ the vert1ca1 accelerationsl;[j;

::fzdurlng the stance phase.‘ Thls ans 'a°°°mpliShed byi”*”

'\0

.'ft*by walking at a sloﬁer veleblty.ﬁ,?;

.f‘Arlwhen comparing all phases Of the gait °Y°1e' -§

Lehman and co—workers (301),_ hoéeuer;*Treportf'thet{7’*]
fjpatlents w1th “ knee flexion; contracture due tolxg,

'deegenerative joint'aisease may demonstrate an increase ini}}t

"»‘the total knee flexion moment when compared to a normal}-_;

‘”jsubject with respect to ﬁhe. midstance phase of gait o

"f',although ’a; ge: 'ral reduction of vertical floor reactionk_"_'?}':".'_“

: fcompone ts orted by stauffer et al (31), may be notedhﬁﬁﬁﬁ
, nts'as fepc | s

4 iy
- wET

el B L e R A

E Emcmomosmm e ST L R e
The structural unit of contraction*is the muscle cellifftt
—f or muscIe fibre .(158) ;, Groupe of muscle tibres are{th

;supplied by the terminal branches of a single nerve fibreﬂf




o of the post synaptlc membrane (sarcolemma) Thls glves rlse _’:‘f“

veloc1ty Tof several m/sec._ 'I'hJ.s t" velllng electrlcalf',,;_'

'.muscle fibres action poten

'1“,signal found at an

unlt (152 162)

The reglon of contact between the axon nd the muscle _'-»'»'f
flber is termed the neuromuscular 3unctlon or motor end-“,’;
plate (157) The arrxval pf a :unpulse at the neuromuécular"_."r__f
junct1on leads to\\tge release of acetylchollne from the

nerve termlnal which produces a change in" the pergxeabllty

potentlal J.nducmg a depolarlsatlon of the correspondlng‘;l»?

(128 129) The depolarlsation (duratlon approxlmately

msec ) spreads towards both ends of the muscle flbre wlth a "-,',;

(MUAP) and an electromagnetlc fleld 1n th v1c.|.n1ty of theA

muscle f;,bres 1s generated as a’ result (1%5"158 159)

A recordlng device placed 1n thls fleld w:.ll detect

-:'the potentlal or voltage of thls actxv:Lty (w1th respect to‘?‘

|

-

: j-“ah 1on flux whlch, reVerses the restlng membrane,' "

| act1v1ty 1s referred to as a motor unJ.tf actlon potentlal'_jw :

i’the ground of the EMG system) The detected waveform w111
: consist of the spatio-temporal suxnmatlon of ind1v1dual‘., -
| --s originat:mg from muscle 1_!‘;:':-.
-fl.bres ln the vicim.ty of a g"ven electrode or elecrodef .'
pairs The term myoelectric s:.gnal is applled to the !otal' ;
electrode or’ dlfferentially between two -
electrodes and the /interference pattern ,1s known as the EMG:_'.’,_;':,

(155 157 153 159) Th depolarlsatlon wave PrOduces‘ifJ:



-°ffjfdocumented (153 154)

v i a PRRR
. . ,
.~'L‘“

L

o frepresentation of activity is desired (33 51)

s ‘_from diffe-

B Vdegrees of at’nuation en . route ’(155) While large amounte

' "_"-_'."_'..”_mechanical contraction.~ 'I'he‘ maximum of the force t‘witch is

'Anot reached for some 50 to f 00§msec.- after the peak of the

_".,;MUAP, and the, decline of the' muscle force is slower than -

¥ .'that of the electrical activity (157)

The use : of EMG as a tool for determining the

’J 'kinesz.ological characteristics of muscle ﬁuhctlon is' well

'(157 166 191 192)“” a*”ﬁfgifyﬂk
. B . . ‘ i“ '., i '. - . 9 '; .'..-:-_v;.; :

V ;'.Surface Electrodes f

Where applioation of v?ire'or' x}eedle electrodes is not

i,._;_.‘:‘neces‘sary, : surface elecotrodes can be used in /paire for

B

‘-studying ' superficial . ‘musculature from which 9 QI'O“

oy

EMG signal& picked up at the surface of the skin o

o .represent the potential difference of a. given instant

- 3

' ".be?tween two electrode s:Ltes. 'I'he potentiel at any one

""”‘.‘fl‘point will be the r‘esultant of many unit spikee arriving

'sources and having suffered different

; "':'f‘-'chemical changes within the muscle fibres which initiate a

%»




pattern or an increase in EMG diSCharge as "

of subcutaneous fat inay preclude their use, a primary

.}'i_s th t they can be easily applied 1n- a_."r"f",'

gd manner w1th Virtually n' discomfort._?_f."i.:fi~'

o a i R
-‘___Additieﬁa‘__ ;.," although adj’acent muscles may contribute to. ‘

| "-";‘Vqthe signal Ricked up by the surface electrode, : it /is still'}

R .,possible f,o/ provide a suggestion of a given movement

"_'-'g as: one doesﬁ

‘-'not move the electrodes or change connections when goingr SR

E .'vufrom one test to another (33 154) .

\ In comparing intramuscular and surface EMG Bouisset i

and Maton A« 163) demonstrate that the activity of a muscle;‘.

f ibre neur

vSurface of a mﬁsdle belly; represents the

gctivity of i t&me fibres 1nvolved and that in constant"_»':

%] “""" '

electrOdes are - linearly related to those of fine wire‘_."'.ﬁ—:" 5

S »"intramuscular electrodes. e

& contractions, : readings from the surface" o

Komi and Buskirk ( 164) studied the reproducxbility of

EMG measures with inserted w1re electrodes and surfacef

electrodes" and reported high test re-test reliability‘ o

"'Q.:coeffiCiﬁnts (r- 93) ,ﬁor inter-day comparison tests When

‘ 'using surface electrodes.

s?d”erberg (153) stated that Vittasalo and Komi, in

‘-.applying surface electrodes over the mptor point of the_{-',:

) rectus femoris muscle, derived reliability coefficients forf". L

';;maximal contractions to lie between .88 and 91 wi&in the e

.same 'test day, while Yang and Winter were reported to have P

w"‘:-{ o



7a:i;;maximal contractions.;t"bﬁ

7fﬁfon. the biceps and triceps,

N\

ﬁ,.:‘obtained coefticients : in ‘i_e‘ range of _..52 to ...81 ror L

o

IFTrPIacement

Surface _electrodes are~ frequently lOCated overfgfe

fayidentified motor points of muscle for :consistant“g;ﬂ

"ngps1tioning.‘uowever, since this l'cation‘does not alwaysff?5

“,~necessarily yield maximum EMG signal values,gyasfij

;”ﬂdemonstratedlby Basnajian (162), electrodes may be placedit57

: :_5;over more suitable anatomically determined landmarks..sik";"ﬂ‘

Zuniga,.Truong and simons (165) noted that maximqmjﬁiﬁ

f:QEMG potentials were recorded when the electrodes werei*“

delly;ﬁ;

'3 Kramer and Kuchler (166) in two studies which@*ii

9.

_'d as close as possible“to the middle of the mnscIe}fff

"QECompared central and peripheral surface electrode locationff;:

.M'f}:level of electrical activity: as‘obtained at the middle 01;;;;

”fdthe muscle. 4

_thfg;;A b Vigreux, Cnockaert and Peruzon (165) studied the;afi
Ce NG RS

n?vfifinfluence of é&ectrode with respect.to_the nuscle centre*

lfrmed that the greatestfffﬁ

factors influencing quantitied surface EMG with respect tof,ﬁV

the. biceps muscle, and _noted - ‘that in _additicn to the‘f

- 'i'tranverse deployment.ﬁi* A

AT

Rt 5;:-1:




L and po-workers ( 166‘)_.-,"" noted that posi'tion

e,

(167) The EMG operator can then judge the area of greatest .

!':u'

placed along the 1ongitud,1nal axis of the "muéc,lﬁs %1d?mt i’

influence the electromyographic recordings markedly.. “‘ @P '_

’.

Before choqsing electrode. sites, the subject may pe‘rform a i -

o resisted muscular contraction of the muscle to_be studied

Fa-

L mu‘scle. The third (ground) electrode can be placed over a

bony prominence or at a point equidistant from ’the two

.. v
L '

active electrodes (167)

EMG electrodes* on a Variety of muscles.. Attempts to'_;,.l-

,-f.‘..,, 5“; Delagi et a1 (202) provide a guide for placement off_.*".'-- :

standardise electrede placement also include considerations 3

' of inter-electrode distance, electrode size, and electrode»-f” '

s material (157 167) Decreasing the 1nterelectrode distance s

L

and the use of snall elect‘rode sensors Wlll incease the‘

1ocalisation of the 81gna1 (157) a -

. {'.. -

skin Preparation e

‘1‘o ensure that the EMG siqnals are transmitted with:’ :

specia& preparation...'" In addition,' the electrodes must,
possess certain characteristics and a suitable conduction_ '

medium should be used between thg(r}kin and the electrodes.:_;'

(157) RS

minimal posib1e loss or distortion,_ the - skin requires o

v



Normal dry skin has a resistance to the passage of

L current in the order of hundr‘ds

‘”nd thousan_s of Ohms.e:J
Skin resn.stance may be decreased by * b :

l) Washing the skin with soap and water
il) Shav:.ng the area '_ : o

111“ Wiping the area with alcohol _ . TR
' 1v) Abrading the electrode s1tes w1th fine grade emery
paper (157) [RERET A

I

) .:‘:r'._‘
4 ‘J/‘

Skin res:.stance may be measured with a; standard,-*_.j.’

multimeter and should not exceed 5000 Ohms (157 157) : \, s
o To ensure that the electrical insulation between the_: L

. ,' muscle and electrode is kept to a minimum, adhesive strips-"f_
' are normally employed for securing the electrodes and L

slectiglcal contact is further impro\red by the use of saline

!

e-lectrode gel" ( 157 )

Several electrode types are available. In partiCUlar,f”' :
'@isposable electrodes are readily obtainable and can be';'f._

4;applied to the skin after very little training and with_;"

| reas"’"?‘kle $“°°393 ~(152) Generally the metallic parts’

"'.jor '?recm:dad ; (167) Furthar :

e




"I’he amplifier must be capable

e

"fuse of electronic circuits which integrate or filter the
o raw signal (168) High and low‘g,«frequencv filters _change the
o raﬁge or bandwidth of the incoming signals. The frequency

4

of muscle signals recorded by surface electrodes lie in the
':"-.v,"'range of 1 3000 Hz. : (169) Grossman and Weiner (170) found
: : with the higher range being;t-more predominant when measured

wf.th needle electrodes as compa’red to surface electrodes.
R .

_"-‘;""the appropiate frequency fange and must amplify the signal :
P in a 1inear manner to eliminate signal distortion (157) :

R - . . . o PR g

‘ '.-“-Processihq of the EHG signal

The electromyog‘raphic signalﬁ' may be Pl’-‘O'iﬂB'-*"‘a‘i 1“

N

fseveral ways following amplification. One common form of‘

)

proc:Lqing ;of theﬁ raw. s'ignal is normally achieve’d by the S

o _"__.muscly signals to range in frequency from”'\zero to ten Hz.,

amplifying Signals within b

':'direct processing is the mean voltage estimation (MVE):““‘:

; ‘_; (167) /imrolves rectification of the signal before it

;-‘_'is %ut through a low pass filter and an envelope o_f the'ﬁ-'

:'_“foriginal .signal _i produced giving ,a continuons'v:f\'

"‘_'approximation of the average electrical energy represented-‘.."':

'-"kin the raw ENG record. Rectification of the signal is'

' normally followed by some fdrm of smoothing to produce a‘-

T,linear envelope and average EMG activity derived ‘from a. ¢

b

“?composite of signal variables including amplitude,‘.."

frequency and spike shape is recorded @b&n units of mv-secs.ﬁ_ﬂ"”" "




R T £
159) Inman (169) and co—workers and Zuniga and Simons

; (, 72) . have shown the mean voltage m'ode to be proportionalf. "l"

L ‘_to the force produced in the muscle, although the exact*_'f:

»'i.nature of this relationship is unclear'.. Close, Nickel and

'-';_::‘1Todd (144) studying the relationship between motor-unit e

",'v‘_'.'action potential counts .and" isometric and isotonic‘ff-f'_";-";b"'-:

pcontractions, noted this relationship to be linear with-‘,‘- f‘

L respect to the human soleus muscle, while Zuniga Truonq and:f"'_-ﬂ' i

fSimons (165) found a parabolic relationship between_,";".

2 isometric muscle ;tension and averaged EMG activity \ath:{' e

respect to the human biceps muscle. 'l‘hess contradict\ot%«'

findings reflect the dependencé »‘Pf EHG/ force relationShipsf;‘v_‘:c."

’ “,“_-'upon both experimental setup and the PhYBi°1°91°°1'.if,‘“f-‘f'f-
properties of the muscles examined B : N ) |

':Normalization of EHG signals ";."\'-,'[":.'-:1

To eliminate the variation induced by the electrode.';_" o

| :'-‘site and allow data trom different muscles and even from- :

.vldifferent ’“bj°°t’ to b‘ accurately °°mpared, the zncjﬁ['

,“_associated with a maximum voluntary etfort or the hiqhest.j;’ff'ﬁ’.'-_:'3-.

EMG value has been selected as a normalizing tactor (153) ,

?'largely cancelled when 'the

"*Jifosing this technique, Zuniga et al (165), noted that while?,f:

',the absolute values of the electromyogram diff.ered between-: ‘

' _}the discrspencies wer}

. average__ f.voltage tor

v"*-“jelectrode site was expressed as::'»-' percentage of its maximum;";




p-7ﬂ:?discern a parabolic relationship between

e

‘f¢va1ues.VZuniga and simons (172) credit_

i_eir ability toffif

:’lectromyographicgii,

”~f;activiiy and tension through the full range of mmscularﬂfi?

;feffort to the minimisation of intersubject variability fromffai

‘Vﬁnormalization of their data. Brownstein et al (257y,; o

&

"uﬂ?freported the optimal angle of knee flex1on for normal;;cff

‘“ffpurposes in a female population was 70 degrees._However,nfi

""tathers (269) employed angles from 19 to 60 degrees flexion,;

‘LNormalized EMG is ot however ‘an absolute value il mv.jr ;
‘ifand is interpreted as a proportion or a relative value with ‘}:

‘%f;respect to’ the MVC condition (292) fi’}_lf 3lao5l¥“}n;ii

"EMG and muscle-force relationships | . ) |
| Measuring the force provided by 1nd1v1dua1 muscles 1njfii
intact body is problematic (154) and the forcet‘;?
- generated by an indiv1dual muscle may at best.be indirectly,?}
’i:derived from the torque around the joint upon which several,

7f-¥musc1es may. act synergistically.;_fv*f“‘

Since the force exerted by muscle during contraction~““

-;?7depends directly on the excitation which is applied to it,”"

S

surface electromyographic actiVity may prov1de an indirect*‘F‘

lmeasurement of the force or tension contributed by a givenqﬁf;

' ﬁf;muscle (154) 5.='f',?;: :.f“-r»' ﬁw;?tj7f5 o

S The quantitative 'relationship between 'thEQVo

iV“ielectromyogram- and force has been deg‘ribed as linear,,hi

ﬂ(172) However,.-p]

'_(169), curvlinear, quadratic or. paraboli



‘additional motor units known as spatial recruitment or byi;fg

relationship is linear (159)

Under these conditions, it is possible to considerg;f%

157f that fbr any articular position, the torque developed by a{,fli

R R K
muscle is pnoportional to its integrated rectified EMGS SR
(169) IR SR ‘ R

s e

Can

Cbntrol of xuscular Force

T '»l

The natural response of skeletal muscle to force is}ﬂff‘
graduated in terms of motor unit activity and the level of:f:7

muscular activation may be increased.both by r3°rﬂitment °f§~v*

T an increase in the discharge frequency of the active motor%,;@

‘”'2 units known as temporal recruitment (159)

;according to size, whereby the snaller units are recruitedfeyc

L recruited (175) : o

'{i;the contribution of the increased firihg rate becomea more; :
"7f{fimportant at higher force levels, generally in excess of 75;1?%

’”ﬁga}%percent of maximum ieonetricfstrangth (189;f

before the larger (174) At low loads, the motor unitsjkéi
containing the slow—twitch aerobic fibres are recruited. Aeidﬁﬁ

‘Qxftension is increased,_the fast-twitch aerobic fibreejareffff

-'f:;stein et al (176), note that the 1argest contribution:fifﬁ

fﬂf_to motor unit recruitment occurs at low force levels, whilf”";

A third fnechanicmi”related to thelﬂgraduation off

Recruitnent of motgr units is found to be organisedfig,




contraction is synchronisation between the motor units"%ik-

"'-which a’ef firingiﬁ This 1s most often ?_ssociated w1th};;f;

fatigue (159 176)

;thLength-tensioﬂ éelationship ’h..v".j:i ‘.3i»ﬁ“htf_5i'*a”iha’1f?

\ Accordihq to, the length-tension relationshipéjfx

f7:3;fdescribed by Blix\(17§), the force exerted by a: musc1e 1niﬂ5”

A"tffan %sometric contraction depends upon it's length,.Theseﬂfff

"”~ifchanges in the force lever arm are\more¢oreless compensatedff"'

‘changes in the level of muscular excR\tion., ~In'

,1gene£afithis relationship 1s such that the 1ntegrated Eycfflt

'?};with respe't to the direction of the muscle fibres (179) or jj?

Influence of velocity o : SR
A recipriCal relationship between, the velocity of

| contraction of isolaf‘

»& BT e
R A B . a ol

‘ muscle fig;fs and tension has been



| ""“"?!‘{?5_"demonst:%ated by Hill (181).

‘ EMG and 1ndicated that the slope _.;g:epresenting the .‘

Komi (1&3) found the relationsitpr

EMG activity and velocity-;fit?gf

dﬂf;veloc1ty of contraction selected.;f""'

In. contrast, _Nelson. and. associates (184), rep’ ted gfa

vfcontradictor" results for the contraction¢Velocitiesf'f'the fﬂf
N ] :

-tibialis anterior and soleus muscleéff

Fbr_instance,twnen ji

"T‘icontraction velocities were increase;w‘ill”24 degrees/sec

to\ 216 degrees/sec, the integrated EM 1~decreased 81 4

-forlthe tigialis anterior muscle and 86 percent for
‘ )

,percent
{ |. .
f/f'” /tnelgoieus muscle. This finding is substantiated hy:Barnes

‘\_.

(185) who found that motor-unit activity decreased as the

el

/7 contractile velocity increased.zyiﬁflﬁf;32.”*”*"7°"Tt”

7-f;fbetween'itne onset -oL electrioal, activityﬂ;andlhthal

"fjdevelopment ot



a bony tenderneﬁ“é S O L
S bo enlargemenf' liSe."is*ff??t,f«f,,ﬁ"ﬁ_fv*}ﬁ’jfﬁf
R 2¥ [RR N T

o f. no palpable warmth

All pat1ent§ had radiographic eVidence of gonarthros1s.

.

Subjects »meeting any of the» fbllowinf:{criteriaf”wereféﬂin‘}

ff excluded from the study*

1 history of any hip, knee, or ankle surgery, or major -;i“

{i~iﬁt * knee joint injury ff: Eiﬁj :fff7'f ":_€54f7“"“-5“:

= Z.Qpresence of muscui'skeletal disease other than f][;*ff

T

f:*idigpathic OA of the knee j01nt

'BLZ'history of cardiovascular disease such as angina or any '”ifiﬁ%

fd'cardiac ailnent for which subjects were receiving

Spee S AL e
'}A:.treatment : ;_:"n{ 'f"f'hfiff.ﬁQTry’f gp~;_mﬂ--’

',A.

.ﬁkf'4i'thst°ry of prlmary neuromuscular disease uii7ﬁ il
']S;fjunable to follow instructions SR 7

vﬁyd6.~7persons engaging in elite'a\ 1etic activity
<. \ ) [ B ,
5:4_'*persons unable to walk a distancé/of 250 m. with or'~w*

:{T?without aids. 'ﬁﬁi;ﬂ#ﬂiflj-lff:vfff:”Z}"ﬁﬁ'f,?{%fvl

-fgprevious training on an isokinet &evicegszjﬂ;‘f’*ii;“;

~

RESEARCH Dnis’—sn e e »

Examinations of the knee joint in healthy females,~',"'

, age range 18 to 29 years,' were carried out during the

vu' J\‘

period December,.1987 to March, 1988 in the Department of

Medicine, University of Alberta HOSpital by a S
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| Jﬁyzrigﬁfasg;ig

FLOW D GRAM OF STUDY PROTOCOL LR TR
Identiflcatlon of subjects SR

Sy RN

S o

Cyes

Assigned to ane of three study groups

‘\\ ' . ’ : T e : L " e a

.. Informed consent form. read. and signed .rt‘f

.

L

- e

- .
* Testing Protocol e
Famillarlsatlon and cllnlcal measuremen§/ t;;;/w,eff; :
fq, :\t;__!tﬁ q__ v

Electrode appllcatlon fff e

LY

S Stabillsﬁficn;prsubject_in,apprpiete.test'position oy

e s T T e
.Practice’ session; two submaximal; .one-maximal effort )

e ReSt perlod : five minutes

Test .

: three MVC w1th two mln 1nterva1 between | ST e
_ ARG, S
ReSt Perlod.vflve mlnutes T
: : B
T g
Repeat practice and test se551ons “in. all q§s1gnated
Positions.‘cft““” | Ve



_;:fthey jere w1lling to partake 1n the;qtest session and
: // e R . '~‘1.
}mﬁfilled the criteria{-‘s“ ic 'CA

Jolnts (APPdeix Af.w Having met the inclusion_s"‘?j

criteria, the subjects were assigned to one of three groups
prev1ously described., All subjects' read signed and

'ha received a copy of an informed consent document (Appendix fu':hw

ihi*;s) Consenting subjects then attended a sihgle test session'iot;;”
during which time measure;’of electromyographic activity |
and torqug were recorded during seated k;qevextension with
respect to the quadriceps femoris'muscle group. No specific
practice session was held but all subjects were given L
adequate time and opportunity to aquaint t,ndhselves with
the test apparatus and to perform a standirdised series of ‘.i;?f
o Pre-test contractions A flow diagram of the study protocol ﬁii;;
}iii and test procedures is presented in figure 3 1. L %@xfoQ'l}fnf?ﬁ

~

\'.‘\EVALUATIVE PROTOCOL

“a C.

 CLINICAL. | o RRAR e
‘i" Subjects were assessed in a standardised”manner with. jfilf
-reference to knee joint stabiiity, alignment effusion and '
1 crepitus amongst other factors. Demographic data including
height (in metres) and weight ( in kilograms) were also

recorded..An evaluation form was completed for all subjects

e

__z




(Appendix 'c-)~ ,-'

s v,,\ torsion was confirmed by placing .the leg in‘, .free-fhanging

resting posture and noting the position assumed by the foot
with respect to the fpontal plane of the body. Alignment

was considered normal if the fobt remained 1n a neutral

‘«-.‘ s

position with respect to the ti.bia.f_ CIinica]. evidence of

"v'

varus was confirmed in both lying and standing.. In supine,,‘.ff"-f-*

Y a tape was stretched taut and centred at the upper end off:‘

the thigh over t‘he middle of f:he femoral head (halfway-
between the anterosuperior spine of the pelvis and th L
| 9 pubic tubercle) ad over the middle of the patella, I,f 'éhe
| 10wer end of the tape g,lay ovar. the midline of the" d’n—l'clem

4

: -, standing,~ subjectt were viewed from the anterior aspect,

when the patellae faced fomards and the medial aspects of‘;

g the kneesu and medial malleolia.of both limbs wete as .cJ:g'ev-. :

together as possible. If the ankles touched and theQ

. did not the subject was said to have genu varum—1

Measurement (in cm) were " also made og thigh length:,_ B

‘ "(anterosuperior spine to ;nedial j01nt 1ine knee),,.. shanlg‘-"
o '“1ength (medial’ joint line of knee t‘o medial malleolus) andi’-f"

' :'.thigh circumference (10cm. S above= superior aspect of the-;‘_' S

' f'patella) using.',__'

_; f standard tape measure with the ‘subjectlﬂ\

e S e
2 positioned in supine. Sl



S patterns were recorded f.rom three

;-'_.'f};;'_«v_-,'read at 60 degrees knee flexioh. This value was used in the
{Statistical analysis. et i oy T

Ful g wave"""ectified and linear ‘envelope detected EMG 5

'_ airs of .."-electrodes

aer-'

'I‘he

f_ placed upon representa, ive sites of the QF muscle'."

e

peak, and integrated EHG values were measured manually.

Heasures obtained were normalizéd?against 'the best measure P

L jf ,TORQUE nmasum:s



= sokinetic dynamcetor and




; ,‘.ilrseat'-; EleCtron-ics; System. VII .4-Channe1 Electramyograph
«agd Anplifier; Lear Electron:bcs Ltd.:'.-Suite 102-«-- 124




"f}remote transpondex funit of the ﬂgaf Systemn VII

fff;yElectromyograph and the selective band tifﬁer dn&lheﬁu it.

”*f;atmosphere-:j The EMG signal was transmitted from the

‘ftransponder unIt through ah input cable to-the main EMG
‘ " g o “ - o L " ‘ ,
3Hewﬁﬂ{t-?ackard 4~ Channel Therma .Tlpﬁ}@ecorder,

_ Hewlett-Pa ard (Canada) Ltd., 1162A‘~ 168 Stree Fahi dmontO‘
- Alberta, TSM 3T9. R S T




?nvisopropyl alcohol. Disposable electrode pairs JlP 1444 5c4

‘were then applj_ed to the ekin surtace OVer the chosen ‘sitee*'g_f »

of the._.three muscle belliee.. Theee were placed along the’:'

_—.—.—-—

Iong, axis of the muscies with an interelectrode distance ot

2" centimetres measured between their centresm : ‘rhe g single

g__ ound electrode was plaCed on the lateral promix;xance._ot
e Wy,

“'-.'f th" tibian— 4Standard adhesive tape was used to eecure

; }"'.}electrode wires to minimize _movementf artifact._“ L

nass- 02154.,



Plate 3 4 Subject positioned?

o L degrees tlekioﬁ







 Plate;3.5. Kriee positioned at 60’ degrees flexion - | S
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'Plate 3.6 Subject positioned fok isometric

contracti

on



ez

e v'90 degrees knee flexion measured rela;:ive to the horizonta;‘_;'_ﬂ__- .

‘gplane (vhich was defined as zero degrees flexion._ Thesef L

angles were read directly from the dynamometor goniometerlfv‘,j" '

_f’»and\ verified with a standar? manual goniometer placedjfﬁ”":

"..'}""_::z,‘alongsme the lateral joint line’ of the knee and aligned.f

with the bony 1andmarks of the greater troéhanter of the.: =

:"_‘femur and the lateral malleolus o{f the fibula.- The,}_.“l-f )

| ff-measurement _wa;s-‘ taken as the g subject - contracted B _j": |

‘,isometrically against the arm of the cYbex to. allow for the'jff'

23

ESRE)

" -_"compressibility of soft tissue and give provided py the"""_
“ padded strap and the innut shaft occuring during mOVement R
s (241 292) The dynamometor range 1imiting device was used:v-_*_‘ L
to ensure cons:.stancy of measures made at each angle. 0 L
. Both isometric and isokinetic meas‘&:es were made.‘_ L

R

_- ,._--~prior to ea& test sequence the Subject Performed tWO;,I'

. ,‘-‘__'submaximal (50%) contractions and one maximal contraction._,'_"“ S

' .':'_‘;.as prescribed by Mawdsley et al (210) . The term submaximal '

f.,was described as’ a contractile effort requiring "° m°re'f.’t7?l.:

‘Jthan approximately 50% of a subjects maximum capability.lj'f

. —

-;'—For all test sequences, the subjects were as‘ked to maintain_.-{f

Ca standard upright head—body position. Tests were conductedf_,’ '
with the subjects félding their arms across their chests.j._‘j'

l‘During isometric tests the subj ects were instructed to{_'

-f_"li.extemd their knees smoothly but maximally and to maintainf* o

” --this effort for a period of three seconds.v 'I'he verbal"'.

| vfk-_.»f."'command "ready and Push" was employed /consistently for 311‘11.;:-"5:

.g S a ma e La
I armee=n ~ L
v . .



AT







.Y-'

v all subjects. An event marker recorded the ,_.onset of the; '_‘;'-;_;.‘

B Fw

contraction period three seconds duration, was monitoredf‘-,'.;_f'-“:" *"__,j:_f""
: w1th a stop watch.l Verbal commands were given dur:.ng;j'v_-'}j '{;A
contraction period to facilitate testing.i'rhree contractilef‘"j;ff_"..j
efforts were recorded at both 30 and 60 degrees knee
flexion. »'];he readings noted at the 60 degree angle of knee:". i
flexion were used as’ a reference for calculating the .
.parameters of EMG activity employed in the statistical{
e analeis. S .v " ' Ry \ N
| Testing also included three trials of isokinetiﬁ

contraction performed at angular velocity of 90 degrees/s.

Each isokinetic test started from an angle of 90 degrees N

knee flexion and proceeded towards the \subjects maximal

range of knee extension.v» The subjects were\instructed to
: "kick as hard and as . fast as possible" for each isok:'_' etic o
_trial. The Verbll command was "ready and kick" - The \\
| subjects performed the movement into extension as described
and were allowed to return to the starting posnzion at

their own pace (78) | R T :
; ; : All &tﬂxree tnials were separated .by,‘a five minute rest
'_'.”.-period allowing for the apparatus to be adjusted to the |
next position. A t‘o minute rest interval was given between E
f,‘_feach contraction period wigzin a- particular trial Normal

subjects had their dominant knee tested i e. the knee

- f'.__‘?favored""i*"to kick a ball (207 241), while arthritic subjects

‘had vtheir affected leg or weaker leg tested in the case of



or ali
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??monitor was used to provide_visual feedback as suggested by‘ﬁ[:'_
| "f:Figoni and Horris (247) ‘ = ‘

-
‘ .

During a11 trials, tbe full wave rectified and linear!f“

zrfff}envelope detected EMG signals were amplified and recordediT*'”i

e On thermal paper together with the knee extension torque"-"’-': a

n,;;pmeasures.vThe best re,dings over each of three trials wereif{;‘;

””;a;used for ‘analytical purposes., These were defined as{f”"f

"*ffgfd)fIEMG\torque ratio

7-;QﬁThe dependent variables were the tollowing; ‘%*%ffﬁet'

v-—“a——-

'1; readings exhibitinq the hiqhest peak torque values on anyi;gff{
;1one.of three repetitions of the muscle test._ '

p—_

MEASURES | L R
il "e‘““’?’? made from the MG :ndtoz-qur‘éurves S
‘_-a-):. Peak EM(; “" V; R o o -

‘jb)jintegrated EMG (IEMG)

.eiﬁinitial rate of tension development ‘ | | |
'fjﬁtime rate of fension develpoment-isokinetic ". . '1fftfﬁ;:¥3

 F:DATA ANALYSIS .- - |

: 3ffajk{5,EuG, peak and intedrated measnred in mm and

”;normalized againstomeas“

at uvc 60 deqrees knee fi”’ 




e e e
' 'SAMPLE TRACE ISOKINETIC. = ..~ .




{Afff}flexion, expressed as a peréentage.-:f"""

ﬁib) the rate of tension development measured in Nm/s. o

:-ifc) electromechanical delay measured in msec“,i‘g~fi”
jq;ﬁe) f%MG/force ratio, expressed in percent.:jft
7f¥f) torque measures expressed 1n Nm-;f;f*,jf;ﬁ-fffft= ” - |
,.‘ Analysis of variance tests (ANOVA) were employed toiiﬂ#f:
’ldetermine the significance of these variable;; The Pc ANOVAs;e; f;
j?statistical package was used.: Where appropiate, post-hoc;5'1§%
,fanalyses were conducted using thetﬂeWman-Keuls test. Theffﬁf*f
minimal level for statistical significance was set atap;f}V*

i}f—~- <. 05.‘f' B M

ETHICAL CONSIDERATIONS

(Appendix E) All f"‘i, 'f




."'_";:._,-'.imfomation would be used solely with the iritent of it

""'”',‘_"_jder:i.ving improved knowledqe concerm.ng muscle fun@ionv 1n

e

";':'fosteoarthrn.tis.-;‘_-.

T



time factors

'”i ;fprovided‘%both77

”‘?ff{These data are presented-and discussed in five sections'

‘ﬁ17j;§f£ollews““_f“i”“'"

:'ﬁfifjanthropgmetric data

b"rj'édfelectromyographic data ;”ffﬁ’fffﬁi*f*f5* b

'* :;;j electromyographic-force ratios

5 -—.——

7fiitime factors related to tension development i%3;3”'3"-

S 5) torquv ] -measures.




f;._-.ijfosteoarthritic subjects ‘was excluded from the analys:.s |

" et .

: Subjects in the ,normal and "risk" groups were students at

e f ;:l'.'the University of Alberta recruited on a VOluntary basis '

In terms of activity fevel, _the majority (60%) 'of these L

-,'. ';‘f‘,:;findividuals were sedentary, while the remainder pursued a

~,.,,-

"ritic subj ects

_'1_}variety ogﬁxecreational activities.. oSteoa‘f
e
were generally retired persons or persons unable to workz as

"-'I;_,a result of functional disability (66%), " while thel_
..””'f"'remaining subjects pursued sedentary occupations in the
o N ' S
c '_workforce. Seven subjects had bilateral OA. The duration of R

- diagnosis varied from two ‘ten 1 - All subjects were o :

"l;: ;.»on medication fog control of pain % and imflammation._.-'ff_.-f-

’:::.l"vFunctionaI) abiﬂity - as b determined _‘;- by que;stionnaire

established that the majority of oarthrrtic subjects

S _.:'3-;'-_were functional at the grade II to radetIII level "_5
-.'_-'-.dependant upon disease status which was usually described o ‘_f'v’_i
as varying f,rom severe to mild qr moderate.‘_- In terms of-
_ ,functional disability: p;in appeared to be the most
'2_;‘JSignificant tactor affecting 311 Subjects and generally 5 3
o , ;."‘-:-.__{varied in’ intensity from mild pain with fatique to constant e
| "f'*"'severe pain._ Although ’walking distance appeared somewhat ‘_
' 'limited in the majority of subjects, greater problems Were )
g 'fj,noted with regard to functional/activit’.'ies involving stairs
';‘:-and in rising from a seated to a standimg position._ In
L addition, most subjects complained of fatigue followmg '
o ‘.f.' weight bearing activity. '.l‘he majority (77%) of subjects

RS



 ¢ffTABLE 4.1: ANTHRDPOHETRIC nammr*Vf
.;;gaJCHARACTERISTIC

“x7¥f neight (cns )

- BRI (37-42)

llterature (30 32 127)

NORHBL
GROUP

;[n;sg'
_¢36brff"

w." Age (years) '} 22 33 QTC 54 bo

‘*?éJ" (19*28) (19-287

168* - L
ol f*aéf' (158-174) (;51-168 5)
,i We1ght (kilos )

62 12 62 28 i ?

(46 s-soy~—- (53-86 5)

22 04 23 97

'3 §we1ght/ne1ght2 -
FRR T R (16 4-27 7)
”*5 Thigh length (cns) 42 oo ?' 44 11

(40-46)

Shank-length (cna)

. (40-48)

39 33 38 44

44r5 47 66

Sl

'Jelw circumference (cms) (39—58)

- Data are presented as. the mean and range of values

osrnoARmnnlwxcﬁj[f”“*
«~ GROUP

'.g,iszﬂi?,vu-*

(156-165}¢}3

(18 79-35)

(37-42)J =¥

mtr($3r59),.

o

§0.33%% P
(47-69)5°ﬁ”"
**iéi

19, 11**;l ,'ff
(60—113) "'.
| 29-71**

(23 4 33 09)“ 
» 43 Ssn j;"'"7

LT .\;gﬁﬂf“j'

37 44 .

1(35-4oy\«>
_”351 27

'h(41~69




Analy51s' of the anthropometric data (table 4 1)

.i ‘#ﬁ": L

revealed that with the 'exception of height which was_’f"
““'51gn1f1cantly greater :1n the normal group (p— 01),
A statistically significant differences were found between_urV'Vflf?f'

5

,subjects 1n the normal and risk groups. Although Rlchardsi

(78) attrlbuted little significange\tzjheight with respectnfa.

e h

;7.4 to the outcv" of strength neasures o the knee jOlnt thef

factor of hei_

2

ut 1n the normal group can not be discountedﬂ f:‘f_ilff

as an‘}nfluence on test measures studied.-

.f ”‘ o Significant differences between arthritic subjects and o

‘Ehe two healthy grbups were noted with respect to age (p—'
“~ .01) ‘and wgight (p= 001) In ligh of 'the acknowledgedf
,assdciation between age and OA (2 5), th;s. finding waSj_ff"vlm“f

A

Aexpected.; However, it should be noted that‘due to problemsi;"i
o in acquiring subjects in the "diseasebfree state" w1th anyfi.j!"ifﬁ
'f degree iof .certainty in an age ~matched population, ;;ij:
ln“osteoarthritic subjects were compared with younger healthy S
»1nd1v1duals on the ba51s of'j01nt alignment.>81nce varuswids
fuylmalalignment and/dr tibial torsion iare- documented"f??;;df;;
‘ 1(25;26,27) risk factors in OA and since a. majority ofgl | |
fenalef osteoarthritics~ present 'w1th similar tibialrh‘s
"alignment (249), this approach aléo prov1ded an opportunity‘ .
to define both. differences and similarities whiqh might be‘fi fv‘
'of predictive value in’the pathogenesis of QA. Regardless,“ii i
'1t should be noted that the effect, of‘ age,» as. well asjfij?“

~weight on the results reported in this study remainsﬂ -

. A . : - L A, .- - -
‘ . .o . . - B : N ) PEPER




'.-:j,_:'unknown— Wlth respect to the osteoarthr\itic subjects as’ a

1result i

_'“'\__ipresented by arthritic subjects was noted. Mean age valuesl-_j.".,./v,
_Ialso tended to ‘be - higher than those of normal subjects.

‘,.‘_Reduced shank length and' increased thigh circumferencei_"'.f.:-‘-

In reVieWing these data, a trend by the risk group to -

l_higher height-weight ratio values in the direction of those,f;?._:‘_v{:. i

*ﬁ

ij":‘no't:ed 1n the “risk" subjects also displayed a trend inﬁ -

favor of arthritic subjects, : This apparent tendency towards"
mesomorphism 1s of interest in light of the findings by
' a8

: .,_‘-"".Grote (201) ’ who noted 'che mesomorphic component vof the

G

"_~"- somatotype 1n both male and female osteoarthritics to be .

'-g'greater : than normal Solomon (50) also made °thi.s

‘observation in an earlier study. Leach (249) concluded that

: :_51gnificantly over-weight women OVer the age of' 50 w.ith

..'ff.j‘varus deformity have a’“‘l'tigh risk of developing OA of the

gknee.. The higheiw score in mesomorphy in relation tO OA 18

' ,.difficult to explain, : although Grote (201) suggestﬂ the .

."J'influence of* muscular physique 35 a fa°t°r e{ther as a

S cause or a consequence of the disease. Hartz and‘ associates

"”-'. (250) state that the greater femoral musculature in men

'v’__}f.;provme enhanced stabilisation of the knee joint absorbing

' ",‘j-musculature in women. 'I'hese vorkers also j._.

'~_more of the impulse associated with loading, than the same

.y that obesity

:would be an increased risk factor for OA in &the female
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- B.ELECTROMYOGRAPHIC DATA . .~

of muscle function during maximal voluntary contractions.

Peak EMG values, defined as the highest amplitude of
activity tecorded above the baseline during both isometric

and ii"kinetic conditions, were recorded in mm (intra-rater .

fility for manual calculations of these data r=. 99,.'

».fest re-test reliability r=. 9171//Z;Values produced

-.: Jr‘,

isometrically at an angle-pf 60 degrees knee flexion wereﬁm

f 5used in the normalising process._ That fis all other”‘5

readings were expressed as a: percentage of this~va1ue. Mean ‘

1} values for :each muscle, as well as group means were

calculated and used in the statistiﬁal analyses. ls"
Graphic representation of these values are shown infi

figures 4 1 and 4. 2, and tables 4. 2 and 4 3. and summarisea""

results for normalised peak EMG values both isometric andt’

‘t

isokinetic.o Isokinetic 'values 'were defined as "fastv 'tO-f“

assist in the interpretation of the data.,j

In this study, peak values were chosen to reflect the"

pOint at which coincident spikes might overlap i e.'h:

| potentially at the point of max1mal muscle tenSion’"
Q development and therefore representative of the total EMG
pattern _ Blanchi and. Vila (269) found. the amplitude of

: rectified EMG to be a relevant parameter for the evaluation_"
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'7¢ijABLE 4.2: pzax ISOHETRIC EHG am 3o nnchxs
P T O RN : O 4

e u~i;;:;;;« oA ‘~szz x ;»,;s: S

' uuscﬁ: - sTaT ";g

: .f‘GROUPS

NORMAL . . Risx”,

Hean (x) and standard deviatiens (SD) of nomlised scores

-~;OSTEOARTHRITIC

QF

*L‘e~.

sp.

'y

- 8D

%l

'SD-

X1

. 116,389_/7
»i__ii5:42-’}"
15”108 8é9t5'
- 20. 82“.'u
106. 333f_ff‘
-:17,;iii‘“

108.704 "

lj1137689 L
- 36. 61_t
“etf119 889_1
33.06.

118.370

142 714tifiim”' |
.vii29‘2§6 ,
les.qoos
 L?4?:§2 ‘

o us.ee7e

LA higher mean values were recor"

s U e T anm o spas

el

‘#significantly different from risk and normal . - = =

_ Results of ANOVA tests performed on peak EMG values,- o
indicate that during isometric contraction (table 4 2) . ",
> activity patterns displayed by normal and risk subjects,,

V.‘__were similar with respect to all muscle groups.” However:‘.‘._»i S

tor arthritic subjects, “




"’ith resPect to .all muscle v groups. 8 During J,sokinetic v

contraction (table 4. 3) ; tendency to 1ncreased peak:t-}”_"f;

'activity was displayed by all three groups, ; w:.th the‘:_

.f.-_.,activity of the risk group showing a relatiVely Weater-’j‘v.b S

: increase in this regard. As a result, the activity pattern o

<

displayed by risk subjects during isokinetic contraction'
’jiclosely resembled that produced by arthritic subjects with'.f." |

":‘;‘_V'slight Variation, such that the activ1ty of the VL muscle

' -.which was higher and the RF activ1ty lower 1n the risk-.f-:v- .

“'."'group. R

' -ITABLE 4.3. PEAK EHG ISOKINETIC

~

‘ Hean (:-(')“ andstandard d'e'viati_ons_‘('S‘D,l) of normalisedscores : _.

" GROUPS

. MUSCLES ~STAT = NORMAL ~  .RISK . - OSTEOARTHRITIC

VM X . 125.889 . 164%333 - 161.714

SD . 25.36 . 66.19.° . 101.36

Xl

VI p'127,71§';fif"162.555j;““f . 151.714

sD . 37.76 - es. 57'<f7f.. o 79.29

. \"

%l

1;130.111_7 » 152 11_.; | }57 571
... 8§D . 230 4174 - 46“79.

%l -

127, 926".  159.667 :5*”5;' 157.000,
s @s.02 ' ss.a16 | . -.75.80

o *signi'f,icantly'difﬁerent.f'rom_ .'isome’t'ricv pe,ak' activity

[ Y

el T
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“rthe quadriceps components evaluated duri’

In terms of statistical significance, RF activity at 30

e

i',and risk groups (p= 001), as aid. total QF muscle activ1ty§,wfq

P

'*fd deqrees knee »flexion recorded by arthritic S“bJQCtsff_fffi

‘”;f'differed significantly from v%}ues recorded by the normaliif.ﬁa

‘g;(p- 001). Hovement at fast speed had a 51gn1ficant effectufriﬂi

[

:f_over slower speeds of qontfaction with respect to VL musclep:';”-

fjffﬁ(pe.os) but was not s1gnificant with respect to VM and RF

"f'jIn addition, the total RP activity occurring during slowef

ﬁand fast movements in arthritic subjects was significantly,*-V:

%\greater (p- 0026) p.';;‘,»*~'3_l551g4,_‘- % napr.

Figures 4 1 and 4 2 demonstrate mean and standard-‘

'ferror values amongst the three study groups

. ’

ffgroups under isometric and isokinetic" conditions,*f

> . " . | “,__ . - . .‘,._

S these figures.xi*fvvbl:«f*;

In arthritic subjectg, peak Values recorded during .

'7e;.previous1y described* can be variried ‘by observation ofif'“

tlth respect to.p;fZV
. both isometric ;;;43

'*da?and isokinetic contractionsr Thettrendd exhibited by alleﬂ&f]v

'fisometric contraction (figure 4. 1) show heightened activxtyap"?i

itrend is also noted to occur under isokinetic conditions.

'“fffof the vniand RF components, but a lower VL peak,v This ey

o The high VM values may reflect the heightened activity.pf_”'v

vvthis muscle as reported by Brucini (36), while the lower E

ipeak values’recorded for VL activity support the view of ‘

-Maquet (133) of hetween association of lateral thigh musclef f;fe

— -

r%lweakness and varus malalignment. Additionaliy, Andrews and“#f,;}"

s T
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S ""\‘40
' ','-‘_v':..-associates (251) not%'d hi

iﬂ‘

s

“fsyndrome (P?S} mrecor e&f

H

;ring“ increa31ng Speedsm of
,H:ballistic activitqy In accordance with findings in %his
“.‘study, Richardson (255) noted that while VM medialls

L ek :,,1 T

- acta.vity 1n normals showed no marked increase with

' 'v"--'increaSing speed of motion, ._Vn'tncreased its activity to a

marked extent with 1ncreasing speed of movenent in- sub]ects L

.;_persons with pa&llo-femoral

.. i
o

' "-w:Lth PFS Richardson (255) attributed these observations to

' l-_'-loss of tonic activity by the VM in subjects with PFS.‘ o

*Although stereotyped orderly recruitment appears to be most

f.joint produced’an 1ncreased number of impulses or abnormal
i‘eimpulses, -rendering the :spinal centreS‘ abnormally
'.;excitable. Henneman and Olsen (174) described an increased
v'tiring pattern of motor units as a result of muscle disuSe

""'and Ianuzzo (256) found an increased firing pattern in

L 4

";':_'common (302) ,i Harding (85) suggested that an arthritic '

B relation to disuse at increasing speeds of movement. Cremer

et al (302) suggest that some mechanizsm' may be g___nerally o

available to selectively activate motor units most adapted

to the constraints imposed on the motor neuron pool by the

: f Richardson (255) y results of this study 1ndicate that the %s

. ) x.‘&’ Lo I . X R

» mQVement pattern. In contrast to the findings .ﬁ_ B

Voo



;if osteoarthritic ‘subjects during fast movement.

;However,

reported atrophy of slow twitch nbrei""1°88 1“ ‘the VL

_,{l{ occurring in OA (84) may alter the mechanism of recruitment;zgff

,y_okcurring during sudden slow speed contract;Pns (232)'Gi,il
dal ig the °"ement t° be 1n1tiated by’ a'phasic unit thusi}ﬁéi

y-passing the slow-twitch motor unit mechanismif

If inc“eased VM and VL activity in risk and arthriticf;:i;
subjects during fast contraction reflects some loss thi:iq
tonic control durinq dynamic activity,_ problems ofigge_
LinStability during gait might largely be accouﬁted for °n€#lfi
e While RF activity at. higher BPeeds did not follow theii’p?
4ioiexpected”trend ot increased activity in this respect, Rﬁ

o iduring fast speed contrqctions, in accordanée vwitﬁillf

‘::d'Richardsons earlier findings (197)..The Qiscrepency of Paak?{iff

-_fEMG activity recorded during slow and fast movements in the'pﬁ!f
_f,arthr:u:ic qroup may reflect gast-twitch ﬁbr, 1oss (2 61),}’-:3

j'ialthough there is no document evidence of ribre atrothjT#ee

| ?°ccurring within the RF muscle with respect to OA' i _* il

The significantly greater peak activitvsamongst all?n,fi

groups with regard to n

. l'.exception of mr' Bques o)



1sokinetic contractions generally elicit SLﬁnificantly

S greater muscle action potentials than those evolsed during
- 'Q::-J.sotonic or isometric contractions.:'_ Additionally,f pain
dur:mg isometric contraction, _ may yield higher normalised

""l'..':v"'}.'values of EMG activity in risk and OA groups during

i 1sokinetic contraction, 51nce this movement may be the more

| 'cgmfortable.._ If suwcts have some concomitant 51gns of

,fthis would compromise the ability of subjects to generate-

s

,:patellofemoral dysfunction, as KlSS et a1 (252) suggest

.torque in a flexed p051tion, s:ane patellar ligament force -

| reach a max1mum at 60 degrees (294) ‘ @

- The high peak values recorded at 90 degrees/sec in

| "both risk and arthritic groups relative ‘to normals, may

“also 1ndica&e that these subjects dog not respond “to -

».LveloCity in the same manner "as normal subjects (261)

'Changes in muscle fibre content in arthritics (83 84), /7‘?‘

»;

::'q
#

: 'producing altered patterns of recrultment and discharge

frequency of motor units, may account for the Tiigh peak

activity noted in these Subjects as discussed above. The

Y

'.the onset of similar ch"qﬁges in this group. DA

trend shown by risk subjects in this regard may 1nd1cate

Additionally, » to account for the relative high peak

: values recorded by arthritic subjects, ‘ it may be helpful to :
‘ 'gexamine the effects of joint pathology on the ability of

these persons to perform optimally during the normalising

contraction. . These observations may also shed light upon




B

A

'- mechanical effi;iency o

to the VH and VL muscles, the muscle activity knee~angle-

"":'f dependence 2 o reflects a"’:‘ relationship between the v

o AR [ .. }

;.‘ the knee joint musculature and

7*‘,;

knee flexion (199) In general flexion has the effect of
ihcreasing the quadri&eps lever arm and shortening the
hamstring lever arm. It is likely\thereforeu that the 1
inability to generate” adequate EMG activaity and torque

levels at 60 degrees ,flexion reflects the “_\presence 'of

length changes in the quadriceps mechanism., _since EMG
activi\.ty is 1ength dependent (166) ’ showing decreasing
activity at longer muscle 1engths (168) ’- changes in the '*\'

length or lever of the QF muscle group may result in~.

muscular insufficiency (156) For example,; a: tight RF

shortened as a conseguence of pathology ’f*-(23 258 295) may
reduce pesif normalising walues of RF activ" ty at 60 degrees

‘ knee flexion since tlp nuscle may be relat vely lengthened

4..’ X

in th‘is position. ‘rhere also appears

;to;‘be an optimal



f:_lv'if placed at a le_._"‘b -

-'filaments are comp’ "

' in which the \overlap of intracellular

‘:ised.‘; In contrast at 30 degrees

'_'flexion, a’ shortened RF muscle might be in a more neutral
or relatively shortened" position.- Eloranta and Komi ( 199)

also report that in a sitting posture the RF generally

factivity occurring when the knee musculature Was shortened

-~

”-reaches its peak activity towards the fully the extended';.-. T

. Position- . Andriacchi and associates (199) found musclef_‘ S

A :response to. be dependent on joint angle with highest muscle',f'

i with diminished activity when muscle was lengthened. - Since R

'_jhigher values of EMG activity are evoked at shorter muscle
‘b ; lengths (168 183 199), and since RF wou.ld likely be less" :

’ '-“compromised ‘at this angle a relatively high peak EMG value E

b

' production under some 'circumstances. f-f For instance,"

%ht be recordéﬁ with respect to the normaliﬁ.ng value at
; 60 degrees rlexion. o Additionally to 'servei as |

comngensatory mechanism for decreased knee exten51on

~

capability at 30 degrees Jflexion, the RF muscle mayfi’_-:-'-_.-f-_,.
demonstrate heightened syne‘rgistic hip activity, recording S
proportionately high EMG values at this angle as result*.__'i»: -

(24 261) O

: The muscle activity pattern 1n an unstable knee joint |

, may also compromise ability to produce effective f‘orce--‘_'

‘:f\.

EE

Solomonow ’@(262) noted a range of 37 to 46 degrees knee :

flexion .produced a tendency to quadriceps torque failure in' L

el F

pereons with a history of anterior cruciate ligament,'



1nhib1tory effect on: QF activity as: recorded bY :8“ ';“"ac‘-"'.

by ligamentous instability (2 4) v 2 similar response-"
f‘.incurred during QF; -cdm:g:'action at 60 degrees flexion in

R .-A. ~_activity values in
' possibly decreasing the need for hamstring co-activation.
- 1Therefore relatively high torque valuee mighﬁ be recorded_
- 'j:at 30 degrees knee f.lexion as a r"esult.‘, BMG xvalm might
) ._"also be high sinc_:,’;'?

,'shorter muscle lengths (168 183)

o '_ ;fcr maximum torque to be about 50 degreee. This is ot )

- ".‘-_'of the knee j,oint.--

- EM since the osteoarthritic knee joint is characterised;: ;

arthrit[ic knees may‘-f; _f-'lowered QE‘ torque and."} "RMG

¥

”eubjects ue a <consequence

..the higher 1eqﬁs ot mc occur'.”at

- Ay Haffajee and co-workers (159) noted the flexion angle Lol

v__-,;_"'practical significance since weight-*bearingv; 'ctivities':."‘ in

'rhe £unctiona1 pro“' “,‘ms '{'}j jincurred 'y g

'»"x‘[of this angle, such as ascendi .‘g



£

osteoarthritic fémaiésﬂ than normals,: suggesting that
hamstring activation is heightenéd in an effort to. prevent
, weight from falling anterior to the knee during actiVity.'

;These findings indicate that strength performance of the QFf

Jéiif?f,f ,f'fe'pfq;fiIQ'fjj

at 60 degrees knee flexion may be relatively compromised lnf e

—

'fOA subjects as a result. -"‘ .t‘ ’*t,_’v“.ﬁ't %g.:
- Additionally, Andriacchi et al (293) Sfudyihg' théfﬁ*"

effect of knee ligament dysfunction on functional ability,v |

. ‘notedf that sacrifice of the jposterior cruCiate ligament'”qj-ﬁ

' substantially reduced the quadriceps lever arm in thecl"i

critical range of knee flexion required for stair climbing,'}”-i

J-Q(that is: between 60 and 90 degrees) This observation is

;'important since stair' climbing is ‘a functional actiVity

.‘which is considerably compromised in the arthritic subject

‘f,jand would explain a defiCit in function at 60 degrees in

.pj_compared to the normal'

;'subjects displaying similar functional problems.;

: h)f Raw EMG activity patterns v

Actt;ﬁty patterns fdm 11; groups under_‘all

"zcontractio conditions are shown in plates 4. 1 to 4, 9

~<‘Chosen at random to depi‘g’adtivity patterns amongst the
Jthree groups, these graphs diéglay decreasinglamplitudes ofv

'raw EMG activity when'étisk ‘and arthritic isubjects~—are :

'jto‘compare activsﬁyfp j rns of. EMG across muscles and

. ~

yontrols subjects.fHowever in order .



:;Plate 4 1..EHG and Torque of nornal suhject at 60 degrees

knee tlexion during 1eonetric contractien
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Plate 4. 4.‘ EHG and Torque of‘ normal subject durlng'
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isometric contraction at 30 degrees flexlon
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Plate 4 s. EHG and Torque of risk subj ect durin,q 1sometric
, o contraction at. '30 degrees lmee tlexion S




 Plate

LN ' LT '
: \

contraction at 30 degrees flexicn

et

R . .‘ ~'. P

54.6; BHG and TorqﬁE/ record durlng isometric'”\ |

-f': ‘



. . 'r .
°
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Plate 4. 9. EHG uﬂa 'rorque record of OA subject during

isolunetic contraction at 90 degrees/sew




R ';:*,f'i29h;”;d

v"‘.;groups data must normally ebe subjected to normalisatio,nf R

'fprocedures if ’conclusions about EMG act1v1ty' are to bed}"~l.
‘ | This value was defined as the area under the curvet
) measured in - the first second of the contraction periodv
”‘during both isometricoand isokinetic conditions. Thls valuedf Tf:

was determined manually by count@ng the number of squares

"-;under the linear envelope in the first second of thel_'w;{

]scontraction period. The IEMG was expressed in mm/sec andf
.{ values were subject to the normalising procedure preViouslyb;f' "

’described. Intra-rater reliability made “on. manual IEMG.bf

< ”~ca1cu1ations yielded a vaxpe =, 99. These vaiues represent_:fiv

c b £ 4 -
’f‘an indirect measure of the muscular actiVity producedﬁr'

:“';during the first second of. activity. since the lnltlal rate SE

‘. -and amount of tension development je: important‘fiw'

'./CODSiderations in defining the' role of muscular change in

IR OA,‘ IEMG values' calculated 1n3 the first 'second f;j_

l

o santavirta (263) noted that due to the poesibilfﬁy oﬁ%%a_. ;

Fl v%v“ff <o
fatigue in pathological conditions, the .H@ration “of o+
“contraction investigated should be relatively short f;%;:,??ff.”

Figures 4 3 and 4 4 provide graphic representation of 7&*
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e

VL

' activity,‘

mean differences found amongst study and musdle groups Wlth}v:ﬂw“~

ast movements are clearly different with regard to risk;_f7

respect to IEMG measures. Patterns produced durigq slow and

and osteoarthritic groups, but appear relatively con51stent'

within the normal subjects.,Here VM activ1ty is lowest and S

RF activity highest irrespective of speed of contraction.f,

Risk subjects also show a 81milar trend during isometric: :

but this pattern is altered slightly duringiﬁf

isokinetic actiVity where subjects show high gains in VL~':

o activity.» f‘i

L

. TABLE 4.4: TSOMETRIC TEMG AT 30 DEGREES KNEE FLEKION

. MUSCLE . STAT .

| GROUP. . -

- NORMAL

bl

| OSTEOARTHRITIC

tinean’(ijand:standard deviationr(sb)tof:normalised.values o

LR

4y 5P

—

. iRF**: : - e

’;102 333 -_‘
18. 77:7

;.115 444[,”

52 15

"129.000_ [

\

115 592

37 78 T

| 105 111

42.4é

'41. 76_

’

d9.62

© .125.481

t 01;21'

1054111”;.,1

153,359

122,25

175.143

”‘143!7g.{h

oz

169.29 -

169 29

207.571

181 048* o

. 162. 45'

*significantly different from risk and normal

5

1**significant1y different'from‘VL AND RF
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OA = Osteoarthrtls -

e,

Risk = lisk ~

-

-4. Comparison of normalised Isokinetic IEMG

Fi




RO

VL%

- RF#*

. TABLE 4.5: ISOKINETIC IEMG for 90 degrees/sec
: PR / ». v E., : ‘ .

e _.,‘,_vﬁ_

Mean values (x) and standard devxatlons (SD) of normallsed e
vaIues .

~ GROUP .

| MUSCLES = STAT =~ NORMAL _ - RISK - OSTEOARTHRITIC .. .

Tx 168 §§o ' 212.778 - ‘211.000 .
R T POk I SR U ENGR I
SD. . . 54.71 . "97.92  190.58 -

wi|

184.000 +  233.778 - . 220.00

1

sp . " ss.e4 . fis.0s - - 183.s2

216.444  237.222 . 294.00

R

sD . 97.15.0 | 150.33 - 196.38

© QF*. . X. 189.501 ' 227.926 . 241.667

- sp 39.80"7"f1é2;1o03'__ 191.81

) . X S \f- .
*sxgnlficantly dlfferent from 1sometr1c values
$

'igﬁ d*f Wlth reference to figure 4 3 and table 4 4.;.IEMGF.A

'hf;c£1v1ty of’ VM and RF recorded durrngilsometrlc contractlonf_
1s notably hlgher 1n <arthr1t1c subjects,v although thls o
dlfference' is; not statlstlcally signlflcant.< During” :f
isoklnetlc contractlon, 1ncreased VL act1v1ty 1s also noted_;rf
1n these subjects. However, these values are not as hlgh asih}ﬂ

J‘ those exhlbxted by the risk subjects ‘at fast speed

.—Ana1y51s of indlvidual patterns of muscle act1v1ty amongstfi”“

the th.Fe groups show -a dlstlnct trend by rlsk subjects to

[
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Z""\f\'"*;.'.‘increased RF actiVity at 30 degrees flexion and actiVity is
"5_:_";‘.increased all muscle groups during '_' isokineticf'

COntraction. IncreaSing IEMG values,..\ Slgnlflcant at the p' 5

"N

"“"“»evel _-’('VM and RF) and p_ 0069 (VL) were noted at fast_'

t.\

,_emphasfising speed of movement as a major influence
’.',;_.on motor recruitment Eloranta and Komi (198) also found“’t._"
A.»the IEMG values of VL agd VM tended to increase Wlth.

‘ increaaing speeds of movement. Additionally, RF muscle'

activity was significantly higher ( p~'0273) in terms of';‘.""

IEMG actiVity compared amongst the three muscle groups.

v‘.’

Eloranta and Komi (198) noted no marked differences in RF

activity to occur at fast and slow speeds although RF::, S

activity was increased fin all three groups at fast speedsfig_:'”}_ﬁ_'

f in accordance With' Richardson (197) Arthritic subjects e

also demonstrated s&'gnificantly higher values of total QF' L

IEMG activ:.ty‘( p= 0052) during isometric contraction at 30._

degrees fl%;’ciqu’(fiﬂgure 4, 5)

LF

While %Ye electrical acti\rity generated by a musclem,-‘..'_" |

= / may be influenced by a number of factors ’ thk IEMG has been

found t@e’provide a relatively effiCient tool in asseSSing

L4

the q§nﬁr{ibution of a specific muscle or group of musclesp.

7»-'

) ‘i “a given experiment (169) In this study, IEMG actiVity:'

[,

Appeared to adequately differentiate actiVity leVels

between mdscles and amongst subjects. The high IEMG values_ S

generated at 30 degrees knee flexion, may substantiate the'

noted overall by arthritic subjects with regard to actiVity



VIR

i‘*i»‘spent an eﬁcessive amount of time in the stance phase of_::

ﬁtwﬂ'act1v1ty was gagfrated by the VM muscle in men during the#“f

"i: to generate a significantly higher activity to produce thg

B stabllise the patella. ‘

- et al (265) found subjects with deqenerative knee arthritisf'

‘ stability during gait and may require increased EMG to bea%*

| : t‘nep.kfﬁxee. .-._joih;*-ﬁfds;e' toincreasedquadriceps Gice when th
- me&hanical efficiency:ko .

Ay

the affectéd JOlnt and prevent the knee from oollapsing.‘ini

fact Santav1rta (2630f found a reiatively high IEMGQ73

A

post menisectomy period‘_s1nce the VM muscle was raquired'

¥

same force as the control iegs Denham et al 1264) note that

the force transmitted ;n one compartment of the knee j01nt

;*<i is . the sum of the body weight the combined flexor and

6‘:»‘". : "w '
extensor muscle action and the ezgcp%sive tension that th@

11gaments unde;go in maintaining the' articulation.-g
Additionally, greater tension must often be generated in o
the presence of tibial malalignment if subluxation rs to bef}

prevented.ﬂ MCLeod (pited in 263) suggested that evidencefﬂf

of h:igh VM IEMG activity was "indicative of the need to )

,compared to normal subjects, Smidtf:“
&

the involved side and preferred to maximise the time forg,f

%

the foot flat portion of stance..This provides a measure ofT}ﬁ

ﬁgenerated by the‘QF muscle as a result.aAndriacchi et alnfg

(293) noted substan\ially higher loads can be generated at:77

the ~quadriceps mechanism is



. f{compromised.} Peat et al (150) reported. that continuousftf'n

“4quadr1ceps act1v1ty throughout the stance phaséd%f gait was,}fig

e f*required tol stabilise the flexed kﬁee 1n Varthriticf' .

"fsubjects, indicating the additional demand placed on theffj7ﬁ

'7~ﬂg quadrlceps musculature 1n these 1nd1viduals.ﬂ.

In normal 1nd1v1duals the rotary force at the kneefnf'

:'3f.301nt 1s 1essened as the quject extends to the neutralff” B

~_p051tion.i Thus 1ow levels of VM and VL act1v1ty areﬁf'

‘ "igenerally found during the last thirty degrees of dlstali’f;

' »,segment stabillsed exten51on (266) Low levels of act1v1ty-?"

- ,jdisplayed by normal and risk subjects _confirm this"‘

'ﬁfobservation.: However,_ osteoarthritic subjects dlsplayed;_df“

'con51derab1y 1ncreased IEMG activ1ty at this_ angle'

“,
v

f\empha5151ng' the increased need to stabilise the knee i
dfthis p051tion. This finding may be of consequence,251nceA“
:spatella subluxation commonly occurs at this angle (266)
'?t Thi s would support McLeod (c1ted in 263) as stated above{:‘.

T,o*ners note that increases Ein Joint stabillty may be{»lf

._n;attained by 1ncrea31ng the activ1ty and number of actlvel.~~‘

~i@,;sign1ficant1y when the knee musculature was :pretensed.gf

”_muscles resulting in 1ncreases of over 400% by actxvation'“T
.of the appropiate musculature (267) ' Goldfuss (132) ng“f

”:reported that knee abduction and adduction were 11m1ted;.

'mﬁ"Activation of this mechanism would likely limit the extenti

'5°f iHStabilitY' 1" subjects with gonarthrosis 51nce ‘when“'ﬁ‘if
;viquadriceps activity is high a large compressive force lsllfiﬁ

e,



varus iﬁf valgus stresses (199) {yfir—*ff'

: - both risk and osteoarthritic groups during fast movements"__'i R

'fffhave been oiscussed with reference to the work of;ifﬁjgi

“"fi,,‘EMG activation in arthritic sujects may also reflect thef;_:iﬁ

RN

- osteoarthritic patients differed from normal in that their-'f_':.

“*bknees were in too much flexion during stance and too 1ittlel73 i

‘v"'v",j.f;subjects in the measurement of these data, | precludes EEL

' "*v'?-”definitive conclusions._. However, _ the trends exibited by the._""-‘*, };‘

'f'f_calculated during the first second‘ ot the contraction phase'

’-under both isometric and isokinetic oonditions. 'l‘orgue-;‘v’f-"

L "v'-were calculated by measuring the area under the torque

curve registered overj th\is time period.‘ Nomalized values"-ﬂ';

- ‘.'l

:." c) IEMG/torque data

'Richardson (197) in the previous section.v Differences inf""'?‘»--’“’

I. observation by . collopy ot (268).._ ho founa_ffﬁ._.;-.~;T:-é

’flexion during the : swing phase of gait. _ 'rbe extreme_-"-i;"-fv*‘v-‘
:variabil’i’ty noted with respect to the risk and arthritic’f

= riglcq. group in direction of the arthritic subjects are: ;

# “In this analysis, the IEMG values were those‘
PN "_;values noted during the tirst second of torqua generation':ffv

;,:; fwere used in the"_analysis and the relationship between thefE :‘-i'i-,.

'v.b'-”:[EMG and torque wae calculated by dividing the IEMG values

«produced'.;‘across the joint effectively stabilising agai’t: . ,;3

The implications of high VM and VL activity occurring in‘_'_ o
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Vries (clted in 292)“ In this study the ratio between thé”~n€i;?

,' _' IEMG and the torque uerq‘ved during ‘ir respective first
‘p?; seconds of activacion, provided a means of evaluabing the g
"rela 1Ve level of motor capability amongst three differing
‘ groups, although EMD time was,not accounted for. Qtﬁ'ii‘”"'

Graphi g. -

L5

representation of IEMG/torque values‘

dlsPlaYed 1n figures 4.6 and: 4 7, SRR

, 3@;. R R AR
- B . . ‘

i f: xeans (x) and standard deviation (SD) of nornalising value
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':QvlrstlY. at 30 degreesf?_»i‘T

T
e

' os ‘ard ecorded for

‘ dunsiderably higher";_‘*_, |

o _‘/mean values than VH and VL In g ﬁl hoWever, Wlth the‘_'""

i 'v'exception of higherr mean values recorded for 1nd1~1dua1

" muséle activity for_f-,: h

; g 'show the same pattern of response in terms of overall QF' X
" :"'5iv._v."_.'muscle activity._ ‘I‘hat‘ is, zhere is eun.Valance amongst VM

.-'."':,_.'_and VL w1th respect to IEMG/torque ratios recorded in all

" three groups and in addition, these ratios are generallyf--'v-"-.

' lower than comparitive recordings of the : " muscle.

r-TABLE‘4;7guxsox1nET1c Iﬁus/rongur»ratio.at'90}DEGREES/st_;JE

~ Means. (X) and standard deviation (SD) of normalising value
| MUSCLE ~  STAf © NORMAL ~  RISK . .OSTEOARTHRITIC

e

e v o -
o L
- o : K

11_VMI,,.fut :”if]'f:‘iéi il;: I 25§T55:"7_:§;53é;5.14“"t,
.. sp o el.ae Jov 61w4”?1“i”4§1165'" g
-r vp&f» - 'ii*j ;?163 oo,j‘;. 214. sseffff:,izls 33
o ,._“;:_sb "”_193t375{i"?85-75 ;’?-;.}35 72

ORF X 180.34 - 237.77 7fi§i263,83‘;:_;;f-?¥"1

Xl

161.51  230.33 . .272.55

©SD 84.32  100.07. | 239.42°

e arthritic group, | allvthree groups S
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Differences betwaen arthritic and normal and risk;_”_;;v}j_;_‘-“;‘-:“:{»;.
| groups were noted : &iﬁi’f respect t° QF IEMG/torque ratios'lj_:
,' at p=: 0035 level.. No significant differences were notedf"‘:”.; @
: amongst muscles in this regard, although distinctly hlgher.;i».f‘_ s
values were recorded for the RF huscle ‘as indicated in
| 'I‘able 4 6. _ 'l‘he values for muscle effect across all three,b'v
.9r°“P9 (159 680 (VH), ) 160 oao (v;-,-)i- and 194 soo (RF)%@"-*“
indicate ’ relatively consistent measures of IEMG/torque;f':_.'.li
ratios occurring between VM and VL during the 1n1t1a1_‘ N
. stag:s of - contraction in all three groups. _'l'his P inding J‘s‘;;,_.g:_'-- )
| of interest since the 1iterature ind;fcates the importance'._:., ;_'}-
: \, - of VM/VL imbalance as- a factor in knee joint dysfunction:.'_-:?{.'_., Lo
o (291) Eloranta and Komi (199) stndying postural effects_.”x’\
on the function of the quadriceps muscle under concentric*

"“contractions, found that the vasti muscles, ""tunctioning*.j._.'_'_:"-'

°n1Y around the knee joint demonstrated . .plateau type‘,. B

activity in the slowest contraction. speed in a sea:ted ;‘f&
’ ‘ﬁsosition. _ The low IEMG/torque ratios recorded by both" ;f '_

"'normal and risk groups in this study implies that a highly-"
- efficient force is produced during the initial stages of an .
isometric muscle contraction under normal circumstances.' :
: __Low IEMG/torque ratios are also associated with increased.’ :i .-‘:"f .

'_'power productiom« (199) Thisg is important‘, since the QF._"___ £

" .muscle is fegponsible : foro providing important'i_.-'f

o :_,"stabilising function across the knee jointo, espec1a11y SR






'j'”during teginal extension (199) 'rhe higher IEMG/torque"f_“g_“'-.-‘-f:»"i"’*""

;:values recorded by osteoarthritic subjects may it&icate a"iiff_‘_ po

"v-'__'_.less effectivg attempt to stabilize the jo:.nt under s:.milarﬁf'_aff

S ﬁ":'conditions.

During fast concentric contractions, _ the IEMG/torque.iT,;",;'_;._"_‘,

e ,-’_"Tratios were greater, particularly with respect to risk and.i'v;

_‘_‘Osteoarthritic subjects (figure 4 8) . No : Slgnlflbantvv;:;‘-.":“ L

" ~difference was noted amongst muscles or gro s in this"'_i_-.

- ‘regard. _ Viitasalo (271) attributed the effect of speed on L

REEE IR

reflect the decreased amount of force in spite of

o ‘:'ﬁ”igihj.‘ ’neural output This in turn is explained by the

' IEMG/torque ratios to differenees in the motor recruitment ‘

j.pattern and suggested that differences between IEMG/torque ,

reduction of effectiVe time for single actinmyosin cross- R

. “ ) )

'bridges to produce force. However at the relatively low

’, < speea“ of 90 degrees/sec \.h:l.s effect should be reduced In

yﬁ"

)

?H Wf?fact @bsegation of the speed effect on IEMG/torque ratios

R ¢ normal squects show verY small dlfferences bet"’ee"

- -fva],‘es recorded daring slow. and fast speed movements. Mean B

s _ J;EMG/torqud values recorded ‘at 90 degrees/sec show risk and

X wa 3\%“
' .the normal group

th respect to recordings of all three
o muscles.znurthermore VH and RP ratios in the osteoarthritic

B '-”‘group “are ﬁotably higher than those produced by the risk

A":osteoarthri'tic subjects produced higher mean values than | R

"_‘.jgroup and W diéplays_high?rbr valuesa than RF. VL ratios in

2] both groups however are.; “ainost of equivalent value.v 'I‘hese -:‘f ‘



.“"._V_:jj:f:".previously,‘ a. high IEHG/torque value is likely indicative -

”";Showed th__h_eightened phasic nuscie activ}fty\ of:

= activation during jnamic movemont appgar to toll‘ow _t_his."'

| "7':'-._"'_fproduced at s f.

-

"As stated f

g 'l"",of two factors, firstly increased. recruitment and secondly’.v '::."-
force reduction, althou.ggh the latter was not evident in_'i :
:f"this study.». During dynamic contraction Richardson (255)_

'_ persoxh with PFS.-:. similarly in this study, increases in VM

- ;_"' f-_;.zero seconds.;__ 'rhe TRTD":"'was ':therefore' : the : ratelr of' :torce_‘
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2

30 degrees X . 230.64: 178.48 46,714

presented 1n table 4 8.,, Graply.c representati_on oﬁ» #hese
.ijABLE 4 s. IsouBTRIé TIHE RATE“OF TENSION DEVEIDPHENT

 Means (¥) and :éténdefa;aé.viiatioﬁ. (D) values 'in Nm/sec -

N s...

data is shown in flg’ure 4.9 SRR S

.

('J.'RTD) at 50% torgue nax A

g

STAT :gffnonnAL,}fﬁfnlsxf L OSTEOARTHRITICVJ;;t_;

60 degrees =3 _‘[1:19§e98'f:;Zod;dsffi;ff 74 14%

B

SD - 84.52 90.48 . . | 46.71 .

*51gn1f1<;a<n‘ Yy dlffenent from normal and risk

e reduétif,,
'_'decrease was sigxuflcant at the p- 001 level between groupsifvz.:,1__--7‘;
v_ *:.’levels with respect to angulation at 60 and 30 degrees.-'..f‘Q‘{:"“-‘,

_flexlon, bof:h normal and z‘isk_groups displayed similar?'_:_f,:_‘:'fr
o ‘f,levels of tension development while ‘tbe arthritic groupt';'.'

. '.) L '~’~ \
'_Obxél*‘taglon of this data, shows the considerable“};-_‘-f.--'

K]

'hSD ﬂ“f;QQ,ssgzziﬁ“k;10;85,“'ff3. '73,sqg_gf¥‘f-

o T e

inf rate of tenslon development in the artlfritic"f* S

: group, both at 60 es well as 30 degrees flexion., 'rhis”’}-

RS as measured by a two-way ANOVA and at p- 009 and P- 0003_-'

w

Moy :
pe

'?;respect:.vely as determ.ned by one way ANOVA. | At 60 degree" o




.”1showed considerably lower.ﬂgi es. At 30 degrees, the rate

._q»

'Lfkiﬁg #

‘_of tension development declined 1n risk and arthriticfi

Proe

.h:groups,,but was increased to some degree in normals..

These results tend to‘ confirm the '1mportance ‘off o

-"-":'fthe joint as’ sugggsted by Radin (15 16).* In particular,a

.‘fs{wlthout appropiate rate of ten51on development ‘Jointf”

:"destruction would likely be assured. -@P%f

During normal gait the extensor' muscles must be'f;“

activated rapidly to prepare the limb for weight acceptance”;iw

”~Ade1eter1ous consequences as described by Melvill Jones etf';.

l:al (19)

'.earthritiC' subjects may reflect problemsfsinfvmotorﬂ

'i*ftiming of muscle activity in maintaining the integrity offﬁgf

RN

'“1?f and tranfer. Failure<to prepare for weight bearing may have“iffj

The relatively slow rate of tenSion development 1n,3

,“jbrecruitment occurring secondarily tg changes 1n muscle:fyl

1.:f1bre compos1tion._ Thorstensson (219) noted a high rate offgi“

ivfast twitch fibres in “the vvastus lateralis muscle,f_vV

fthe proportion ?f fast twitch fibres J.n a given muscle__-f,

’:(286) Reported fast-twitch fihre. loss occurring nfoT

':ﬂg?_tension development to correlate with a high percentage ofo{V

"i indicating that the TRTD development may be influenced byfﬁi,

gonarthrosis, (83 84) could alter the Qrate of !tens1on-

""development inithe knee extensors in accordance with the

findings of this study.‘ Bozec and Maton (272) also note

that motor unit/firing rate is related to the contractile

PRI X T R
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”Fland arthritic subjects at 30 degrees of

’*!;;"lisigy

':’:characteristics of the muscle and suggest muscles may be:_ﬂ&
"Z’frecruited according to the ratio of their type I and typei"'

”gefg-lf both type I and type II fibre 1oss occur 1niﬂif

t‘b81s, as suggested by Glasberg and associates (84),25
‘iﬁ Iikely that rate of tension deV91°Pment WIll be"v‘#
aﬂﬁaltered to :§f considerable 'extent h?' COnsequence.n'

'57Decrea81ng rates of ten510n development noted 1n both risk‘"n

-*exion may reflect;y:f
/Hsthe extent of prevailing joint instability, since the vasti“”'“

must be; capable of fixing the knee in extension,lff.

“”iy'particularly during quick movement ..if Optlmalfthﬂ

. . . W‘p*i
""approximation of the articulated bones is to occur (194) '

-A".-“contractions was calculated by dividing the peak torque o
-;values,,measured in mm by the time period in tenths of-:.y
"'fjseconds required to reach these values. The conversion Lo

"€I_factor lmm= 3. 88 Nm. was used in the analy51s, and resultsgi,V

- are reported in Nm/sec.. A summary of a one’ &ay ANOVA.;i»W

w'procedure used to analyse.these data are presented in table?ffﬂ
.:24 9. and figure 4. 10. ’ s :f ' ‘ | R '> |
.. /’0bservation of the tabulated and graphic datae~bh
itlprssented in table 4 9 and.figurs 4. 10 indicate the extenti f;

7_75ot the difference between the rate of tension developmentyﬁ-#



, artHrJ.tic group dis"

h”’f5397/fifriff 59 13 }-f;,?§y94}324_i;fgfﬁ;f_** 70 26

inthe ’norma-'l* risk and arthritic ~ groups.- Here the

tension development (P" 000) Factors affecting rate of_'

tension development have been discussed in the previous e
K e !

1a ed significantly low rates f

section. These include problems of motor recruitment in

particular (272) It is also likely, that a deficit in ;

tension development during isokinetic contractions,}"-__w g

! provides ‘a better reflection of the magnitude of fast fibre} R

loss occurring in these subjects, since these fi,bres w111-.;;._';.-”_-'

be recruited with increased velocity of motion. The low

rate of tension generated by arthritic subjects at speeds_c"‘ :

& equivelant to c;;hat employed during gait are likely

9.

E reflectile of the reduced rate of knee motion in ambu]vatioh

in conjunction with a decreased gait velocity reported in
theJiterature (29 25) a
TABLE 4. 9 TIHB RATE OF TBNSION DKVEW in 'ISOKINETIC n

| "fﬁ” coumnaemrou | <

Heans .(x) and standard dev i atio SD} values in Nh/sec
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calculated by dividing the heigﬁ% igi 1@1 ‘nfegsgred at‘ ’the
B é

confluence of the initial gradient an,d th.g t:or&ue curVe ,&by
Ty o & A g : o ‘ B

recorded during isonietric contraction., at botha 8‘0 n& 30
degrees flexion‘ ~_'T‘hese data were converted to Nm.:,. and
summarised in Tahle 4 10 and shown g&aphically nin figure
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s:.gnificant difference (p=€ 0019) between arthri'tic .normal

and risk groups with respect to the initial rise of the

a———-—rry.

1 '~.- "

. ‘.‘
.

the time required to reach this value\ g if(easg.u'gs”’ were'

Lo R s N

E 2’5,9 _ Findings e"' follows.:_, Firstly, /there was a""j

-torque slope.~ This difference 'was also significant for

: "vangle effect (p- 005) at 30 degrees flexion._.,

111 addition, calculations of this, value at both 60

and 30 degre'

' '."._'b'risk group compared to normal subjects._ 'I'his findlng may be

a >,

e 3

k.
W
¢

flexion, indicated a relative decline of. the

' "1nd1cative of dn early change in the recruitment pattern as '. =

_ .-well as decreasing numbers of type II muscle fibres J.n risk
subjects.. In addition to factors previcusly discussed the

: inhibitory influence of hamstrings on the ability of the

guadriceps muscle to generate tension at slow speed and

Vs

. increasingly 80 at fast speed should not be discounted ”as a

' factor: in influencing the timing of knee extensor activ1ty
’ ing
| ,"subjects. Reduced torque curvescmproduced by subjecte

e s

arthritic subjects and to a lesser extent in risk
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‘ﬁﬁ»iijin both risk anc arthritic groups at 30 d;grees flexion,

/

'“vsuggest the possible,influence of hamstring actav1ty on. the~j.c
.“?ability of the quadriceps muscle te develop ten51on.:;ia
"TWatkins et al (205) suggest thatr subj;cts sitting w1th-i:i
;vﬂtheir knees extended also place the hamstring muscles 1n.i7r
'5ithe lengtheneduposition.,Further ef9ngation during rapldafih
| Tiexthsion maY activate the fLexor stretch reflexgii'

: R .
?'rﬁterfering with limb ‘xtension.' Watkins ot al (205);fv‘

jfsupported this idea by noting that electrical act1v1ty 1n”fxm

‘gg»; the flexor muscles is increased by passive stretching 1n'7””
yo Cw o ST
4 ._-the sitting pOSitlon‘-Iif{}ﬁj-;g°fﬁ'i*qgf:-'

R ;
. o

TABLE 4 10 INITIAL RISE OF 'I'ORQUE CURVE—ISOHETRIC
‘/' (} )

| Lo, R
. 7

' _'Means () -and standard deviation (SD) values in Nm/sec.
o I S SOl L
| TR g e e e
STAT ~ NORMAL = RISK  y  OSTEOARTHRITIC -
w0 S e
———

e sngli_J"e4.5z,'“

‘,1179;76’ g‘“»153'8é“
a6

140.70 117. se ?;ﬁfﬁ

78 45;

- 84.31

- 48: 26*1*“"
752 92

. *significanfly different from normal and risk

s

A L



- 1juuscnx | sTar

: '}anical Delay (EHD)-Isokinetic

EMD was measured as the time in msecs.'

between thei‘_'
i -‘fonset of EMG activity and the initiation of torque output.ff--ﬁ -
i ,'.'Activity was defined at that point above the baseline at"p;'-; . ;

'.".‘.which EMG and torque readings displayed deflection on the‘."f

: ':f pen tracings. .'rhis value was celculated for all ‘muscles inv' |

s the three groups as time delays were variable amongst the,"..‘ U

."QF components in all three groups. 'rhe results of a two way_;."

ANOVA are presented in table 4 11 and figure 4 12.

o Vrnsﬁx.4;1i;exsokxnkr1¢.gun;ag>so'dgg;ggg?pgf-pécjj_

’}"-"':Y-"ueans (x) and standard deviai;;;l.on GSD) Valu“ (““c"
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Observation of these data show an overall increase in _

. EMlb in. the arthritic subjects with respect to all nuscl«e

. .groups. In the noml and risk groups,

El!D values are
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. Figure 4.12. Comparison of Isckinetic EMD time



“5f1;fcompared to the normal group, indicating a faster responset

”?ffftime for these muscles in this group.l Findings were not_y<57

Tﬁiﬂffsignificant amongst groups or muscles, although RF activitygufxi

":if.value than the normal and risk groups (pahll) In generalﬂw;f

R AT
vin the arthritic group showed a considerably higher meanwr-”

:the delay for aBl groups was higher than that reported in{fﬁ;
‘Jthe 1iterature (186 187) This may reflect methodologiesf?;{
fffﬂemployed both in the experimental protocol and in the: dataiﬁtii
%vcollectionf The higher EHD values recorded by arthriticfff
i"r‘subjects may reflect altered motor unit composition and :
ifffrecruitment patterns and are possibly indicative of type IIfifg
tffibre loss (187) Although EMD-values in risk suhjects weretQi;g
’ieﬁlower than those recorded for normal suhjects with respect?;f;

mf}Qto VM and VL'*there was a longer delay noted for the Rth:c

”iflkmuscle in the risk group . This finding may be indicate angﬁfg

HL'%.learly uhange 1n RF muscle reactivity in this group. @;.fv e

e) 'i‘ime to Peak (m) m - Isokinetic S

The increased EMD values in the arthritic group mayf;;f

,ffemphasise the extent of timing deficit during gait reportedfic:
Afﬂ:by Smidt et al (265), who found the timing ot toot;f”f3
lﬁplacement to be asymmetrical in pre-operative assessment otf_ff

-"ffsubjects with degenerative arthritis of the knee joint. i;fvth

‘ isokinetic movement was

een the onset o£‘BHG




e T Lo .1_”?;159¢j
deflection from the baseline and the time period at which

point peak EMG~activity occurred These data were subJected‘:};

to a two way analysis of variance and the results are';{ﬁ“

displaYed in table 4 12 and figure 4 13.:fTTP EMG measures

were recorded with the intent of establishing the totallf7'

timef

EMG:activity.i TTP measures showed the RF muscle to have a‘"“

”variation amongst the three groups in attaining peak el

faster'rise time to peak activitﬁ amongst all groups. Meanffpf

'ifi, values did not however reach significant levels,_(p= 10)

The extremely short period of time required for RF V"

peak activation in arthritic subjects,‘ may indicate ghe )

extent of ‘adaptation in this muscle, since it 1s thejiﬁ'

'l;:“ shortest muscle of ‘a ’synergistic group which is more' |

readily recruited 1n a given movement pattern (24)
. D . . . .'_,, L A

”,TABLB'4-12§=;Isdkihetidztine“tb*peakl(TTPi ﬁnsfactivity‘.‘"

"

Heans (x) and standard dsviation (SD) values in secs. i;’v“

HUSCLE ‘ 'STAT NORHAL r;ﬁRstf; OSTEOAR&HRIT!GL———_—fd«f

‘z,Sfou,77_-l6.:";1’:148-,
“RE . . ;“”ifjiigt 10 073 0 us3l
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ke 5§17f5

little abouJ:. the functional statu,s of subjects_w1th OA of

Y

the knee and are uﬁable .to ‘provg.de 1mf<;_rma)tion. about moto
. recruitment o; patterns of %)hasic actiVity du;ing movement

' the evaluation (“of EMG act1v1ty pattejms as well as torque &
:'ﬂmeasurements employed in this study, appeared helpful 1n

prov:l.d.ing 1mformation on:, m..scle actiVity 1n normal and b_ b

pathologlcal jOints._ It 1s hoped that this approach will be
refined 1n an at__ppt to proVide physical therapists pwith
imformation on the clinical and functional manifestationsf?v‘
.' '_ of this disease. Improveq imformatic&f 1n this regard :
| perhaps prov1d1ng a better ba51s for vthe des:Lgn f
therapeutic J.ntervention." '4 R B _’ R ‘ id o
The muscular response. .,to‘ OA of.the knee jo.‘mtis
: complex._ However, despite the complexity and variability oi

——

these responses it appears that within certain limitations "

‘ norms might be established for this group Alternately, ‘.

arth‘ritlc Patients could be compared to well defined norms

~

for. an age matched population 1f these were available.

S

Y

This knowledg"‘ would help deflne the extent of "‘the deficit

Occurrlng 1n‘;these SubjectS, enhancmg the spec1fiqity and‘"u- o

L outcome of the re’habilitati,pn processes.- v J B

The potentia for early prediction of OA has also -

oy
been noted.,.The possibility for effective screening and

preventative strgtegies for OA renains to be assessed

S .\f-,




'xfknee jOlnt and present with similar malallgnment. Thlrdly,“

3.

‘p'respect to strenqth measures,‘recorded at 60 and 30 degreeS-

RS

[

”q",patholoqy 1n these three groups-ftflffoh i;d,;}XQ

X m

”flex1on 1sometr1cally and at 90 degrees/sec 1sok1net1ca11y.:

,I%raddition"EMG activ1ty was recorded concurrently fromvf

.

.'way ANOVA and the Newmaaneuls post-hoc test was employed

V SUHHARY AND CONCLUSIONS

The stated objectlves of thls study were three-fold._fffv

e

%

= —

7F1rstly, to determlne the EMG pattern of the quadrlcepsw

i;muscle of normal females and compare the pattern to femalesavf_m

-ﬂpresentlng with cllnlcal slgns of tib1a1 tor51on or varus;f‘*
7ma1a11gnment. Secondly to determlne whether young femalesffff

3w1*h tlblal tor51on or varus allgnment show 51m11ar1t1es toi}7”1

'persons who have the dlagn051s rof - osteoarthrltls aof the 4"}'

.-

i '

'

to ten51on development and the ‘presence or' abscence of

v

.\

Twenty seven female volunteers were entered 1nto the

vﬁﬁto determlne the relatlonshlp between”tlme factors relatlng :.Z

study Norma&s*healthj subjects were 'screened durlng a”““"‘

vfs,study groups.‘OSteoarthritlc subjects were recrulted by the
researchgi and ,entered 1nto the study prov1ded the;”
unclusion cr1ter1a were met One test se551on was held andi

GW all subjects were tested on an 1sok1net1c dynamometer w1th

A

¥

three ‘QF muscles, _namely VM VL and RF us1ng surfacef”'

éiectrodes._“ ‘"*;7;7 . ?g ff;

The data was analysed hy means of one-way and two-f-

L LT
e

\"'cllnlcag examinatlon for thelr eliglbllity into one of twofh.f‘

ey



::f way ANOVA and th Newman-Keﬁls post-hoc test was employed

to determine Signifiif

I

&Qhe follow1ng observations were made"vdw‘"“

‘f-ig}“ fSubjects aSSigned to the risk group on the ha51s of ; ‘
L .'_f.Joint alignment were found to dliz:r from 1ndiv1dua15?;j%y

1“w1th normal joint alIgnment with espect to several ;ﬁ"

. )

‘ phy51ca1 characteristics. In particu}ar anifffii'

;'ce of the meaﬁs The level Ofﬁﬁ

,increased height/weight ratio was noted.fThis flnding!A;eﬁ
'iafviwas of 1nterest 51nce the arthritic subjects » fi
-’“: demonstrated ert;emely hlgh values in thns respect.i,ifVH
fﬂrZQr;VJPeak EMG measures recorded 1sometrica11y showed Rnfrdi
lWﬂ!sklaCth1ty in‘arthritic subjects to be significantly ,Qli
| Wflncreased compared to normal and risk groups.i'ﬁ
;iiﬁ;Total QF activ1ty was also significantly increasedvﬁﬁ L
;at;}_during isometric contractions in this group comparedﬁ;%ﬁt
Loy ko normal and risk subjects.;,,,'- L U
Sr - ‘

ff-groups _showed heightened peak 'activity with the

"gdecline.g‘faf‘%, _;f"'ng, _iv--if f'v'g*}; y .idﬁﬁ

.iﬁs. “g’Total QF actiVity was significantly increased with -

frespect to IEMG activity recorded in“the first second__g.f

-Qtof isometric contraction in arthritic subjects. o

”exception of RF in the arthritic group which showed a_”fv

o 6 fThe RF - muscle had significantly higher total IEMG,‘_- Rh

N va}ues than either the total VM or VL activity at 30 '

2

v,~j4:. f’During isokinetic contraction all muScles in allfpf'



._., -‘, _
P

1.

S

MR ¥ P

'~f'slgnificant1y higher values w1th respect to IEMGZ%_Q

'4to normal and risk groups.v j'g.,qtp,,.ea_i

’to normal and risk subjects.

”f‘considerably reduced in arthritic subjects.:-;:: S
_ I SRR
JEMD measured under isokinetic 'conditions yas;vft

. f?fAt 90 degrees/sec, all muscle groups recorded

f:Total IEMG act1v1ty of the QF muscle in the arthrltlciifm

dﬁ'.group Was significantly increased*’With'wrespect to?f.

-

"ﬂ:normal and risk groups.,i f?'ﬁpfdku_ﬁ;fffyf_?;;f'""

e .
Yy

ﬁfIEMG/force ratios were 51gnificantly higher at 30~;5-¥ -

.L”:degrees knee flex1on ﬂn arthritlc subjects compared [ii

-

{i‘In arthritic subjects, rate of tens1on development atﬁ"
',u'_~ 50% peak torque_,height was*ignificantly differenta?._“-"..?
:-j“from risk and normal subyects at 60 degrees kneefQ};

"%;flexron, 1sometr1c.-

;gRate Of ten51on development at 90 degrees/sec was:i?]”“°

":significantly reduced 1n arthritic subjects comparedf’

. v.‘..

zThes;rate -of‘ lnltlal ten51on develdpment under;lif
ﬂ'isométric conditions at 60 degrees knee flexion wasVl

”‘significantly reduced in arthritic subjects comparedffg

~

';,to normal and risk subjects.fy,ﬁ3féx* '

Y

'The. rate‘ of initial tenSion deveiopment underfi”f

..

f_'isometric condrhions at 30 degrees knee flex1on was:,:

Tk,

'slgincreased in arthritic subjects and decreased ‘in. riSR””

‘\.

i




TSR e

7.

Vd[contractlon atL 30 degrees knee flex1on,

t?statlstlcally so.ggpﬁ;gjfggf:” }

"ﬂ{literature for all three groups.ﬁmt;;“':'

v7to 1sometr1c ekerc1se.‘

“7ai;norma1 5sub]ects with -reference to isomet_lcffki

-Normallzed torque measures foro isokxneticfﬁ}

incontractlons were hlgher than those reported in thelrpi

et

Arthritic subjects had relatively low percentag%

Wtorque actlvity at 90 degrees /sec compared to the

gpnormal and risk groups. This was in contrast to the:”-x

G

ﬁ?fd:higher percentage noted for this group with respectj;ff

~

'c;wTorque helght durlng the flrst second of‘contraction L

Tx

."ﬁ;fwaNW sagnificantly lower at 60 ana 30 degrees,~'

{5‘1 ten51on development was undertaken in an attempt to derivedj{f

J.mformation on the extent of muscle pathology in femalef.'i:;';j‘;-jj

amongst arthrltic subjects.fﬁr:;??jf'

43‘-" Ly

.,";_1Normalized torque-height ratios 'were 1ncreased forsvg;

t':k7(risk.and arthr;tic subjeots and lower for normals._.ﬂfff?
R , AL

v' co

”@fﬁfThe study of EMG patterns and time factors related to"f

e

persons w1th OA of the knee joint In addition, an attemptf;p;

.



{ fdfjpﬁ thlS study, appears that“'characterlsatlon

Fat aldea by the ‘use. of the methodologles descrlbed'v The i

o

'-fvwith age was not evaluated and therefore the process'of-.;

Lpathogene51s of the dlsease.

musculosheletal functlon 1n normals and arthrltmcs can he

No prev1ou§-work employed the"

B . - l i

I

p0551b111ties of 1dent1fy1ng persons at rlsk for' OA by

employing a 51m11ar approach appears to have merlt based on

3

the-'flndlngs documented 1n thls study. The 1mformatlon .f

-

derived from thls study 1nd1cated the need to establlsh a
normatiVe base from a—broad spectrum.of the populatlon 1n
order'.to Qﬂeflne ‘anthropometric :and phy51olog1cal
varlablllty pertlnent to the understandlng of OA _
f This study also prov1ded an opportunlty to explore»f’
the influence of blomechanlcs on muscle~ functlon and to
assess the assoclatlon of these flndlngs 1n relatlon to OA

e

of the knee Jpxnt.‘Although the progress‘of muscle change

b

aglng can not be excluded in the interpretatlon of-these

"—"*“l,.

resultsr~the presence of varus and/ or’ t1b1a1 tor51on 1n5f

normal healthy subjects showed similarltles of EMG time:ﬁ*

' fﬁ and torque measures when compared to arthr1t1c females w1th

51m113f ﬁlignment. It is condluded that the study of muscle =
function iin normal ‘and pathologlcal knee 301nts has‘.“

relevance for dhderstandlng the mechanfsms of muscle::f



; -':‘f."rhe use of EMG

lffiTlme measurés relatéa to tension development such as
'lthMD should.%be more thoroughly investigated; in the'&'

’:ffevaluation of muscle functipn ih normals “@;fﬁ

scl‘e dysfunctlon in OA shoul”;be studleéx,

Phe SrreIatlon between radiographlc findings and
“'fg, , _ _
1 mfasures such as EMG should be assessed.v ol

v q .

1@ subjects of both ,seﬁes 1hou1d be
%g@ for snnilaritz.es and dlfferences pertment

."'smn should be compared to evaluate the role of

'ui:‘nﬁ‘ag&:i)ighmen.t of musculoskelef:al functlon in

(8

an:' outcome me";sure in clinicalz B ‘_*f P

tnals °f physiCal tﬁerapY should be. :Xplored """fj
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APPENDIX A
CRITERIA FOR THE CLASSIFICATION OF.IDIOPATHIC OSTEOARTHRITIS
R | ' OF THE RNEE JOINT*

,‘:_,'.



CLINICAL
E .

Thls requlres the follow1ng

4

; age > 50 yegrs ,

.m

‘Q crep1tuS ;;:
7'fb6ny’téndérness B
'gvbony eﬁlargement

,n° Palpable warmth TR Y

1,“' ,j,,:»-,-;): L - :. R
_ngkséﬁsitive

B>CLINICAL AND RADIOGRAPHIC =~

. 'This requires the following -

l Knee paln plus at least 3 of 6 51gns :1f,f

e ‘ 69% specific ";) A;' ‘,._."‘  _ SR ‘

'7”11,‘Knee‘pain_p1ﬁs at 1ea$t 1i°f"3 §ighs;{‘

' v?ge.ng‘YearS;!’
¢ stiffness < 30 minutes -

crepitus”

. 91% sensitive .

86%f5pec1fi¢' ) ? --¥?& - x

U . S



' 3.CLINICAL AND LABORATORY =~ . ' .
>

'fThiélreqmireshthe folloding:y;,fr

et e e EREN O - e

'1t“knée[551n;p1u5;5t71east,s ofHS:cff- o I

_'a'ge'"'> 50years o o o ‘
!stlffness < 30 mlnuteS‘ti‘ftr.‘n .5_1-}“;;.}
'crepltus - RN

bony tendernese f

";bony enlargement ilfﬁtyjf;,- ‘f;yi1fj_'j?i

'fno palpable warmth yyvffhiff'.bif[', tf;k{

-

'.~ESR < 40 mm/hour TP R D
o L e e e

ﬁ92%'sensitiyes
L L IR S L
'75% specific- - R S

l* ESR ‘= erythrocyte sedimentatlon rate (Westergren)

6

RF =rheumat01d factor .A » o

SF OA = synov1al fluid 51gns of OA (clear, v1scous,.or
white blood cell count <2000/mm3) - ." fﬁ

th‘** Alternatlve for the cllnlcal category would be 4 of 6

f which is 84% sen51t1ve and 89% spec1f1c..-‘ ‘ _: '_"1 o
from Altman et al (44) :’,'* ”yi(f, : |

<



C o ammeoms

©®» . RADIOGRAPHIC CLASSIFICATION OF OSTEOARTHRITIS -

T




Joint space not 1mpaired.,e

GRADE 2 Minlmal
'vDefinitlve osteophytlc change‘

Aﬁlnlmal joint space narrow1ng

o Sllght Scler051s.

”GRAbE~3:lﬁodefaie  ‘;
Moderate dlmunltlon of the jolnt space.
'»Some osteophytes.- | _ | -
: ‘SOI{I\” \ scle,rfo'sls- and ’tcysts N

'ityfsuch as‘ﬁalgus or varus ahgulation;,ﬁ

GRADE 4;eSevere‘

'Exten81ve loss of jOlnt space. . oag ,"'ﬂ‘f'
,§Sclero51s and cysts.

Largeaosteophtes.

Marked deformity;

,‘from: Kellg:en'and*Lawfence (48)"'




T e

" QUESTIONNAIRE ON FUNCTION -

LT

amemrxe.

L -.‘ ) . R . ' ol
;* . ‘ R . : i . Vo ?‘




~ ABILITY TO GET OUT OF A CHAIR

VCUP

-3-6 blocks = L o
: , , S B

Normal .
ﬁSllght d;fflculty ' _’,',3d. :
Have to use ‘arms for a boost -

.[cher or unable‘

- e

L LEVEL OF FUNCTION
| WALKING DISTANCE ' .

Unlimited

1-3 blocks~"v

less than 1 block )

=Y

AND DOWN STAIRS

\“*“/ﬂ

.'No problems 1 e step over step w1thout u51ng the

' - handrall or other support : "', LS

No problems if the handrall or a support is used

One step at a time" with or w1thout support

.

‘Unable to go up or down ‘at least 5 steps even w1th

212

help

12PLEASE CIRCLE THE ANSWER WHICH BEST DESCRIBES YOUR PRESENT :



" ASSISTIVE DEVICES & ' R

_f4§eI do not use a cane, crutch or walker.\"'v
'31f1 use one cane or crutch
2.1 use 2 canes or crutches-f'u.

' '1ng use a walker. _3"

4. None

3, Mlld paln, w1th fatlgue

2.§Modeg3te paln, elther reduc1ng actlvltleS"or\diStgfbihg~,-:

'sleep
U s U TEC T S ST R
1-1¢°nstan_t. severe pain. . . o T Tl LT
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E ASSESSMENT FORM




‘f'fOCCUPATION ;7ff'{u,'“/‘~ui,r317 Coens o
"‘;":RECREATIONAL ACTIVITIES T TR R
o “"DURATION of DISEASE R . S < 4
MEDICATIONS ko e s B e

’ . | : ' - Ll @
L T - B Lo .

| Righf K_n'e'é '

ROM: o Flex. B . Flex.  Extg

"PALPABLE T:  Yes .

INSTABILITYWN * 1§

 mediolateral | -mm-. v

[

PR

 ‘BONY TENDERNESS: Yes -

. . “ra T
CHS -
; B S

" BONY CREPITUS:  Yes
"'."‘, ».', .. . L

: No

" No .

~ No.-

Yes
Yes .

S dadrl LN



© roymal® .. Yes

.I‘:qi? . . - .

vélgu§°“' ' _——

varus  _ .. ¢ —=--

'S't‘:andirig 3 SRR
Flexion: . — =-==

P
‘-H,
A_f‘io *

f .Stahding. |

B Hyperéxtension;'[—s-a

e

, R . e

 Intefnai”Tibial”’

Torsion: [+ 7 === o

-

e
)

- STIFFNESS A.,M.:

*.pa;ients only (261)

it

> 30 minutes.

e,

iNo'”

fRight{Kneev 

- ——

¢

. < 30 minuves

" Left Knee
_ L TR

Yes ' No

- - - , - —

4

o




. APPENDIX E

... ' SUBJECT CONSENT FORM
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By J. Semple._

., = - " CONSENT FORM.

I, ., do hereby agree to part1c1pate as a
© subject in, a' study  on. muscle function in normal and
_arthritic knee ‘joints to be conducted by 'Ray Marks under
the supervision:.of Dr. S J. .Percy,,Dr.vS. Kumar and.Prof

, The purpose of this study is to compare the activ1ty of'
" the thigh muscles of normal- ‘healthy women -and: women with-
‘osteocarthritis of the knee . joint. Although ‘this study is-
-'not’ being offered as. a . treatment for osteoarthritis, ‘it is'
likely that the 1mformation gained from the study will be
helpfgl to. the future planning and- conducting of physical-
‘treatmients and disease- prevention. It is also p0551ble that

" results of this study will help determine: the best method

' of treating this condition by phys1cal therapy :

\To part1c1pate in: the study, I will be asked -to undergg anj
‘examination of my. knee 301nt by a- rheumatologist. I will
" then be asked to partake 'in a- 51ngle test session during -

'i ‘which -time a physiotherapist will test ‘my" knee ‘muscle . |

strength, as. well as the electrical act1v1ty emitted by my
. knee muscles. This will" ‘involve the use of electromyography
~-which is ‘a commonly used diagnostic tool ‘and is extremely
safe ‘and 1nvolves no discomfort.' . :

I w1ll be famildarised with all test equipment before the
test and will be allowed to practice. .the dlfferent test
movements 'as well. These include 2 types of, exercises which
will. be performed while I am seated: and - secured :in an -
- exercise chair. During: these exercises small discs will be .

placed . on my thigh muscle in order to record the electrJ al
act1v1ty of this muscle. : 7 :

During ‘the practice and test I will be asked to perform‘
several contractions of my knee ]01nt muscles lasting 3
. seconds. or less and: I w1ll be given adequate time to rest'
o at all times. : :

As Wlth all exerCise, 1t 1s possible that I might feel:” B

ome soreness or stiffness the next day. In addition there“a’li
is 4 possibilty the exercise. may"increase the discomfort in . -

‘my knee- temporarily. However, since I am only being asked

- to contract my: muscle for less than one minute ( much - léss

'~ than in normal act1v1ty), the probability of incurring ‘pain’
- or hav1ng it last 1onger than -3 days is very slight. y“ ‘
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o The :unformat:l.on obtalned in?# thls 'study bearing my name

- 'will ‘be seen. only by the principal " 1nvest1gatprs. Any

, 1mformat1on that is shown to others, publlsheg or presented -
" at conferences: Wlll ‘not refer to me’ by, name‘*, ‘but. only by

sl

number and only when this is necessary: All imformation

‘will become - the property .of, the Department of rPhysicalv .
therapy, Unlver51ty of Albert‘a. e s , o

- I understand that the investlgatgor w:.ll freely and
: wﬂ.llngly ‘answer, any: questlons I may, have conCernlng the .
.study and my particn.patlon 1n J.t. , . B

o I may also decl:me the study or w1thdraw from the study at
‘any time without any effect on, my medical :treatment or’ any T
other penalty S RS e oo :

g "'t")." . :‘-_;._.

- In the event that queStlons arise concerning the study, I._
- will be . free to- contact Mrs.. Ray Marks at 432 2068 V(wor};)'l
- or 439 2297 (home) , S T

'r‘

v With my {glgnature below, I certlfy that "I understand what .
will be required of me in the study, and I also acknowledge
‘recelpt of 2 copy of this consént form. R

kX
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! . . -
* % Z . -
o ° ~
B o
B ' P
T . o
? ! )
3 o . . . e
——————— o - B <o e s Lk - e - -
oy : TR Yooy .
.-

Subject's signature ° - . " Investigators signaturg: i,

) ) ) R B - .
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g , k4 Do
g' .1-. ~ ? : ‘,". ot ,{ f .
: : »!&‘;f- ?
' e
. . *
% ; %
LY L
Il I . K S . N .
- — - - —— — — - o s e iy e e e  cnn S e e e
. : Lo ¥ A . e T , -~ » 3 ‘
- Witnesses signature @ ' I - Date; ‘
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CYBEX CALIBRATION . _




RS ©_:" CYBEX CALIBRATION .

i . TRl

B L S : O R Ny
e L . . - - . B . e v Ty .
R A .

,stef_hrhf* Weight Torque Input Graph Scale

Inches,l; Pounds . Foot Pounds fiw»

5

S 380 Lo 30m 70,0, . 7180 s major
180 . 3% .- 32. 5Q?f”é'_;”' 5 major

h_;LeVer Arm 1s equivelant to the distance from the centre of

,the Cybex 1nput shaft to the centr%*of the T tube (lever

e

sarm length) _;f7.'5 = .."..i 3-;:' _'-':' ‘;2

ﬁcalibration;Procedurefj' | o

‘-l.:Turn on power-and allow for five minutes warm eup

: 2.>Select appropiate scale to be calibrated (0-30' o 180 or

L -360) - -‘f ﬂ"th:‘h B r [

l;;fwith speed selector on atk30 degrees per second and the |
5 recorder ON, but no torque apélied to the lever arm°- B

N a) Select #3 position on Damping control.__fi'l |

A<b) Select slow chart speed Snm/s) ,;=}g ;bff’fi'l |
4-c) Align stylus with baseline of chart grid paper using

"Zero Adjustment Button" = ' v

‘}d) Check to see baseliné does not shift when range d'<

scale 18\changed from 180 to 360. Base ine shift of




:thls nature can be corrected by adjustlng w1th small
: screwdrlver,vthe potentlometer on the top rlght 51de of

vthe recorder (marked zero null)

54;'.~'Attach balance welghed dlSC welghts to the e tube at .

222

”;v‘the lever arm 1ength 1ndlcated for the scale to be_"

‘fcallbrated as’ per above callbratlon._
;5;“v_Dynam1c callbratlon is. performed manually llftlng ‘the
'”welghted tO'the vertlcal pos1t10n and allow grav1tye

*'to sw1ng 1t down untll the welghts contact the floor{,

fAs the weighted arm passes the . horleontal the graph~»

'recordlng w1ll show thlS value as a- maxlmum p01nt on -

~the curve. It ‘tHis. point’ is above or below the'“V

”ﬂcorrect torque value, adjust the recorder and make it -

| :read “the . correct value by turnlng the approplatef '

”'potentlometer (30 180 or 360) through the holes on]w”

- " the top rlght 51de-‘oft the .recorder (marked

vaccordlngly) ; Turnlng the potentlometer clockw1se

e

.'w1ll 1ncrease the readlng and counter clockw1se w1ll‘3'

.
3

"'"decrease it (241)

ey

. ”{&,ﬁ:‘
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’_Common Mexle Rejectlon Ratio (CMMR) : 90 DB

lemeoconstant- variable. -

.- .

' SPECIFICATIONS OF THE EMG SIGNAL CONDITIONER

Battery operated and therefore 1solated from AC source

Lz;‘Galn 1 20 ratlo set at varylng levels 1:6.200 500 14000
3. Impedence-lnput 7 mega ohm output —100 ohm
‘4;‘Frequency response ;'10 Hz .- 10 KHz. = = T

Filter : 1nternal - 60 -120 Hz. reject = °. .

-4
. f . .
;xo'~ externa1~- w1de.band pass.
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To a »Volunteers who have agreed to part1c1pate 1n the-

study to examine the electromyographic act1v1ty of

: the kneo/foint muscles during extens:l.on movements. |
Dear o B -
- Thank you for belng so willlng to act as a subject in this

study ' It. . ha,s, been ~poSSible' to' arrange _your- test[-
'appointment:, as follows:'f ‘ - ° o
Your appointment will be on:’ S P o B %

at'

I would be grateful 1f you could let me know 1n'

advance if for any ‘reason you are- unable to attend your"
appointment You may get 1n t,ouch w:.th ‘me by leav1ng a .
message in the graduate studenﬁ mail box, 215 85rbett ‘Hall, |
Department of Physical Therapy or by telepho;llng 432 2068‘.
or -.39 2297 and leaving a message.‘-_. o AT sy
| You may feel free to 1nv1te a colleague or a friend

- to accompany you to the test se551on 1f you wish, s:mce" |

" they may be glad of an opportunity to see’ what is be;.ng

'done., “' | i |

Please bring a pair of shorts or very loose pair {:f'_-
'v&slacks so that the knee ]oint and the muscles above can be
suitably exposed You may wear running shoes or. walkino '
: shoes for the test.v Y o | |

I look forward to fsee_ing ‘you

[ 4

Yours Sincerely,. R'ay Marks. - Ad'a'p'ted'from‘ (299)

VR
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‘10.

1.
‘;.2.“"‘

13.

_qArisnAT;on;qucgbﬁgg BN ..';<j*¥f'

Charge batter}& overnlght and allow unlt to rest

f-unused for one full day follow1ng charglng' before

; beglnning callbratlon.‘

'Turn salla channel galn preset potentlometers to,

‘Panel ‘ SRR .‘, R ’.ﬁu_

ﬂ'_mlnlmum i. e full counter-clockw1se as v1ewed from the,

' knob Slde of the potentlometers located nearest rear

-~

Set monltor to the channel belng callbrated set

. meter to sample and hold posftlon._ -
‘Setufront panel galn“tO'zero on all‘channels:p

B Set ‘rear panel 1ntegrator callbratlon setscrews
. at maximum clockwlse., | |

Set osc1lloscope on 5mv/d1v151on vertlcal sen51t1vy

and zero w1th shortened leads.

'tConnect D.C. scope to 1ntegrator output on channel

'ffbelng callbrated.

'Set artlfact suppression~offf

“Set time constants at 100 msec.f

Set volume at zero, put. turned "ON"; R

'Set rectlfier galn control (1 Meg 11near' pot) atm

, - »

» max1mum i.e.- full clockw1se.,

~Adjust= 1ntegrator voffset control untll there, is -

..;

”mthimum D. C. offset at. 1ntegrator output.

Connect scope to rectlfler output N



1407

15,

_is.'} Return Scope to rectifier output re-zero}rectifier_-

17.

']..8".

20,

7positive or negative 'readings arev.too low, -the;

”’battery requires rechaw. -

Adjust rectifier offset for minimm D c> at rectifier

_output. L
f'Return scope to integrator output re-zero 1ntegrator'

’voffset.

”g"offset..,-, B y,_‘ | G |
'Repeat last two steps until less than lmV of offsetj'
vﬁ_appears at either output. :°f”f-"

"Repeat the' entire procedure for remaining three

»

v
channels, being careful not to disturb pmev1ously-7'
‘:adjusted settings. _ h | ‘ ‘ '}‘
';Rercheck all outputs for drift after 1/2 hour of.
‘.being "ON" has elapsed. S o | ;_'d
S

v

~ipack shouldfbe tested. Ehe meter should read An the,r7'

‘region of "6"‘to indicate adequate power. If either;a;l~

-

;'er is switched on, the internal powersi-F‘
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1270 L 116
£.102 0 095
125 . 140 -
100 . 120
92 “*™.. 108
: . B o107 0 96 7
100 o o . .85 1 1000 - ¢
1. . e la6 . o136

OUOU B W
e s LI S I

"13. e oo -118 0100
14, ol 94 10000
18, s 21000
16, .. . o +1060 Lo 125
“ 174 o e o141 35.143,“;
. 18. : RPN & AR 84

S2007 L e 2100 Sl 75__’<f?,'95  EICIE
21 S . . .88 .- 114, 0 112500

o

w230 206 - - - 180 . - 185 - .
‘ 24.;.: T S ORI ‘24‘0;_,, IR 185 S 200 P
25 . . ..y . 160 .7 185 ¢ 1150



. SUBJECTS

3.
S

o

a1,
14,
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.19
20.. ¢
PRRE 5 L
UL I
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232 -
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100 -

23




o A
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RAW DATA"-' ISOHETRIC TRTD AT 508 nvc (mn/sec) (CO,,V i
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vi‘RAﬁ DATA: - ISOKINETIC TRTD - (mm/se¢). ' (Conversion = .- .
3. 88Nm/sec) . e T 5 i

fﬁ'sunancms 7~ NORMAL i'i  CRISK oA

LA -70._v<1'~ So 23 L Tag
2o, o 0T 85 g3 T gg

L3 T o 8 g3
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S i1 SO T U DT it 1 R

o RAW'“bATA-~ ISOHETRIC TRTD (uu/SEc);V(Convgrsiqn,j
3. 88Nm/mm) o B

1f;SUBJECTS *fjf_ 'NORMAL | f__ _RISK . oa - O
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'APPENDIX K




©*. muscle .

‘muscle

. Error

' error

E'.

| PEAK EMG:ISOMETRIC

i DR
: i

group’

- ‘group muscle’ 3936.772

- 18117.678
4 e48.103 ¢

©80874.430 66  1225:370. "

27 ''9058.839 " 7.39. -

L4

el

" H

o —

--.--.——-'——-———-'—--}----_-u—,—---&-*——,—-—-;—’.

RS

' PEAK EMG:ISOKINETIC

v

- . Source - .. ss

al

N ——

groﬁpfmﬁscié?ﬂgjs;QES:/

. 229.080° 2 -114.530

°218085.016

Y

S
2. .7641.98) . 2.313

. : :‘03..5.

R

66, 3304:318 - .

2y




. 244 -

&,

' IEMG:ISOMETRIC - - -

'sooRce s ar . wms  F  p -l

by

“,group -vf.'~f5§145}184," ;J; 2 ”29572‘5§2 '3'3ééj o3

1. "

t

| fmuscle o 18979 221 2 9489 610 1. 087,; .3440
group muscle 3933 681 T 4 983 423 ' .113

’;'Error  ¢.5 576150. 31 66 . 8729.550 .

IEMG:ISOKINETIC: ~ - o+ oo o000
'SOURCE < ss . at - . MS. F S opr

o — — — - — . P SV S - - ——— Y e — -

'group’f'f’ f:35799;062; 2 .ii',,’>I17899,53I.7v;i.032. .36
.muscle o 12996 840 2 17498.420 . 1.009 . .37

t ‘group muscle 11847.424 »4'_ ¥" 2961.856 :'0.1711

| Error.i-’> 1144226 500;&; 66 c€,417336,76§. oy




- f:Erpgrv | 2650008 soo

o,
:‘-.»:""“3' »- B
1 “
)

 IEMG/FORCE RATioiisonE&31c=_fi7 B Y AT

g SOURCE fjf,fhss;

'FgfbuP '  :v1336ﬁ7.328"7'

',.muscle D 21365 986,.ﬂ

‘fgroup muscle 2136 522”

':AjE;rog.,~‘ 699013 1zovf

2 7;ff10682 993*~;;;0ﬁ9

4 i'HQ_;_534;130"fo;dSO~'“

E IEMG/FORCE ISOKINETIC “~'

'-g,souncz jaj_-')SS"

' group _;-l;4$394;o31f;_;

" ”musc1e © 21344.223

.

'.grouo muscle 46884 535

fif-z'"”__-10672“i11 '.0,254f:A~.

'*11721 134 1 0.279

.42063 629

2 ¢ 72697.016 . 1.728. 18



4'f.TRTD ISOHETRIC (5o%mvc)

i; f fsouRcE ‘i{) N Hfiiﬁf%f‘é%t .]v"Jm:

DRETES Z A

.group. 15471 448‘*' _éfTI'2,,_3;_J_7715;724;,fL6ﬁ470 53QO

3;_ang1e9ff“i;_‘ '8.165 . .~ 1 . .. _ §.165 = 0.017
f-group angle 602 -771 o "2, 0 301.386 0542 '

___,Error 22545 109" G 4B, 4694690 .. 4 -

:'f TRTD ISOKINETIC ST

719rdupug;, §:;7q47;285z, 1/}_ 52¢7;f 8523'642% 22 067 .0

‘Error, - . 8883.8750 . 23 . 386. 2554

INITIAL TRTD'ISOHETRIC

',souncz 0 ss -;_;;f-, -ae °  Ms.  F  p

R T e
cgroup . 7038.259 . 2 3519.130 7.419. .00,

. angle s 840.168 .. . 1 - '840.168 1.771 186 -+,

i 'group angld o98.112 .- 2 1 49.056 0.103

*'Error L 227670334 4s . 474.319 . .

Total. ¢ 30743.875 53



s .lﬁ’. .

v1" NORHALISED TORQUE Isounwnl?ah'f“i

v.ASOURCE f"j} o ss

Cgrowp | siz.osse

CError . 32484.8945

2 ‘256-04#0 0. 189

,¥é4' 1353 5372

79“5'\,‘

 ;r

"NORMAfngD TORQUE ISOKINETIC

:fsonncz ‘gff S ?L_SS-"

o 3407 778 _”

Error .vj 37601 7030

‘Total . ° 41009.4800 1, ' -

'fTORQUE HEIGHT ISOMETRIC
:SOURCE .;fff QW"!S

,_-______-;-_; ..... ,-_--,, ..... ,L-_;a_;;a;a,;-au.b;--__:-----f_'

¢ group" '- {Kg{~ 919 601‘

© ciangle - T'}f'zzo 020.

'v-;_‘group angle ‘, ©72. 702'

[Error O f'3f1943,1115

5 O L
? _.f.._“; "’,I ,?’V.A'

Slla 439 soo 11 351 oo
L ”220 ozo 53435n.oé f
.'xj,;;.jf 35.351; .898




“ég; ISOKINETIC ~,,‘g\ _V!ﬁ%_~ )

| SOURCE | ’,l'rSSi7l*i;V.ifﬁdfaf.,' - Ms. F. .p

gr'oup' o )‘ 2 326 .583 . & 2.184 .11

| muscle ’ ; v:2=' y*_7197.982 1.324 .27

group muscle ’4f~'-')-7o 877 0;474'1,

i Error 1;] ,f. 8972.339 ,. 60 “149. 540"

TP EMG vu ISOKINETIC e
.YSOURCE . ss

L0315 .437 -
TS D




SRIRTI AR
~ SOURCE .~ . ss

‘group f;f:  :f70.o513-f'f",['"-2 _:f}f

Cmeror T . 1.2186 ¢ 32

PEAK EMG:ISOMETRIC ~ .
. SOURCE . '/ - . 's§ ' - .vag- . MS  F,.p ..

. - S e S e v S ol P S D S . A T > A S S b S 40 S D P D A S e D e M S S Gy e P O e S o

Error N 85804 .'56_.20 S gz 1,1‘91:;'.7:30'0"-._.' T T

i i o s i i e P S e S o i o e o ok o o O i e o <l e e o e b i e

Sla

“Total . . " 103922.4690° 74
PEAR EMG RP:ISOMETRIC ~ = ..o owm oo

SOURCE ~ - . - SS S ae T s L

group, . 15266.6602 © . 2 7663.3301 '10.25 1001 -
‘Error - .. 7. 16371.9893 . - | &3 22 . 744.18313 . ...

Total - ~3%e38.6484" - 24
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' RELIABILITY COEFFICIENTS FOR PEAK EMG RECORDINGS bt
e peak EMG values 1n mm B were calculated for three muscle

:“frgroups and two contractlon speeds.f Four readlngs were,;_vlg_
.5:compared over two trlals Wlth the electrodes belng r‘POVedoah”
._c;and repiaced for the second trlal Measures were recorded atf-

la 51ng1e se551on w1th a 20 mlnute 1ntertr1al perlod

Is°“‘e"'n° 3° degrees' DN T e

EY.4

"jéiﬂﬁdft-' Trial I mrial

10

R e T
~

FERYE. 8¢



" RF .

L SE
. ISOKINETIC

. “Triallk 1

13

13"

"”26 7v?*A5

o
25"

17,5

22 -

17

S15

.20

’ v
O




