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| Persons w1th rheumatoxd arthr1trs are known to have
quscle weakness and atrophy. Results of a few 1nvestxgations

-fsuggest that exero15e can 1mprove strength and 1ncrease

muscleff brevs1ze 1n these patxents.,Howevep, no studles

) compared the effects of dxffenent strength tralnlng y
f’ﬂ'ff.:. ;Lf‘- R SR B

‘J"., : ' .4'/'

”programs.-

]

-

»The purpose‘of thxs study was to compare the effects of

- 1s6k1net1c and 1sometr1c tralnang of knee extens1on on the

rf,lstrength of quadfrceps and cross sectzonal area of type I‘}.‘

14

-and II muscﬂe fxbres of the vastus lateralIS of women w1tﬁ?

N

‘ rheumatOId arthr1tls.;1;;~*

‘ Thlrtyﬁone women between the ages of 23 and 59 wlth ;'bfﬁ”

l

‘fﬁstage T or II rheumat01d arthn1t15 "eﬁﬁ randomly assxgned to

| one. of three’ groups. SUbJects 1n two exerc1se groupstﬁ

-7attended three trmes weekly for seven weeks for tra1n1ng of

'f*fthe1r“quadr1ceps. The 1sometr1c group performed one max1mal

'»Isometrzc contract1on at each of three angles of the knee, pt‘i"* ;

whlle the 1sok1net1c group performed three sets of sxx ‘.?yﬂﬁfﬂr"”“

'”dynam1c contractxons at 180°/sec. The control group

-

: underwent all the test procedures;,but recexved no program

e . N o

'
S g
. B . ! . ‘X' . .

Knee extension torque was tested before and after the o

of exerc15e.”‘

tra1n1ng program at five veloc1t1es -0% 48“’ 96° 144‘-’
192°/sec - on a Cybex II Isoklnetlc dynamometer. Pre- and

;post test samples of the vastus 1atera115 muscle were



Cet

'; 1sok1net1c group showed a trend toﬁhrds greater 1mprovement

1"experimental per;od._In add1t1on, the two exercase groups

! ,_‘ P o - “ .‘ "-,‘,‘ e R .“.\‘ )
% ‘ .‘y L . . Sla .

f1bres measured from sect1ons prepared and staaned for !

‘ .

ATPase._Functlon tpaln and parameters of diSease\act1V1ty

were evaluated 1n all subjects before and after thp

:rgraded the severity of paln exper1enced durlng each tra1u1ng

\.v .

greatest changes a“ the slow speed or 1Sometr1c-f',

-

contract1ons. The' soklnetlc group had 1mprovements at-

fasibr velooltles av'well although peak torque did not

’fﬁ‘ 1mprove s1gnif1cant1y at the Velocut1es above 96°/sec.

_ fabre s1ze 1n any of the three groups, although the

1n_fhe:fast twitch flbres,}and the 1sometr1c group greater

- .

chahges 1h the slow tw1tch f1bres.__ _
o The 1sometr1c group exper1enced s1gn1f1cantly more pa1n
dur1ng exerc1se se551ons than the 1s‘¥1net1c group wh1ch

also had a pre/post decrease in rat1ng of overall paln.

’ There were norstat1st1cally 51gn1f1cant changes in e

{
measurements of dlsease act1v1ty in any of the groups over

the study pe;lod Both ‘the control and the 1sok1net1c 'ge'

C groups, however, h;d\sTTghtlx\better functlon scotes

ppst study.

ohtd;ned by needle blopsy, and area of fast and slow tw:tch

Y3
B
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.rJSSNSs kng Ig is- concluded that the patzent thh rheumato1d J pf';; »i
. "'7:arthr1txs can behekxt from a strengrh traznxng program thh -
| '“u '1mprovemedt in éorque, work and nger measurements. TPQJ:?ZAfi:hf“;
e7fr! iresulr;.suggest a trhnd tovards §peoi21city of tra;nrngé SRR

e r—

"vﬁeffect for the’ two modes ot exérc1se employed 1n the study. ;

,ﬁhe lchgosing a method of exerc1se for q rheumat01d pat1ent,

’ffffthe rnd1v1dua1 5 paan and type of da11y act1V1ty must be
J.litaken 1nto cons:deratlon.“‘{.t? , ?» '-f,~;”5ﬁ‘ *LL,“ PO
Further 1nv§st1qatlon Wlth other forms and 1nten51t1es A
. - o 4 ,\ g .,. oo~
. of tralnlng 1s necessiry to deﬁzrm1ne tﬁe xerczse requlted ‘
for optxmal 1mpro‘vem” 1n fudctmnal act1v1t1es and muscle
ek r-'atrophy in persons w1th rheumatold arthrztls.,f“ o A
. B B . o
) /) N . A ' L .
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: ' I. INTRODUCTION
Y AN
Rheumatold arthritis (RA) is a common, potentxally
cr1pp11ng dlsease. Ln add:tlon to the problem of joint-
1nflammatzon, muscle atrophy and weakness have long been
recogn1zed as common’ features of- ‘the d1sease (Paget 1873),

and may contrlbute significantly to the decrease in functzon

‘exper1enced by persons with this cond;tlon. H1stologlca1

v 1.

studles have reported pathologlcal dhahges in the muscle
(Haslock et.al 1970, Wegel;us et al 1969, Wrobleskl_and
Nordemar 1975) asﬁyellfas in the mnscle,spindles (Magyar'et
al 1975), blood vessels (Oka et al i971,ZWr6b1eski and |

oo - :
Nordemar 1975, Haslock et»al‘lS?O), and nerves (Edstrom and

1

' _Nordemar 1974, Haslock et al 1970). fbe inflammatory process

in the muscle appears to lead to dege%eration of muscle

fibres (Haglock et al 1979 'Wegelius’et al 1969, Wrébleski

.and Nordemar 1975) w1th preferent1al atrophy, at least ‘in

_Jthe early stages of the disease, of the fast twitch or type

strength (T1se11us 1969, Ekblom et al 1974, R1chards 1980)

II f1bres (Edstrom and Nordemar 1974 Haslock et al 1970,

Brooke and Kaplan 1972) Compared to normal subjects,
persons w1th RA have decreases in both static and dynamlc
Informat1on on the role .of exerc1se in the reversal of

the muscle atrophy aﬁd weakness has been less conclusive.

‘Three studies - (Mclaughlln and Reynolds 1975‘ Cuddigan 1973

-

Luckhurst. et al 1974) showed no lmprovement in strength

'following training programs whlch 1ncluded either isometric

o "

Y



or 1soton1c contract1ons. On the’ other hand Machover and
Sapechy (1966) reported acgagn in strength in the -
1sometr1ca11y trazned quadrlceps of persons w1th RA but not
in the contralateral non- exerc1sed lxmb A series of . y
Scand1nav1an studies (Ekblom et al 1975a & b, Nordemar et al
.1976a & b). reported 51gn1f1cant 1mprovements in both
'1sometr1c ‘and dynam1c strength of muscle groups 1n pat1ents
with arthritis following a physzcal tra1n1ng program which
14cluded strengthenlng exerc1ses on a»quadrlceps table. The
iSame tra1n1ng program also produced 1ncreases in s1ze of
type I and type II muscle f1bres w1th the greater 1ncrease
| occurrlng in the latter (Nordemar et al 1976a) ' f'-:
One major d1ff1culty 1n comparlng the results of these
*studles and generallzlng the f1nd1ngs to a populat1on of RA
patlents 1s‘fhe “variation” of tontrol groups used: ‘None- of
the studles used~a control group of 1nd1v1duals with RA
.rece1v1ng no exerc1se, or. another exper1mental group of RA
patlents rece1v1ng an’ alternat1ve but spec1f1c exerc1se
program. | o

C11n1cally, isometric exerc1ses are often the ch01ce
when prov1d1ng a strengthen1ng program for RA as it has been
shown that repeated movement of a swollen'301nt,can increase
jointvinflammation.(Agudeio et al 1972), joint temperature ‘
(Hoilander“and Horvath 1949) and possibly the activity of
enzymes destruétive to the joint (Harrls ‘and McCroskery

__1974) However, high 1nten51ty dynamlc exercises would

appear more conducive to recruitment of fast twitch fibres



.(Lesmes et al 1979) the fxbres that are affected the most

in RA. 'By prov1d1ng the dynamlc ehgrc1se on an 1sok§net1c

"”dynamémeter,'some of the problems of 1soton1c exerc1se may A
be avolded. Subjects can exerc1s& to thelr max1mum w1thout
exceed1ng the1r pa1n tolerance because‘?f the accommodatxng
res1stance of the machlne (Hislop and Perrlne 1967, Th1st1e
'et al 1967). With 1sok1net1t exenﬂﬁsewﬁthe resxstance to the
muscle group. is maximal throughout the range, while a ' .
‘maxlmal contract1on 1s onlf‘obtalned in a snall part of the
‘range of movement dur1ng an isotonic exerc1se.}n»

The purpose of this study was to compare the effects of
an 1sometr1c and an 1sok1net1c program of exerdaﬁes on the |

strength and muscle fibre size of the quadriceps muscle of

'persbns with RA. A secondaty’ object1ve was to cdﬁp&re the

- programs_for their effect on joint pain and 5W8111D@5

A. DELIMITATIONS _ ° | L
_The study is limited to: - a
e

1. Females aged 23 to 59 with stage I or II rheumato1d

s

arthrltls and w1thout a‘y other musculoskeletal or

card;ovascular prioblems. .
2. 'Training of knee jextensors with isometric or isokinetic
(180°/sec) contr ct1ons three t1mesk/eekly for.seven .
'.weeks. '
3. Isometr1c tra1n1ng of one maxlmal contractlon at each of
| the knee.’

three angles o

4. Isok1net1c trdining at 180°/sec with three sets of six .



'repetltlons through 90° range of knee mot1onr

Test1ng of muscle strength by meang of a Cybex

Determ1nat1on of muscle fzbre szze and types by means of

ATPase sta1n1ng of a. sample obtaxned by needle b1opsy

o

. Q

D

B Evaluatlon of exerc1se pa1n by xhe Borg scale and an -

A dynamic muscle contraction at a-

constant controlled speéa of movement againSt'an

A muscle contractlon w1thout‘

percelvable muscle shorten1ng or Joxnt movement.

.ISOTONIC CONCENTRIC EXERCISE A muscle contract1on w1th

5.
'f1sok1net1c dynamometer.
6.
) 7.
analogue pa1n scale.
B. DEFINITIONS.
1. ISOKINETIC EXERCISE:
accommodatlng resmstance
2. ISOMETRIC EXERCISE'
o ﬂ}.
&
movement..
4.'
5. KNEE RANGE OF MOTION:
© 6. MUSCLE FIBRE TYPES: °

muscle shortenlng and joint movement. Traditionally, .

IS U

resistance is provided with?a-dead weight, and therefore

muscle lengthening and joint movement .

a.

-

“g°

¥
is only maximal in-a small part of the range of

is full knee extension.

A

and have a long time to peak tension.

- ISOTONIC ECCENTRIC EXERCISE: A muscle contraction with

Type I/Slow Twitch/ST: Muscle fibres that sta1n very
llghtly for ATPase w1th alkaline pre1ncubat1on. They

have a long contraction tlme, are fat1gue res1stant,

,7,. .



rtﬁj' Type II/Fast Tw1tch/FT~ Muscle flbres that sta1n g‘
dark for ATPase with alkalzne prelncubatlon. They
: have a shorter contractlon tlme, fatlgue more

qu1ckly, and ach1evé peak tensaon sooner than type T

flbres. ’
v7.' MVC-'Maxlmal volhotary contraotion»of'muscle - usually
referrlng to a max1mal 1sometr1c contractlon. |
‘ﬁB,w RM Repetltlons Maxlmum - eg, 1 RM is the max1ma1 we1ght

‘ that a‘person can 1lift only once°'a 10 RM the maxlmal

~that can be.llfted ‘only 10 times. .

i
4

"9, STRENGTH: Maximal force that can. be exerted against an

immovable reSistance'by a single contraction (Mﬁller

i970) In thls study . strength and strength measurement “p o

refer to force or torque produced by a max1mal dynamlc

. or isometric contractlon,-
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. II. REVIEW OF THE LITERATURE

A.-INTRonucrlouf'-' S .

The review of the- llterature beg1ns with a general

,descrlptlon of rheumato1d arthr1t1s followed By a more

ddetalled analy51s of the pathology and cl:nlcal features of

thas d1sease as related to muscle and. 1ts strength. A review.
of strengthen1ng programs 1ncludes results on normal
1nd1v1duals, on those wlth pathology, and on persons with

rheumat01d arthr1t15. Empha51s 1‘ron results of 1sometr1c

&
. and 1sok1net1c programs. Test procedures -used in this study

f&fe'also discussed. They 1nclude 1sok1net1c dynamometry, the

. hlstochemlcal analy51s of muscle biopsieg, and cl1n1cal

assessment of, d1sease,act1v1;y in rheumat01d arthritis.

R o4

,ji. RHEUMATOID ARTHRITIS

GENERAL DESC‘RIPTION : o Lk
Rheumat01d arthr1t1 1s a chronlc disease usually

1nvolv1ng 1nflammatlon of synov1al joints comblned with a

varlety_of non-articular manifestations (Rodnan 1973). The

clinical and laboratory criteria*required for the diagnosis

of class1cal or deflnlte rheumatoid arthritis are l1sted in

.'Appendlx A (Rodnan 1973). - '.)

The course of the disease as descrlbed in the M"Primer
of RHeumatlg Diseases" (Rodnan 1973) 'is quite varlable and:‘

often characterized by a series ofaxemlss1ons and

eXacetbations.'If,inflammation of the joint persists, the



eynovial»liningvbecon:eﬁthiokened,and'can form a ﬁpannus"
‘which will‘eVentually erode joint‘cartilege and}the
underly1ng bone. Tendons, 11gaments and the Joint capsule
are often stretched and weakened by “the 1nf1ammat1on. The s
f1nal ‘result can bé joxnt 1nstabl11ty, subluxatlon and
deform1ty. The dlsease process. may ‘also lead to adhes1on
formatlon and subsequent bony ankyl051s of the jo1nts\

‘The cause of the dlsease and.theﬂlnflammatlonvare
unknown. However, the inflammetory'process }s similar to,
that resulting from other diseaSes or injury In the jo1nt;
the inflamed synov1um is characterlzed by an 1ncreased

&

number of lining cells, 1ncreased blood supply, and
infiltration of 1nflammator; cells (polymorphonuclear
'leucocytes, plasma cells, lymphocytes) The synov1al flUId
elso has a greater gumber of leucocytes, as well'as be1ng
greater.in volume and lower in .viscosity.
MUSCLE 'wmmss AND ATROPHY. . -

As early as 1873, Paget ‘noted- accompanylng muscle
wasting 1n almost all acute joint 1nf1ammatlons. This
| wastlng was. more rapid and exten%1ve than.what womld he”
expected from disuse alone. Since that time, the
Acharacterlstlcs and pathology of muscle weakness in
rheuna id arthritis have been well described.
Strength Measurements = - R

Tiselius (1969)“measured;the ieometriolstrength of 12;

muscle groups'of 34 males and females with classical or

-



_def1n1te rheumato1d arth;1t1s. Anatomical stage of the.
dlsease of the subjectsTwas/I to III (see Append1x B for
descr1pt1on of anatomical stages). Table 2 1 1llustrates the
mean .of the- measurements of the rheumato1d patlents‘
fexpressed‘as a percentage of mean normal values from the“

Jstudles of Asmussen and Heeb¢ll-Nielson (C1ted in sze11us

f1969) and Backlund and Nordgren (1968). ' w

~

‘ The total,muscle index (TMI) - the.mean of all the
\vafﬁis ln-table‘Z;I - was 69.1%. Tiselius fourd a negative"
correlation'between:the muscle index and'measurements of
disease act1v1ty The latter 1ncluded erythrocyte
sed1mentat1on rate (ESR) orosomuco1d v1a ac1d or gel -
electrophores1s and’ a2 globulln. In another study, the |
author tested 18 rheumat01d subjects for quadrlceps strength
and heat count of the knee Jo1nt by infrared thermography on'
two occasions approxlmate{y two months apart (Tlsellus

‘1969) Changes in strength. correlated to changes in joint
heat (r=-.84) However, when T1se11us asplrated the knee. |
joint(s) of 10 patients, there was no significant thange 1n.
quadriceps . strehgth | T t;:';\ S

Ekblom et a1(1974) studled the phy51cal performance of
females w1th rheumato1d arthrltls, and included in the1r |

;tests 1Sometr1c measurements of elbow flexion and knee- o
flexion and extensxon at’ 90 degrees, and dynam1c B
measurements of" knee extension between 30° and 0° on a

3

spec1ally constructed" quadr1ceps table._Table 2.2 shows

»

their results compared to a normal group.



e Do T *
TABLE 2.1 : s

ISOMETRIC STRENGTH UﬁmPE ONS WITH RHEUHATOID kRTHRITIS

Percent of Normal Values

- MUSCLE TE§T"f~' R _"' RIGHT . LEPT
Upper Limb . :,"ﬁ : o 'l- ,jrgq o ;
gr1pp1ng strength o 'fie52 0 :éﬁ 54,2
p1nch1ng L : ,' . " ,:52 6 ,54 6

. pr9n§t10n B ~rﬁ””i63.8 - '.64 6

_isupination | '_ - rffgﬂ' 59,2 \ 61.71f
elbowiegtension Afk - L 87.2 91.4
elgow:fiexion R | 71.0 72.5
.hofi¢gntai pyll‘ ‘ ; 61.4 " 59.9

hofizontal push . 74.8 790
LéwerﬁLimbr ‘ R | |
ﬁheelekféﬁéiaﬁt f<~'*ff5' ' ‘,;7i.5‘5 o 82.4°
v/kneevflexion' e 81.3. .': 806
- ankle plantarflexion 60.0 . '-55.6.
ankle dorsiflexion 79;6 79,2

Richards (1980) recorded knee flexion and exten51on .
torque in rheumat01d arthrltlc‘females between the ages of =
22 and 57. The peak torques at 30° 90° and 180°/sec were
less than those recorded for normal subjects. The reductlon
in mean peak exten51on torque vas 33% and in peak flexion

torque 43%. Thls relationship was s1m11ar at the three

}r,speedsr However, at a knee 4ngle of 45°} the ratlo of the

| torques at 30° and 180 /sec was greater for the rheumatoid

[



e | " TABL! 2.2 e
| T MARIMAL ISOMETRIC AND DYNAMIC S3 ‘crn“
gy ~ IN NORMAL AND nnnuuaroxn , . | |
o ISOMETRIC STRENGTH URA GROUP NORMAL GROUP = DIFFERENCE
;s (Newtons) '“,.MeantSD MeaniSD X-O? NORMAL
" “Elbow Elex10n‘e S _ \ R g_;i )
best arm 87.1416.0  140.3107.8. 37,9 -
‘worst arm . 75.3813.6 - 131.5:03.9 42,7
Knee Flex1on e h ‘ ,-‘. o
. best leg 79.1106.0 - 118.,7406.9 33.4
worst leg 6¢.3:05.6  115.8205.9 qg4}5.;*"“
Knee Extensmn ' ‘. ‘ | | | "
. best leg 139,5:07.8  219.7414.7 36.5
o worst leg ;165{7;99.3.' 208.0£16.7 49.2
;ﬁfé 'DYNAMIC STRENGTu hfili’: . ' o
" (Joules) o ' L
‘Knee.ExtensiOn : h
 best leg L 16.1201.2 l~24.8;01.8' T 35:2
worst leg .~ 09.7:01.0 20.2+01.4 . 52.0
group than the normal group. Th1s 1ndlcates that the L
relat1ve reductlbn of torque wlth speed 1s greater 1n r}ﬁ'
persons w1th RA. At all:speeds, the torque angle .

ih,relatlonsh1ps were 51m11ar in normal .and RA subjects though
';torque values were lower for the latter | '
Rlchards reported 51gn1f1cant correlatlons between
‘torque and age, and. torque and weight 1n the normal subjects

but not in those wlth rheumat01d arthr1tls. She also found
. . \ .



' ~hlgher veloc1t1es.

‘.:a (\‘

4that all torque and work (area of the torque curve)
measurements’ were hlghly correlated
Rothsteln et al (1981) measured asok1net1c torque and

'power of knee exten510n in 20 pat1ents w;th rheum‘tlc E

‘g_dzseases (11 RAY and rece1V1ng treatment with stero1ds.f B

There were no S1gn1f1cant d1fferences in torque values

o

: between the patlents and 11 age and act1v1ty matched control
“(normal) subJects. However, the patxents had lower povwer at

the four speeds measured eg. at 120 /sec the patlent group

had a mean value of 32. 29 Nm rad1ans/sec and the control -

. ; ’(\:1.‘1 . '

. group a mean*vaiue of 49 34 Nm rad;ans/seé..mhere was aIso a

14

- dlfference 1n the slope of the power-veloc1ty regress1on
line- (pat;ents 2 15 normal subjects 355) The results,
like’ those of Rlchards (1980) suggest that rheumrt01d

&

[ g
patlents have decreased muscle functlon partlcularly at the

- S . e

The lower strength values 1n RA could ‘be related to a

”number of pathologlcal ohanges of the neuromuscular and

skeletal systems, changes that have been well dOCumented 1n‘

5
¢k

. this disease. - e : S

Pain

i
- i

rdﬁain, particularly.of joints, but%also of muséle,'iS“aAj

common feature of the d1sease and could certalnly 1nh1b1t

max1mal muscle contractlon.,Machover and. Sapechy (1966)

4y

‘reported that several of their subjects exper1enced paln

,(1975a & b) alsdwgg;.d pa1n compla1nts in some of thelr RA

a

ca
¢ -

, . N . R
T “ - e o N e %
- L . . . .
. T 3 i . . -

; %hfdur1ng 6~ second maxlmaL \Jometrlc contractions. Ekblom et al
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subjects dur1ng strength and functxon tests. However,

" severity of pain and 1ts correlat1on w1th strength

measurements were not reported 1n any of the three studles.
T1se11us (1969) noted that the lower strength recorded

*an ‘his study was not accompanled by pain. Ekblom et al

(1974) also concluded from Questioning the1r subjects, that

local pain was not the only factor: affect1ng physxcal

performance. Spec1f1cally,;they found low strength ."ff

measurements even in subjects with no local muscle‘or joint

; ~
pain.

o

 Joint Swelling )

Joint swelling'is.another poss%ble cause for decreased
strength. DeAndrade et al (1965) injected knees with fluid
“to nmote its affect on the ab1l1ty of the subject to extend
the knee the final 10 degrees. They noted that in the
_majorlty of rheumatoid knees,'pain‘of the knee occurred : "
before the-lnablllty to l1ft1the leg. This was in. contrast
to the normal subjects who did not experlence pa1n at the
‘,f onset of muscle weakness. Electromyographlc (EMG) recordlngs'

\'from the vastus lateralls of one rheumato1d subject showed a
decrease in amplltude and number of actlon potentlals with
_'1nab111ty ‘to extend the knee. The authors viewed this as
Jﬂev1dence of muscle weakness as a cause for 1nh1b1t10n of
‘extens1on rather than mechanlcal 1nh1b1tlon due to joint .
distension. They believed the mechanism of muscle 1nh1b1tion
'1s through st1mulat1on of - jo1nt receptors as a result of

,301nt d15tens1on. Rev1ew by these authors of other
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literature available at the time also‘SUQQested a
s1multaneous fac111ta%rbn of the flexors. ) |

A more recent study (Stratford 1982) - supports the
theory of DeAndrade et al. The ratio. of EMG of the'*
quadrlceps at 0° and 30° .of knee flexion was less in effused

knees than normal knees, again indicating a decreaseg
[ r\y

recru1tment of muscle fibres as the knee approaches full
exten51on.jp' ' )

L As prev1ously 1nd1cated Tlsel1us (1969) found no

improvement in strsngth~measurements of the knee at 90 when B

the joint was aspirated. These results would tend to

- contrad1ct those of deAndraae et al’ (1965) However,
\\

measurement at a different knee angle may expla1n
S

' confllctlng results. Data on one subject in the study of
Tiselius (1969), showed that the 1ntra artlcular pressure

recorded in full knee exten51on wlth quadrlceps contract1on

Ha b2

uwas 318 mm~Hg compared to only-57 mm Hg with actlve muscle
- .4i - . l ‘ v

contraction at “90°. The volumes of fluid either aspirated or

injected were similare¢in. the two stddies. It would appear
“that the stretching of the capsule.andfthe resulting
.inhibition<would'be less at the 90° angle. -

“Muscle Pathology |

An 1nflammatory process 51m11ar to that descrlbed for

&
&, L XN

the jOlntS has been found in the muscles of patlents w1th
rheumato1d arthrltls. The inflammatory cells - lymphocytes,

plasma cells, macrophages and occasxonal eos1nophzls -

B R -
L O PGS !«&-'o-ﬁ.—»

appear in groups or nodules whlch %re‘dzstrlbubed throughout- et

o - P, . . .
,,..' . DR a
.- ----"'--l. . " A - R - N Y

._,.......:-'i.;;:.v...‘ .-n‘- d,,q—.-~~°-.’-m~d

LR e e b e @ TR NNl Mt = My e a, ey weoa - . : el - - -
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the entire muscle (Curt1s and Pollard 1940, Freund 1945,
Freund et al 1945 Steiner et al 1946 Wegellus et al 1969
~Haslock et al 1970). They areAlocated at the perlphery of
muscle fibres near the ehdomysium or perihysium (Mpritz

1963) and around muscle capillaries (Haslock et al 1970,

"Wrobleskz and Nordemar 1975).

Lo

Although the 1nflammatory"process of the muscle is
—

again not specific to the'disease, Freund et al (1945) and .
Steiner et al (1946) cqnc1uded.tﬁat the nodular formation of
the infiltratingvceils and the presence of hypertrophic
collagenous fibres without increase of reticalin fibres in
the nodules were uniéue tobrheumatoid,arthritis. Others
pointed out that a greater number of plasma cells |
distinguisheé the rheamatoid myositis from polymyositis
_ (Haslock et al 1970), or that the frequency of occarrence of
mQECle inflammation is greater in RA than.iﬁ many other
diseases (Moritz 1963, Wegelius et al 1969)\ The muscie‘
patholoéy has been found in muscles remote from affected
joints'and,inApersons with clinically inactive disease . .
(Freund et al 1945, Steiner and Chason 1948).

The my051t1s ‘leads to muscle fibre changes: that have

been reported by several authprs An irregular pattern of

L]
muscle atrophy occurs with normal sized fibres adjacent to ‘
_atrophied ones. (Freund et al 1933 Wegellus et al 1969, -
"HasIock et ‘al 1970). ~?;i;ik;j:;;i.s.hgg(:i~mi"f w"'"ff’f fﬂ“;f:i

©
2]

Most authors (Brooke and Kaﬁlan T972 Haslock et al

L es g g [ a P

‘fh1970~~Eéstrom and Nbrdemar 1994, ° DUbOWltz and BrOORe 1973)‘ o

\"ﬁu', :



15
have reported greater atrophy of the type II fibres in the
earlier stages of the disease with increasing 1nvolvement of
the type I'fibres in the later,stages. Dubowitz and Brooke
(1973) reported‘on four subjeets,in stage III1 of the disease
who had selective atrophy..of type I fibres. Their stage 1V
patiehts, however, had atrophy of both fast and slow twitch
fibres.

Haslock et al (1970) attributed the greater 'involvement
of the type II fibres in the early stages of the disease to
a greater susceptibility of tbese fibres to the influence of
-cachexia)which they feit was~due to interference_by the
~disease‘process with mqsclé cell nutrition. Their
conclusions are supported by the finding of type II atrophy

£
in other diseases that are c&racterized by muscle

inff;mmation (Brooke and Kaplan 1972 Dubowitz and Brooke
1973). However, a change in nerve and muscle st1mulat1on may
"also play a role as suggested by the type II atrophy
reperted in condltlons,xlth tonic spast1c1ty (Edstrom'1970a
& 1973f Edstrom et al 1972) and fol;oﬁing dennervation.
' (Engel 1970). o ‘

The type I atrophj-thathis seen later” in RA may be

related to disuse. Greater atrophy of this type of fibre has

~ been seen follow1ng 1mmoblllzat1on although both types of

. -fibre.are: 1nvolved (@omanek and Lund 1974 Sargeant et al

f1977 Patel et al 1969) A decrease in slze of slow twltch

o f1bres has also been observed 1n llgament 1n3ury (Edstrom

§

'T1+970b“'Ef ksson ﬁ976) a condxt;on wh1ch mlght resemble the
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301nt dysfunctlon in stage III RA. v
. Edstromsand Nordemar (1974) quant1f1ed the size of the
»muscle fibres 1n the vastus 1ateralls of rheumat01d males
‘and females by determ1n1ng the. frequency of flbres w1th
cross-sectional areas less than 1500 u2. Flfty percent of
type 11 fibres and only 8% of type I flbres had areas below
‘this value. Nordemar et al (1976b) reported pre tra1n1ng
muscle areas in RA patlents'of 3290 u2? and 2890 u? for ST
and FT flbresxrespectiVely. CerreSpondingtva1ues for the
vastus lateralis of normal male subjects are 4000-5000 u2 -
. for the type I fibres and 5000-6000'for the ‘type II fibres.
For women,. the values are slightly less, with the FT fibres
(2500-3500 u?) being smaller than the ST (3500-4000 u2).
(Edstrom and Ekblom 1972, Nygaard 1983, Saltin et al 1977)
A Muscle #trophy in RA includes loss of peripheral =
uyofibrils, and decrease in length of sarcomeres and loss of
striation in the remainingtmyofibrils (Freund et al \p45,
Wrobleski and Nordemar 1975) Intermyofibrillar mitochohdria
‘ have a normal appearance but are less frequent or absent,
A’whereas sarcolemmal m1tochondr1a can be increased in number
(Wrébleski and Nordemar 1975). Nuclei generally maintain
their normal position below the sarcqlemma, although .
internal movement of the nuclei has been reported, probably
in the,more.severelcases of RA (Haslock et al 19?9, hrooke’
and Kaplan 1972). When the size of'the;muscle fibre is
Héreatly-reduced,iits nuclei form lonétchains or clumps
(Haslock et al 1970). o

[
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The plasma membraﬁe of the muscle cell remains intact,
but its asement membrane is th1ckened (Wroblesk1 and
Nordemar 1975). The area between the sarcolemma and the
rematning‘myefibrils is not usually replaced by iibrosis
(Haslock et al‘1970)> Héwever,'Haslock et‘a1‘(1970) reported
two eases of "chronic myopathy There were gross changes in
the muscle flbresﬁylth f1br051s and replacement by adlpose
tissue, spixttlng of f1bres, and in some cases, appearengel
'of vacuoles both peripherelly and centrellya |

Other infiltrates that have been ernd_rn the
rheumatoid muecle.include lipofuscin granules and"satéllite
cells (Wrébleski and Nordemar -1975). The presence of.the
former wnich are residual bodies of lysomes.nould spggest a
destructivebproceSS resulting from the releaee.ofllysozynes.
Satellite cells are regarded as a 51gn of regeneratlon .

(Wrébleski and Nordemar 1975). |

Nordemar et al (1974) analysed RA muscle for aden051ne
trlphosphate (ATP) "adenosine d'aphosphate (ADP), adenosine
monophosphate (AMP), cteatine phosphate (CP), creatine and
several intermediates of the glycolytic chain. ATP was the
only compound found in lower concentration in RA than in
"either normal subjects, or persons w1th \xher arthr1t1c
problems, The ratio of ATP to ADP and AMP was similar 1n the
three groups. Low ATP concentratlons have been reported in
normal rg\*y1duals at fatlgue and have been related to
decreasas in muscle force at any velocity (Jgrgensen and

Emmerlch 1976).



| _amplltude of ‘the- motor unlt actlon potentlal and more

» hand than in more proxlmal muscles..(Petersen 1955 Graudal

~

ﬂof»totar“phosphpruse Ihg authors also reported s;gn1f1cantly
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wféb-reéki- et'al (1978) found that thé -“aéc-f‘ea'se'- in ATP

in rheumatmd muscle &gs not assoc1ated ‘with a lower content

lower levels of sulfur Ln the tYpe II f1bres of rheumat01d

,“" -

subjects~compared to healthy controls. Thls could be related'

-
to the greater atrophy of these flbres w1th resultant loss

of some sulfur conta1n1ng protelns. In two of the1r subjects

w1th marked atrophy of flbres, sulfur content was also less.

_Changes in. Electromyography

Various: characterxstlcs of the EMG of the rheumat01d

i muscle have been compared wlth that of normal sub]ects._Somei

of the more’ common fxndlngs are decreases 1n durat;on and

frequent occurrence of multiphasic: potentlals. These chaqges

are probably due to the 1nflammatory process in the muscle,

‘.--v- wL e W oo ar Car "h"q.l -

and are generally more,common in. the small muscles of the

and Hv1d 1959, Mor1tz.1963, Edstrom and Nordemar 1974)

Spontaneous EMG actiV%ty,resembllng fibrillation
potent1als has also been found 1n RA muscles, agaln more
frequently in the hand (Graudal and Hvid 1959, Morltz 1963).
It was concluded by Moritz (195}) that this EMG activity at
rest was really”prolonged insertion activity and was due to.
an increased irritabillty~of'the muscle as opposed to
degeneration of the lower motor neuron. | )

Moritz (1963) found a reduced interference pattern of

EMG at MVC in a number of different muscle groups of RA
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’VSubJeCts. R1chards (1980) reported louer yalues of 1EMG forf
knee extensors and flexors during maxlmal 1sok1net1c

‘-" % ' v '
contraction of these mus¢les at both 30° /sec and 180° /sec.

The dlfference in IEMG of the knee extensors between normal T

and RA subjects was greater as the knee approached full
exten51on As the: reductlons in EMG were accompanled by

&
decreases in torque value%, the flndlngs suggest that low

strength recordlng in RA may be due in whole or in part to-

vdecrease in the number of muscle fibres that are recruited

during a maximal contraction.

. Nerve Involvement_ L .

Nodular inflammation.similar'to that described for -

\

mUscle has been found in the nerves of rheumatoid patients

(Haslock et al 1970 Freund et al 1945) Demyellnatlon an

subterminal branch1ng of axons have been observed (Haslock

niet.al 1&70).-The latter suggeSts the development of o f‘__w

hcollateral 1nnervat1on follow1ng dennervatlon of the muscle;

caw

{bIn the majorlty of rheumatoxé patlentsq however, the

P . - \

' neurologlcai 1nvolvement does not contrlbute 51gn1f1cant1y

to muscle weakngss. Sensory neuropathy 1s ‘more prevalent
tha ' motor, and -muscle pathology and. decreased strength have

often been noted”in-the absence of neural changes (@dstrom

- and Nordemar 1974, Haslock et al 1970). ' J’

Changes in C1rcu1at1on
" . h) . : -
Decreased'c1rculation has been citeo as a possible
cause of'pathology‘in nerves, muscles and muscle spindles of

persons with RA _.(Haslock et al 1970, Magyar et al 1973,
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Wrobleski and‘Nordemar 1975) Oka.et al (1973) found that -
.muscle blood flow was 1ndeed greatly reduced im RA: both at
rest and after muscular 1schem1a. Others have reported
changes 1n,cap111ar1es 1nclud1ng thlckening of the basement '
membrane»and the.endothelial cells. The latter leads to a
decrease in size of the lumen (Wroblesk1 and Nordemar 1975, ,
Magyar et al 1973), Caplllary pathology is. probably the most
common cause’ of neuropathy 1n RA patlents due to the |
' involvement of the vaso_nervorum (Rodnan_1973).” |
Muscle_§pindle Changes
Magyar et. al (1973) reported pathological changes in
“the muscle splndles of all 10 rheumatozd subjects in their
study The changes 1ncluded th1cken1ng of the capsule, often
.accompanled w1th narrowlng of - the periaxial ‘space. - :
Degeneratlon of both types of - rntrafusal mUSCle f15res wag"
:noted and thelr nuclel were markedly changed in. 51ze,
'Faﬁpeafance arid arrangement Nerve supply appeared to be ‘ _
greatly d1m1n1shed or absent The authors suggested that the

‘;—changes in the splndle are due to vascu11t1a affectlng the -
c1rcu1atlon to either the 1ntrafusal flbres or their nerve
5upply

Drugllnduced Changes in the Neuromuscular System

Patients on systemic corticosteroids can develop a

-myopathy. Haslock et al (1970) noted-an 1ncreasedenumber of

intra-cellular l1p1d deposxts in the muscles of such

e -

persons. The changes were partlcularly ev1dent 1n the slow

twitch fibres. Wrébleski and Nordemar (1975) reported that
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Stutzman 1959, Clarke and hailey 1950). In fact the angle of

&

[y

ster01ds and chloroqu1ne can glve rise to myopathy._

Morgan et al (1981) descrlbed a patient w1th‘RA ‘who '

,21‘

developed myos1tls follow1ng treatment w1th a- pen1c1llam1ne.t.

X

There was. a large degree of fibre necr051s and elevat1on of’

creat1ne phosphok1nase (CPK)

<
~ . S, . e T e . .l

* o ~ . -

c. cmnnc'in:msncs OF MUSCLE FUNCTION OF "nu: KNEE EXTENSORS

Force or torque recordlngs of knee extensxon are

aféected by -both the. angre of the knee and fhe Veloc1ty of .

the movement At a glven angle, the force the quadriceps can

produce 1s dependent on the lengthrten51on relatlonshlp of

muscle and the moment arm of the muscle. The length of the

.latter changes considerably because of changes in the

p051tlon of ‘the centre of rotatlon of the knee 301nt due to

- -~ - .

<«

th@ comb;nat;on oﬁarollung ana gl1d1ng movements of the

femur on the ‘tibia durlng flexlon (smidt 1973). .
jThe force angle relatlonshxp durlngcan 1sometr1c

contractzon produces a curve like the one de epicted in flgure

£2.1 1Llndahlnet al(lSGQ,_Murray et al 1977, Scudder 1980,

Williams andetutzman 1959). The difference between the 30°
and 60° angles is generally reported as greater than the

change from 60° to 90° (Lindahl et al 1969, Williams and

greatest torque productlon is not the same_lh all. subjects,

-«

B and may- occur anywhere between 4S°_and 90° (Murray et al

1977 Wllllams and Stutzman 1959)

- E L . : -
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Force velocrty curves of 1solated muscle are hyperbollc

1n nature w1th force deqrea51ng as*veloc1ty 1ncreases

" < RO

(Thorstensson et al 1976a) In vivo studles on .the human

knee extensors also show declining force or torque w1th v

faster velocrt1es. ﬂowever, the shape of the curve has not

been the same in all studles. Thorstensson et al (1976a) o

Scudder (1980) and Parker et al (1980) reported curves

closer to the shape of'the forcefyelocitg relationshlg of
visolated muscle. (flgure 2.2A). .Otherslhave tound the”gurve

to be flatter t~thelloyer speeds=(Perrinewand;3dgertonw .
-1978 Gregor al 1979, Wickiewicz et al 1982) (figure'

-2, ZB).Q %,,;fgfghw.ui,;fgﬁgl-r..‘. ,‘»: f; | ,nﬂg,{;;“;i}f~
S Isometr1c and dynamlc torque measurements of the knee "

extensors are highly- correlated (Johnson 1982, Rlchards

71980) As well both’ have been pos1t1vely correlated to' .

. vt
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helght anq we1ght and negatlvely correlated with age

(R1chards 1980 Johnson 1982)

Normal values for peak exten51on torque of the knee 1n
. women range between 100 and 130 Nm (R1chards 1980 Johnson
| 1982, Moffroid et al 1969 Gosl1n and Charter1s 1979) at a
speed of approxunately 30°/sec. The torgue decreased to a .
value of 81 Nm at 180°/sec in Richards' (1980) studyz ‘and
\1ncreased to.154 Nm durlng an isometric contraction in the
younger group of women in the study of Johnson (1982)
D.. TESTING WITH AN ISOKINETIC DYNAMOMETER
The;isokinetic dynamometer and the conéept of
'1sok1net1c exercise were introduced in the literature in
1967 (Hiblop and Perrine 1967, Thistle et ‘a1 1967).
special apparatus with a braking mechanism is requyredvto
control the speed of movement (Hislop and Perrine 1967, A
Thlstle et al 1967 " Perrine 1968). As more effort is exerted
agalnst the input shaft of the isokinetic dev1ce, the

*«

addlt}onal energy,cannot-be~dp551pated by accelerat1on of
-movement and is instead cenverted to resisting force
(Hlslop and Perrlne 1967) The torque produced at the 1nput
shaft of the dynamqmeter is detected by an 1nterna1 load

+ ~cell (Perr1ne 1968) or a potentlometer sen51t1ve to pressure

(Rlchards 1980) and d1sp1ayed on a sultable recorder.,An -_~,i”‘”'“'
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,isokinttic dQnamometer, such. aS‘the Cyhex 11, therefore,

: :prov1des a means of studylng the relat1onsh1p of speed ‘of

| movement to other propertles of 1n v1vo human muscle, such

as. force, power, and fat1guab111ty. Angle speczylc

characterlstlcs can. be determlned with thev’se/of a

m1crosw1tch attached to the 1nput shaft Lo mark a.specific

angle or a potentlometer for measurlng angular movement of

s
B |

the input shaft. '
: | \\$\\\~
CAi’.'I BRATION OF EQUI PMENT ‘ \
Some authors have reported calibrating torque readings
of the Cybex on a daily b351s (Lesmes et al 1978) whlle the
results’ of Rlchards suggest that torque measurements do not
vary s1gn1f1cantly over, several months ' (Rlchards 1980). The‘
callbratlon can be performed by applylng known weights to
the arm of the dynamometer when it is in a horlzontal ‘
p051t1on at a speed of 0°/sec. The output on tle réecorder
can then be adjusted to correspond to the torgue calculated
by mult1ply1ng the length of the lever. arm ‘times the ‘weight -
applred (Moffr01d et al 1969, Richards 1980, ThorstenssOn
1976, Knapik and!Ramos 1980). Moffroid et al (1969)# ound.v
that'after'calibrating with one weioht, there,was‘a linear
relationship betweeh'applied weights of different sizes and
torque-recording.1Using ten test~retest-sessions with seven

loads, they calculated a coefficient of reliabiiity'of L

*Cybex D1v151on Lumex :Corporation, Bay Shore, New York '
11706 : S :
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;ei r-O 995 Comparing predicted to obta1ned“torque~et uarzous
' engles“broduced»a coeff;czent ‘of vaizdzty of r-o 999.

v A ,Q.x'A

*’~§thers (Nagee 1980h Lesmel et"d! 197&) have calibr&ted‘

PREET.2 ""'P

"torque by allov1ng the wexghted 1ever arm«tb pass’ &hrougﬁ“'w e

‘range of mot1on at a set speed. Mawdsleybend.xnapxk (1982)
found a test-retest relxebilzty coeftlo;en: ofmo 993 using
tvo we1ghts and a speed of " 30°/sec, the veloc1ty recommended
for callbretzon by the manufacturers of the Cybex (see )
Appendlx C) ) .fil‘ﬁv R . ' '

Lesmes et al (1978) callbrated velocxty of the machine
dazly by countzng the number of complete revolutions of the
1nput sheft in one\m1nute. They calculated total ‘
methodolog1cal error to be +4%. R1chards (1980) checked
velocity per1od1celly by meesuring the slope of the
recordlng from the angle potentiometer of the 1nput shaft.

An addxtlonel pzece of equxpment that may be supplled

w1th the - Cybex system is’ a work 1ntegrator. ‘Its cellbratlon

015 described in Appendxx C.”:

SUBJECT PREPARATION B R
Rlchards (1980) reviewed the 1mportance ‘of body -

Stab1llzetlon .and pos1txon in strength measurement Others:

(Magee 1980, Thorstensson 1976) ‘have described the

. standardlzat1on of these'when ‘using the Cybex. Most authors
heve indicated that the axis -of, rotetlon of the 1nput shaft

' should be alzgned with that of “the jOlnt being exam1ned
,angee 198! ‘I.‘horstensson'?Q?e, Cybex System Handbook,

- -~



Moffroxd and Kusxak TQJSr»Qsternrg etaal LSZ7 Cooper gt,g;d;”‘
1981) However, Rlchards (1980) is one of ' thé few who o

’: desgr1bed the anatom1cal landmarks for determ1n1ng the :_,-;

P

v e mlocat1pn of the centre of rotatlon of the Joint she tested

PV
A O

‘ A1Eh009h many papbrs have Pndicated that*subjects are
aay o gan

* . o
g g1ven a:@araod of.- famrl1arxzat1on wrth Ehe testlﬁg “f‘“~ .

-t %

)
L

3

L;; .egulgment fewef have '} been spec1£1c about the nature of the . - - .

bt e . e

1nstruct1ons or the number of "practice” contract1ons (Magee
1980, chhards 1980 Cybex System Handbook) The study of

Johnson and S1ege1 (1978) 1nd1cated that in the measurement

» s

of isok1net1c““force of the knee extensors, three
~ “sub ximal trials followed by ‘three maximal Warh- up éffortS< A
n‘;;?-f;& i &. e

ey

are necessary to’ ést%blxsh §tab111ty of measurements.

However, Mawdsley and Knaplk (1982) used no warm-up per1od
and found no dafferences in maximal peak torgue over three
sessions each separatedvby two weeks. Within each session
the order of magnitude of-the peak torque of six trialsf
varied decreaslng»in value with.successive trials in
session one and 1ncrea51ng in sessions two and three. A
common. pract1ce has been three maxlmal contractions for each
test (Richards 1980, Cooper et al 1981, Campbell and Glenn
1982)..For isokinetic contractlons, the subjects are usually
told to move or kick.as fast'and/or as hard asypossible
(Cybex System Handbook, Richards_1980, Mawdsley and Knapik
1982) .
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(usually maxlmal) aga1nst the lever arm of the 1sok1netic .

dynamometer throughout a range of motlon at a spec1f1c speed

(Moffr01d et “1969, 'Richards 1980 Thorstensson 1976,

Moffro1d and Kusiak 1975) Th1s.ls.often_done.1n,resanse-tof

,,a,spec1£1c.and constant’ action'command‘(Moffroid and Whipple’

CEE e
BT

1970, Richards 1980, Mawdsley and Knapik 1982).

'Several authors have reported both a time lag and
initiael oscillations in.the torque curve produced by this
method atihiéher soeeds (Richards 1980, Osternig 1975,
Thorstens%oh 4976,«Perrihe and .Edgerton ié?&»»O;:ernig~«..»
(1975) dealt with this problem by having subjects start
their muscle contraction at a joint angle 20 degrees before

m™

the beéginning of the range where torque was to be measured.

‘Perrine and Edgerton (1978) utilized another method of force -

production at speeds below 144°/second. Subjects were asked
to extend their knees fromv90° to 0° (full extehsion)'
aiming to reach maximal effort by the time- they reached the
§6°h§os1tlon. By recording the torque later in. the curve,
they ellmrnated the problems descrlbed above for fast
speeds, and allowed for measurement of torque at'a.constant'
muscle length and moment arm. In addltlon, the method of -
force produc¢ion at slower speeds reduced ‘the t1me that the
muscle was contracting maximally and thus prevented.a

reduction in torque due to fatigue. This method necessitates

the use of a microswitch or potentiometer to record the

¢
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angle at ﬁhich'torque is to be measured.

. e e
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.TorQué ' ' |

The most common measurement made from thé torque curve
is the peak torque, ie; the highest point on the toroue
curve regardiess‘of‘i£S'posifion;id—£he'range of‘morioo_ .
(Morfroid and Whipple 1970, Lesmes et al 1978; Richards-
IéBO{ Knapik and Ramos 1980, Molnar and Alexander 1973 &
1974). Torque has also been measured at various angles on.
the curve (Moffroid -and Wh1pple 1970, Richards 1980, _
‘}Ostéfh:g 1975, "Thorstensson et al’ 1976a) Often, - the best..
result of three efforts has been the one used for analysis
(Molnar and Alexander 1973, MacDougall et al 1980a).
ﬁoeever, an average ;alue of all tr1als (Rlchards 1980) or’
6f a select number-of trlals, eg, the mean of the two best
of three tries (Cooper et al 1981) have also been usedd

Torgue can be presented in absolute values such as
foot pounds (ft -1bs) or Newton-meters (Nm) (Moffroid and.
Whlpple ?970,‘Lesmes et al 1978, Moffroid et al 1969,
Osternlg 1975 MacDougall et al 1977) or expressed as a
percentage ‘of the isometric (Moffrold et al 1969, Osternlg
1975, Perrine and Edgerton 1978) or a slow speed (Coyle et
‘al 1979) torque. Osternig (1975) pointed out'that'the.weight
of the lig may haveea greater degative'effect on isometric
torque ohtputs than on torque production in.an isokinetic

‘contraction partioularly at higher speeds. Therefore, he



suggested presehting torque in absolute terms her than in
relation to isometric values. | '

Richards (iQBO) corrected all her torqgue readihgs'by
adding the weight of the limb if the movement was against
gravity and subtracting it if the movement was with gravity;
(We1ght of the leg was determined th;oughout the .range by
.-;-recosdlng the.torque‘produoed when the leg and the attached
. .-lever arm of the dynamometer were allowed to pa551vely fall
thr0ugh range at a very slow speed. However, in v1ew of the
comments.of.Osternlg (1975), thls method may not add to the
accuracy of analys1ng force of muscle contractlon.f.‘ - |

° ax - o ” n.oc«--mwaorkqa..aa—» u-.-o.eh‘..n-3~4

S%veral ‘authors’ (Moffrold et al’ 1969 Osternlg 1975)

ta _,‘ R

3y

have reported a shift in the pos1tlon of the peak torque to
the right as velocity of movement 1ncreases..Moffr01d et al
(1969) suggested ‘that. at the hlgher speeds the dpt1mal A
mechanical position of thevjo;nt is ‘passed before the
maximal muscle tension can be‘reached.‘Thus there can be
d1ff1culty in separatlng “(and controlllng) the contrlbutlons
" of 301nt angle and’ speed to the prodpctloh of the- torque. By‘
'heasurlng the torque at a position 1ater in the range,
Perrine and Edgerton (1978) felt they e11m1nated this -
problem. . R

Torque measurements'have also been expresséd fn“terms.
of body weight (Richards 1980, Gregor et al 1979, Larsson et
a1l 1979). | |

R
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Work-is forcent1mes“drstance«(qu€r01d»and KHSkak» - ,;w‘hu
| 1975) In angular motlon, work would be foré tﬁmeg’dfstande’““”

/.

moved along the c1rcumference of a c1rcle. For every degree.
of movement the dzstance would be‘ 2p1 X radlus X 3663:};?ﬁ}#
51nce torque already 1ncludes iorce tzmes rad1us {length of??lf}
dynamometer 1ever arm) 1sok1net1c work can- be measured by..rb:
) torque % 2p1 X angular d1splacement X- 360°" (Cybex System
Handbook) Moffr01d and Ku51ak (1975) have stated that this

is equal to the area under the -terque curve where the

ordlnate equals torque and the absc1ssa equals angular )

« e = A R . °

N R

. . . . i
-

'dlsplacemEnt They caiculated the ‘Wwork® output ‘for - a- square .l
on the recording paper with known area and used this to -

determlne the work from the torque curve. More recently, the

w e o

area under the torque curve has been calculatéd by a dlg1tal
work integrator (Lesmes et al 1978 vCYbex .System Handbook). .

Power, wh1ch<1$ the rate of d01ng work can tifen” be T

ke

calculated by d1v1d1ng the work” by the time- taken te produce

-

the torque curve. .It is usually expressed as wattsl.' ’,

(Joules/second) Cooper et al (1981) erroneously expressed

o o g EES R “ .

o ! . N
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power at 180 /sec as torque X p1. o e . g

Other investigators (Perrine and Edgerton lQ?d Coyle
'*et ai- 1979,aGregﬁ; et al.1979) used what Moffroid and Kusiak
; (1975) called peak power. This 1s/calculated by dividing the?c
peak torque of the curve by the -duration of the contraction. -
Thus, peak,torque is substituted for .work, Th1s wlllunot

"produce the'same value as the power derived from the curve -
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. area (Moffroid and Ku51ak 1975) but. the fxndlng of h1gh

;:A,,, e ""r’u:\.,\-_‘

~ e

correlat:ons between peak terque and.work appear to‘Justif&

.......

thlS sdbst1tufxoﬁ %NrLssoneet al 1977 Moffroxd and Ku51ak
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Agus;'d - Perr1ne and Edgerton (1978) also used torque, but at a

P o..¢

-u-speclflc angle, to calculate“power~ powen.s torque x . o oo

'”-veloc1ty 3 2p1 x 360°"l Moffr01d and Kusrak l1975)
supported the. use of torque at any angle to calcuIate power
prov1ded the. effort 1s maxlmal at the angle measured They
dia not however, agree w1th the term 1nstantaneous power
used by Perrlne and Edgerton (1978) to descrlbe thelr power

-

measurement

LN

Instaad befro&d and Kus1ak (1975) suggested that

-~
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1nstantaneous -power refers to the power produced between the'

1n1t1at10n of»contract1on-and the‘attalnment of peak torque.

In other words, ;nstantaneous power is. peak torque d1v1ded

AN

by the time taken to reach peak torque.\As mentloned

. ear11er, locatlon of peak tonque on the torque curve is

.

dependent on both 301nt angle and speed of movement. Thus

%
c ke

" the meanlng of thls measurement may be quest1onable.
Perrine (1968) suggested that contractile power - the
-ahiiitxfto‘deVeTOp force in a,specifjed‘perjod of time - is
more c1oseiy related to muscle fUnction: This can'be='
/measured by u51ng 1sok1net1c contractlons and determlnlng
the time requ1red to reach a specxflc torque or the amount
H of torque attained in a partlcular tlme perlod However,

both these measurements w111 have the problems dlscussed for

£

// ;

-
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1nstantaneous power. To el1manate these \noffr01d and Kus1ak

R o - -

"’(1975) measured the t1me requxred to. attaln 2 partlcular

SR e - ML e

torque output dur1ng an 1sémetr1c conbractlon Rlchards

(personal communicatron) 1nd1catc&“that the frequency

et .,-v._ ':'n’_y..‘a,
-

response of the 1sok1net16‘dYnamometer dur1ng 150metr1c

LA L e .

- contractLons may not be adequate for such a- measurement

T.
 Th1S concept also appears to be accepted by Murray et al

-

':(1977) who ‘made extensive alteratlons to the Cybex before
”fexaminlng the time course of torque productxon‘dur;ng'“ R
isometric contractions...»f
;MeasurementS‘of Endurance -
A number of terms have been used to d\hote ab1l1ty or
1nab111ty to ma1nta1n a certain work or power output on the

Cybex -'anaeroblc ‘power . LLesmes et al 1978 Cost111 et jal
- 1979), méan power output (Costlll et al fé?é) fatique 1ndex'
(Thorsténsson. 1976, Thorstensson and Karlsson 1976), and

.'t'muscular endurance (Moifrpld and Whlpple 1970). In general

| 'the procedure involves hav1ng the subject perform repet1t1ve-

maxlmal.contractlons at a spec1f1c speed for a set time, and
7measuring average power orbwork, or the'change in these
parametersdwith time. | | -
Many investigators: have used the method 1ntroduced by‘_
Thorstensson (Thorstensson 1976 Thorstensson and Karlsson
1976, Nllsson et al,1977, Komi and Tesch 1979, Tesch 1980).
'Subjects exeré&ised the knee extensors maxlmally at 180°/sec
until 50 contractlons had been completed. Knee flexlon was

passive and lasted_appr!Z,mately_O.? seconds. The



‘;contraetiOn}phase;oﬁnthé“quadriceps took 0.5 seconds. The .
peak torgue of the last three contract1ons was averaged and -

~ 4.

-~ ‘n--.-,

expressed as.a percentage of the average torqgue: from ther -

F

f1rst three contract1 s. he coefflczent of var1ance (CV)

- L . o

cm

F thls measure was. 3&2%. F '*:._“4,'ﬁ.« e el e
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A Others (Moffro1d and Whlpple 1970 Lesmes et al 197@
iﬁ-j Ce;t;iL et al. 1979) aateé the1r subjects to alternately
contract agonlsts and antagonlsts. Costill et al’ (1979) and
Lesmes et al (1978) worked their SUbjects at 180 /sec for 60
seconds and summed the work for each 10 second perlod

Costill et al (1979) expressed the results as a decllne in
‘mean power with time. Lesmes et al -(1978) cﬁarted.'
accumaiative eork 6utput over time,:

. . The manufacturer of Cybex sﬁggests measuring "power
:endﬁraace" by determlnlng the t1me taken for the torque to .. -

decrease to 50% of its 1n1t1al “alue (Cybex Joint Testlng

1980). ,Contractions are performed reciprocally at 180°/sec.

e . -
. - -
hd » v - .

RELIABILITY OF TEST PROCEDURES

Thorstensson (19765 determined the teaf—retest
reliabilit; when recording and measuring torque curves of
subjects on an isokinetic dynamometer;‘The test;sjtuations

>

included consecutive attempté in the same session, random
order of velocities,_ahd testing on two different‘days.vThe
CV was greatest for testing on.differentqdays (13.7%) and
approiimately the same for the other two‘sitUatiohs”(8.4%

and 8.5% respectively) when the torque curve was analysed at

o
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fiseven d1£ferent angles for each of six veloc;tles. The cv
for the productlon of peak torque did not exceed 6.5%.

'Thorstensson (1976) also noted no effects of fatlgue

‘follow1ng a battery of 22 max1mal contractlons w1th rest

”'1ntervals oI 80-45 seconds.

- ..

- (e

fWhen i oklnetlc testzng was-used on normal subjects and
) patlents w1th chondromalac1a and knee- arthr051s, NordeSJo :;
-and Nordgren (1978) caltulated a CV of only 5%.

Rellab111ty of measurements with the Cybex has also
'been determ1ned for subjects w1th RA Deu91nger et al (1979)
‘found 51gn1f1cant (ps. 05) test retest correlatlon : L
coeff1c1ents for peak torque, instantaneous peak power, and
ave;age power of the knee extensors of persons with this
‘disease. The test;retesk correlations were’not significant
Efor the knee erxors or for .time to peak ‘torque for the knee

extensors .

E. TECHNIQUES FOR IDENTIFICATION AND ANALYSIS OF MUSCLE
FIBRE TYPES o o
ly{STOCHEMICAL STAINING

Many different hlstochemlcal stalns and comblnatlons of
stains have been used to classify types of muscle fibres.
Some authors indicate that ATPase should be us§§ with
oxidative and glycolytlc stains to dlfferentlate types and
subtypes (Dekleva and erca 1978). ﬁowever, others support
the use of ATPase stain alone (Houston_1?78, Brooke and
Kaiser 1970). Sohmalbr&ch”and'Kamieniecka (1975) reported a

¥ \\'



98% rellabxllty w1th thls method of cla551fy1ng ca} and- rat
_,-muscle .into two distlnct flbre tfpes. In human muscle -the .
'AT?@S# staln w1th pre1ncubat1on~at pH 9. 4 ‘is! the one most~
iihéhy to d1fferent1ate two, and only‘tﬁo types of flbzes,
and is the sta1n least aItered by pathology (Engel 1974,
- deoke and Kalser 1970) - Meijer and Elias (1976) compared.\
'fhe hTPasg,stain‘with'othéf'biséhémical chgﬁéétér&stibﬁwof—
human muscle and.féuné"that”aifférentiation\byVATPasé
genéfally‘diviaed the\fibreé into thhse with aerdbichor_
anaerhbic’proﬁéttiéé. fhé inténéity of the ATPase stain also
has been correlated Qith ATPase éctivity (Taylor et al

¥

1974) . | N -

MEASUREMENT OF FIBRE AREA

' Gunn (1976) establlshed in animal muscle that there was
no difference in the‘area of fibres of frozen or unf?bzen
~sections. .Frozen sect1ons are used to fac111tate f1x1ng and
cutting of the muscle samples.

Dubowitz and Brooke (1973) measured the least'diémeter
of the muscle fibres as they felt that measurement of the
entire aréa'of the fibre would lead to an overeétimation of
its size if the cut of the section deviated at all from an
exact crosF section. They employed this method to measure
f1bre size in many pathologlcal conditions 1ncludlng RA.

Thomas and Etheridge (1982),§ound 51gn1f1cant

éorrelétionstbetweenifibre area determined by planimetry and

that determined from the least diameter,mgthfd, although
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.values- weré ngher for fibre area determlned by planlmetry
:They also. found no dlfference in’ “the mean area-calculated
V from 20 f1bres or 50 fibres. Otheré (Hooper and Hanrahan'
'1Q75 Schantz et al 1981) have supported the determ1nat1on
of fibre 51ze_from—only a small number of flbres. V’
| Thomas~ana'Ethéfia§é“(1982)*ca1cu1ated~the-reliabirit§¥
of measurement of flbre area from a needle blopsy using the

least dlameter technlque on twenty fibres to be r=0.85.

F. EVALUAT VI ON OF PATI EN;I' OUTCOME IN RHEUMATO ID ARTHRITIS
Disease act1v1ty in rﬁ;umat01d arthr1t15 has been
evaluated clinically for several years.by a number of
standard technigies. These include duration of-mprning
stiffness, time till fatigue, number df tender and éwollen
joints, grip strength and time.éo'waik 50 feet. The-méthods
are descrlbed in deta11 by the American Rheumatlsm
Assoc1at1on (1965) They have -been used 1nd1v1dually to
evaluate RA or combined to produce a single écoré"bfwaiséase
$ictivity (Lansbury 1958, Mallya and Mace 1981). Lansbury's
systemic index has been usedﬁextensively;to monitor
g;atients‘ response to therapy in clinical trials and
correlated highly with a,detailed laboratory index of
‘disease aéfivity (Haétaja;1975).
| Hansén et al (1979) found the least inter-observer
differences when meaéuripg jofnt paiﬁ on passive movement,
grip strength, and patientvwell‘beihg measured on a visual

analogue scale. More inter-observer variation occurred with



Llrecordlng of jOlnt swelllng, and pa1n on pressure of joints.
However, the rellab111ty of aill measures 1ncreases when only
'a singie assessor-15'1nv°lved (Lee et'al;1974, Hansen‘et al

1979, Lansbury et al 1962).

‘ The evaluatldn of pa1n in rheumatoid arthrltls in ’
'c11n1cal studles is often performed by means of a visual
analogue scale (Berry and Huskisson 1972) Scott and
Husk1sson (1976) assessed the use of a number o§t§iriations
of an analogue scale to grade pain in 100 patlents with
painful conditions and found the.most reliable results vere.
yith a horizontal scale -with ord, rather’than number ,
descriptions of severity. /[/ | .

. fhe'nunber/word scale” .Borg (ié??) is used
extensively for ratings of /perceived exertion during
exerc1se, and has been used succeSS1vely § the same manner
for Qat1ents w1th rheumat01d arthrltls ‘(Ekblom et al 1974,

- 1975a & b). Mﬁre recently, the scale,proved reliable {n‘the

evaluation of ischemic oain during walking (Eklund 1977) .
Melzack (1975) éeveloped a pa;; scale where word

descriptors were‘converted infg a guantitatiVe measure that

v

could be treated statistically. It was used on a number of

patients with pain syndromes i those with arthritis

and shown to be more sensitive than a single scale of pain
intensity.
- Several authors have assessed functional aBility of ’ ,{

rheumatoid patients after exercise programs. Ekb{om and

‘colleagues (1975a & b, Nordemar et al 1976a &.b) recorded
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the time it took Subjects to walk a specific.distance and to

climb up and down a flight of sta1rs, and the height of footﬂ:.

stool they were able to c11mb Nopéﬁmar (1981) utlllzed a
self adm1n1stered questionnalre to evaluate the effects of a.
long term tra1n1ng program Others have 'used funct10na1
scales to investigate the general 1mpact of the dlsease on
daily" activities (Fries et al 1980, Meenan et al 1980).
Convery et al-(1977) developed an interview guestionnaine
for use with pblparticular disabilities. They indicated that
it had minimal intra- and inter- observer error, and |
correlated well with physician rating of functlonal g

impairment.

G. STRENGTH TRAINING PROGRAMS o i b

In this section, the effects of both dynamic and
isometric exercise programs are reviewed. Empha51s is on
1sok1net1c rather than traditional isotonic exerc1se (see
definitions). Training of both normal subjects and persons
wlth pathnlngy related to the musculoskeletal system is
d1c“'ssed Review of the studies on exerc1se and RA occurs

ir a2 separate section at the end of the review of the
/1

Sk arat vre.,

(\ ISOMETRIC TRAINING’

A number of studles have shown that isometric tralnlng

leads to changes in strength The 1nten51ty, duration and
i e

the frequency of exercise

4



aees:ons required for optinal 1mprovements in, Qtrength have
| also been Jnvestigated and the op1n1ons and re5ults have
changed ov@r time. 'f - C. ’?;

Mul;er (cited in H;slop 1953) f1rst reported that 1
dally contract1on held for\Q seconds at twovth1rds of
max1mal voluntary contractlon (MVC) was. &dequate for maximal
increases in strength (5%. per. week in normal subjects) The
retent1on of the strength changes follow1ng cessation of
training wasilonger with longer periods-of training

-

Liberson and Asa (19%?) followed a szmllar ﬁormat to
that of the above mentioned. study and found that an ‘
increased number of contract;ons per exerc1se se551on
produced greater increases }n strength than: 1 contraction
per daypwhen training,the hypothenar nuscles; Bonde- Peterson
(19604 on the other hand found no changes in isometric
'strength of elbow flexors or knee extensors followrng
-tra1n1ng w1th 1 or 10 maximal contract1ons. There was
however altrend towards amprovement uhen tra1n1ng w1th the
greater number of contractlon§

Hislop (1963) reported greatest increases in strength
in elbow flexors when the muscles were trained twice daily"
’with~15-second maximal isometric contractions. Persistance
of gained strength up_tJ'11'months after cessation'of
training suggested to the author that motor :learning
contr1buted 51gn1f1cantly to the gains in strength
| - Muller (1970), in a review artlcle, concluded that rate

of . 1ncrease of strength decreases as one approaches his



41

limiting strength. This pattern is not affected by age, sex, .
level of limiting strength or the muscle group trained. In
contrast to his earlier Etatements, Mﬁller~reported that
limiting strength was reaohed more- quickly when contractions
were maximal rather thah submaximal. He also concluded that
the anber and duration of isometric contractions required
for maximal9resnlts vere épecific to individual subjects{
One may require as little as 1 daily 1-second contract1on,
but not more than 6 repeated trlals of 5-second
contractions. .' , "il

Muller reported no.loss in gained strength‘with a
maintenance program.of one 1-second maximal contraotion once
every‘z weeks. In one instence, he reported auloss of
appro}imatelé b;3% per day}of the highest‘strenéth achieved
when no maintenance~program was'follpwed;after tralnfn;h— |
ceased. ) ' |

In a more recent study; Komi et al (1975) trained one
of a pair ‘of monozygous twins 4 times per week for 12 weeks
with maximal 1sometr1c contractions- of the knee. Compared to
the control. twin, the trained individual had a 20% increase
in isometric strength of the treined leg and a 10% increase
in the contralateral limb.

Gardner (l963) reported on the specificity of‘isometric '
training in relation to the training angle. Subjects trained
their knee extensors 1sometr1ca11y at 25°, 45° or 65° of

knee flexion for 6 weeks. Slgnlflcant 1mprovement occurred

at the tra1n1ng angle only. Exerc1se was 1 contractlon per

i



42

W

iy

day at two-thirds max1mum 3 days per veek. .

. L1ndh (1979) trained 10 normal females with maximal
-isometr1c,knee extension 3 times per week for approximately.
5 weeks. One leg wae trained at i5° theﬂother at 66° Three
- sets of 10 max1ma1 6- second contract1ons were performed on
each leg at each tra1n1ng se551on. The 1mprovement in
'f_1sometr1c strength.was only at the trainifig angle. The
author aleo found that iscmetric traininé led to an increase
in’isokinetlc peak torque and torque at 30° and at 60° at
‘30°/sec,ubut ct at the higher test speed of 186°/sec. She
concluded that the response to isometric tra1n1ng may be
specific for angle and speed of contract1on.

L | |

ISOTONIC TRAINING

DeLorme and Watklns (1948) were two of the first to
outline a specific program of progress1ve resistance
isotonic’ exercise for improvement in muscle'strength
- Resistance was increased as the,muscle gained égrength as
‘measured by the isotonic 10 RM. The latter was“also used as
~the training load. |

Hellebrandt and Houtz (1956) and Hellebrandt (1958)
further empasized the fouerlcadﬁﬂprfnciple for improving
muscle performance. They carried out a number of'experiments
' trying different modifications of DeLorme's technique for
isotonlc exercise.vThey concluded'that Etrength and
endurance increase with heavy resistance repetitive exercise

and that the critical factor determining progress is the



-amount of work done per unit time (ie, power), not total
amount -of work done. Al]l their experiments involved 25 RM

proportions of it, and cadence was constant. . o

or

These authors (Hellebréndt-and'H0utz 1958, Hellebrandt

1958) also progressed ‘exercise by 1ncrea51ng the tempo of
the exerc1se rather than the load. Theytfound gains in
':musgle performance as,determ1ned by work and power
calculations and maxiﬁal resistsnce'thatlcoeld be Lifted.

| Hansen.. (1963) used 10 contractiohs of eibow flexe;s
-wlth ad RM load as tralnlng stlmulus for hzs subjects. -
After 5 weeks, subjects had galqs in isometric and dynamlc
strength and'worklng.capac1ty but: not in isometric
endurance. He‘cohcluded that maximal<(1 RM)»dynamic'
:contrac%ions?were-necessasyﬂgo develop isometric strength.

| SeYesal{studies were unéettakén:bnyerger in the

earlier’ 1960's to determine the;bestécosbinations of |
resistance, anber-of sets and number of conﬁraegions pef
: se£ (cited in Clarke 1973, Berger 1962). Thejfollowing

prog;éms bnought similar and optimal results in 1 RM

strength measureﬁents- 2 RM for 6 sets, 6 RM for 3 sets and

10 RM fo< 3 sets. Evem greater gains in strength were

achieved when 10 repetitions of 1 RM were used for tra1n1ng

(ie. the load was decreased sllghtly with each effort to

allow for fatigue). As with. 1sometr1c exercise, the results

indicate that the isotonic training load should be of high
resistance and low repetition to produce increases in

-strength.
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DeLateur et gli(1972a) compéred:isotonic.and isometric
training inwg transfer of training_design.‘They cancluded

“

from their findings that the ‘best training for a specific

.

type of tontraction is that contrécti@n itself. However, the
: . -
authors measured number of_repeiitions or time to fat?gue
rather than strength. They also noted that the isometrié
group could perform as well as the isotonic group in the -
.isotonic tésf although this transfer did not otCur_uPtil the %g:
#fourth déy;af;er.créss—ovér to this form of exercise.
Thérs%enéson énd'colleaguesvpérformed a number of
stud1es on dynamic strengthenlng (Thorstensson 1976 |
Thorstensson et al 1976b & c). E1ght weeks of thrice weekly
training w1th 3 sets of 6 repet1t1ons of deep knee bends
with weights led to increases in both isometric and isotonic
strength of leg'gktension)‘élthough the latter changes were
| greateé. Isometric muscle force exceedingb75% of pre-test
VMVC could be developed in a shorter time after training,
Two of the subjects, were foilowed five months-la;ef
(Thorstensson TQ??iL One of these subjects cgntinued'
" training but less often and with a lighterlload' the other
stopped training completely. The former had a further
increase .in 1 RM and a slzght decline in the isometric test
cémparea to his post—test'values. The person who stoppedv
trainingjdécteaSed in both tésts, although only the
isometric force had decreased to pré*tnaining values.
MacDougall et al (1977,1979, 1980a) reported on a series

of experiments involving 5-6 months of'isotonic training for
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elbow extensors. Improvement in 1sok1net1c strength occurred
"1n all studies, although only the more recent study 1ncluded
1sok1net1c contractions in the training program However,'
variable resistance exerc1se apparatqs was used L§§§§1lus).
Pipes (1978) compared training with constant resistance -
and variable resistfAnce 'sotonfc contractions of a nombgr of
different muscle gro . After 16 weeks of training all:
‘subjects had increases in strength as measured by a: 1 RM.
- However, improvement measured on‘either apparatns was'always

greatest far the group that also trained on it.

. Wilmore et al (1978) 1nvestlgated the eifects of &

-
.

.circuit weight training program u51ng loads of 40- 50% 1‘RM
for a number of muscle groups. Subjects were. to repeat each
exerc1se as many times as p0351b1e in 30 seconds. Women

) .4ﬁfmproved in 1 RM for all tests and men. in four out of eight
'tests. The load used in this study is well below'what has
been suggested for optimai strengthening and therefore it is
not'surprising‘that there were no changes in some tests.”The
improvements tnat did occur may berrelated to -the subjects
1ncrea51ng the speed of their contractions as they tried to
perform more repetltions in a specific time, .a method
suggested by Hellebrandt (1958) for progression of
strengthening exercises. |

Gettman et al (1§78) employed a.similar circuit weight

» training program and reported increases in 1 RM which were

greater when tests were performed, on the training apparatus.

-
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‘Dons et al {1979) tralned sub]ects with 1soton$gally
‘loaded knee bends with either 50% or 80% of their 1 RM,
Increases in isotonic 1 RM and dynamlc strelgth calculated
per unit muscle cross section were 51gn1f1cant in the
heavily loaded group only. The 50% group showed an overall
increase\in dfnamic endurance.'Neither\group showed changes7
in isometric strength or isometric endurance.

Hitkson. (1980) studled combined endurance and strength
tra1n1ng to determlne possible 1nterference of strength
‘galns from the endurance-component.\The group receiving both
types of training had increases ln strength similar to the
strength trained group until the seventh week, ‘after which
the strength of the former .group began to decrease. He
concluded that at the upper limits of strength training,
eggurance tralnlng(\ay interfere with further gains in
strength. |

Gersten (1961) compared isometric and isotonic exercise
programs in patlents with weakness of the knee muscles. The

percentage.lmprovement in isotonic 1 RM was always greater

than the improvement in isometric ten51on for all muscle

-

\ |

groups trained regardless of the type‘of‘training
contraction. Both forms of exercise led to similar:changes.
’The author concluded that both isometrictand isotonic
‘training_could lmprove muscle function in patients.

reo

A few years‘later - Leach et al (1965) found that f”

t

patients  with knee 1hjur1es returned to m111tary Buty soqner

after injury if they. received 1sometr1c'strength tralning N



than if they received isotonic training. Review of charts

‘also indicatedcthat the isometric group had fewer complaints

of pain and efquion than the dynamic group. -

"ECCENTRIC ISOTONIC TRAINING

' Although 1t has been determlﬂed that the maxlmal force -

‘ )
exerted durlng an eccentric contractlon is greater than

max1ma1 1sometr1c or 1soton1c force (Doss and Karpov1ch 7
1965, Slngh and. Karpov1ch 1966), the effects of eccentric
training have been studied by only a few. » R

Beﬁde Peterson ({960) noted that daily eccentric
training for 36 sessiens Aad ;o effect on isometric
strength. Change$ in concentric or;eccentric strength-wege
not reported,

Singh and KarEovich (1967) found increases in
isometric, cencentric’ahd eccentric strength meaeurements of
both egonists and antagonists after 8 weekevof'eccentric
training.of the elbow éxtensors. They verifieq by éMG'that'
botp'groups of muscles contracted during the'trainicg
sessions. S : A

Seliger et elf(1968) trained athletes withﬂ!;centric or
.concentric ggztE}ctions with 'close to maigmad'COntractions
(90-95% of ccncentric 1 RM for .the concentric group and
1457150% for the“eccentric group) for 13 Qeeksr“Strength was
measured COncentricaily'only and improved equelly in'gpth

groups. Theynsugéested'that eccentric contractions are more
o ‘ ; ‘ » :

‘advantageous- for strengthening as the energy expenditure is
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" In the same year, another study compared the two types

of training (Mannheimer'1968). After. 19 days of training
with 2 sets bf 5 repetltlons, the eccentr;c group had
s1gn1f1cantly greater improvement than ‘the concentrlq,group,
but at the end of 30 days of tra1n1ng,.changes were 51m1}ar
for both. It appears .that the aUthbr ohly tested the
subjects with their tfa;n1ng contraction.

_%fml and Bﬂﬁkh;: (1972) on the other hand, tested the
cdncentrlc, eccentric and isometric strength of all their
subjects. After seven weeks of traln:ng the elbow flexors,.v
the eccentrically. txak&ﬁg group. Improved 1n all tests. The

..--—N‘ 1’( ’

'concentr1cally tfalned\gﬁbup-?ﬁ%roved in the 1soton1c

ad -

vmeasurements onhly. Eccentrléaimprovemint was greafbst 1n'the:
eccentrlcally tralned subjects The authors noted that the
latter had a drop in maximal eccentr1c ten51on durlng the
first week propably due to muscle soreness.‘gg the same
~ peridbd, the concentric group made its greatest gains ‘in -
’ _

tensign of their training contractions.l

Johnsqh and colleagues (Johnson 1972,AJohnson et al
1976) reported no difference in the increases }n strength L
resulting from a concentric .or eccentric training program.
They also suggested, in contrast to theﬂstudy of Komi and

Buskirk (1972), that eccentric exercise was performed with

greater ease and less discomfort.



ISOKINETIC TRAINING .
Thistle ‘et al (1967) were the first to repdrt on the
effects of isokinetic training. Using normal subjects, they

compared 8 weeks of is form of exercise with ~isometric and

_isotonic trainfng of the knee extensors. The isokinetic
group had a greater pér’énﬁag increase in peak torque and
total work ability The method of measuring the latter was
not descrlbed As testlng was performed isdbkinetically only,
the results are not . surprlslng ' The authors suggested from
their clinical observatlons that 1sok1net1c exercise may
have addﬂglonal bénefits - decreased pain and greater
motivation, '

Moffroid et al (1969) performed a similar study on
norm;l men aﬁh women who received 4 weeks of tréininé‘fof
quadriceps and hamstrings. The speed of training
contractions for the isoﬁinetiq gréup was hot.mehtioﬁed,
although testing was at 22.5°/sec. The authors reported
signiﬁicant increases 'in isoﬁétric and isokinetié torque for
the isokinetic group. The isometric group improved in‘
isometric tests only and the isotonically trained group had.
changes in isometric torque measured;2§’45° but not at 90°-..
The authors éttribute the response of the isotonic group to
their exercise load which was only maximal at the latter
parf of  knee gxtenéion.

Tﬁi§’5tud§ also had &esign problems. Exercise did not
appear to be equated eith;r by number'df/ébﬁt:actigns,

duration of exercise or intensity. The isometric and P
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isokinetic groups pepformed 20 ‘and 30 maximal cdntractions
respectively. The 1soton1c group trained wlth 30
cont ctlons, but only the last 10 were max1ma1 effort
/AL:ZZ years ‘later this same group {(Moffroig and Wh1pp1e
1970) exam1ned the effect of speed on results of isokinetic
training. Ope group tralned at 36°/sec, the other at
10é°/sec. The exercise sessions occurred 3 times per week
‘for 6 weeks and involved 2 minutes Of.reciprocal
contractions of.knee flexors and extensors. In contrast to
Athey§tudy of’;ﬁ;stle et al (1967), tﬁere was no improvemenf
in iepmetric tordue (at-6§; for knee ex;ension and 45° for
knee e;exion). The group that trained at the iower"speed
(low power) had its greatest increases in peak torgue of the
quadriceps at 18° and 36°/sec, while the high power group
improved fairly evenly among all speeds at and below the‘_
trainhing speed. THe'latter group also had an increase in
everage power of the quadriceps as measured over 2 minutfs
of exercise at the tra1n1ng speed
DeLateur et al (1972b) compared isotonic and isokinetic
tfaining in a double¥ghift transfer of trainipg design.
Forty-four females were trained with weights or on the Cybhex
at 72°/sec, working until fatiﬁﬁe. Half of each group
fransferred to the other method of training after 18
g§ssions while the remaining subjects continued with their
initial form of traininé; Using number of repetitions till
fatigue as the test measure, the authorsefpund no differenée

among the four groups, and roncluded that the C%bex 4id not
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. provide an advantage over weights for strengthening of
normal" subjects. Unfortunately, their. study‘ﬁld not test
strength nor traln for strength by the more acceptable
procedure of progressive reszstance.¢§§ .

. e

Pipes and Wilmore (1975) ale-compared the”effecté of

isotonic and 1sok1net1c tralnfng. The two 1sok1net1callyhv

i
\\’( y

trained groups had greater 1ncreases in isometric and *

5

ﬂf‘

isokinetic strength measurements than the isotonic group.
The isokinetic group'that trained at 136°/sec also had
greater improvement in. three of the isotonic tests. In a
number of tests with both the isokinetic training deyice and
the isokinetic testing device, the highﬂspeed group had
greater gains in the high speed tests and in some of the low
speed tests than the group trained at 24°/sec. All groups
showed'improvement in motor performance.tests.

Lesmes et al (1978) compared the effects of isokinetic
work bouts of different durations. They repQJZed simitar
increases in peak torgue at 0°, 60°, 120°“and 180°/sec after
7 weeks of training with 10 6~sec work bouts or 2 30 -ser

L
work bouts at 180°/sec. Both legs showed an increase in work

~,

—

autput for 6~sec or 30 sec work bouts*af§a velocity of
F0" sec or 180°/ser~. At 180°/sec, the'ohange was greater for
the 30 -sec trained leg. The increased work output during a
60  sec fatigue teat was not gignificantly Aifferent in the
twn legs.

Using a similar training program, Costill et al (1979)

founA incryeaces in peak totque for both legs with the
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greatest-percen;age:change in an isometric contraction and -
lowest at the train{ﬁg/speed of 180°/sec\ Mean power-output
in a 60-sec test at this speed increased as a reeult of
.fraihing, but the ehange‘was only evident in the.firSt 30
,eeconds of the teSt. )

| In another sthdy that used the contralateral leg as‘a'
control, wOmeniwho-trainedhfor 5 weeks with 10 daily meximél;
isokinetic cbneractioﬁs at 60°/sec had increases'in peak
.torque at all velocities measured from 0° to 180° /sec i
(Krot1ewsk1 et’ al 1979). |

. %

TWo recent StudIQS have confirmed earlier re;ults
concerning specificity of velocity of training. Coyle and
Feiring (1980) h bjects train the knee extensors at 60°
or 300°/éee; imﬁrovem‘ntﬁin extension torque only oeéurred
at the training velotity irf each group. Caiozzo et al (19&0{
ex@gined the effect o:.the force~velocity curve of.training
at 96° or 240°/eee. Greatesf.changes were at the training
velocities.

Iédklnetlc training has also been employed in the
treatment of pafnents after knee surgery. Grimby et aﬂ
(1980) compared isokinetic, isotonic and self- traininq on
changes in.quadriceps strength followigg knee ligament
eurgery. All patlentq m%p;oved in strength, but " the largest
increase occurred in, the 1§,k1net1c group. S
| Pearson et al (1982) feund-that post—meniseetomy
*patlents recovered kgpe strength moreihuickly with a

3, S
rehab111tat10n pﬁgsrqp 1nvolv1ng early isokinetic training

%\
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and quick advancement to higher and hlgher speeds even
before full recovery had occurred at the slower speeds.

- g

A

~CONCLUSIONS ON STRENGTH TkAINING PROGRKMS !

The findings indicate that tra1n1ng programs of e1ther
dynamic or 1sometr1c contractions can lead to 1ncreases in
strengthni%ut that changes may. be Specific to the type of
t¥aining, particularly in relatign to angle and velocity of
contractiong. -Training contractions should be maxi?al and
'performed one to 25 times per se551on. There should be at
least 3 tra1n1ng se551ons each week for galns in strength
although less frequent exerc;se is required for ma1ntenance
of changes. Ind1v1dual response to an exerc1se program will
(also be dependent on individual characterlstlcs 1nc1ud1ng
1n1t1al strength as related to limiting or potent1a1
qtrength and p0551bly muscle fibre comp051tlon,. ‘\_

All forms of exercise have been used successfully with -
pathological condltlons, but choice of training method may
depehd'on the specific muscle function disability.

N

EFFRCT OF ﬂs-rﬁ :c;'mnn-rnc PROGRAMS ON MUSCLE SIZE

In earl%erustudies, muscle hypertrophy waé ass€ssed by
measuring 1{imb §ﬁrth. The term appeared to be'oeedfaimoet
synenomously with strength improvements in the discussion of
the optimal exercise program (DeLorme and Watkins 1948,

Hellébrandt 1958). - "
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Both Noble (1971) and Clatke (1973) reviewed a number

of studies on the effect of 1soton1c and 1sometr1c exerc1se
. on llmb,gxrth Generally, hypertrophy was greater or °
'occurred more frequently when 1soton1c contract1ons were
performed Noble (1971) concluded that 1soton1c contract1ons,
were better for producing hypertrophy and that 6-10 maximal
.contract1ons vwere more effect1ve than: fewer repetztlons.
4H1slop (1963) found no changes in upper arm c1rcumferenCe
with varlous protocols of d1f£er1ng-frequency and duration,
'gbut her subjects performed 1sometr1c contractlons of the ‘
' elbow fleXors. In the study of Koml and Buskirk (1972) there
was an increase in the upper arm girth in the eccentrlcally
" trained group only .
' More recently, Thorstensson et al (1976b) found no
change in lower l1mb c1rcumferences after 8 weeks of dynamic
tra1n1ng However, MacDougall et al (1977) found an 11%
increase in arm c1rcumference with longer duration (5
months) tra1n1ng on Nautllus equxpment.‘The amount of ;
1mpr vement reported in the studles by Noble (1971) was as

¢

hi as 3.3 cm with 1soton1c.tra1n1ng but thls_change was in
the thigh. K
As measurement of limb circumference Cannot distinguishre
between changes in muscle and fat compos{tion an absence of
change in the measurement does not rule out muscle |
hypertrophy. Pipes (1978) reported decreases rn absolute and

relative body fat and skinfold ¢h1ckne55es follow;ng 10

weeks tra1n1ng with elther constant or varlable resistance
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exercise, The limb circumferences also increaoed in the tﬁo
groups. Pipes and Wllmore (1975) reported 1ncreases in 11mb
c1rcumference and decreases in, absolute fat Wlth both
1soton1c and isokinetic tra1n1ng,.a1though the greatest
Tthanges occurred 1n the 1sok1net1c h1gh speed group (tra1ned
. at 136°/sec) . ' _ ‘
‘ Two studies‘reported iﬁcfeasos in lead body weight
folloﬁing circuit wd‘%ht training (Géttpan et 1978, Wilﬁo?é
et al 1978). Ih the laﬁtef.Study, incregses-inwlimb girth |
®vere also noted. ‘ |
. Women training for five weeks with isokinetic -
cantractions at 60°/sec had increases in muscle thickness as°
Ameasured by ultrasound and decreases in adipose giséue
measured by calipers andlultrasoond (Krotiewski et al 1979).
Computerized tomography wa%.used td examine the thigh
components of-kneejjnjured athletes during thei; recovery
from surgery (Ingeménn—Hanseo and Halkjaer—Kfistenﬁen 19805;
After 5 week§ of progressi§e resistanoe exercise, there was .
a 22% increase in the area occupied by the quad;iqopé.
In oontrast to the above fihdings;lLeshes etsal (1978)
found mo chanoes in thigh voloﬁes,vgith measures oOr 4
okinfold thicknesses following 7 weeko of isokineﬁfc
training at 180°/sec. Leach et al. ("1965) also found no
changes in thigh circumference‘in persons with knee injuries
after isotonic or isometric strength tfaining;
| With the advent of the musole biopsy, it has been .
possibierto study the effects of exercise.on the individual
. S | | | ‘ «
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muscle f1bres. Thorstensson et al (1976b) reported increases
in the: FT/ST area.ratlo after 8 weeks of 1soton1c tra1n1ng
F1Ve to six months of 1soton1c.tra1n1ng lead to similar
changes with increases in size of both types of fibres
(MacDougall et all 1979, 1980a).
Dons et al (1979) did not shoﬁfsignificant changeslin

fibre size with 7 weeks of isotonic training’with 80% or 50%
of the 1 RM. However, they founﬁ a correlation between
increases in dynamic_strength per muscle cross-sectional
area and number of FT fibres.vThéy stated the results

1nd1cate that a hlgh content of FT fibres is a prerequlslte
for a successful .Strength tra1n1ng If the1rnconclusion is
true, 1nd1v1dua1 variation in frbre comp051tlon could

account for differences in response to exercise in the
‘studles reviewed. The findings of Houston and Thomson (1977)
lend some_support to this theory. They found no cfiange in

fibre size following 6 weeks of welght training with an

1soton1c 15 RM. Their subjects were endurance trained

athletes who generaf&y have a higher proportlon of ST

fxbres. HoweVer, there were changes in dynamlo strength ’

Isoklnetlc training. has also Iead to chsnges in fibre "

'size. Seven weeks of tra1n1ng w1th contractlons of 180°/sec
resulted inm an increase in th;ﬁsercent of fibre area .
-occuplqd by FTa flbres in the vastusghateralls of men

(Cost111 ét al 1979). Women who:tra;ned for‘5 yeeks at - "
60°/secfhad an increase in areéfof type.I;b fibres of the

same muscle group (Krotiewski et'al'1979), Houston et al

‘ ) ' ‘. | ) ‘(
p: . ..



57

(1982)'fouhd increases in FTa and FTb fibres after 10 weeks
of isokinetic training and a.éubsequént decrease in FTb
fibre area only after 12 weeks of det:éining. 3

In-contrast, Ciriello et él (1982) féund no changes in
type 1 gr‘typé 11 fibré size after ¢ montﬁé of isokinetic
exefciseL Grimby et al (1980) also found no significant
changes in fibre_siie.after 6 weeks of isotonic, isokinetic
or,self—'training in'patients who had had surgery for knee
ligament injuries. |

The mechanism of fibre hypertrophy has Sgen determined
from animal studies (Clarke.1973, Goldspink et al 1976). The
fibre becomes bigger bgLause of_an'increésed number of
myofibrilé producea by longitudinal splitting. The
sarcoplasmic reticullm and the T system increase in
proportionlto the Changé in myofibrillar content.

Penmén (1969, 1970) in two studies on é,ifmifea,nq@bér
of human subjects indicgted that ‘strength changes o;cur(as a
result of an increase in'the Siée of myosin;fifaments. He
also concluded from his investigation thaf‘an increase in
stfength(Ean occur without an increase in musclelsize due to
greater packing of contractile elements within a muscle
cell. MacDougall.et al (1979) réported décreases-in volume
- density of mitochondria and mitochondria:m&ofibrillar volume
ratio in hulans.after strength training, Héwever, they

attributed these findings to an increase in number of

‘myofibrils rather than an actual loss of mitochondria.
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Hyperplasia is another possible mechanism oflinCreaSing«.

muscle size. Several studles on .animals have suggested that

f1bre‘f/11tt1ng may occur as a result of welght tra1n1ng or
tenotomy of synergistic muscles (Gonyea 1980, Gonyea -and

Sale 1982, Ho et al 1977). The hyperplasia hastalways been

: reported 1n the presenqs of hypertrophled fibres and when

atiN

the animals are 11ft1ng‘verX.heavy loads (Edgerton 1970,
Genyea et al 1977). |

MacDougall et al (1980b) reported that elite
powerllfters had 51gn1f1cantly greater strength and arm 4F
girth than a control group who received 6 months of weight
traiﬂing. Becauee there were nq‘gifferences in size or
compoeition of fibres between the two groups, they suggested
that hyperplesia had occurred in the elite athletes. Schantz
et al (1981) concluded that-hyﬁerplasia’was not a factor in

girth measurements as they found a good .correlation between

'the cross-sectional area of the vastus lateralis muscle

determined by tomographic scanning and the mean muscle fibre
cross-sectional area. Their sample ineluded elite
bodybuilders and physical education students. |

Tralnlng studies on humans have shown no 1ncreasé in

the propottion of either type of flbre with a strengthening

program (ThorstenéEBﬁ*1976 “Costill et al 1979), Krot1ewsk1'

-

et al (1979)'reported a decrease in the percentage of type I
fibres after isokinetic tralnzng but the decrease of less

than 5% 1sfsmaller thanj&he margln of error one would expect

1n th1s test.



It is possible that short term training has ho effect
'von fibre population, but that long duration,'ve;y'high

intensity weight lifting may eventually‘lead to hyperplasia.

\

EFFECT OF STRENGTHENING PROGRAMS ON MUSCLE: BIOCHEMISTQ?
Very few studles have reported on the effect of
st:engthenlug exercise on the biochemistry of muscle.
MacDougall et al (1977) reported increases in creatine, CP,
ATP and glyéogen concentrations-after 5 months of heavy
resistance training of the elbow extensors. Houston and

”Thomson (1977) also found an 1ncrease in ATP in endurance
athletes with 6 wéeks of 1soton1c tra1n1ng ‘Eight weeks of
dynamic tra1n1ng produced no changes 1n enzyme act1v1ty of
ATPase, CPK and,phbsphofructoklnase (PFK), but an increase
in myoginase‘(MK) (TnOZStensson et al 1976b, Thorstensson
1876). A 1é week ‘isometric training program proddced
increases in activity of malate dehydrdgena;g’(MDH) and
succinate dehydrogenase (SDH), both oxidative enzymes (Kom{
et al 1978). Tﬁe%e were also decreases in iactate |

dehydrogenase (LDH)‘and CPK, and§3n increase in hexokinase

(HK) In contrast, Krotiewski et al (1979)'reporteé
.1ncreases in LDH as well as in MK followlng 5 weeks of

"isokinetic traln;ng at 60° /sec. N

In the study of. COStlll et al (1979) 1nvolv1ng
isoklnetlc’tralnlng, legs trained with 30-sec work bouts'had
increases Th activity of'phosphdrylase,;ﬁPK; PFK, MDH, SDH

and MK. The legs trained with 6-sed work bouts)had Aincreases

et *



in PFK only. They concluded tnat—dntation of an exercise
~ pout rather than totél work performed is the stimulus for
intreased'muscle enzyme activity. However, in spite of the
biochemicel difference betweenbthe two legs there was no
difference between them in the fatigue test. The authors
suggested tnet fatigue<in maximel muscular effort is not
dependent on the muscle' s anaerobic potential as measured by
gwglycolytic and ATP-CP enzyme act1v1t1es.
'Houston et al (1982) foupd that four weeks of dynami},'

LT
strength training and then foﬁr veeks of detraining ‘had no

)

'*srgnrfrcant~effect*on“the“activities-offkTPaseT-treatine‘““"'"”

kinese,,glycolytic enzymes and oxidative enzymes.-Similarly,

Grimby et al (1980) reported no changes 1n’concentrations of

ATP and CP and enzyme activity of ATPase, MK and LDH of the
I.quadriceps,after 6 weeks of strength training following knee

ligament surgery.”' | |
) .ltlié difficult to form conclusions from so little
information, but it is surprieing to see changes in
oxidative enzymes which should not’ be ;nvolved in exercise
of such short duration and high intensity. The subjects in
the study of Komi et%gﬁ were between 13 and 15 years of age
and were still developing Once weekly testing with -

submaximal exetrcise and fatigue loads 1rbthe1r study may

"have been adequate to train the aerobic si’tem.



EFFECT OF STRENGTHENING PROGRAMS ON ELECTROMYOGRAMS »;

A few authors have examined the effect of tra1n1ng on
EMG during maxlmal and submaxlmal muscle contractzons. A
study comparipg eccentric and concentrlc‘tra1n1ng showed no -
"change in integrated EMG' (IEMG) and no change in the
IEMG:tension ratio with any kind of contraction (Komi and
Buskirk 1972). Two studtes, one with isometric traihing
(Komi et al 1978), and one with isotonic training ‘F

)

(Thorstensson et al_iéch)ifound a diminished IEMG:tension
ratio after training. The isometric program produced an.
4ncrease in.maximal. IEMG,-whale the 1soton1c program showed
 trends towards a decrease in this measurement

Aga;n, it is d;ffzcult to make conclu51ons"from a
limitéd number of studies. However, a decrease in
IEMG:tension ratio implies that imp;ouement in strength is’
in part produced by an 1ncrease in maximal tension that can
be produced by each motor unit. Changes in maxlmal ﬂEMG
could indicate changes in pattern of fibre recru1tment
following training. The latter is further supported by the
findings of Milner-Brown et al (1975) who used EMG to
measure synchronization of firing of motor units in the

first dorsal interosseous muscle. After 6 weeks of training

With daily maximal contractions,'synchronization iKcreased.

(

‘ . . L‘/
. . .
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H. MUSCLE FIBRE RECRUITMENT

It has been .recognized for over.one hurnidred years that'
mammalian skeletal muscle has at least two differéhtitypes
of fibres (Peter et al 197?; Buller 1975). Now three
distinct mofor uqits have been described. One contains the
type I muscle fiﬁre, also called slow twitch (ST) or slow
oxidative (SO), It has-a low peak tension, slow contraction
time'and high resistan&e to fatigue relative to the fast
twitch (FT) fibre. The latter, alsb calleé fast glycdiytic
(FG) “pr type II, h&sia high peak tension, fast contraction
time and poor resistance to fatigﬁe. A third éype of fibre
is 1ntermed1ate in pgepert1es and 1s commonly called 11a,
FTa or fast oxidative glycoiytlc (FOG) (Buller 1975).

The main theory on the order of recruitment of the
différent fibre types follows the "size principle" (Hennemah
and Olson 1965). It is believed'fhat tﬁe smaller motor units -
associaged with the slow twitch fibres are recruiied first,
and as mo;e motor units are needed for the muscle
performance, they are recruitéd in order of size.

Stﬁdies on fibre recruitment in humans are limited by
the methods available. Fibre composition or size has‘been
correlated with particular performances or comgéred in -
different athletes and sedentary 1nd1v1duals. More direct
evidence has been obFained by studying the effects of

_exercise on glycoéeh dépletion in the fibres or by observing

EMG from a small number of distinct moto;;units. Although

~

S

these methods have problems, they do pfoVidévqualifative
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information on the recruitment of the different motor units,
data that could assist in the~choice'of exercise for
specific muscle fibres. In the case of persons with RA, if
a
there is greater atrophy of the FT flbres, recruitment of
them ih exercise may help to reverse the situation and
improve the function of these petients.
Training studies which examine the effect of exercise
on the different muscle fibre types also enhance our
knowledge of recruitment. These have been discussed

previously.

RECRUITMENT DURING iSOMETRIC CONTRAC%&ONS

Several investigators have found a positive correlatjon
between the percen£ of FT fibres and/or the oércent area
oocupied by these fibres in the vastus laferaiis and rhe
maximal 1sometr1c force produced by the knee extensors
{Tesch-and Karlsson 1978, Komi and Karlsson 1979, Komi et al
1977). Others (Thorstensson 1976, Gregor et al 1979) hase
not reported these correlations. Co}relatiooslhave been
lower in females (Komi and Karlsson 1979) and when fibre
composition is related to strength of two leg extension
(Thorstensson 1976, Hulteén et al 1975). Clarkson'et alj
(1982) found that maximal isometric strength was related
more to body weight than percent of fast twitch f1bres.

Secher et al (1976) demonstrated a decrease in the

ratio between two and one Jeg extension forces ﬁlth

selective block1ng of type 11 fibres (with 4a- tubcura:une)

)
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and a sllght E;erease 1n'the ratlo with blocklng of type I .
fibres (w1th decamethonium). The results 1nd1cated a greater
recruitment of the type II1 fibres during.one leg 1sometr1c
exercise. However, athletes trained in activities requ1r1ng~
maximal leg work are able to produce greater relative two “
leg force (Tesch and Karlsson 1978, Secher 1975), and
poesibly_recruit ; greater proportion of their FT fibres
with bilateral contractions, than the untrained.

Repeated maximal isometric extensions of the legs have
resulted in maximal depletion of gchoéen in the type Itb °
fibres with the least depletioe occurring in the tyge T
fibres (Sether and Nygaard-Jensen 1976). 4

~There hee Been'greater centroversy'on the role of the
FT fibree in submaxima} ison}etric contractions. Gollnick et '
al‘(lQ?4 & i975) folloﬁed the glycogen depletion pattern of
the vastus lateralis with 1ncrea51ng intensity of
contraction of the quadrlceps and concluded that
predominantly FT fibres are recruited at force levels
greater than 20% of the MVC. Studies fecording the

! . .
electrical activity of individual motor units suggest A meore

gradual increase in the recruitment of FT fibres with A
increases iﬁ muecleé force. As muscle force becomes dreater,
motor units are recruited in ascending order of the
cohtraction force they gnnerate,(Tanji and Katn 1973a, Maton
1976, Milner-Brown et al 1973) and the size of their action
potential‘é (Tanji and Kato,,1973ﬂ'ﬁat_on 1976). Phasic units,

th~se with higher optimal and maximal dis~harge frequencies,
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are progreSssively act1vated (Hannerz 1973), sand there is a
linear rise in their frequency of discharge (6ydikov'and.
§4+/?§nji and Kato 1973b) with increasing
contractile force. V. |
-* Speed of force production of am isometric contraction
may also be importané in determining the degree of FT =
recruitment at submaxinal levels of contract‘pn ‘and could
-account for the differences in the'reséits repcrted above.
Recording frqy single motor un;ts,‘Tanjl and Kato (1973a)
noted that as maximal muscle-foice wasiéchieved faster, the
same 5otor unit was re}ruited'at a 1oJér tension. Using
similar techniques, it was'foudgﬁphat phasic»motéf units of
the biceps increased their firing frequency exponentially
with change in speed of forcé development (Gydikov and
Rosarov 1974), Recoréings from tibialis anterior showed n~r
recruitment of these units with weak contréctions unless
.there was a rapid initiatioh?of the contraction from
complete relaxation (Grimby and Hénnerz 1968) . Warmolts &nd

Engel (1973) recnrded from areas of mus~le in patients with
neurnpathies and found that the sampled regiogi contair-A
approximately 95% type T1 fibres. The fibres were on!':
activated by 'ﬂriﬂ vigqorave and Brieflv suc'ngnoﬂ
“Hﬂtravt{ons. v

Viitasale and Komi (1978) reported that the time taken
to pro%uce a required percent of isometric MVC was
correlated with the proportion of FT fibres in the

—'——"y

nortracting mnqcle for all frrres helow 90% MVC,
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RECRUfTMEﬁ} DURING ISOTONIC CONTRACTIONS ’

Secher and Nygaard-Jensen (1976) reported that both one
and t;o leg dynamic extension produced greater glycogen '
depletion in’ the type IIa and 11Ib fibres than in the type 1I.
Howedér' there was less total glyéogen'depletion with the
Lwo leg exercise. Komi and V11tasalo (1977) found no
d1f£erences in the glycogen depletion of the ST and FT
fibres of the Yastus lateralis follovlng either 40 maximal
'fccgntric or concentric contractions of extenSors of both
legs.

Several investigators have.reported positive
correlations be;;een percent of FT fibreﬁ and/or their
relative area in tiHe vastgs late{alis and\various indices of
performance of méximal isokinetic knee extension at
180°/sec. These indices include ‘peak torque (THorstensson
1976, Thqrstensson & Kaplséon'ISI‘, Thorstehsson et al
1976a, Nilsson et al f977ﬁ_Komi and Tesch 1979), work and
power (Nilsson et al 19775, rate of fétigue (Thorstensson &
Rarlsson 1976, Nilsson et al f977 Komj & Tesch 1979) and
relative. increase in peak EMG: peak torque (Kom1 & Tesch
1970) and TEMG:work (Nilssom et al 1977) ra*los and lactate
concentrations in muscle (Tesch et al 1978) after repeated
contractions. The authors indicated thatvexercise at this
speed involves substantial récruitment ofhghe FT fibres.
Failure to mairtain a high force output after repeated

contracfioﬁs would be due to the fatigue of these high

ibres,

(

S

tension producing f
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Others have reported that subjects wlth a greater
percentage of FT fibres produce greater absolute torques at
speeds of 96°, 192°, and 288°/sec (Gregor et ‘al 1979) and
achieve contractions ofThigher velocity (Thorstensson et al
1976a). Gregor ef al (1979) also reported that the
perceniage differen;e in  torque proanced”at 0° and 96°/sec
was negatlvely corrflated with the percent ST fibre area
(r=-0. 52) With a greater area occupied by ST fibres, the
torque-velocity curve was flatter between 0° and 96°.

From recordings of single motor un1ts during muscle
contraction, éanner7 and Grlmby (1973, Grlmby and Hannerz
1968 & 1977) concluded that phasic unlts w1ll bé recru1ted
for "rnpid contractions, espec1ally in alternatlng-movements.
Using gimilar technigques, Maton (1980) reported that a g1ven
motor unwt can dlscharge dur1ng'a static or dynamlc
contractiaon and rﬁ%& the firing rate and recru1tment in both
types nf rontrascrione arn Aependent only ~n the exhernalg
farre.

Recently, lesmes et al (1979) compared glynogen
depletion with isokinetic exercise at 60°/sec ind at
300° /sec. fhe depletipn was =imilar in fagt and elow twit-h
fibresaar the slew speed hut was.much greater in the ¥T
fibres following exercise at 300°/gec.

From the studies reviewed, it appears that ST fibres
are generally recruited first, and that FT fibre-recruitment

increases as force or speed of contraction become greater.

The optimal npmbinarinn’of speed and force for the qrearest’
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reoruitment of the fT fibres has not been established, but
- perhaps it is the pornt'at‘which the muscle can produce the
maximal power. Factors such as individual fibre composition,
_glycogen content ot muscle, and degree of training probably

3 B . x !
also have an effect on fibre recruitment.

I. STRENGTH TRAINING PROGRAMS FOR RHEUMATOID ARTHRITIS

It is difficult Po evaluate the effects of an exercise
. program on patients vlth rheumat01d arthrltls because of the
fluctuat1ng nature of the disease and the usual simultaneous
implementation of several forms of therapy such as
_medication, injettiohs)‘rest and exercise.: Becausg of these
difficolties, some iﬁvestigators have examined the effects
of an'entire treatment prOgram as opposed to only one aspect
of it. Lowmanv(19580‘ Duff et al" 1974), and Karten-et'al
(1973) reported 1mprovement in the ablllty to perform dally
act1v1t1es in a‘broportlon of patients part1c1pat1ng in
rehab;lltatlon programs and foI&o%ed for perlods up to five
years. The study with, the youngest pat1ents also recorded
1mprovement in the greatest percentage of subjects. These
studles d1d not evaluate the change in specific parameters
that might contribute to the improved functlon such-as
deCreased pain, ihcreasea strength, or increased xanoe of

Resufﬁs of severa] studies have indicated that exercise

m1ght detrxmentally affect the person with RA.
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Partridge and Duthie (1963) found that .-hospital .
patients with RA had a greater decrease in disease activity
if joints were completely immobilized than if patients were

’

on bed rest but performed active exercise daily. Smith and

Polley (1978) reviewed several studies that reported similar

resulte_ﬁ greater improvement of disease activity with rest
and immobilization and faster deteriefation‘with increasing
and heavier activity. Hewever Mills et al (1971) found no‘(
dlfference between a program of bed rest and one of ad lib
act1v1ty on their effect on disease act1v1ty in hospitalized
RA petients. ” _

Hollander and'Horvatﬁ (1949) foﬁnd that 10 to 15
passive movements of the rheumatoid knee increased the joint
temperatureAwhich is usually elevated in RA joints even at
rest (Horvath end Hollander 1949). Harris and McCroskery'
(1974) have demonstrated in jn vitro studies, that an

\1ncrease in temperature increases the activity of
collagenase, an enzyme 1nvolved in the degradatlon of
cart1lage collagen. |

v

As 1nd1cated previously, patlents can experlence pain
during exercise, although the‘pa1n has not always geen _
associated with level of strength (Tiselius 1969, Ekblom et
al 1974). ' R .

' In dogs with experlmental crystal- 1nduced arthrltls,
synov1al flu1d amd leukocyte count: 1ncreased with pass1ve

"movement of the T01nt (Agudelo et al 1972) In addition,

exerc1se_1n.RA hasAproducea deereases in oxygen tension and

7
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pPH indicating a possible decrease in the nutrition to the

joint during exercise. (Lund-blesen"b70) Lund-Olesen (1970)

y -

suggested a cyclic series of events with the anoxia leading

" to cell death and release of lysosomal enzymes, events which

produce increased leukooyte migration into the joint, a
greater oxygen consumption and greater anoxia.

Jayson and Dixon (19?0)‘found that during both passive
and active exercise, the intra-articular pressores in
rheumatoid arthritis were significantly higher than in
normal subjects. They ihdicated that the preSSUres may'be
high enough to cause cfstic bone lesions,isgnovial cysts or
joint rupture. ' .

None of these studies exemined‘the long term negaq;ve
effects of exercise nor weighed these against thewpossible.‘
benefits of exercise to,joint'and muscle function. '

Liberson 11961), reporting on the results of brief
isometric exerciseein a number of subjects, indicated that
the one RA subject in his sample had a 'favorable' response.

Machover and Sapecky (1966) examined the effect of 7
weeks of thr1ce dally 6- second 1sometr1c contractions on the
strength of the quadr1ceps of 11 male patients with
rheumat01d arthritis. They reported a 23.3% ga1n of strength

of the exercised limb compared to a 17.6% 1ncrease in the

. contralateral control leg. They did not prov1de statistical

analysis of their reshlts.'rn addition,,the improvement-
might have been due to the rest the patients received as

inpatients, and the'intra—articulér steroid injections

e
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received by three subjects. The authors did not specify the
~ severity of the disease in their patients. However,.theyadid
- note that the exercise did not lead to an increase in joint
swelling or pain.. |

Two studies reported no change in strength.of the
quadriceps in rheumatoid patients recei{ing iSometric
_exercises. Cuddigan (1973) compared his experimental
subjects to;a normal group that received no exercise and
were in a much younger age bracket than the patients. His
exercise routine was not well describedfand was simply
termed an 5intensive physiotherapy program”

Luckhurst et al (1974) had similar results when
comparing patients with RA to those with osteocarthritis,
post menisectomies, or normal knees. All subjects received 4
weeks of progressive resistance isometric exercises for the
quadriceps. Both isometric 1 RM and 10 RM 1mproved in all
except the’ rheumat01d group Although -pain on movement
decreased and there was no change in frequency_of effusions

in the rheumatoid knee, these patients took'longer to walk

50 feet after the experimental period Per ormance .on stairs

1mproved.slightly Tg : d several

- treatment se551ons during the study because of pain and
'fatigue._ |

The majority of the\studies on ispotonic traiplng in RA
. haue shown 1mprovements in strength. McLaughlin and Reynolds

(3970) hOWever, found no improvement in‘such.tests as grip

iand p1nch strength pronation ‘and supination torque, ADL
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v(activ1t1es of dally living) and. dexterlty act1v1t1es, with
a program of 1soton1c -hand exerc1ses. Re51stance to movement
‘was not prov1ded in this program,.and the opposite hand of
"each patlent was used as the control

‘ Ekblom et al (1975a) studled the effects of ja 6 week
"physicalvtraining program on a group of hospitalized |
rheumatoid pationts.vTho.program included'interual training
~on a bicycle ergometer and muscle strengthening on a
quadriceps table (isotonic contraotions) Compared to a
‘control group of RA subjects, the tra1n1ng group 1mproved
51gn1f1cantly'1n walking and stair tests, 1n helght of foot
stool they could cllmb .and in physical fltness as measured
by ‘maximal oxygen consumptlon, heart rate at a spec1f1c work
load and maximal work per formarice. Both isometric and
dynamic muacle strength.ofoquaoricéps and isometric strength
.of qlbow flexors and ankle planﬁar f;exors improved in the
exercike and control groups; with no sighificant diffarence
between groups. Both groups had regelved "routine
physiotherapy conslst1ng of muscle strengthenlng 'and joint
mobiliry.~The authors reported no change in ]olnt swelling
~and pain in either the experimental or control group.

| These’parienté'uere followed up 6 months 1a£er (Ekplom
et al 1975b) and it was'found that those who coutinued Qith
some form of axerciSe 4 tiu;s perkweék showed no'changeiin
muscle strength. Those who exercised only 2 timeés per week
or less had a decrease in dynamio,muscle strengt* of the

-legs. Some members . of ghe control group had commenced a

.

L



training program at home and had an increase in isometricA
muscle strength in poth arms aﬁﬁ legs. The remainder of tﬁé
control group shbwed a decrease in physioal performance with
_no changes in muscle strengtﬁ..ﬁgain, there was no chauge‘in
joint status. |

The same group of‘inue;tigators (Nordemar et al 1§76a)
studled the effect of thlS phy51cal training and
strengthenlng program on muscle fibre size. After 6 weeks
training, there:was nofohangeﬂin fibre composition ;n\the
vastus lateralis. Howéver, both types of fibres,increesedgin
. size, the faet twitch iuc?easing mor e (35%) than the slow
.twﬁtch (23%): Changes in physical performance and.strengtu
Weretin agreement with their previous Tindihgs.‘ :

A longer, but less intensive exercise prograu (Nordemar
et al 1976b) resulted in a 12% 1mprovement in strength, but
no change in flﬁbe 51zé The authors also, reported a
51gn1f1%ant correlat1on between isometric strength and size ‘

of fast thtCh fibres in their pat1ents. The. correlatlon was
greater after tra;nlpg (r=0.8]7):than before (r=0.535).
There was no increase in muscle or joint inflammations

‘ﬁordemar and colleagues (1981, Nordemar 1981) haue
since followed rheumatozd patlents receiving physical .
tra1n1ng for 4 to 8 years. The patlents.followed a variety
of tra1n1ng modes 1nclud1ng swimming, sk11ng and cycllng.
Some of . the pat1ents part1c1pated "more or less” regularly

'in a group that exercxded on a bicycle ergometer agd

.. per formed strengthenlng exerc1ses for the lower extremltles.-'
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Compared toja'control groop that had no regular exeroise,
_the training group had a less pronounced progression‘of |
radiological changes of the joihts. The training group also
‘rmproved their quadriceps,torque,Jbiceps torqgue. and.
performance oh”a stair tegt. ADL peniormance as assessed by
a questxonna1re was s1gn1f1cantly better in the tralned
group. . N -

‘There is always a possibility in such a study that
4

subjects whose disease is better will tend to exercise more, .

rather than the‘exercise,affecting the disease progression.

-

Some of the subjects changed groups in the first part of .the

¥

study because they were not following the exercise or

non-exercise program outllned for their group.

.

Harkom et al (1982) also had thelr subjects on aerobic

<~

trainimg, but did not include- strengthenlng exercises 1n
l’
their program. They d1d not find any change in knee

extenslon torque measured on an rsok1net1o,dynamometer.

To summarize, the results of studies evaluating the
ef%ect:of exercise oh‘strength of persons‘with\RA have been
~conflicting. The majority*of the studies have had design
problems.rela{ing to choicelof controls, changes in overall
treatment program and lack of spec1f1c1ty of the tra1n1ng

exerc1se. It is encourag1ng, however, that some of the more

recent studies have indicated that dynamic exercise can lead

to muscle hypertrophy, increase in muscle strength, and a

decrease in progression of the'disease.‘None of the studies

‘_oompared the effects of different types . of strengtheﬁiné

Vs

!
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1. stiffness of knee or thigh

A |
111. METHODS

A& SUBJECTS | N
| Subjects weréifemales betweén the ages of 23 and 59 who

fulfilled the ériterid for classical or définite‘rheumatoid‘

arthritis (Appendix‘A). All were in anatomical stage and

functional class I1 (Appendix B). All had‘symptoms of

arthritis related to the knee. These included 6ne or more of

fhe foliowing: o

_ B

2. pain, aching or tenderness of the knee °

3. swelling of the knee .

4. atrophy of‘guadriCEps

5. "giving way" of the knee
Persons‘méeting any Qf the following criteria were not

included in the study:. .

1. ¢ommenced treatmént.ﬁith myochr;sine, penicillamine,
‘azathiaprine, or chloroquine less than 6 months prior tno
the onset of the study

7. stopped myochrysine,.penicillaminer'azaxhiaprine, or
chloroquine less than 3 months prior ‘to the onset of ‘the
studyﬁ

3. received in the past or were receiving systemic

corticosteroids

L]
ot .

4. received an intra=articular inj§ction of steronid or

radioacéivg gold|in fheti'months.prior'to the onset of

the study ' _ N

%
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through the training program,'the subjects in the exercise

e

S.- wege suffering from cardiovascular disease including

-

hypertension, previous myocardial infarction, angina or

any cardiac ailment for which they were receiving
d {

treatment. v o ’ .
- ) N “a ) v

6. had a musculoskeletal disease other than rheumatoid
arthritis. = 4 f ©

B. RESEARCH DESIGN -

\

The study was-a randomized control-group,

pre-tést/post-test design (Campbell and Stanley.1967) with
v : \

the exception that the subjects were selected nonrandomly

for ‘admission to the study. All "subjects underwent

pre-tests, we:e'st%atified on‘the}pasis of absence qr'
presence ofégnee Swélling determined clinically, and then
were randomly;assigned tb‘onq of three groups. One,
e;berimental.grpup,regéived-isometrié “training, on;\
experimentai groﬁp received isokinetic training and the
third group acted as cgatrol subjects and recgivéd-nb
training. Theitho exerci§e groups were tested. for pgin and
swelling at each training ses§ion. All pre-tests wére

re eatea:again é; the end of the trhiniﬁg'perioa. Miéway

’
’ - . Y B .
groups were tested for joint agtivity, péln and function. An

outlineésof the design is*illustrated in figﬁéé‘3.1,

\ : ) ’ C " /(\&
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RECRUITMENT OF FEMALE RA
PRE-TEST

Knee extensor torque
Muscle Biopsy
- Disease Activity °
Function Questionnaire .
Pain Rating Index Questionnaire

STRATIFICATION OF SUBJECTS

‘Knee swelling ~ No knee swelling

T~ —

RANDOMI ZED ASSIGNMENT TO TRAINING

N=10 N=11 N=11

TRAINING

Control <\ ‘Isometric Isokinetic

N Exercise pain scales
‘\\ ] .. Joint Swelling

\ s ! l ;
\\\ - - MIDTEST
Disease Activity
N\ ! Function Questionnaire .
\\NPain Rating Index Questionnaire
POST-TEST

Knee extensor torque
- Muscle Biopsy .
Disease Activity
Function Questionnaire
o Pain Rating Index Questionnaire

Figure 3.1: Research Design ' \



C. TEST PROCEDURES
 DISEASE ACTIVITY
The following indices were used if the evaluatioﬁ of
disease‘activity: duration;of morﬁing stiffness, time of

onset of fatigue, grip strength, number of painful joints,

‘and ﬁﬁmbef of swollen joints. The methods are deSefised by” ¥

Lansbury (1958). - N
hY
FUNCTION o ' s
Subjects answered a questionnaire concerning their
ability and independénce in a number of daily activities

(Appendix D).

PAIN

The overall pain of all subjects was.assessed pre- and
post-study by means of a pain rating index (PRI) based on
the rank values of words describing pain (Melzack” 1975)
(Appendix F). The exercise groups were also eVéluated for
pain ‘midway through .their training programs.

Pain éxperienced durihg the exerc%se sessions wﬁs_rated
by the expefimental_subjects in two ways. They were asked to

’a » . > . » » .
ifditate the severity of their pain on a continuous line

+

scale of 10 cm. They also rated their exerrise paig on a 1§

’ . \

point scale adapted from the perceived exertion scale of
-~ Lo ’ ‘ -
Berg (Eklund 1977) and renumbered to have a lowest value of.

0. (See Appendix F for pain scales). ‘

.
L

_ P

s
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KNEE SWELLING

. Swelling of-the knee was measured before and after each
exercise session:S} measuring the circumference of the knee
immediately above the patelléxwith thé.knee extended and the
patientflying‘in-a supine position;

MUSCLE FIBRE COMPOSITION AND EIZE

A biopsy sample was taken from the vastus lateralis of
the weaker leg after all other pre-tests had been completed
and before commencing training. A second biopsy was
perfarmed after the comple%ion of the final strength tests.
The biopsies were taken using a Bergsttém needié by the
methoé described by Bergstrom (1962). After ah injection
with local Jnaesthetic, a small incision was made on the
lateral aspect of the thigh approximately midway between the’
knee and the hip. The biopsy needle was inserted in the
incision throﬁqh the ilio-tibial band to the vastus
later»lis., The inner cylinder of the needle was pushed in
while the outer needle was kept in place. Counter pressure
war applied with the other hand to the antero-meAdial aepert

~f the thigh. : ’ ,
.thig “

%

The biopsy samples wer~ mounted on cork, immedi;tely
frozen in~i§opentane cooled in liquid nitroggn and then
“stored at 80° C until the time of staining.
In preparation for staining, muscle tissue samples were
warmed to :20;-C ir the criogtat‘and the cork mounted on’a

chuck. Sections of 10 «/ thickness were cut in the cryostat

N .

- i



51
and mounted on coyefslips. Eéch section wascrhecked:under a-
miérescope to ensure that a crossfeection‘had been obtaiﬁed;
and ‘then left to air dfy for at léest one hour before
9 staining. o . S o | S
'Staining for ATPase was done by the method of Gﬁth ang
Samaha (1969) (Appendix G) with~ pre-incubation at pH 10.4

and incubation at pH 9.4.

To measure fibre size, photomicrographs of the muscle
sections were taken and the film processed as 8" x 10"
prints utilizing the Same exposure time,,aperatUre and
distance for all prints of a film. For calébration purposes,
a micrometer was placed under the microscope at the same
setting and photographed. The areas were’ealculatedbbfuthe

41east diameter technigue (Dubow1tz and Brooke 1973Y/us1ng
vc1rcles of various diameters to fac111tate measurement " The
value used for analysis was the average area of each fibre
type determined from 16 or more”of'eacﬁ'of fast twi*cg and

slow twitch fibres.

STRENGTH TESTING | o o

Testing of strength t

between each tes : - “th before and after the tra1n1ng

~

ng was done on-.a Cybex II isokinetic

was caliQ;ated prior to each teSt'sessiqn

4 ‘o \
gups’B 2 111ustrates subject and apparatus 2o

B i
T pos t10n1ng for both 1somet2§§ and dynamlc torque
: ¥
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A
measurements of the quadrxceps. Varyxng th1gh.1engths vere

aaccommodated wzth emovahle back supports. Stab1lizat1on was

~“prov1ded by a. strapv round the pelv1s and another on thebv
th1gh of the leg to b t\sted Subjects were asked to place
’ thexr arms in a Pos1t1on that was comfortable for them, and

to keep them in the ‘same pos1t‘on for all tests. S

The pos1t1on of the Cybex I ~dynamometer vas adjusted

gto a11gn the axis of rotatlon of th '1nput shaft w1th the

. \
. centre of the lateral Joant l1ne of th knee %hen the knee

Sy
was. 1n a rest p051tlon at approx;mateiz\_0° of fiexlon The\
length of the lever arm was adjusted so th t\the padded

strap could be attached comfortably around t

lower leg of
the subject The dlstance of the 1nput shaft from the

lateral s1de of tﬁe knee was adjusted until the su@?ﬁct

t
rcould extend the knee through the te!t range smoothly and

';comfortably thhout excess1ve medlal lateral movement. - of\the

\

A microswftch\was\put on. the input shaft of the ;f‘:' , ﬂ‘
dynamometer and adjusted to record when the knee angle of
the subject vas 30° from full extensxon. Th1s angle was’
measured w1th a plast1c gon1ometer, the centre of wh1ch was
placed at the lateral jofnt 11ne of the knee and.the arms
‘aligned glth the greater trochanter of the femur and the
. laterai~Malieolus (F1gure 3.3). The measurement was tak/n as
the subject was contract1ng 1sometr1cally agalnst the azﬁ off@“
\the Cybex to account for the accommodat1on to movemernt -

' provxded by the padded strap and “the 1nput shaft
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Testing of ‘both legs was performed on all subjects. The
order of testxng the weak and strong leg was' random.

1sometric torque vas recorded 1n three dszerent knee

- positions - 30°, 60° and 90° - which vere measured with a

goniometeﬁs descr1bed above. 'rhe method of Perrme and
Edgerton (1978) was used to. record torque at 48°' 96f. 144°'
and 192°/sec.,At the slower speeds, the subjects were asked :

- to produce maximal torque of knee extens1on only as the knee

approached ‘the 30° posxt1on. Th1s po1nt could be Judged by

.ﬂthe subjects following the.moyement of the ‘microswitch on

'the input shaft as they extended their knee; At speeds of

144°/8ec and faster, the subjects exerted max1mal effort

"_throughout the range from approximately 90° to full

'exten51on. nt the two slower speeds, the torgue was also
recorded in the- standard way, ie, the subject ‘was asked to
extend hlS knee as hard and as fast as he could throughout.
.the full teﬂg.range.‘The performance commands for maximal
effort :through range were‘"ready and k1ck" for 1sometr1c,}
ready and push", and for the Perrlne and Edgerton method at
slow speeds, "start extend1ng and kick" (as the leg
‘approached the 30° pos1t1on) o |
. At each test.sessxon, the tests were repeated-three

times ‘and the best result used for the measurement and

ca culatlons. The same tests were repeated at each se551on

- ard the final best values used-for analys1s for both. pre-u'

2

;and post-tests. - o .



All torqme'curves were recorded on the heated stylus
'1“ o - |
; f°°°fd°! PfOVldeﬂ bY the manufacturer.p~?w

The followxng are the measurements and calculetmons

._B -

,1determiped fromfthe torque cUrves.lﬁrgp

1.gitorque at 30°}(h1ghéstiva1ue obtaxned by ezther method)
L ",}‘

2- power bt tor7ue at 30‘ x veloc;ty x 2p1 x 360°°"'”

.

3. _peak torque (standard value) \

. | ‘
. 4, . vwork = area under the ent1re torque curve (for all

.curves where max1mal effort’ was exertéed through the full

_ / A

range) -7

51#:P°W9r - wbrk (above) x tzme“-

A

6. work = area under the torque curve between 15° and 75°

(for alﬁ curves where max1ma1 effort was exerted through
O .

-

the full range) )
7. power .= work (dbove)-x'time“ - o "eu-",

° Area of the torque curves and work- and power - v
equ1valents were measured on a Hewlett Packard d1glt1zer

.(Append1x H).

.D. TRAINING PROGRAMS

CONTROL GROUP 2

Y

The control. group recezved no exerc1se program but was

tested before and after the seven week program in the ‘Same
A

manner as the other”two groups; The subjects in thls group °° .

and in the two exercise groups were requested to marnta1n

their normal act1v1t1es.

:‘.‘ EE
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Suhjects 1n the 1sometr1c group were tra1ned thh ‘
isometrzc contract1ons of the quadriceps three days a week

for seven "é‘ks°-The trafnxng set-up was the same as '“"'”

descr1bed for test;ng. With the speed of the Cybex II set at‘nﬁi

.

°/sec the subject e tended hls knee Maxlmally agaznst the S
input arm for three s conds, once at each of the knee angles -

of 30° 60° and 90° 1here was one m1nute\petween the
beglnn1ng of each con'ractxon wh11e the apparatus ‘was

o

adjusted to the next 051t10n. Both knees were tra1ned the‘

order of tra1n1ng of the legs bexng random at each se551on.

ISOKI“ETIC GROUP |
) The tra1n1ng 51 uation for the 1sok1net1c group was the
same as that for the'1sometr1c group except that the former o

performed contract1 ns of the quadrzceps through a knee

range of approxlmat ly 90° at 180° /SeC.ASIX repetitions were

done 1n succe531on‘r1th a minute between the commencement of”w_

each of three sets. Thus, t1me perlods {or work and rest ;

| wvere the same for both groups. : R : .

E. HANDLING OF DRo’iSours o |
17 was made clear to all patxents at the beglnn1ng of

the study that they:zere be1ng asked for a seven week ‘

comm1ttment of thrxce weekly treatment plus an additional

two weeks of testxng. If a tralnzng seSS1on was m1ssed ’all

b

attempts were made to make 1t up the°same week If a,subject

s



'.‘-;dropout from the study..l

. : . L . . sow .
e . o L f ‘ :
Ty . L R - .

"‘mxssed more than three vxs1ts 1n tatal sﬁe'ﬁaé considered a

i

F m\-ra mmsxs g o |
The folloming were the dependent varlables and thexr'
‘d_scale of measurement‘ - R Tf ;\f;*f: o .
R ) Torgie v.‘Nm' B
2. L Péwer‘ s ld.- ‘ _ ,r , vatts
. 3;.‘“° | | .lﬁdrk . ;lﬁv ", 'gjf‘,”'_Joules e -
v'u 4._e - l F1bre S1ze.flr - '-.d}7; ljgﬁetl‘ir 'rfv o _“'g
f‘isti -{,A‘tl Pa1n“_o : ';fﬁ‘c: aﬂ'v._.jvrfmm»f'~d_ ;;n: r R
. ,lblsease act1v1ty parameters were the: fclldulnéz '

. - Mornlng Stlffnessd'ia 5 ';chrs (hr)dTl»jf‘

.o ' Fat1gue R | u'_lﬂ-‘ ‘hr

Gr1p Strength R ..'mmAﬁerCUrf'(mn HY)

e 4 e e e e et e e amma s trameaa e+ e e e et 14 5 o o £ A e P s

Pa1nful J01nts f” - Frequency

NS I ST AR N |

. Swollen J01nts'd"ﬂ*ff” ﬁ ;l Frequency ”L;' _
| i A two-way an/}y51s of varlance (ANOVA) was used to g
’fanalyze daﬁa ow,torque, power, work f1bre 51zJ d1sease
E'act1v1ty measurements and funct1ogp In all cases,one factor:
was a repeated measure. The Neuman Keul procedure was used
for post- hoc analys1s. L _
., d Pa1n and swelllng.occurr1ng w1th tne exerc1se were
analysed by averag1ng values from seven consecutlve se351ons f

A
‘.and performxng analy51s of varlance as above on. the



- :receiv1ng approval 1n both cases.

“'resultlng values.

Pearson product moment correlat1ons were performed _

i between spec1f1cally serected var1ables, eg., comparlson of

bl - ~‘. ) X . : B P
. . S .

A.the two exerc1se pa1n scaLes.

6. z-m:czm consmsmmous Lo \ Lo
- The study vas submitted to the Eth1cs Comm1ttees of the

FﬁhFacultles of Med1c1ne and Phxslcal Educat1on and Recreatlon,

"fthehr adﬂ%ttance 1nto';he study (Agpendxx I). The p0551b1e

benef1t a subject could recelge through part1c1patlon in the -
:ﬁstudy was an 1ncrease 1n strength and funct1on of the knee. -
However, the subjects were also 1nformed that they m1ght

have no 1ncrease in strength and could have added dlscomfort

’from the treatment.-

If subJects objected to havxng a.repeat blopsy, no . S

”pressure was put. on them ‘to undergo thlS procedure..

Part1c1pat10n in: the study d1d not affect the Sublects

<
medical treatment If they had any,concerns about thelr

arthrltns and medical treatment dur1ng the study, they were

@

"referred back to the1r rheumatologlst for rev1ew.
. £



v 071 Iv. BESULTS AND DISCUSSioN S
Th1s chapter beglns with a br1ef descrxptzon of the-ifr'

-y R
subjects and the1r cpurse through the. study. Presentation of

. . .
re5ults 1s 1v1ded 1nto fzve maxn sect1ons-

1;"data der1ved from Cybex test;ng

2. data on miiscle. f;bre types and area’ R
3. ‘dlsease act1v1ty parameters , T-'.' i'“ﬂ& v'v}
4,}‘pa1n and’ funct1on scales
- R T,
-1 exercise’ pa1n and swe!l1ng “..,"""j*r ;”,

The" f1nd1ngs are dlgllssed as they are presented At

the end of the chapter, the maJor results of edch sdctlon

are- summar1zed and their 1q§errelat1onsh1ps §i & ed. Most

*) of the data was analysed us1ng a tﬂﬁ way ANOVA The post*hoc
ot ?

dlfﬁerences were determ1ned us1ng tHe Newman Keul procedure.'
A L

In cases of unequal numbers per group,‘the harmonxc ‘mean of
«observatlons ‘was employed for the latter. (Ferguson 1971)
When results are reported to be s1gn1f1cant the probab111ty
level 1s pso 05 unless otherw1se stated All stat1st1cally
s1gn1f1cant values 1n tables are: underllned
A. SUBJECTS | |
Thirty-two.subjeCts vere ernPered into the study~and 26
of the e underwent the pre-test muscle biopsy. Only one of
the latter refused to have a repeat biopsy. .4}
Three persons -in each exercise group m1ssed one or more
treatment sessions. In total, seven days were missed by the
‘e 89

t N N . . . P



| C““R"CTERISTIC R cON'rRoi. SRt

r .'__"‘v

B P, n-10 i =
"-T{agéi}gbéjffl:7”°“x}7f 435 '”Zﬂf:z 46 9
Do .(26 59) ; ff,ﬂffiza 56)
‘7Dhratibn'of’ s Q;f 5 5 ‘f};?ff}. 9. 8

. .

-~ diseasge: (yrs) e (O 7- 11) ‘..t‘(1 23 5)

\

'Helght (in) - '{' 63, 7 fﬂ R 64;3;,
o '; o (60~69 5) . (60-68)
‘weﬁghﬁ'(lbsiﬂ;"k. 13108 "wn 125. 44¢

A ; S (93-167) v (114 157)

*values are means w1th range in brackets

'“ffsonﬁwnfé

’fj;rsoxrnsrxc

n-11

39 5

(26 55)

4, 2

o, 5—19)
', L en2
iay(§9“55)7
':j!136;2

isokinetic'group'ané fiVe:in'the'iSOmetric groﬁp Am..

L2 /

addltlonal person in the isometric group completed 21

exerc;se SESSIOnS, but with a two week 1nterruptlon in the

w.mlddlé ‘Her data were not 1ncluded in the analy51s. Subject

#19 in the 1sok1net1c group hurt her back between the flnal

rtreatment sess1on and the post- test. Her strength test

sesults were not analysed.

One person in each exercise group rece1ved an

intra- art1cu1ar 1n3ect10n of corticosteroid 1n a 301nt other

than the knee during the study.

P hv Subject characteristics are presented in table.4;1@7A

one-way.ANOVA revealed no significant differencee;among”the'

~

| (115-160)

AN



T

N

post test values and the1r dlfference are 1n a table

r

follow1ng each graph Summary-tables from the analy51s of

varlance appear—i ~ hdix J.,”

o

A three*wayFA (SPSS package) was. performed to.
compare: the pre- test/post test dlfferences in peak torque of

the strong and weak legs over groups and speeds..As there
A

-~

‘were no 51gn1f1cant d1fferences betVGen legs, all toque
results are presented as the total of both legs. Rlchards‘
(1980f'reported no. 51gn151cant d1fferences in torque between
the more affected and the less affected llmbs of pat1ents
with RA. The data of Nordemar et al T1976a) also 1nd1cated
no,dlfferences 1n initial 1sometr1c torQUe or changes w1th o
| tra1n1ng between the two legs '
PEAK TORQUE T -
F1gure 4 1 and table 4. 2 show the results for peak

torque measurements for all groups. Observat1on of the data
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TABLE 4 2 j;f'*“ C o

. KNEB EXTBNSION PEAK - TORQUE
MeantStandard Dev:atzon (Nm)

CL | _f,ﬁ SPEED (‘/sec) ‘ _
T 0 48 0 9 *?ﬁ:144 i”f 192.

v

au_;Pre"f-"'édélo-; 71,2 ‘£1$3{8“' .103,63j”f§§5'°efv'

|  ;ﬁ:'7axz5 172.5.  149.8 - $37.1 $25.8 i?llé»f»'
Post, . 2014 177.2° 3. 1. 6 . 87.4

> ST #7103 #5248 #35.5 . 227.6 $21.9

bitf  -0.6 - 6.0 4.3 - i.0 . 2.4

Isom  Pre . 171.5  147.7.. 123.1 102.5  .§3.7

#68.6 - +64.5 % 4531 - x46.5 £38.0

Post ""22610{.~,i77;6;‘a'145,1 120.0 . 98,2
S, £75.8.. $56.9 . $46.6  $37.8  £29.9
Ditf ©  154.5 1229.9°  222.0 | 217.5 . 14.5

Isok-  Pre 195.1  158.8 © 127.5 - 102.0 86.7
$81.0 :41 B 341 . £28.4 2284
- o b G v R SRR
‘Post . .230.0 ° 189 2 157.5 132.2 109'4
6.3 $48.1  #45.6  140.0 :;4 s
Diff  13a, 9'v. 130.¢ 13000 30.2 22,7
“51gn1f1cantly dlfferent from control v | |
"s1gn1f1cant1y different from 1sometrlcg,
-*significantly different from 0°/sec .~ -i:
‘significantly different from 48°/sec

’51gn1f1cantly different from 96°/sec o
51gn1f1cantly different from 144°/sec -



e

.lsuggested that the 1sometr1c group had lower peak torque;:

tﬁévalues at the beglnnlng of the study than the other two

groups. A two-way ANOVA was performed to.determlne 1f thls
‘d1f£erence was statlstzcally sxgn1f1cant at any of the g‘f
speeds. It was not However,‘zt is always a possxb:fxty that
' the amount of 1mprovement in this group #hs due to 1ts lower hf
pre- test values. It 1s well recognlzed that the degree of :
_fresponse to. strength tra1n1ng d1m1nlshes as a person reaches
his' ‘l1m1t1ng strength éﬁMuller 1972) The d1£ference ;
’ betWeen the 1sometr1c group and the other two groups ﬁ
d1m1n1shed at’ the h1gher veloc1t1es. Thlsvobservat1on may be
related to the muscle pathology, a p01nt that will be | ',:fa]
dlscussed later.u.
The shape of the torque velocity curves was 51m1lar for

all groups and resembled that descrlbed for normal subJects :
(Thorstensson et a1 1976a, Scudder et al 1980) R1chards ,
;v(1980) also reported that RA subjects had torque—veloc1ty '
trelatlonshlps 51m11ar to a normal group. She reported peak \

knee extension torques of 84 73 and 55 Nm - at 30° 90° and
'180°/sec respectlvely Con51der1ng the. dlfference 1n test
speeds, the pre- test torque vaers of the patlents 1n thls,"
study (half of the two- leg sgpre presented 1n table 4 2), are

;»51m11ar to those of Rlchards. o '_f”*" x"_ ) ,;hf»y,“

The two- way ANOWA performed on ‘the torgue changes

)

1nd1cated significant group and speed ma1n effects ané an-

e ]

flnteractlon effect. L T e
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B ..
For the isometr1cally tra1ﬁed group, 1mprovement 1n

!y;There were no stﬁt:st1cally s:gn1f1cant dxffenences ‘among

h'the faster speeds The changes in torque with tra1n1ng vere

fequal at all velocxtxes tested for the isokinetic group.

~’;@here were no stat1st1cally 51gn1f1cant dlfferences between

“ ‘the~ exerc1se groups at any speed aoweVer, ‘the 1sometr1c

group ‘had a ‘mean ampnbyement in 1sometr1c peak torque~that-r

. was 19, 6 Nm greater than the mean value for the- 1sok1net1c

4 group Thzs dxfference Was: close to the d1fference of 20 5

Nm requ1red £or 51gn1f1cance in the post hoe analy51s,. f
suggest1ng a tendency fog greater changes: in the type of ’

-

f'and 1sok1net1c subjects ‘had greater 1mprovement than the

fpeak torque at 0°/sec was greater than at all other speeds.

' .contract1on that was'used for tra1n1ng Both the 1sometr1c .

Y

control subjects at 0° and 48 /sec, and - the 1sok1net1c group
also was better than the control for 96°/sec.,_.;-

The results of the present study are similar to thOSe

,vof Thlstle et al (1976) who stud1ed normal subjects. Thelr
f;slow speed group had. greater nmprovement but at the. slow.v
; speed only, whlle the1r h1gh speed group had more un1form

..‘results across all veloc1t1es tested. Lesmes et al (1978)

e B ) ’2"

;‘also reported similar 1ncreases in peak torque at 09, 60°,

!

_120° and 180°/sec after tra1n1ng at'the latter speed Llndh

tra1n1ng 1mproved 1sok1net1c torque measurements at 30°/sec,

but not at T80°/sec.,r~"

7(1979) in a study dh normal females, found that 1sometr1c -"*f’

.
3



v
96

vThese studies suggest that isometric or slow speed
tra1n1ng will 1mprove muscle torque at slow speeds only, but.
that the hzghet veloc1ty tra1n1ng w111 result .in changes at
all speeds below the tra1n1ng veloczty. The 1sometr1c group
in the present study followed the, pattern expected from the
.above studxes. The isokinetic group, on the other hand d1d
'not shov stat1st1cally s1gn1f1c§ht 1mprovement at the two. ‘
: veloc1t1es closest to 1ts traznxng velocxty. |

Cost1ll et al (1979) had s1m11ar results when tra1n1ng
subjects at 180°/sec. They found greater 1mprovement in
1sometr1c torque than- torque at the tra1n1ng veloc1f¥,
Perhaps in bothvth1s study and thatwof‘Cost1ll et al, the
subjects had particular musc1e characteristics that limited

the response at the faster speeds. Dons et al (1979)

suggested from. the results of the1r study that a high
w-:percentage qf FT f1bres was a prerequ151te for. successful
.ustrength tra1n1ng. AS several authors have reported |
;ﬁcorrelatlons between FT f1bre content or area and

I s

performance of muscle at 180° /sec (Kom1 and Tesch 1979,
ersson et al 1977, Thorstensson 1976), the content or .
status of;ﬁhe‘type 11 fibres may have even a greater

.lnﬁluence on the capac1ty of a muscle to change its

. performance at. the h1gher veloc1t1es. It 1s possible that .
{the 1nvolvdment of type I1 fibres in rheumato1d muscl; may -

have 11m1ted both the" 1n1t1al medsurements of torque and the .

changes 1n torque at the hlgher veloc1t1es' This po1nt 1s

ﬁrdlscussed further w1th the data on the' muscle b1opsy.

V-
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However,;the results.also ihdieatefthat in spite of the

L7

muscle digease, both forms
increases in peak torque.

\A

TORQUE AT 30°

ofhexercise will lead to

' The results of tests of torque at 30° are presented in

figure 4.2 and table 4.3. Again the isometric group had mean

pre-test values lower than

the other two groups. The shapes

of the torque- veloc1ty curves, however, were 51m11ar in all

three, ie, the slope_was less at the lower velocity end of

Athe,cﬁrﬁe,"rhis shape is Similar to that described for knee

extension torgue at 30° for normal subjects and athletes

(Perrine and Edgerton 1978,

from the peak torque curve
Thorstensson et al (197s6).
dlfference in shape at 30°

torque occurs 1ater 1n ‘the

Gregor et al 1979), but differs

in this study aﬁo’that of

One p0551ble explanataon for the

and peak” is the fact\that peak

movement (1e, closer to full

'extens1on) as speed 1ncreases. Thereforeg torqgue at 30° and

at peak are closer to the sgme position and thus the same-

value at the'iaster‘speeds, “but fhrther apart in both as. the

speed approaches 0°/sec.’

*

P

The post-test torque curves of the two training groups

-had a shape that more closely resembles that of the peak

torque curve, Th1s change 1n shape was due. to 51gn1f1cant

improvement in torque at the slow speeds for these groups

compaiédﬁfo the control group (see table 4.3),'Therevwere no

s1gn1f1cant differences among- groups at ‘the other speeds,

t o
b4 -"“9'""

[
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GROUP  TIME

Cont - Pre

Post

3 pifs

‘Isom Pre

‘Post

Isok Pre

Post

Diff

Diff

KNEE EXTENSION TORQUE AT 30° -

99 .

TABLE 4.3

MeaptStdndard quiation'(Nm)

SPEED (°/sec)

0 48 - 96 148 192
123.4  127.3  115.4  98.4 83.0
£35.0  $38.3  £30.4  £25.4 $22.9
123.2  126.9. 119;8 ~ 104.3 85.3
£43.9  $41.6  $30.4  $26.2  23.4

-0.2 —0.4 . 4.4 5.9 2.3
114.3 111.0°  104.3 94.8 81.3
£41.1  -+48.2  #47.2  $45.5  £34.7
143.2°  133.8  126.0-  108.9  94.7
£43.7  +44.0 £41.3  $33.5  126.8
'28.9  '22.8 21.7 14.1 13.4.
116.2  121.8  .108.0  95.6  82.3
$23.8 $30.9 . £30.8  £24.9 +36.5
146.1 7 '139.5 °125.7  117.4°  104.8
$28.7  £31.3  $35.4  $33.3  $32.1
'129.9

‘significantly different
*significantly different

’significantly different ’
‘significantly different.-

*significantly different
‘significantly different

7.7 177 21.8 22.5

from control
from isometric
from 0°/sec
from 48°/sec
from 96°/sec
from 144°/sec



although the dlfference in 1mprovement bdtween the ?

1sok1net1c and control groups approached s1gn1f1cance at o
u(i 1

-192°/sec (a real d1fference of 20.2 Nm versus a reqU1red

.(,\-

difference of 20.8 Nm). S

[
»

It is p0551b1e that the greater, changes at :the slow
speeds may -be due to an increased ablllty togkecru1t muscle
.f1bres at the 30° angle followlng tra1n1ng Some pat1ents
felt they "couldn't get a good push" at 30°, or they felt
lihe they were "reaching". If the theory of DeAndradeWet al
(1968) is true, inhibition at this angle may be greate{ in
.RA'patients with knee swelling due to feedback inhfhiti%h

3

from joint receptors. Stratford (1982) found that the 5&530

of EMG of the quadrlceps durlng a maximal contractlon at Ofp

and 30° was less than 1.0 in effused knees, but not in . ‘v‘:' j A
normal knees. He did not, however, measure EMG at greater ‘ y
angles of knee flexlon. Richards (1980) reported a greater : |
difference between the EMG of the quadrlceps of normal and
.RA subgects as the knee approached full exten51on. ,'. Ry

The change in the 1sok1net1c group at the faster speed
shows a trend towards a spec1f1é tra1n1ng effect for this
group. The p0551ble roles of recruitment of muscle flbres,

.and/or chamge in thelr force productlon character1st1cs ‘are

’dlscussed 1n the sectlon on muscle biopsy 6349.

POWER AT 30° A : <

-

The shape of the power-velocity curves for all three

' groups:(figure»433)3c n be compared to that of Perrine and
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TABLE 4.4

KNEE EXTENSION POWER AT 30°

_\MdaniStandard Deviation (Watts)

.9
.1
.6
.7
.3
.4
.5
.5
.9
.
.4 .
o1

.1

GROUP TIME 48
Cont" : %re' 106
viBé
5 Post a ‘5Y06
| 34
Diff: -0
Isom ~ Pre | ‘_‘.ﬂ93
o +40
Post 112
£36
Diff e
Isok Pre | - 102
- +26
Post 117
126

'significantly differept
*significantly. differeft
" *8ignificantly different
‘significantly different
* *signifigantly different

‘significantly different

Diff 14

.4
l7‘

from
from

from-

from
from
from

: ‘SPEED'(°/sec{‘”

96
193.9

t50.7
201.4

. i51a1

7.5

175.2

$79.2

211.6

+69.5
36.4

181.5

£51.8
211.0

+5974

i 29,5

control
isometric
0°/sec
48°/sec
96°/sec
144°/sec

144

- 247.1
+64.1 .

261.8

162.7

. 14.7

237.8

+114,1
273.3
+84.2

35.5

239.9
x62.7
294.7

+83.6
‘°54.8

102

192
278.1
+76.8
285.8
178.2
X
272.3

+119.7.

Co317.1

+88.7
44,8"
275.9

+79.9

351 .x'1'
+107.9

375.2



'RothSteln et al (1981) also reported dev1atrons from norh

calculatlng power. on analysls f

‘and post-test scores, there were No statlst1cally

'was 11near up to 144°/sec. fh the RA subjects of this study,

103

N d K . i
> . . -

u

Edgerton (1978) for normal subjects, although they also

‘tested power at higher veloc1t1es (£Jgure 2, ZA) Both curves

demonstrate 1ncreases 1n power w1th increased veloc1ty of

'contractlon. Howéver, in normal subjects, the rel%tlonsh1p

the llnearlty of the curve was only ma1nta1ned to 96°/sec

insthe slope of' the power- veloc.lty curv‘ at hlgher

_ veloq;t1es in a ngup of rheumatlc disease pat1ents which

1nc1uded parsons with RA. ”".'\ Co T _ 0
The~values obtalned for power (half of the two- leg

value 1n table 4.4) ‘are higher than those recorded by

Rothste1n et al (1981) for rheumat1c dlsease patients. Their

subjects were-all on ster01ds, and 1nc1uded patlents w1thout'

ﬁh; In add1t1on, they did not state their method of

£ the change between pre-

51gn1f1cant dlfferences among groups (p=0.06), but therei
were among speeds. Improvement 1n.power was greater at the
two faster veloc1t1es than at the two lower ones .for the
1sok1net1cally tralned group only. In relatlon to the
f1nd1ngs for torque at 30° the results for pover are not _

surprising, as’they‘are a mult1ple of the former\values.
A

.However, the flndlngs indicate that power 1mprovements are ‘

greater it the higher speeds for rheumatozds rece1v1ng

"power" training. The result was a change 1n1the'postftest

4.

power-velocity relationship to produce a curve:similar to



. L o e
'that of ‘normal subjects.
WORK DERIVED FROM WBOLE TORQUE CURVE
_The f1nd1ngs from measurement of work from the area of
the entire torque curve are 1llustrated 1n flgure 4 & and
table 4. 5 The pre/post dlfferences of the 1sok1net1c group
\Were 51gn1f1cantly different from the control at all speeds,
but not s1gn1f1cantly dlfferent from the 1sometr1c group.
The improvement of the 1sometr1c .group was 51gn1f1cantly
greater than that of the control group only at 96° /sec.
Tﬁese results again 1nd1cate a part1cular response to. each
‘klnd of training., The 1sometr1c grgup 1mproved in peak
torque at this same speed -and the improvement . 1n torque
would contrlbute to an improvement in work. In a s1mllar
manner, the changes in work for the 1sok1net1c group are
assoc1ated with 1mprovem;nt in peak to;que at 48° and’
96°/sec. However, the isokinetic group had |improvements in
- total work at the hlgher speeds as. well in p1te of no
51gn151cant changes in the torques at these‘Veloc1t1es. The
1sometr1c group had a change in peak torque at 48°/sec
w1thout an accompanylng s1gn1f1cant change in work
| .‘A poss1ble explanat1on is a change in the vidth of the
torque curve either at the beginnina or at the end of the
movement. If. the increase 1s at - the begrnnlng, it suggests
that traini | may enable the subjects to produce.
recordable" torque sooner in the‘movement. The effect of

thlS would be greater at the faster speeds where there is

often a lag until the patlent s movement  has - reached the "

104
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GROUP

Cont .

Isom

Isok

i Lt

'TABLE 4.5

WORK DERIVED FROM WHOLE TORQUE CURVE
MeaniStandard Devxatxon (Joules)

SPEED (°/sec)

TIME

Pre
Post

Diff

Pre{f

‘POSt-” 

Diff

‘Pre
-, Poét.

Diff

V448
“136.3 .
iss.s
138.0
£54.6
1.7
123.6
| £62.8
&'-'148-3;}
£57.5
24.7
125,3
‘:42.0‘
175.2°
$59.4
'49.9

‘s1gn1f1cant1y different from
*significantly different from

‘significantly different from
-‘31gn1f1cant1y different from
‘51gn1ﬁlcantly d1fferent from

96
125.7
- £49.8
12702

+44.0

.\ 105

112.0
:54.0'
146.3

134,3.

113.6
+43.9

166.9 -

165.1 )
! 53,3

control

isometric
’s1gn1f1cantly different from 0

°/sec
48°/sec
96°/sec
144°/sec

£57.5 .

106

1.

144 ‘\, 192
. 105.8° 90,5
£20.0 £30.8

. |

108.5 " 86.5
£37.3 $28.7
2.7 -4.0
100.2 82.3
+52.3 +45, 3
121.0 105.0
43,4 £39.9
.20.8 22.7
101. 94, 1
1421 £48.9
144.8 126.7
£53.7 1 152.1
143.4 :'?*32,5



speed of the dynamometer. Changes in the wxdth :he torque.

»curve on the r1ght 1nd1cate that subjects are 'ta'ning'

torque output 1nto full extens1on of the- knee. Agaln, due to,f,:

the follow through of the leg, the effect of this would be ’
‘greater at . the faster speeds and probably greater in the -
.1sok1net1c subjects vho were used to kick1ng the leg ,through

—~

a range of movement. e

Perhaps, though, changes in torgue have the greatest _ezfq
;nfluence on changes in work as the latter was greater for .
: .the 1sok1net1c group at the two slower speeds than at

192 /sec.

WORK. BETWEEN 75° AND 15° . g

D1fferences in the changes in work measured between. 75°
and 15° (flgure 4.5, table 4 .6) were stat15t1cally
51gn1f1cant among groups only (p=0 046) At speeds of

-96 /sec and 144°/sec, the 1mprovement in the 1sok1net1c

group was s1gn1£1cantly greater than the control group but
»

not the other tra1nxng groUp The changes in thlS

measurement deplct 1ncreases 1n torque output over a

\

partlcular range whlle the prev1ous work measurement also.

included changes in work due to produc1ng torque through a

¥

greater range. However, agaln at the faster speeds, it'is

g poss1ble that 1mprovement in work 1s also due to an mmproved
ablllty to accelerate the lgg to the test1ng veloclty A
‘number of subjects both pre- est and post test. were unable

Pl

to produce a torque recordlng Sy\the first 15° of movement
. { A \
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Post
© ' Diff
.Isqm' Pre
‘Post
.
- Diff
' Isok . Pre
. Post
Diff .
*significantiy
.?significantly
’S1gn1f1cant1y
‘51gn1f1cantly

- ’51gn1f1cantly
.‘51gnxi;cant1y

WORK BETWEEN 75° AND 15°
ueantStandard Devxatxon (Joules)

e TABLE 46

SPEED (°/sec)

w96
120.3 105.2
+48.1 36.9
125.0 °  107.5
5.7 133.8
| 6.7 3.3
111.5 97.8
' +54.3 44,8
130.1 119.2
:45,5 - $42,4
;B.f 21.4
110.4 97.3
2 £36.9 £33.4
. 139.9 129.8
+41.9 143,47
,f?v 29.5 132.5=
differenﬁ from control .
different from isometric
different from 0°/sec
different from 48°/sec
different from 96°/sec
different from 144%/sec -

144
84.6

£28.5

87.6
x27,8
3.0
E&,z.

o 411
&y :

100. 1

+34.7

15.9

82.2
+31.2

111.8

$37.2
129.6

. $29.9

108

o
6.2
$19.8
67.8

. $20.4

1.6
63.4
32,5
81.9

18.5

68.8-
32,7
91,3

. 134.6

22.5



v -

'at“éhe higher ‘speeds.,

: w1th a decrease 1n-the slope .at thher veloc1tles. but . a_,

. _ ‘*'.
Because the 1sok1netxf/group trained by produc1ng vork

(1e, produc1ng torque through a range- of movement) 1t would‘

seem re&sonable ‘that the subjects would fa1r better in thls

test. B e i

]

POWER DERIVED FROM wnona TORQUE CURVE

The two way ANOVA of changes in ‘power der1ved from the

whole'torque curve revealed statistically significant group

and velocity effects and an fnteraction effect. At -speeds of
96° and "92°/sec, both tra1n1ng grqups had 51gn1f1cantly
greater 1mprovement in power derlved from the whole torque

N
curve tharn. the control group (figure 4.6, table 4.7). The

1sok1net1c group also had greater changes at 144°/sec. There

were no statistically 51gn1f1cant dlfferences among'speeds-

for the ‘isometric grodp, but for the 1sok1net1c group,;

'1mprovement was greater at the three higher speeds than at

48°/sec. The latter results indicate again a tendency toward

- . . )
’ . KN

aespecigic training effect for the isokineticggrOup With

greater improvements in .power closer to the’ speed at which

they trained. - ' . : “B

'POWER BETWEEN 75° and 15° '~
The results on power between 75° and 15° are presented -
in figure 4.7 and table 4.8. Again the shape of the curves

are ‘similar to those seen in the other-pb&sr*meishréménfs;~=~~rs W

’ “—_4-‘: e e B g «~, TV e e e o - b Cam Bn - e e e Sk e e e R
e . i o " o = . b' . ‘
LT e e e TR TN e I N 6 e - R I T T T T
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- GROUP

Cont

-Isom

~Isok

o

TABLE 4.7

. POWER'DERIVED FROM WHOLE TORQUE CURVE .

T

Pre
-Post

Diff

Pre '

Post

Diff

Pre

Post

"Diff .

78
£21

84.
t24,

S.

48

.71
.6
3
0
6

71.7

+ R,
85,

13.
77.
£18,
89,

£23,
12,

'significantly different
*significantly different
’sagn1f1cantly different’
‘significantly different
*significantly different’
‘s1gn1f1cantly dlﬁjerent

i26 .

4
3
9

6

2

3

7
4.
5
from
from
from
from

from.
from

Me;ntStandard Deviation (Watts)

SPEED (°/sec)

96
130.5
t32.1

127.4
+33.8
-3:1
A116.7
+46.4
139.1
+47.2
123.7
+30.7
149.2
+43.0

1 425.5
control

isometric
0°/sec

48°/sec
96°/sec

144 /sec. =

144
151.3
+38.5

156.8 -

$40.4
5.5
148.5
$65.2
166.9

+44.5

18."
150.4

$42.4

. 183.3
i49,6,
1432,9

ad |

112

- 192

169.4
+38.8
171.4

" +36.9

2.0
160.6
+68.6
189.2
+53.8
167.1

"1£56.0

206.0 .
156.8.

1438.9
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POWER BETWEEN 75° AND 15°

TABLE 4.8

‘MeantStandard Deviation (Watts)

GROUP TIME

Cont Pre
Post

Diff

Isom Pre
Post

Diff

Isok Pre
Post

Diff

'significantly
*significantly
*significantly
‘significantly
*significantly-
*significantly

48 -

95

.3

+38p2

101
136

23.

different
different
different
different
different
different

.6
.9

1

from
from

from

from

‘from

from

SPEED (°/sec)

96
165.8

. 457.8.

164.8
+55.5
1.0
154.2
+70.5

- 188.5
£66.6
34.3
153,11
+53.0

203.9
~  +6841
1450,8

control
isometric

'0°/sec

48°/sec
96°/sec
144°/sec

144

196.

205.
65.
8.
195.
+95.
232.
+80.
" 36.
192.
;74.
261.
187.
68.9

.

$65.

1

6

8
5
9

6.

3

4

4
8

5 .

"
4
9

114

192°
214.6
$64.3
"215.,7 -
£68.0

1.1,
1

207.

‘+106.5

261.8
+93.8
‘223.5‘

+107.3

293.5

£113.5.

'470.0
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"*epchange }ouards a more normal power - veloc1ty relat1onsh1p

B ST

'?,after tra1n1ng..The values of power are h1gher than those

der1ved from the whelentorque curve,hbut lower than power

calculated from torque at 30° ”“:&f‘ -*;f:,é-'*~- . S

As With the prev1ous power measurement, the ANOVA

'showed s1gn1f1cant group and speed effects on pre/post ‘f-}_°

d1fferences. Post h!'r;haly51s showed that at speeds from~

96°/sec to. 192°/sec, the xsoklnet1c group 1mproved in power

measurements. over the control group Ab 192° /sec, the

;1mprovement of the 1sometr1c group was also greater than thev

control. For both tra1n1ng groups, 1mprovement at 192 /SeC';-.

was greater than at 48°/sec, and for the 1sok1net1c gr6up,

-

improvement at 144°/sec was also greater than at the slowest

”speed The greater changes in the hlgher speeds aaewdue«to a

greater multlpllcatlon factor used for calculatlng powér at
these speeds. w:th s1m1lar changes 1n peak torque ag the
var1ous velocities (1sok1net1c group), 1mprovement in pover
would increase with 1ncrea51ng veloc1t1es. Even wlth smaller
changes in torque ‘at the h1gher“speeds (1sometr1c group),
changes 1n~power at these speeds can be greater.‘In
addition, any errors in measurenent of the‘area of the
torque curve are magnified in the Calculationvof power at

the higher speeds.

ISOMETRIC TORQUE AT 30°, 60° AND 90° | .
 General observation of the isometricutorque-angle

‘curves (figure 4.8, table 4.9) indicates that the



EOTTER

e

CUMRA R AN

A

3o st

(s

‘-

-

Y

» {(3sod--- w,&.l,; JOJUa puepue

s

+

San|eA ueaw um.oawwuoa
>

.

-

.

put aud - _0g pue *

o6 ~ . (.) @i1bue sauy .- 7 .
. o.m. , Ot __Tos . -09- o >R - 06 " 09 o]
v T L Yt L ¥ v
S ‘ '
. S : :
) : 1
g - K
Am - .
. \\%
n u.v —
. RO | -
. ..:.-,
[ R
4 L
] . 4. B * “ :
' ) R .
' 7. "lllo %
’ e : Ty
" O S : "
" A . " d .. .. ‘ - !
\ -
II s / Al . - N [ \ &
N 0 ! oo . < ' '
N a o s I_. .
. v, wosT. s ? D 3o /
0 N ¢ 3o s S=
R X R '
. y T AR ) ’
oo _ i :
- o 0 o S -

O.p—

oz} -
ot
ort’

o5t

091
oLl
0814

0614

oLz

oze

.08 ‘.0E 3¢ anbuoy OjJISWOST :g'y Sunbij

..AEzvV&
anbuo)



CTABLE 4.9 .

'ISOMETRIC TORQUE AT 30°, 60° AND 90° .
- MeaniStandard Deviation (Nm) '

GROUP. = TIME

Cont Pre

30
123.4

- 35,0

Post
Diff
Isom = Pre R

 Post

"Diff

SISk .. Pre. ..

. Diff

‘significan¥ly different
*significantly different
*significantly different
‘significantly different

i Post-.- - -~ -

' 123.2
143.9
t'=0,2

R

£28.7 ) .143.5

129.9

from control
from isometric-
from 30° ‘
from 60°

ANGLE (°).

60

3189.9 -

v —————

2165, 1

71,2

- 2192.0

£70.5 e

3.9

':saiz;"

_'”Sj;Z“

231.4

-

2222.3
| £74,7

+40.4
T s218.9

. -
e

'187.5. . . |

17
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»»relationShlp of torque and angle 1n the knee extensors is

g much the same in rheumatoid and normal subjects (Clarke etu\
al 1950, Wlllrams and Stutzman 1959 Scudéer 1980)

g three way ANOVA (group VL time vs angle) aemonstrated a

‘statlst1cally 51gn151cant d1fference hetween the scores at

,60° and 30°, but not between 60° and 60° for~a11 groups pre—~

;and post- test. There were no statlstrcally slgnzficant~« z_p

dlfferences among groups for torque measurements prlor to v

| ‘tra1n1ng, although f1gure 4 8 suggests that the 1sometr1c~-5~ .

group had loWer 1n1t1al values. A 51m11ar tendency was

.observed for peak torque and torque at 30° Changes in

1sometr1c torque vere greater in . both- tra1n1ng groups

'-?compared to the control for the three~angles tested At the""“h’

60°- angle, the change in the- 1sogetr1c group was also
greater. than 1n tHe 1sok1net1c group Although th1s result o
.could be 1nterpreted as spec1£1c1ty of tralnlng, the better
~response of the isometric group may be partly due to their.

lower pre test scores
.« There were ne statistically-significant differences in
training response among,anglesv(p=0.073) However, post-hoc

analysis 1nd1cated that for the 1sometr1c group, improvement

a

"o at 60ﬁwvae greater than at the other two anglesr-Th1s could -

Cees - - . ee b=

,s;gnlfy a- celllng effect 1e, at- a- jo1nt angle of 30° and
90° 1mprovement in the quadrlqeps output may be l;mxted by
 the moment arm and length tension characterlstlcs of the

'muscle.
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e

~ RELATIONSHIP OF. cynlennasunnunnrs

’f\‘V Pearson peruct moment correlations were! performed on a

>

number of scores derived from the Cybex and on their

P—

\pre/post differenCes.
Analy51s of pre test data demonstrated highly

significant correlations between all measurements of wofk
- ) - <t Py -~ . - . M
- - . " a .
- " "and_ power at Eadh of the four test veloc1t1es. Similar

“results were found when comparing the 1sometr1c torque at

oo T e - %

-thtée- angies both before and after training Selected

s

correlation coeff1c1ents are presented in table 4 10.

Others have found significant correlations between
v \

torque and work measurements in: normal 1nd1v1duals (Richards :

4

......

- 1980 Nilsson et al 1977 Moffr01d and Ku51ak 1975)

a Correlations ofithe pre/post differences of'torque
scores at the various Veloczties are presented in table
4.i1. The majorlty of scores were 51gn1f1cantly correlated

However, changes in 1sometr1c torgue scores were not related

to changes at the higher speeds. The lack of correlation may

be due in part to the different responses. of the three
groups to their specific trainingl However, the results .also.

*1mpﬂy d1fferences in mechanisms of strength 1mprovement at

.,t

'_ muscle biopsy dat

: Correlations between torque changes at. 30° .and, peak
—torque were statistically,51gn1f1cant at all veloc1t1es -
. 833, .589, .735, .947, .959 fo} 0° 48° 96° 144°, and

192°/sec respectively._The finding of higher correlations at



| TABLE 4.10 . .
CORRELATIONS OF PRE AND/OR POST CYBEX MEASUREMENTS
B | 'ISOMETRIC SCORES o
CTIME o Pre . -  Post
T o Angle . 30°°  §0° 90°  30° g0°

Toere T Tgoel .933_" T IR,
R 908 [B3s r."'1é2§ R R

CPost | 30° 777
 e0° ez 917
90° o T ;863.‘ 764 ,873

&
444444

CORRELATIONS OF 'PRE-TEST POWER AND/OR WORK MEASUREHENTS

- VELOCITY (® /sec)

COMPARISON a8 | 96 186 192

Power 30°/total 79100 .950  .980 .976
Power 30°/(75°-15°) .910 .930  .952 .931

Power total/(75°-15°) .971 . .970 . .978 L .964.

Work total/(75°-15 D .991_' - .985 .gsafuhﬂﬁ.hssab.”_“.

PR

: ! wa T ; - e .
N A . Ty W B .

PERee

’ alf vdlues are 51gnlflcant (ps. 05)

>

TABLﬁ 4. 11

I L

CORRELATIONS OF TORQUE CHANGES AT DIFFERENT VELQCITIES i

PEAK TORQUE

. VBLOCITY  '0°/sec _  48%/sec . 96° /sec - 144%/sec

T 48®/séc’ 453 . ..

(s ¢]
(<]
S

96°/sec 800 . -

144°/sec - .347

[o )
o
[+
\0
N
o

-

PR

e -



192°/sec | .193 730 . .814 864

TORQUE AT 30°

VELOCITY 0°/sec 48°/sec 965/Seg’. . 1449/seé_

© 48°/sec .675 | . - S
96°/sec - .559 690

V144°/sec' : ;257 o .443 .793

192°/sec 247 T 468 687 .855

'the hrgher speeds is in agreement with the differences in
‘the'shepe of the torque—velocity curves for 30° and peak at
the lower speeds and the suggestion.that the two torque
measurementsﬂere closer in value at the'higher speeds. v
\l

SUMMARY OF TORQUE RESULTS

The findings from theitorque curve measurements

*

1nd1cate that-patients w1th rheumqtold,arrhrltls .can improve .

LI
N g(d.‘\"" P
. - .

the torque, work and power output of. thelr muscles with

tra1n1ng. The training to- some extent has a spec1flc effect

Cop

with the’ 1sometr1c group hav1ng greatest changes in their~

H

’.tralnlng contractrons,'and the 1sok1net1c group more often‘
having 51gn1f1cant 1mprovement in work and power ' N
measurements. However,'the lower 1n1t1a1 values of the
1sometr1c group may ha¢e contrlbuted to thelr 1mprovement as'
the1r post-test scores were~slm11ar td}the‘lsoklnetlc
training group. The‘lact of statistioally significant
ohanges'in torque at the higher speeds may be'relafed‘to the .
. . ey,

¢
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rheumatoid uscle pathoiogy['dn'the other hand the results
suggest a d1fferent mechanlsm of change requlred for o
1mprovement at fast and slow speeds. An increase in ;
recru1tment of f1bres is probably an early response ou -
tra1n1ng, whereas changes 1n prote1n synthe51svfnd){:erefofe;;
flbre size may requ1re ‘more tlme or a dlfferent form of
tra1n1ng. B o ‘

It should aiso be noted that differences that were not
fstatlstlcally sxgn1f1cant 1n thlS study mlght have been if.
the number of subJects had been greater. For example,
assuming a similar mean value and standard deviation for-
changes in peak torque,rhaving 20 subjects per group would
have produced significant 1mprovemeﬁt in both exercise
groups compared to the control at all speeds, with the

~

exception of the 1sometr1c group at the two highest

'“-veloc1t1es. A study sample of 35- subjects per group - would

have prov1ded s1gn1f1cant dlfferences at all veloc1t1es. ,

. '.X .lerz_

) Cr.MUSCLE FI1BRE AREA

o The pre- and post- test fibre areas for all groups are
llsted in table 4.12. There were no 51gn1f1cant dlfferences‘
in fibre areas at the pre test nor in the changes of thé
flhre size w1th tralnlng in the three groups. However, the
dataalndlcate some trends - a decrease in fibre area for the
control group, a greater increase 1n ST flbre area for the

isometric group and ‘a greater 1ncrease in PT ‘fibre area in

the isokinetic group. When two persons with.the most extreme
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.\ . . ‘-ﬂ_ PN FT AN P ‘ '_ i : '. ST ks AI - 'a
~ S -~ L - ) oL ‘ ‘," . o -,.";
 GROUP Pre = Post = Diff - = Pre- Post o D1fff"f
Cont 1667 - 1393 . - =274 - 24T .. .- 2020 | - - =227
Isom © 1450 - 1588 ©i38 2409 - . 2703 .- ..294 . _
Isok 1859 2121 ., 262 2545 2741 . 196

‘31gn1£1cantly d1fferent from pre-test value
’51gn1f1cantly different from control group
’51gn1f1cantly dlfferent from 1sometr1c group

\

changes in their fibre“size'were-removed'from the analysis

(one in the control group,.one in the 1sok1net1c group), the

'trends vere 51m11ar ‘and the d1fference among groups

'f;approached s1gn1f1cance (p-O 08).

~In all subjects, the" fast tw1tch f1bres vere smaller,

‘and in some cases a: great deal smaller, than the slow twitch

flbres. This‘flndlng 1s 51m11ar to others 1nvest1gat1ng

~stage I and. I1-Ra (Edstrom and Nordemar 1974, Brooke and

v

- Kaplan 1972). The size of fibres was smaller than found by

bNordemar et al (1976b) who reported pre tra1n1ng values of
3290 y2- and 2890 u? for ST and FT flbres respect1ve1y.

The fact that there were -no changes in f1bre size is in

contrast to the results of Nordemar et al (1976a) However,

.the authors d1d not compare the results of the training

' group to those of a control group. As well thelr patients

e

wvere m hospltal du‘ng the tralnmg period. and received

'other forms of exercise be51des strengthenlng for
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-ifapproximately two hours,periday At is known that a stay: 1n

— L hospital will result in-a decrease 1n disease activity of
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presented on 1nd1v1dual RA subjects, qU1te a variation 1n o

- P -

change 1n ‘fibre area vas noted. A t tesf‘for dépendent

samples was performed on the data and no significant

>

differences were found between the changes in the FT and ST
':~f1bres.“Nozdemar*eg alm(1976a) had reported a 35% increase

1n*tpe area of FT.: fibres andma 3§% 1g§rea§g in.that, of ST .

fihr@§a~Lamge§uariatrons 1n change in fibre area were also

noted in the present study but they ocourred 1n the control

»

subjects as well. As the muscle disease in RA has been
described as nodular it may be that with a biopsy, one
sample could contain a large number of atrophied fibres, and

another sample a larger number of normal sized fibres. The;:

!
\

other possibility is that the changes/seen in individuals'\
fihre.size'may reflect progression'dr suppression of their‘
muscle pathology..Pearson product moment correlations.uere~
performed on the changes in fibre size and torque to shed

md&{é}fght on this theory. The results are presentedlat the

~

end of this chapter. » ' . T ‘

Nordemar et al (1976a) found their changes with only 6
weeks of.training, but the intensity of their training
program was not described.'Other studies on normal subjects

(Macbougall et al 1977 &1980a)‘ have used five months of

v e Y e o o e ann

PR

LR,

-

)

fQ ,thé joints (Smith and Polley 1978) Perhaps a-51milar'change?'

O N

-
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train1ng to report changes in muscle f1bre 51ze. Therefore

ar [T

s e dtv1s possrble that 1f the 1nten51ty and/br duratlon of the }

= 3 . - - - -

strength tra1n1ng was 1ncreased more def1n1t1ve changes

-

would have‘been observed4

.,Q N - BN Pees - )

D MEASUREMENT OF DISEASE ACTIVITY

- - - £y PRI

There were no statistically significant dlfferences B
between pre- and post test values for any of the dlseaSe
. act1v1ty measurements (table 4. 13) 1hd1cat1ng that the
dlsease activity d1d not change 1n any of the three groups
:ober the durat1on of the study Therefore, changes 12 S
dlsease status should ndt be respons1ble for any dlfferences
1n torqgue, muscle fibres, pain or function seen in this
study. The results on disease activity «indicate also that:
exercise_programs of‘the intensjity and‘durationiof-the ones
usea in this study will not increase'the activity of.the
‘disease. S@milarnresultsrhave heen"found with other.exercise
programs for RA (Ekblom et al 1975a & b Nordemar et al
'1976a & b*\&Nordemar et aI (1981) have also suggested from
long term follow- up of persons w1th RA, that regular

exerc1se may retard the progre551on of the joint disease.

E. PAIN AND FUNCTION SCALES

FUNCTION SCALE ¢ o |
Comparison of pre- and post-test function scores inithe

;three groups is illustrated in table 4.14. There vere

significant differences among groups but this was evident at

¢



.+ = 7" HEASUREMENTS OF DISEASE ACTIVIT
.+ -+ = -~ - - Pre--and -Post-test Mean Values

MEASUREMENT

Grip Strength .
(mm Hg)
Mo:ning Stiffness
(min)

-

Fatigue o - o

(hrs)

" Paihful Joints
'(number) -

Swollen'Joints

(number)

F

TABLE 4.13

GROUP

Cont

~“Isom

Isok
Cont
Isom
Isok
‘- Cont
_Isom

Isok

Cont

Isom

Isok

Cont
Isom

Isok

Pre

458

"3‘66 .

470
50
48
34

948

8.2
9.2

11.0

14 .1
8.5
7.8
7.0
6.6

126

TIME-

Post

466

383 |
503
22
67
30
V- o
8.0
9.7
12.1
14.3
8.6
7.4
6.0-
7.0

the pre-test, with' the isokinetic group having a higher

-functional score than the isometric group. In addition, the

isometric group did not have an increase in their score

post-test as did the other two groups.

The isometric group also had lower initial extension

torques and FT .fibre area than the other groups although

these differences were not statistically significant. There
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TABLE 4.14 .
. ] runcrlou
' Pre- and Postftest_xean Values )
GROUP | . " PRE oo B POSTi
Cont - 79.9 - '83.1
Llsom ..,:bhi- 12,8 L. Cee {74?9r.m
I1sok .. ... s gy e e g

'51gn1f1cantly dlfferent from pre-test
’51gn1f1cantly different from control
’51gn1f1cantly different from 1sometr1c ' °-

L e weie s

may be some subtle differences between the two exerC1se

L. EIREE I R d
4~ - ﬂ o N - -
b L e 0 ' é s e 3 w0 O o 0 -t

ﬁroupé\ dfffer@nces’that were present prior to the beg1nn1ng
of the.tra1n1ng;-From the changes in torque at'slow speed,
it would appear that the lower 1n1t1al values have resulted_
“in ‘a greater tra1n1ng effect for the 1sometr1c group. *
However, a fallure to improve in functioh'score‘does not
support this hypothesis unless improvement in’ 1sometrr§ and
slow.speed torqgue will not affect functlonal act1v1t1es.'
An 1mprovement in functlon score in the control group
m;ght 1nd1cate some change in their disease status over the
duratlon of the study. However they did not change in
dlsease act1v1ty or torgue measurements. ° Itqmay be the
nature of evaluating function thrbugh a questionnaire that
leadt to improvements with repeated tests. Meesurement of
specifié activities such as stair climbing or valking would
have provided more objective-data, and pquaps provide&

»

different results.

-'b.h-w
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The paln ratzng 1ndex was used on: 28 subjects as three~

- e

‘-pat1ents, all from the 1sok1net1c group, d1d not have

adequate commandgff Eng11sh to answer.the questlonna1re.p‘p;

7 .,The pre--and post-t&st scd?es%are presented in- ‘table”
Ta. 15 only in the 1sok1net1c group was there a statlstlcally,'
.51gn1f1cant pre/post d1fference. Thls may be in part related‘gJ
to the fact that they experlenced less paln durlng the
.tra1n1ng se551ons than the 1sometr1c group The data on the .
flatter is presented in the. nex; sectlon.

PR M . PR R ‘.;p-t‘,‘a' LR YRR .3.;.-....‘7

The mean score.for the pain ratlng 1ndex was sllghtly

- ; [
LR cvcn.._. _... s -

higher than»the value (18.8) reported by Melzack’ (1975) He

d1d not descrlbe the type or severlty of the arthrit1s of

hlS patlents. o , , -, ;J}c
- F. PAIN AND SWELETNG DURING EﬁERCISB e . ,
 KNEE swELLING ' R _fﬁh T e e

Changes in circumference of theNEnee foiloWingﬁexercfée’
R we;e not_ qllplcglly.SJgnlflcant, 1e, the dlfferences wereq@
within the p0551ble error of measurement Therefore, no ™ -
further ana1y51s was performed on this data, and it was
¢oncluded that t%e amountﬁof exerc1se pérformed in' th15'
study d1d not affect swelllng in elther exerdﬁse group
However, it is p0551b1e that a more.sen51t1ve ‘method of
meaauring joint infiammation~or heat (Rajapakse et ai 1981,
Porter-et al'1970).might indicate somejchange with exercise.'

Porter et al (1970) demonstrated that the clinically normal
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e -TABLE 4. 15 e e
di;?ﬁfﬁqufii:;i:;“?“w‘ﬁPAIn,BATING mNpER
u.j:ﬁ%?ffg'?se¥f¢5}.,Pne“ and Post—éebt ﬂe&h Nalussrug, f:gﬁ;&:;¢ o

FeROUP ... e e T CEL A POST <
--céﬁt%3ﬁ}hi§u7ﬂ;f,,ii;if'%122 3 ”3”*F¥ﬂ:ﬂ¥;;‘« .‘19 1.
Tfrééﬁ'f‘tza;],f' e f;,,_f;’227 3 R - sy

Isok Ui U a3 s R % B
'51gn1f1Cantly different from pre-test . -

"s1gn1£1cantly different from control-
‘s1gn1f1cantly d1fferent from 1sometr1o

rheumat01d knee may Stlll show changes 1n synov1a1 - -

s perfur51on. qudelo et al (1972) in the1r study on‘;'“
: crystal 1nduced exéériﬁéﬁtaa anthratls With dogs,.ﬁdﬁndh,‘rf'
1ncreases in the amount of synovial fluid and the number bf

whlte blood cells (WBC) in the fluid follow1ng perlodlc

~

S 2

. exerc1se over four hours. The’ dszlcultkes w1th cOmparlson

+w with thlS study are obv1ous.

e we - em -

, ;égancxsn PAIN'
: Flgure 4. 9 shows the average of the paln experlenced
durlng exerc1se for both exper1mental groups over three time
.perlods. The Borg scale by 1ts nature’ produces h1gher values
than the analogue scale. However, the scales are hlghly
kcorrelated;-r=0.?58, 0,952£‘and 0.976 for_periods 1, 2 .and 3
.reSpECtively, g
The pain'experienced by the isometric group vas
significantly'higher than that experienceo by the isokinetic

group. This finding suggests that the force exerted by the

oo
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Fighre 4.9: Pain exper'iedc'ed .-during__exerci;se sessions
. .
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';musole and- thus the fbrce producédfatrthe knee jolnt »is}as;

"more 1mportant factor contr1but1ng to'pexn, than the

mOVement ‘of. ‘the *joint . Thistle et 61»719%7) reported that
"1sok1netib.erercAse me} produce less.pazn»than i;onetr1c or -
. isotomic-exercise both in pétlénts‘and normaI subjects The'
subgeetslln that’study dld'notvlnclude those with RA or eﬂp,;;
-other joint problems. _ o |
,Machover;endlsapeohy (1966) also reported that several

"ofvtheir RA snbjectsmexperienced pain during isometric
‘gcontractions, but the pain was. not preSent after the
exerc1se session. Ekblom et al (1975a) did not assess pa1n
during the tra1n1ng sessions but dld note the number of

complalnts of pa1n durlng functlonal and strength testlng

..,..a-;
o« o oe s

- .

Y

-

Their exercise group had a greater nuhber of - pa1n comp1a1nts

during the strength post-tests, than the pre-tests. Ih a

v @

"follow up study 6‘monthsw1ater (Ekblom et al 1975b) 13, of :

» - B

22 pat1ents had less pain with daily act1v1t1es than ‘they
had pre- tra1n1ng The number of pa1n compla1nts in the
follow-up tests seemed" to be fewer in the tra1n1ng group
compared to the previous post-test (Ekhlom et al 1975b).

" Neither of these studies had compared the effects of
dynamic and static exercise (trainrng’or testing) on.

subjective pain scores. ' .

L
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6. RELATIONSHIP or nm m runc'rxon scu.xs
“The scores on the McG1ll paln‘rat1ng 1ndex taken pre-x‘.
mld* and postﬁstudy were compared to the exerlse pa1n scores
for per1ods qne to three for the subjecxs who rece1ve&
.-tra1n1ng The.only 51gn1f1cant correlat1on was. in the third "‘fh
perlod for "the - Borg scale (r§.561). There Were no- | | R
51gn1f1cant correlatlons between scores on the funct10na1
scale and scores for exerc1se pa1n for any of the three-:
perlods. | ' vt
When all subjects vere taken together, 51gn1f1cant

correlatlons were found_for the folléwing relationships:

1. pre and post functionalrscores‘(r= 981)
2. pre and post pa1n ratlng 1ndex (r= 646) .« - -
3. “ -post function score and post pain ratlng index
(r=-.483)
T 4w . pre function score and pre pain. rabrng -index -
.. (r==. 466) - “

It would be reasonable to assume that overall paln
would affect functlonal ability as suggested by the negatlve
correlatlon between pa1n raﬁlng 1ndex and functlon scores.
Improvement ih both scores could also be due to a plac o'

- effect, ie, the patients perceive a dlfference because they
‘are rece1v1ng a treatment whether it is effucac1ous orjnot
Although not stat1st;cally significant, the dlp.lp exerclse_
Pain'scores wouldrindicateﬁsome influence of this |
phenomenon. However, by the end of the studydthe exercise

pain had increased again.
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o The correlation of pain rating index and exerczse pain
S the post test may be due partially to. getbing used to"
the scales. Because the experimental subjects rated pain
each exerC1se se551on by the end of the study, the pain -
they experienced during exercise may have- had a greater
’influence on their.answers ‘to the PRI questionnaire._In
support’ of this,'the.isokinetic group experienced less pain
than the isometric group during exerc1se, and also showed a

decrease in the post test PRI

‘H;'MECHANISM OF szEﬁéTB CHANGES i
In order to examine the possible mechanism involved in
y mtheﬂihcreases {h”koéqué neasurements in the patients in this
study, correlation coeff1c1ents were calculated for the ¢
changes in peak torque and fibre area. The results are
1llustrated in table 4.17. |
The correlations between the changes.in.fast twitch
area and peak torque increase withgthe velocity of
°contraction and are statistically significant at the three
hlghest speeds 051ng the common 1nterpretation that. the.
~square of the correlatlon coeff1c1ent is the proportion of
variance in Y accounted_forlby a linear relationship with X
(Allen and Yen 197§), 91% of the variance in'torque'changes
at 144°/sec and 192°/sec can be accounted for.by'changes in
the size of fast'twitch fibres. The rsmaining correlatiOn

coefficicents were not statistically significant, although

the ‘correlation between 48°/sec and fast twitch, and 0°/sec
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CORRELATION OF CHANGES IN FIBRE SfiE AND PEAK TORQUE

VELOCIT?

134

F$§RE TYPE 0°/se¢_1' 48?/Sec,,e96_/sec*v14gf/se¢.419§f/seg.:gq

UUFT . 1267 .. .e25. 559 .957  .953
st 314 .090 -.187 066 °  -.034

end slow twitch had prebabilities of de.1.

The'findings indicate that improvement in torque at the

h1gher speeds is dependent on muscle hypertrophy, and that
this hypertrophy is spec1f1c tos the fast tw1tch flbres.
Changes in 1sometr1c torgue and torque at 48° /sec may be A
more dependent on ability to recruit more muscle fibres. THe
joint status could be anotherbfactor affecting the isometric
. .torque values. The“isometric group had Qreater exerciseypein
‘than the isokinetic group. It is possible that even small.
changes in joint pain or swelling may influence‘the ability
to produce muscle force during an isometric contraction. As
pain during testing was not recordedf the relationship
between this parameter and muscle torque cannot be
determlned

The results for-the RA subjects in thls study are not _
unlike those reported in the literature for normal persons
and athletes. Maximal isometric.torque has been related to
fibre composition in some investigations (Tesch and Rarlsson
1978, Komi and Karlsson 1979, Komi et al 1977), but not by

others (Thorstensson 1976, Gregor et al 1979). Komi and



v Karlsson (1979) also reported‘that the correlat1on between
‘percent FT flbres and.lsemetr1c strength was lower 1n
.. females. than males; Thls could be due to the smaller size of
. fast twitch fibres ‘in females (Saltln et al 1977).
| Nordemar et al (1976b) reportéd significant positive
'correlations betweeﬁ ﬁeeﬁ area of fast twitch fibres and -
.isometric strength although this’relationship was greater
follqwing'training (r=.817) thaﬁ before‘(r=0.535). These
investiga‘ors-did not repert‘on'relationshipsvbetﬁeeﬁ
pre/post‘differences in these measurements . )

- .Perhaps the pattern of muscle fibre recruitment or the
force production per'muscle fibre may be more or less
1mportant in different people durlng a maximal 1sometr1c
contractidn. ﬁT?élned athletes may be able to rec:ult type I1
fibres to a greater eitent than the untrained durlng two leg
1sometr1¢“exten51on (Secher et al 1976, Secher 1975, Tesch
and Karlsson 1978). Milner-Brown et al (1975) reported an
increase in synchronous firing;of motor units during an
isometric contraction after six weeks of traihiﬁg;.On the
other hand, weight lifters have,largef.fast twitch fibre
areas than hormal individuals or bther athletes (Prince et
al 1976, Edstrém and Ekblom 1972). N

Gregor et al (1979) found in female athletes that the

torque produced at velocities of 96°/sec and above, was
‘related to the percentage of muscle area,occupled by the
faSt twitch fibres. Their findings tend to support the

correlations found in this study for the same speeds. They

-
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did not, however, record torque at 48°/sec. -

I. CLINICAL APPLICATION OF STUDY RESULTS

The results of.this_study'indioate that both an o
isometric and a highlspeeq isokinetic training progran can'
increase torqne, work and power output of the RA muscle. The.
follow1ng discussion will focus on the possible beneflts to
the RA pat1ent of the increase in muscle strength and )
consideration of the velocity of the training contractlon in
relation to these benefits.

Goldfuss et al (1973) reported on the effect of the
degree of contractlon of the quadrlceps on the lateral
‘stab111ty of the knee. They 1nd1cated that the stronger the °
contraction the less movement of knee abductlon and - -
adductlon occurred, The rheumato1d knee can have greater
lateral 1nstab111ty due to 1nvolvement and stretchlng of the -
ligaments or due to apparent lengthenlng of the llgaments as
a result of cartilage loss. Kettlekamp et al (1970) reported
on the lateral movements of the knee in walking in one
patient with RA and found the movement groSSly abnormal in
compa ison to normal SUbjeCtS. Therefore, the rheumat01d
patlent ay need even greater contract1on of “the quadrlceps
than the normal SUbJeCt to pnov1de knee stability during

weight bear1ng act1v1t1es,;;

muscle force productlon in

Richards (1980) recorded znt, ated EMG activity'in the

vastus medialis and the vastus lateralis of,no?ﬁal and RA
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‘subjects durxng walk1ng. Although qnot statistlcally L_Jﬁfr

‘51gn1f1cant, the IEMG of the patzents was general;gV1ower,

patt1cularly in the flrst part “of the ga]t cycle when knee

 extensor act1v1ty is requ1red for control of ‘the knee

K

flex1on and extensxon as the ‘heel strrkes the’grouhd and
weight is transferred from one. leg to the other. As chhards
Hexpressed the IEMG as a~percentage of the. IEMG activity
during a maximal quadriceps'contraction, the results have
even more clinical eignificance. The RA subjects‘in‘hér

. study had lower maximal values of IEMG than the normal ~

' subjects.

The amount of EMG recorded isanot synonymous;with the
force the musole proddces,'but the tgo’variahles are
positively corréleted. Therefore, it is~ likely that the
oerson with RA.ié producing less force in the knee extensors

during ga1t as a result of decreas:gbiecru1tment of muscle »
| fibres and probably’also due to decreased force production
per motor unit. o - N

Another fector affecting the amouht‘of activity of the
. gquadriceps durlng walking ‘is the speed of movement Greater
forces are produced at the jolnts and. greater muscle forces
" required as the gait velocity increases (Milner et al 1971)
Studies on the ga1t of subjects with RA 1nd1cate that fhelr
. galt is slower (Kettlekamp et al 1972 Rlchards 1980) ThlS
‘has been related to the pain and the need to deorease the
}9301nt forces to decrease the pain. However, it is poss1b1e
. that the ohpﬂge_ih Speed of walking is eleo related to the

: '
4 . N
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inability of the muscle to contract withfadequate force at
the greater speed. Perhaps functional abilities and fibre
. atrophy are related in a circalar fashion - pain and
stiffness decrease the speed of movement which contributes
to selective atrophy of the fast twitch fibreslﬁhich in turn
limit the abillty tdfccntract the muscle with-adequate force
at functional speeds: :

Very little information is avallable on the velocity of
knee movements during gait. Richards’ (1980) reported on a
study where knee joint-§e10c1ty was determined at dlfferent
walk1ng speeds. At 120 steps/mln, a velocity slightly higher’
than that recorded for free gait (113 steps/min). by Murray
(1967), knee velocity ranged from apprcxlmately 50°/sec
during the stance)\phase to approximately 90°/sec during the
swing phase. Usihl the normative data of . Murray (1967), the
atthor calculated.velocitiesmof the knee movement from the
curve of the knee ranée durlhg one complete gait cycle at
113 steps/min. With 50° and 15° of k;eeAmotion in 15% of the
gait cycle for swing and stance phaSe respectively, the
corresponding velcc1t1es were calculated to be 316° /sec and
;95 °/sec. Luhtanen and Koml (1980) recorded veloc1ty of the
knee - durlng running and reported values of 286 /sec to
688°/sec durlng dlfferent speeds of running for track and
field athletes. Although the RA subjects ﬁill not be

-
A\

expected to move at the speed of athletes, it would seem

Y

reasonable to expect them to run at the slower speeds when

their joint status allows it.

-
\ ‘.
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Richards. (19809'reported on the movement of the knee in

/

one RA subject dur1ng stair cl1mb1ng and rlslng from a

’

R

chair. Visual. exam1nat10n of the slope of the. knee ‘movement
curve .in relat1on to time, ‘suggested a veloc1ty of movement
durlng these act1v1t1es 51m11ar to that for walking,

' The results of’ Gregor et al (1979) and’ the c6}relat1ons
between changes 1n flbre size and ‘torque found in this study
.suggest that the forces produced at velocities at and above -
96 /sec are related to fast tw1tch fibre area. Therefore it
15,90551b1e that to pzrform several daily functional _
'act1V1t1es at normal veloc1t1es, RA patlents would beneflt
from a training program that would produce greater
recruitment and/or hypertrophy of the type II fibres.

Both training programs employed in this ségdy resulted
in changes in torque, work and power. However, the |
isokinetic group more often had impronement at 96°/sec and
velocities above this. There also was a greater change,
‘althongh not statistically significant, in the fast twitch
area in the' patients in this training group. Another factor
that supports the uae of the %sokinetic.training in clinical
practice is the relative lack of pain experienced during
this form of eXercise. I1f training at 180°/sec can improve
torgue at a functional speed (ie, at 96°/sec) with less
diacomfort to the patient as suggested'by the present

results, then there is good reason to use this method in the

treatment of Persons with RA.
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Fatigue is a common feature of. RA due chiefly to the
inflammatory nature Qt‘?he disease. However, "if the RA
pg;ient mhst.use a greéter;propoftion_of_his maxiqpl‘
strength to perform daily activities,lhe Will_fatigue
‘sooner. Improvement in musClé force at thelspeéds réQuirédf
for the'indiviéual's work or functional aétivitie; Qould-“
probably have the most positive effect on the fatigue.,
| The fact thatinei;ber training group improved ’
significantly ingpeak torque‘at the two highest test
velocities may not-be that important.to.the_RA'subjgct from
a functional point o£ view;_it appears .that most daily =
activities are performed at joint veldcities.slower thaé
144° and.192°/sec. What h;sn'p geeﬁ determ&ned from this

stﬁdf is the-bossible benéfit of-using'training speeds
 qloser to the speeds of function;l atti;ifi?gﬁiperhaps
trainiﬁg at approximately 100°/se¢ WOulé lead to greatgr
tofqueg at this speed and inc;eased ability to petfoﬁm
movements éuch as walking aﬁd St;ir climbing. 1

‘f,\however,>the perSOn w1th RAk would like to get to
‘the stage where h&\could exercise w1th jogglng or cycling to
improve physxcal f1tness then movement at the hlgher
velocitieés is essential. It may be "that the strength
training would have ‘to be longer in duration, more frequent,
or involve a greater number of contractions than the
training used in this study to obtain the changes in fast

speed torqﬁes. On the other hand, it is possible that

because of the muscle pathology, the improvement in fibre



size or recruitment may not be great enough to account for
chariges - in torque ‘at’ the high speeds. Only by investigating

'different training programs will the answer to this question
be known. '

. . b

Although the present study has indicated that both

isometric and isokinetic .exercise can improve muscle
)

strength in RA, it has not identified characteristics of

‘patients3that will respond favorabiy td either form of

tralnlng " The subjects 1n this study were all 1n stage I or:

I11"0f the dlsease, ie, wlthout deformlty, .and yet had wide
variations in thelP.ablllty to improve with the training.
Factors such ésvjoint swelling‘gridisease duration"appeéred
to make little difference to a patientts response. However,
the degree of muscle inflammation'cbuld be imbortant and
could be assessed by determining<the abundance of
inflémmafory Eells in muscle samples prepared in a similar

" manner to those used for staining of fibre types. Again this

is an area for further investigation.

14
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V. SUMMARY AND CONQLUSiONS

The purpose of this study was to compare the effects of
isokinetic and isometric tra1n1ng on the strength of'knee
extensd\ﬁ and size of muscle fibres 1n the vastus ieterelis
of women with stage I oY Il eumat01d arthr1t15. The

o

training programs were al mpared for exercise effects on

~

v

knee swelling and pain.

Thlrty one women with BA received seven consecutlve

weeks of three times veekly isometric or 1sok1net1c _3'
r'

.tralnlng,_or served as control subjects. Before and after °

the training, knee extension of all subjects was tested on

~the Cybex II isokinetic dynamometer at 0°, 48°, 96°, 144°

and 1928Psec . Twenty-six-subjects had pre- and post-test
muscle biopsies which were prepared and stained for ATPasev
and then measured for PT and ST fibre size.

All subjects were evaluated on clinical parameters of
disease activity and ansnered questionnaires on function and
pain before and after theﬁtraining period. The two -
ekperimental groups recdfééa‘the severity of pain they
experienced during each éxercise session. v

The data was analysed by means of'twOfway ANOVASs witHv
repeated measures on wone f?ctor.vsignificant differences at
the probability level p<0.05 were subjected to a Neuman;Keul
post-hoc‘test. ) -

Within the limitations of this study, the conclusions

arezs
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Peak torque of knee extension improved in RA'subjectgg
. - Q, .

‘with both isometric and isokinetic training at 0° and

48°/séc.‘The isokinetic group imbrbved at 96°/sec as
well. The improvement at 0°/sec was greater in the
isgmetric\grous than the isokinetic Qroup.

Torque at 30° incfeased at velocities of 0° and 48?75ec
with béth isometric andvisokinetic training.

Power at 30° did not improve significantly with.either

isometric or isokinetic training. Changes in power were

greater .at 144° and 192°/sec than they were at 48° or

96°/sec with isokinetic training.

Work derived from the entire torque curve increased at.
all test velocities after isokinetic training.
Improvement at 48°/sec and'965/sec was greater than at
192°/éec. The isometfic group had a statistically
significant increage in the work of knee extension -only
at the velocity of 96°/sec.

Work of knee extension'between 7§° and 15° improved at
96° and 144°/sec with isokinetic tfaining.«

Power derived from the entire knee extension torque
curve increased significantly.at 96°, 144° and 192°/sec

with isokinetic training and &t 96° and 192°/sec with

- isometric training. -~

JAll measurements derived from the knee extension tofqge

i
i

curves for any velocity were highly correlated.
Changes in isometric torque were not significantly

correlated with changes in dynamic torque at 96°, 144°
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and 192°/sec. .

9. - There were no statistically significant changes in the

size of elther FT or ST muscle flbres in the RA subjects

with 1sok1net1c or 1sometr1c tralnlng. : - ,";,
“10. Changes in cross- sect:onal area of type II' fibres were
fi . correlated w1th changes 1n torque at 96°, 144° and
196°/sec. " .

11. Theigroup that trained iSOmetrically ekperienceaﬁmbfef”jmfr‘
paih during the exercise sessions than the grouﬁ
receiving isokinetic training.

Isokinetic exercise in the treatment of rheumatéid
arthritis had not been evaidatéd pfior to this study. The
results from this investigétion indicate that both isometric
and isokinetic training programs can increase. the strength "
of persons with rheumatoid arthritis. The isokinetic pfogram
causes less pain and leads to:improvement in musclé function

over several velocities of movement.
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A. CLASSICAL RHEUMATOID ARTHRITIS

This diagnosis requires seven of the following
criteria. In criteria 1 through 5 the joint signs or
symptoms must be continuous for at least six weeks. (Any one
of the features listed under "Exclusions" will exclude a
patient from this and 511 other categories).

1. Morning stiffness. -

2. Pain on motion or tenderness in at least one jeint
(observed by a physician). .

3. Swelling (soft tissue thickening or fluid, not bony
overgrowth alone)in at least one joint (observed by a
physician), -

4. Swelling (observed by a physician) of at least one other
joint (any interval free of joint symptoms between the

two joint involvements may not be more than 3. months).

Symmetrical jqint swelling (observed by a physician)

with simultaneous involvement of the same joint both

sides of the body (bilateral involvement of  proximal

interphalangeal, metatarsophalangeal joints is . °

acceptable without absolute symmetry). Terminal - -

phalangeal joint inveolvement will not satisfy this;
criterion. . S ‘

6. Subcutaneous nodules (observed by a physician) over bony
prominences, on extenscr surfaces or in juxta-articular
regions. . ;
Roentgenographic changes typigal of rheumatoid arthrit;~
(which must include at least bony decalcification
localized to or most marked adjacent to the involved
joints and not jua?'degenerative changes). Degeneratir-
changes do not exclude patients from any group
classified as rheumatoid arthritis.

n Positive agglutination test-demonstration of the
"rheumatoid factor" by any methnd which, in two
laboratories, has been positive in nnot aver 5% of normal
controls.,

?. Poor mucin precipitate fr~m synovial fluid (with shreds

and cloudy solrtion). .

Characteristic histologic changes in synovium %ith three

or more of the following: marked villous hypertrophy;

proliferation of superficial synovial cells often with
palisading; marked infiltration of chronic inflammatory
cells (lymphocytes or plasma cells predominating) with
tendency to form "lymphoid nodules”; deposition of
compact fibrin either on surface or interstitially; facs

of necrosis. ;o

Characteristic histologic chgnges in nodiles showing

granulomatcous foci,with cen*fZal zones of cell necrosis.

surrounded by a palisade of proliferated macrophages,
and gperipters!' fibrosis and chrenic inflammarary cal)

[ALRLREE L rrel minantly pey ivaecnlay

)
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B. DEFINITE RHEUMATOID ARTHRITIS - ~
This diagnosis requires five of the above criteria. In

criteria 1 through 5 the joint signs or symptoms must be

continuous for at least six weeks.

ot

C. EXCLUSIONS -
1. The typical wash of systemic lupus erythematosus S

(butterfly distribution, follicle plugging, and areas of
atrophy). ' '

2. High concentration of lupus erythematosus-cells (four or
more in two smears prepared from heparinized blood
incubated not over two hours) [or other clearcut
evidence of systemic lupus erythematosus.]

3. Histologic evidence of periarteritis nodosa with
segmental necrosis of arteries associated with nodular
leukocytic "infiltration extending perivascularly and
tending to include many eosinophils. .

4. Weakness of neck, trunk, and pharyngeal muscles .or
persistent muscle swelling or dermatomyositis. '

5. Definite scleroderma (not limited to the fingers).

6. A clinical picture characteristic of rheumatic fever
with migratory jeint involvement and evidence of* .
~éndocarditis, especially if accompanied by subcutaneous
nodules or. erytfema marginatum or chorea.

7. A clinical picture characteristic of gouty arthritis
with acute attacks of swelling, redness,- and pain in one
or more joints, especially if relieved by colchicine.
Tophi™ . : . .

.A clinical picture characteristic of acute infectious
arthritis of bacterial or viral origin with: an acute

. focus of infection or in c¢lose association with a
disease of known infectious.origin; chills; fever; and
an acute joint involvement, usually mijgratory initially
(especially if there are organisms in tHe joint fluid or
response to antibiotic therapy). )

10. Tubercule bacilli in the joints or histological evidence

of joint tuberculosis.-: ' C

1. A clinical picture charaecteristic of Reiter's syndrome
with urethritis and conjunctivitis associated with acute
joirt involvement, usually migratory initially.

12. A clinical picture characteristic of the shoulder-hand
syndrome with unilateral involvement of shoulder and
hand, with diffuse swelling of the ‘hand followed by 7
atrophy- and contractures. , o

13. A clinical picture characteristic of hypertrophic
fsteoarthropathy with clubbing of fingers and/or
hypertrophic osteoarthropathy with clubbing of fingers

" and/or hypertrophic periostitis along the shafts of the
long bones é&specially if an intrapulmonary lesion (or
other appropriate upderlying disorder)is present.

4. A clinical picture characteristic of neurocarthropathy

: with condensation and destruction of bones of involved
joints and with associated neurologic findings.

\0

4

<
-
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15. Homogentisic acid in the urine, detectable grossly with
alkalinization. - ‘ ' '

16. Histologic evidence of sarcoid or positive Kveim test.

17. Multiple myeloma as evidenced by marked increase in
plasma cells in the bone marrow, or Bence-Jones protein
in the urine. " _

18. Characteristic skin lesions of erythema nodosun.

19. Leukemia or lymphoma with tharacteristic cells in
peripheral blood, bone marrow or tissues.

20. Agammaglobulinemia. '

/

from; Rodnan et al 1973
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RADIOLOGICAL AND FUNCTIONAL CLASSIFICATION OF RHEUMATOID
ARTHRITIS |
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’

1. CLASSIFICATION OF RADIOLOGICAL PROGRESSION OF RHEUMATOID
ARTHRITI§

Stage 1, Early

1. No destructive changes on roentgenographic examination.

2. Roentgenologic evidence of osteopotosis may be present.

Stage 11, Moderate

1. Roentgenologic evidence of osteoporosis, with or w1thout
slight ‘subchondral bone destruction; slight’ cartilage
destruction may be present. -

2. No joint deformities, although limitation of joint

‘ mobility may be present.

3. Adjacent muscle atrophy.

4. Extra-articular soft tissue le51ons, such as nodules and
tenovaginitis,; may be present.

Stage III, Severe

1. -Roentgenologlc evidence of cartilage and bone
destruction, in addition to osteoporosis.

2. Joint deformity, such as subluxation, ulnar deviation or
‘hyperextension, without fibrous or bony ankylosis.

3. Extensive muscle atrophy

4 Extra- artlcubar soft tissue lesions, such as nodules and
tenovag1n1t1 may be present. ’

Stage 1V, Termlnal

1. Flbrous or bony ankylosis.

2. Criteria of stage III

2

w

2. CLASSIFICATION OF FUNCTIONAL CAPACITY IN RHEUMATOID
ARTHRITIS

Class I - Complete funct10nal capacity with abﬁl1ty to carry
- on all usual duties without handicaps.

Class II - Functional capacity adéequate to conduct normal
activities despite handlcap of discomfort or limited
mobility of one or more 301ntsy-

Class III - Funct1onal capac1ty adequate to perform only few
or none of the. dutles of uw¥ ~gw!:pation or of self

care. ;i ko

Class IV - Largely or wholly fﬁbapac1tated with patient
bedridden or confinéd to wheel-chair, permitting little
or no self care.i _ :

from: Rodnan et al 1973
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CYBEX CALIBRATION

/

RECORDER LEVER ARM WEIGHT TORQUE INPUT GRAPH RECORDING

SCALE inches pounds foot-pounds ' divisions
360 30 70.0 . 180 ., 5 major
180 : 31 32.5 90 5 major

30 33 5.0 20 _ 20 minor

i

LEVER ARM is distance from centre of Cybex 'input shaft to -
‘centre of T tube (lever arm length).

41.
2.

1.

Procedure, .

Select recorder range scale (0-30, 0-180 or 0-360).
With speed selector on at 5 rpm and recorder on but no
torque applied to input shaft: ’

a. Select #4 position of damping control.

b. Seleft slow chart speed (2mm/sec). ]
c. Align stylus with baseliné of char paper grid using"
zero adjust control. ' ,

d. Check to see baseline does not shift when range .

scale is changed. Plus or minus 1 small division of

.change on the 30 scale is” acceptable. Baseline shift

can be corrected by adjusting with a small

screwdriver the potentiometer behind the cap marked

zero on the front Q@rtiqaﬂ panel of the recorder

case. .. g S
Attach proper amount of disc weights to T bar as per
above calibration. Check accuracy .of weights first as a
25 1b weight may be off as much as 0.5 lbs from its
‘indicated value. A 2.5 lb weight may be of 0.25 lbs. Use
correct weight value. - ’
Dynamic calibration is done by manually lifting weighted
T bar to vertical position above dynamemeter, then’
allowing it to swing down until weights contact the
floor. As w¢gighted arm passes the horizontal, it is
applying the specified torque. The graph recording will
show this value as the maximum point on the curve. If
this pdint is above or below the correct torque value,
adjust the recorder and make it read the cdrrect value
by turning the appropriate (30, 180, 360) potentiometer
behind the plug on ‘the front case of the recdrder using
a small screwdriver. Turning the potentiometer clockwise
will decrease the reading and counterclockwise will
increase it. ’

&

PROCEDURE FOR CALIBRATING CYBEX DIGITAL WORK INTEGRATOR

' ' »
Set - CyRex recorder to have 0 volts on AUX OUTPUT when 0
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torque or force is applied to Cybex input arm.
~a. Adjust voltage by turning potentiometer behind zero
hole on front panel of recorder with small slotted
screw driver., . ‘ o

b. NOTE: Cybex speed selector should be ON but no .

* torque applied to dynamometer. Set speed selector to
M 10 rpm. . : ) ) , _
' C. A side benefit of setting 0 volts is that the three

range scales (30, ,180, 360) will have baseline
. alignment. ® .
d. When using a Cybex channel-selector with the
recorder (so as to read out as many as four signal
' sources) each channel can-'be zeroced in a similar
fashion to above via zero potentiometer on each &
channel of the selector. . : ' o
2. Select proper machine imput on integrator selector knob
(Fitron, bench press, leg press, Orthotron or Cybex).
3. Turn isokinetic velocity selector knob on integrator
. counterclockwise to 0°/second. -
4. Connect integrator to recorder with signal cable
provided. . :
- 5. Turn~integratoYr on. v .
6. Select X 1/10 meter scale.
/7. Select hold function. , :
8. Adjust R8 potentiometer inside back panel of integrator
such that digital readout shows + or -0.00 in hold
function. .
9. Turn isokinetice velocity selector knob clockwise to
200°/second. ' '
10k Adjust R7 petentiometer instde back panel of integrator
. such that digital‘readout does npt change or drift from
*0.00. This cannot be done to absolute zero drift but it
shoul% not add or subtract 0.01 more freguently than
every 10 seconds. . :

NOTE: The system is now set up for a work integration ’

calibration. “.

« 11. The basic procedure involves putting a known amount of
work into the system and insuring that the Digital

Integrator indicated the correct answer. If the digital
readout is greater or less than the correct amount, R6
will be adjusted to make it read correctly. Proceed as
follows:

a. If the recorder has not been calibrated for proper
torque or force'‘readout, this must be done prior to
calibrating the integrator.

Assuming that the recorder is now calibrated, place
‘the input arm of the Cybex or other machine at a
horizontal position and set the velocity of that
machine to zero (isometric). Apply sufficient weight
to the arm of the Cybex such that a torque of 180
ft-lbs is created and so indicated an the recorder.
This means that the integrator will se a torque
signal of 18Qaft-1bs for as long as it is switched
'ﬁ? the inted®e position. v

-

-+
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Select 100°/second on isokinetic velocity knob of
integrator. Thus the integrator will sum up torgque
under the deliberately false assumption that said
torgue is moving at a controlled velocity of
100°/second. Since the mechanical position of the -
weight on the Cybex does not really move at all,
this is simply a way of providing a known torque for
a measured period of time at an assumed velocity.
Using a good stopwatch or sweep second hand, switch
the integrator to integrate for 30 seconds and then
to hold to observe total work. It should read 9.42.
When adjusted with R6, the unit will reproduce
values within #1% of the indicated value.

This simulated work value is arrived at by
computation using the following formula:

Work = 2 pi x torque x angular distance traveled
(radians) . '

wOrE = 2 pi x T x angular distance (degrees) x
360°-" '

Work
360°-1
Work = 6.28 x 180 x 8.33

Work = 9,416 ft-1lbs in 30 seconds

The integrator can be checked at other simulated
velocities and other actual torques by varying one
or. both of these inputs (one simulated, one real in

6.28 x 180 x 100°/second x 30 seconds x

+.terms of torque applied).
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CoL “APPENDIX D
C r QUESTIONNAIRE ON FUNCTION

-
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DAILY LIVING SKILLS

FEEDING .

(7).
(2)
(2)

(Q)

Are you able to feed yourself from.a tray or table
using ordinary utensils? Can you cut meat? can you pour
liquids and open containers?

If you use a spork or rocker knife %r other helpful aid
are you able to feed yourself in a easonable' length of
time? “ : ’ '
Are you able to feed yourself with some help from
another person, for example, to help you raise a cup to
your mouth or to cut meat? ° v T

Do you depend on another person to feed you?

v \

DRESS UPPER BODY

(7)

(4)

"If someone lays

Are you able to get clothes out of your closets and
drawers and put them on and remove them from your upper

.body by yourself, including bra, slip, pull-overs, and

front operniing shirts and blouses, as well as managing
zippers, buttons, and snaps? . : )
gour clothes out for you or hands them .
to you,,are you able to dres$ your upper body by
yourself even if it takes a little more time, or you
need some help with closures, such as buttons, zippers,
snaps or hooks? Do you use aids such as reachers, -

‘dressing hooks, button hooks, or zipper pulls?

Does someone help you put o our blouse or shirt or

'sweater because you are limMged by pain, lack of

strength, or limited range of motion? ‘
Do you depend on another persdn to dress your upper
body? ’

DRESS LOWER BODY

(7)
(4)

(2)

' x
. (0)

Are you able to put on undergarments, slacks, socks,
nylons, and shoes by yourself? Can you tie shoelaces?

Are you able,to put on undergarments, :slacks, socks,

nylons, and shoes by yourself if they are laid out for
you or handed to you? Do you usg dressing aids such as
long handled reachers? Do you,évoid shoes that have
laces or buckles, or do you use elastic laces or velcro
shoe closures by’ yourself? , g

Does someone help you-to put on undergarments, slacks,
nylons, or sghoes? -

Do you depend on another pgrson to dress your lower
body?
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GROOMING

- (7) Are you able to comb and brush and shampoo your hair,

' shave, apply makeup, clean your teeth or dentures, and
manage nail care by yourself without adaptations or
modifications? , .

(4) Do you use assistive devices or adapted methods for
grooming: If someone places what yau need within peach
are you then able to complete grooming activities
unaided? Do you use long handled combs or brushes, .
suction brushes for cleaning nails or dentures, or
manicure your nails? .

(0) Do you depend on someone else entirely for your
grooming needs?

o

CARE OF PERINEUM/CLOTHING AT TOILET

(7Y Are you able to go to the bathroom by yourself
including managing your clothes, wiping yourself (and
placing sanitary napkins or, tampons)? _

(4) Are you able to manage your clothing at the toilet and
wipe yourself independently although it may be ‘
difficult, or you use aids such as an extended reacher

K for wiping yourself or clothing aids?

(2) Does someone help you with your clothing at the toilet
or assist you with wiping yourself (or in placement of
sanitary napkins or tampons)? , i

(0) Do you depend on someone else to manage your clothes at
the toilet for you or to wipe you (ar to place sanitary
napkins or tampons)? .

WASH OR BATHE

(7) Are you able to wash and dry your entire body by
yourself, including your back and feet? Are. you able '~
turn water faucets?

(4) Do you use bathing aids such as long handled bath
brushés or sponges? Are you unable to reach somé parts
of your body for bathing or drying thoroughly but can
still manage without help? ‘ :

(2) Are you able to bathe and dry most pa§ts of your body
and have someone help yru with the red§t?

(0) Does someone else bathe vers

& -
§VO‘CM"I GNAL
R L ‘

>

(2)1'Are‘you employed full-time in your usual occupation?

\

Are you a full-time homemaker and require no
.Adsistance? Are you retired for other than medic#!
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reasons? ' :
(0) Not able to do the above.
MOBILITY

SUPINE TO SIT

Ly . .

(7) When you are lying on your back can yéu sit up without
using your arms.or without rolling to the side? Can you
do this smoothly and easily? : S,

(4) Do you use your arms to help you sitrup of do you rol)
to the side before sitting up? Do you have tn kry
several times before ~itting up? '

(2) Does someone help you to sit up? \

(0) Are you unable to sit wp?

SITTING TO STANDING

(7) Are you able to stand up from a reqular ~hair without

‘ using your arms? ‘

(4) Do you need to use your arms to help you stand up or dn
you need to try several times? )

(2f .Does someone need to help you stand vp out of a chair?

(0) Do ynu depend on someone alge antirely to get you ~nt
of 2 rhair”

TRANSFER-TOTLET

™

(7)  Are you able to get on and off the tnilet easily an<
without using your hands? :

(4) Do you need to use your arms to help you get on and off
the toilet or do you require Aassistive devices s'ch =s
elevated toilet seats or grab bare?

(2) Does someone ne~ed to help iyou get ~n »21A nff the
toilet? '

tn) Are vou bnahle ta pee tha' vejlad 7

e g
TRAMSFER TUB OR SHOWRER

(7) Are you able to get im an out of a'tub or shower
safely?

(4) Can you get in anﬁlont of a tub or shower using aiAdg
such.as grab bars or special reat or 1ift?. ’

(?) Does ‘someone need to help you tn get in anA out ¢f the:
tub or shower? >

(0JA AT~ vou unable to get in an out of *the tvh or gh: ~er?

P

v\
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TRANSFER-AUTO .

(7)
(4)

WALK

(7)

(4)

(2)

(N

’

Can you get in and out of a car eaéiiy, including
opening and closing the door? .

can you get in and out.of a car By yourself if you use
aids such as grab bars or if someone opens the door for
you?

Does someone. help you get in and oyt of a car?

Are you unable to get in and ovwt of a car even with
assistance?

ON TLEVEL 3

< ae
Ao

Are you able to walk two blocks at an even pace without
using a cane, crutches, walker or adapted shoes?

Do you need a cane, crutches or walker to walk two
blocks? '

Can you walk one block with assistance? ‘
Are/you unabhle to walk one block even with assistance?

AN

Are you able to walk outdoors at least- two blocks
without avoiding rough terrain such as grass, sand,
gravel, curbs, ramps or hills? *

Do you try to avoid uneven terrain? Do you use a crut-h
or cane for safety or balance purpeses only when
outside?

Must you use a cane or crutches to walk at leaet twe
blo~ks ~n uneven terrain? ‘

Are you anahle tn walk on nraven terrain?

OUTDOORS

UF "MD DOWN STATRS

{ ")

| \

Can you go up and dqwn at least five steps safely, step
over step without using the hand rail or other support-
(4) o P
Are~you able to go up and down at least five steps if
ybu use a hand rail, cane, crutches or if you go one
step at a time? o .
Do you need. someone to h“elp you 0o up and down at least
five steps? ” '
Ate yqu unable tc a~ up snd Acwn at ledast five step-

e “i+th help? ' o
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‘

WHEELCHAIR/10 YARDS#* . =

(7)

(4)

(2)
(0)

*This cétegory not used in this study.

@)

Are yoh able to push your wheelchair without heip'for

10 yards? Can you turn corners, “and get close to bed,
table and toilet?

! 1]
Do you use a motorized wheelchair?
Do you need someone to help you maneuver your
wheelchair around corners or to help you position it?
Are you unable to push your wheelchair 10 yards? - .



" MCGILL.PAIN RATING TNDEX QUESTIONNAIRE
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N /
~ What does your pain feel like?'

S 'Some‘of’the words I will rgaﬁ-té ydu describe your
pain. Tell me ‘which words best describe it. Léave out any

word-group that is not suitable. Use only a single word in
each appropriate group--the one that applies best.
Lo - ’ - R

1 2 - 3 . 4

1 Flickering .1 Jumping 1 Pricking: . -1 Sharp
2 Quivering . 2 Flashing 2 Boring - 2 Cutting
3 Pulsing - . 3 Shooting 3 Drilling = 3 Lacerating
4 Throbbing s s 4 Stabbing
5 Beating - .. 5 Lancinating
6 Pounding - - S
: 5 ' : 6. - 7 - 8
-1 Pinching 1- Tugging 1 Hot . ‘1 Tingling
2 Pressing -2 Pulling - '~ 2 ‘Burning 2 Itchy
3. Gnawing 3 Wrenching 3 Scalding 3 Smarting .
4 ‘Cramping + ' 4 Searing 4 Stinging.
5 Crushing AR _ T )
- . o . . .
9 . 10 . 11 o 12
1 Dull 1 Tender 1 Tiring 1 Sickening
2 Sore o 2 Taut- . 2 Exhausting 2 Suffocating
3 Hurting 3 Rasping S ' ‘ .
4 Aching "4 Splitting ’ . ) SR
5 Heavy - e o % 3
13 : 14 15 b 16
-1 Fearful . 1 Punishing 1 Wretched 1 Annoying -
2 Frightful = = 2 Gruelling . 2 Blinding 2 Troublesome
3 Terrifying 3 Cruel S o 3 Miserable
: 4 Vicious . 4 Intense
‘ ‘ 5 Killing S Unbearable
. 17 S 18 ' 19 20
1 $preading = 1 Tight 1 Cool " .1 Nagging
2 Radiating 2 Numb 2 Cold 2 Nauseating
3 Penetrating 3 Drawing 3:-Freezing 3 'Agonizing
-4 Piercing . 4 Squeezing 4 Dreadful .
S - 5 Tearing 5

‘Porturing . ==

. PR

from: Melzack 1975
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" o, INDECATE | WITH AN X THE 'POINT. ON THE. LINE mt.ow'wmcn
R .st'r DESCRIBES THE PAIN.¥OU -EXPERTENCED DURING THIS
| nxzacxsm SESBION.” .t |

Lo . . 3
: B R X . - .

;v t‘-"ei:.“. | x" \ NONE' ; LR . . .U- i ’. | . . 'b . EX.CRUCIATING }‘_‘ o ‘.3> .,g

;_ir:‘. :

. | CIRCLE THE NUMBER THAT BEST DESCRIBES THE PAIN YOU
EXB‘BRIENCED DURING THIS EXERCISE SESSION .

] g .

e N ‘f;>w

}:"A vbty; vérj light _._':.fp.;f.-
L2 | - |
S 3 very.light,': .

‘/,;‘ 4,~ | ‘;1- | o B o

o .H-' 5 rather lléht ' o -"S. ; |

.é_ans "

7 moderate T L " .,' S | 4 «.'z o
. . , .

9 rather stfqné
10. '

11 very strqng; o ; _‘ ‘ “ - ; .
13 veryﬁ\verstéféhg_

14
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i:’_fs'rmmmc{ FOR _'A.'réas;- -

1. -Alkalxne Prexncubat:on- Pre1ncubate sections for 15

' minutes in a solution of 0.1 M :

2-amino-2-methyl- l-propanol con;a1h1ng‘17 mM: CaCl,,z
:»adjusted to pH 10 4.

2. R1nse 1n two changes (one mlnute each, wlth ag1tation)
~ of- 0.1 M Tris HCl conta1n1ng 18 mM CaCl., adjusted to pH
.27.8, Drain off excess solutlon on: blott1ng paper. :

3, lncubatx‘l Incubate sect1ons at 37° C for 45 minutes in-:
a 0.1 M 2-amino-2-methyl<i-propanol buffer containing 18
mM .CaCl, -and 2 7 mM ATP, adjusted to.pH 9.4,

4. Wash. sectlons in three 30 second changes of 0. 07 M
CaCl,. Drain off excess solution,

~

5. Place n 2% cobalt chlorlde for three mlnutes. i B

6. R;nse in four 30 second changes of 0. 1 M~ g %& .
‘2-amino-2- methyl 1-propanol buffer (adjusted to pH 9 4)
7. Place in 1% yellow: ammonlum sulf:de for three m1nutes.

8;43R1nse 1n tap water for three to- f1ve mlnutes' e

4

' 9. Dehydrate in ascend1ng alcohols, clear/Ln\xylene, mount‘
in dlatex * 5

' | . h ‘ ’ <
‘ . N\
-
. . R .
.

'”from:]Guth and'Séméhe,IQSQ
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' H.EASURMNT OF WORK AND POWER ON A D;GITIZER
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G '”18.5. =
MEASUREMENT OF WORK AND POWER FROM TORQUE CURVES -

L

A . e

. The grea of ‘the torque curves was measured by traclng
‘the outline' of the'curves on & Hewlett Packard 9874
" dlgltxzer. The digitizer wgs used in:conjunctioh with -a
" Hewlett Packard 9825 computer with a- planlmetrlc measurement
"'program based on the»trape201d rule. v T .

N ) '-te theé, X: Y ratlos 1nput 99 the computer
or measurement o}/ woxk “and power at the five test .
eloc1t1es. Thesg PS wefre calculated from,a recorder

e
L

LN v;f. The folTowing

VELOCITY (°/sec)

ST 266 122 .082 .061 - .
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) ~ CONSENT. FORM
I, : , agree tb'parficipate;fh a‘sxudy-oﬁ -

.+ exercise in rheumatoid arthritis conducted by Jean Wessel .
.. under-the supervision of Dr. P. Davis and.Dr," A. S. Russell. -
"~ ;-1 understand that I may be in a group that receives exercise’

wpr in one that doesn't. Persons in both groups. will be ,
“‘tested for strength and painful joints and will be asked to .
< answer questions concerning how the disease affects their 4
daily activities. This will be done at ‘the beginning and at’
the end of ‘the study. I understand that a muscle” biopsy will
~.be’'taken from my thigh ‘at the beginning and end of the . .~
study. This involves a small cUt.andﬁinsettioﬁ;oﬁhafbiapsy

needle. . SR

.

& v .1 understand that if I should change. my arthritis
- medication during the study, I will Fontact Jean Wessel. A
. ».¢hange may result- in my being unable

to continue in the ' -

I understand that if.I am-in the ékércise gtbup,-l will

exercise on, my knee.

- be required to attend three times weekly for seven weeks.fgrvﬁ

ssible ben’-e,f-it I'x"nay .éxperience f&nwthe ‘study is

. an impqg nt in strergth and function of the legs. The

welling in the knee from the exercise, and pain
from tH®muscle biopsy. In addition, it is possible that I .

sks,'or hazards 1 may‘experienceafediséozzprtor
may not have any improvement with the exercises,

.1 understand that once I have agreed to participate in
the study, I may still withdraw at any time, and that this
withdrawal will have no, bearing on my.medical treatment. If
I am in the non-exercise group and wish to reaeive an
exercise program, I understand that this .will be arranged -
once the study is over. ' ' e I

- . - v - - " . : %Y
witness ¥ - : . - subject
. ~
investigator ; S - date .

N

~

.
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'GROUP/ANGLE INTERACTION = 3930, 007 -~
ANGLE X SUBJECTS WITHIN 369605QQ0‘

.'0

)

_ GROUP
SUBJECTS WITHIN

LEG
GROUP/LEG. .
SUBJECTS WITHIN

SPEED = .
' GROUPR/SPEED

LEG/SPEED .
GROUP/LEG/SPEED

SUBJECT% WITHINH

o kel

SOURCE -

SUBJECTS WITHIN

[ TN .n

A 'SUM OF

 SQUARES

~ 10252,598
 22898.254

332,854

. 139,216
4894.957

2263.089

3522.616
13547.754

"137.844

© 467.078
6938.039

-. 8 491,251

108 342.222°

DF °, MEAN
~ SQUARES

2 5126.297
27 848,083,

1. 332.854

2" 69.608
27 181.295

‘4  565.772

‘8. 440,327
108 125,442

4 34,461
108 64.241°

180

1.435

CHANGES 1IN xNEE'ExTENSIoNrPEAK'TORQUE,~'STR0NG*ANb;yEAx

6.045
1.836
0.384

4,510
3.510

0.536 -

0.909

e

/- ‘remest KNEE EXTENSION PEAK TORQUE s
) f R T s s o
' SOURCE," - - SUM. OF DF. . MEAN F ' P
e -.;SQUARES v_.SQUARES RATIO

- BETWEEN SUBJECTS: . 2512&3 ooo 29 ‘ ' _

GROUP MAIN EFFECTS - 4587.508 2 "2293.75¢ 0,251 780
SUBJECTS WITHIN GROUPS 246684 Qoo, 27 9136 441

 WITHIN SUBJECTS 254400 000 120 T ST

ANGLE MAIN EFFECTS 213515,375 4.53378.844155.977 .000

V. .

_.t§0"

LEGS

. P
- mamd -

1007

187
. 685

.002

709
;5123 '



'

BETWEEN SUBJECTS S 68002 875fl
' GROUP MAIN EFFECTS. . 20663.633 .

BETWEEN. SUBJECTS ' Q1880 836 - 29

PP B o L. +

. RERTRE
A

. ' soumeE . " o or Ds* MEANC P

SUBJECTS WITHIN GROUPS 47339; 375;4;21f“ 53:310
WITHIN SUBJECTS .- 38564. 438‘ 120

SPEED X SUBJECTS WITHIN 27091, 000_:}Q§f”f250_§43
n e = v ~,‘ N .\. | ) S . e oo .

-

' SPEED MAIN EFFECTS . 44014922 1100.480 -4.391
GROUP/SPEED JNTERACTION :707.1.296 a 883.937 3.52%

= f_.i___CHANGEsgiﬁ’KNEEQE&f&ﬁSIoNIREAxironQﬁzggyj”f*""'

Csquamms | soiames . mamo

337, 816 5 893 oos°'

003
001

CHANGES 1N KNEE,ExTENsioanQRQUﬁ ATf3o°“’ o

RN

-

. SOURCE ... . . SUM: op”:V'unF, MEAN R
' S ) SQUARES o SQUARES RATIO

s

GROUP' MAIN 'EFFECTS = 11669.746 = 2 ©5834.871 .5.215
 SUBJECTS WITHIN GROUPS 30211.066° 27 1118.928

WITHIN SUBJECTS ' 26040.000 120
SPEED MAIN EFFECTS . = 885.441

221.360 1.037
' GROUR/SPEED INTERACTION & 2101.127

262,641 1.230

@#-

| SPEED-X SUBJECTS WITHIN 23053.453 iog 213.458.

,,!

-

c .

. CHANGES IN kﬁEEnEXT$N81QN'PQWER T 30°

2. | \

SOURCE .“»7‘_ SUM'OF . DF = MEAN = F -

' N SQUARES. "SQUARES . RATIO

o , o PRSI
BETWEEN SUBJECTS .~ 151268.250 29,

GROUP MAIN EFFECTS ~ 28071.156 . 2 14035 578»'3.076 ,qsai_f

SUBJECTS® WITHIN GROUPS 123197 250._27‘ 4562_859

" WITHIN SUBJECTS l*f' ‘87.395. oao ‘gp

.392
.288.

." ][

.'.

SPEED MAIN EFFECTS .- ' 16721.461 3 5573.820 7,377 000, -
GROUP/SPEED INTERACTION 9469695 6 1578.282 2.089 .063 .

SPEED X SUBJECTS WITHIN 61203, 813“,81,5_755.603
. - ,‘-‘..‘ \ 1

. .‘1'
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B 'ﬁ§35§§€5’1ﬁ;ﬂoﬁé Qkxﬁzsjiirmgsfon (TOfAL)i~
o souncz O smor or Ve i B
"3f;f:' o | .5’.,squ§§S   r ?QQARES. ‘36?19, |
- BETWEEN ‘SUBJECTS. - R 5040.375 20 - o o

. GROUP MAIN EFFECTS.

9532.145° 2 19766.070 6:2030:+,007
sunascws'wrwnln GROUP .

88508.313 27 3278.085

24141.500 90 | - )

2535;198 3 - B45.066 3.373 ,022

11310.118 7. 2182353 0.871 .520
0296.188" 81, 250.570 I

'WITHIN SUBJECTS

SPEED MAIN EFFECTS
GROUP/SPEED - INTERACTI
'SPEED X' SUBJECTS. ergq‘

oy )
g .’-.."‘ S o 3

'CHANGES IN WORK. OF' KNEE. EXTENSION BETWEEN 75°AND 15°

I Sl Ly 3
.. . SOURCE SUMOF DF "MEAN. - F P
. SQUARES ° ~  SQUARES = RATIO.
BETWEEN' SUBJECTS 65657.563 29 : '
GROUP MAIN EFFECTS’'.  13355.148 2 6677,574 3.447 .046
SUBJECTS WITHIN GROUPS 52302.430 27 1937, 127 S
WITHIN SUBJECTS - 9636, 760 90 e
SPEED' MAIN EFFECTS 344.263 3 114.754 1.046 .377

GROUP/SPEED INTERACTION ' 402.222..°6 = 67.037 0.611 ,721
SPEED X SUBJECTS WITHIN 8890, 281 B1 109,757
R

4 ‘ffﬁii ( i
! CHANGES°IN POWER OF KNEE EXTENSION (TOTAL) )
SOURCE SR SoM’ OF DF MEAN . F P
s 'SQUARES = . sQUAREs RATIO =
BETWEEN SUBJECTS .. 55973.844 29 .

|

- GROUP MAIN EFFECTS f;}:13318 316 2 6659.156 4.215 .026
SUBJECTS WITHIN GROUPS 42655 527 \27 1579, 834 , SR

» i "n
.,:,‘ ;'. . ) -

WITHIN'SUBJECTS - 21217,750 *90 e
“SPEED MAIN EFFECTS. - 2633.219 3 878,073 ' 4.561 .005

GROUP/SPEED INTERACTION. 2988.950 498,158 2,587 .024 -
. SPEED X. SUBJECTS WITHIN 15594. 590 81 . 192,526 .

A
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CHANGES IN POWER OF KNEE EXTENSION BETWEEN 75° AND 15°

.
o
. "\A-'_l .

SOURCE '~ . .  SUMGF i DF MEAN . F .p
D ' SQUARES . ° SQUARES = RATIO
P P ‘ ) . :
. BETWEEN SUBJECTS =~ 237289.250 29 -
. GROUP MAIN EFFECTS = 50441.727 2 25220.863 3.644 .040

-SUBJECTS WITHIN GROUPS 186847 625 27 6920.281

WITHIN SUBJECTS 87506.750 90 o
GROUP/SPEED INTERACTION 12891.613 3 4297.203 5.331 .002.
SPEED X SUBJECTS WITHIN 65289.125 81 806.039; 1.928 .086
CHANGES ‘IN KNEE EXTENSION ISOMETRIC TORQUE

A.§,\4

L

'SOURCE SUM OF DF MEAN F P
AN ’ . SQUARES SQUARES  RATIO
" BETWEEN SUBJECTS = 69916.250 29 .
GROUP MAIN EFFECTS 27514.813 2 13757.406 8:760 .001
SUBJECTS WITHIN GROUPS ~22401.500 27 1570.426 ‘
WITHIN SUBJECTS 23555.375 60 R
ANGLE MAIN EFFECTS  1961.329 2 980.664 2.754 .073
GROUP/ANGLE INTERACTION 2366.329° 4

_ \ - 591.641 1.662 .172
ANGLE X SUBJECTS WITHIN 19227.500 54  356.065 -

LY . . . <



