CLINICAL INVESTIGATIC

Effects of Resistance Training on Strength, Power, and
Selected Functional Abilities of Women Aged 75 and Older

Deawn A, Skelton, PRD, Archie Young, MD, FRCP, Carolyn A. Greig, PhD, and

Katie E. Malbut, MSe

OBIECTIVE: To determine the ellects of 12 weeks of pro
pressive reststance strengeh craming on the isomerne sirengeh,
explosive power, and selected functiomal abilities of healthy
wolmen aged 75 and over.

DIESIGN: Subjects were matched for ape and habwrual phys-
sl aetiviry and then randomly assiened sro cither a conreol
D1 LT R ETCISE BIOu),

SETTING: The Muscle Tancnion Laborarory,
Hespital School of Medicine, London,
PARTICIPANTS: Filly two healthy wonien were tecruited
thrauph local and national newspapers. Five dropped our
hefore and seven (4 exercisers and 3 conrealy) during the

Roval l'ree

||]'N.| AL |"1|.[J.,‘|I“||.]H IMEASUTENLs were (Jlltn.!ll:ll.‘lj
from 20 exerdisers (median ape 79,5, range 76 o 93 vears]
pad 20 controls (median wee 79S8, runge 75 10 90 vears).

LN VLR VUM TIONS: 'Dranung comprised ane supervised ses:
gian {1 honr) ar the Medieal Schoal and mwo unsupervised
lene sessions {supported by an exercise tape wnd booklet)
per weele for 12 weels, 'l e rraining stimulus was theee sers of
fosur mr cight reperiions of cach exercise, vsing rice bags
(1-1.5 leg) or elastic tubing for resistance. The exercises were
imrended specifically o sreenprhen the muscles considered
relevant Tor twe luneidonal tasks, bot were not to mimic the
funcrional measurements. Mo ntervention was prescribed for
rhe conrrals,

MEASUREMENTS: Pre- and posttraining messurements
were made for isometric lonee extensor strength (LKES) iso-
merric elbow flexor strenprh (TEFSL, handpreip sreengrh
{HGS), lew extensor pewer [LEPY, and anthropometric indi-
ces {Body mmpedance analvsis, arm muscle circumsference,
anid hadv weightl, Funcrional abiliry resre were chair rise,
kueel rise, rise from Iving on the oo, 118 sell-paced
corridor walls, stair chmbing, funcoonal reach, stepping up,
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stepping down, and lifting weights ontooa shelf, Pre- and
posttraining comparisans were made using anulysis of vari
ance or analvsis of covarianee (using weiphr as a covarace)
for noroally diseributed continuous data and vne-sided Fish-
ers exact rest (222 rable) for discontinuous daca.
RESULTS: Improvements in [KES (mean change 27%, ' =
03}, [EFS {22%, P = .05}, HGS (4%, P = ,05), LEM/kg
{14%, 1" 05 were associnted with craming, bue the tim
provement in LEP (18%, P = 11} did nar reach sranstical
sigiilicance. There was o associntion belween tradning wod o
redocnion in narmal pace kneel rse nime (median change
20%, P = 020 and a small improvemoent in seep ap height
(edian 5%, ' L005). The other functional tests did not
|!TT!‘|-"I|'}'~'I".

CONCLUSIONS: Progressive rosistaney exercise can pro-
duce substancial mcreases in muscle stength and o power
standardized for bady weighr in healthy, very old women,
However, moluted increases i strenpih and LEPkg miny
confer only himired funcrional benefr in healthy, indepen-

dene, verv old women: | Am Geriare Soc 43:1081=1087,
1995.

C:o-&ﬁ sectional studies have shown that across the upe
range of 63 ro 89 vears, even healthy men and women
have diffcrences in somerric knee excensor scrength, isamer-
ric elbow Hexor strength, and handerip sceengeh, consistent
with losses of 1o 2% per annum.’ More impartantly, the
decline of explosive leg extensor power across this age range
5 about 3% per annuwne' IL s Lnportant o mainlain
misscle strength in arder ro be ahle to contnue ra complete
daily rasks successtully and wo be able wo do chis with reason-
able safery margins*

Women should he the inirial rarger far inrervenrion o
help maintain the ability o perform evervday casks and
activities. Mot only is disability disproportionacely more
commen in women,  hur they alan have lower srrengrh and
power standardized for body weight than do men ol the samne
ape.!

There have been more than 40 exerctse raining studies in
older subjects that have considered one or more measures of
sreengrh as an ourcome. Only 11 of rthese have been random-
teed and controlled, and unbil very recently (see below), these
studies have considered only the voungest "old,” chose with
mean ages botween 66 and 75, Even fewer studies have
considered functional ability, One recent randomized and
conrralled study examined alder subjeces (mean ape 82, ranpe
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71 1o 97 vears) and nor only considered stcength ar the knew
and ankle bur alse walking speed.” Anorher, locking ar the
cifeer of 10 weeks of eraining wirh leg press or wall-mounted
pulleys in men and women more than ~0 vears old, found
sipnificant improvements in lower extremity strength, paie
velucity and siair climbing power Ualy two controlied
trainiug studies have considered muscular poseer. One was o
pilar study,” and in the other. the subjects were only 51-57
vears of ape,”

Mo study has examined rhe effects of strength Lraining on
strengrh, power, and functional ability in the same older
sultects, The aim of this study was to derermine if 12 weeks
of progressive resistange strengrh training can produce an
increase in strength and power in healthy women aged 75 und
alder wiml wherher these increases in srrength und power
tmprove functional ability, Stricr health criteria were chosen
so that the results wonld be [ree of any ellect of disease un
strength or on the response o steength rraming and o aviend
any possible interacrions of different disease stares with the
respunse to rratiiog, Findimgs lave been reported in abstract
form,

MITTTIODS
Exchision Criteria and Subjects

Volunteers were recruited through aricles i local and
nativaal newspa pers, Only those whose responses ro 1 healuls
questionuire mer previously defined criveria ! for healehy’
or ‘medically suble’ were ineluded. Subjects had no recent
histary uf cardiovascular, cerebrovascula ry fEspinatory, sys
temie, muscular, or uncontrolled metabolic disease, ur any
wnpairment that interfered will mability. All women lived
mdependently and required no help with washing, cleaning,
or cooking ur help from external services. There were no
selection erireria lor hahiral physical activire,

Vifty two women were paired and marched For age and
habitual physical ucriviry, ' Fiye wirhdrew, and the resulting
unmatched subjects were paired, insofar as possible. Forry-
stven subjects {median age 79.5 years, range 75 1o 93 years)
were allocared randomly, using 4 random nugbers rable, inwo
rhe training or the control Bromp.

Erhics

This study was approved by the Hampsiead Health
Aurhoniey Ethical Pracrices Sub-committee, and all subjeers
gave writren inlormed consent,

Study Desipn

All rests were performed in the same order, with reses
allowed to aveid fatigue. Al measuremenrs of an mdividual’s
© performance were made on the same day; pre- and poststudy
Mmeasurements were made at the same rime of dav and by the
same observers withoul reference to the haseline vaalues, but
ubservers were nor blind to the group in which the subjea
participated. Measurements were made during the 2 w 3
weeks before training and during the 2 weeks afer Lraining.
All tests were demnonsrrated and fully explained ro the sub-
lect, and pracrice of each resr during the measuremenr session
was eRcowraged.

Lifesryle
Fach subjecr completed three questionnaires pre- and
posttraining, {hie questionnaire graded habitual physical
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Activity on a fi-point scale for each decade of their adulr life 12
Suhjects also completed & "Human Activity Profile” (HAD),
which includes 94 quesrions abuut their current capahility
pecforin very easy to very srrenuous physical tasks. ' The
scoring allows caleulation of 2 Maximum Activity Score
(MAST, which gives an esrimate of a subject’s highesr level of
energy expendinure, and calenlation of an Adjusted Aetiviry
Score {AAS), which is an estimare of the subject’s averape
tevel ol energy expenditure (a measure of usual daily activi
tics). The Tokyvo Merropolican Tnstitule of Grevontalogy -
dex of social compuotence {IMIG)" praded subjecrs’ partivi-
parnon i social activities on a scale ol 13 vESID nswers,

Anthropometry

Pre- and posteraining measurements were made ol heaprhe
fwall-mounted stadiomerer), weighe {(heavy elothing aud
shoes removed), arm muscle cleciiilerence (AMC) (derived
from mud arm circumterence {0,314 = reiceps skinfold
thickness))," demi-span (distance from the siernal notcly
the finger roors of one arm), ' and phase angle (R, Fidy
Impedance Analyser BLIAT09), derived from the ratio of resis-
tanee (measure of Huid) and eenctance (measure of badly
membranes) of the body,'” Body impedance analysis (BIA
wits performed withour requiring swhjeces Lo have fasted,

Strenyth

lsumerric knee extensorsteength (TRES1, isomerric of o
flexor swengeh (TE1S), and handgrip strengeh (HGS) were
measured bilaterally as reporied previausly,! Repearabiliey of
strength and power weasurements in older subjects has heen
reported elsewhere, 'Y For gl sibjects whe pave consenr,
electrically stimuluted contractions were studicd in the right
quadriceps ro measure relavaton rae! {teaining, n o= 9,
conceol, n = 7)and o assesy the completeness of activition
{using twirch ineerpolacion (113" (training, n — 14; control,
n = 9. Stunularion caused discomfor, for mese ol the sub-
JEcts,

Leg Extensor Power (LEM)

Explosive power was measured with a slightly madified
version™ of the Mattingham Power Rig,™" as reported previ-
ously.’ This method for power measurement allaws the suh-
ject to remain seated and avoids impacrs or excessive postural
demands. It measures puwer exerted by a single cxplosive
elforr of the extensors of the lawer lind o accelerale a
fywheel from rest,

Functional Ability Tests
Functionad Reach

The subjecrs were asked to srand with their feet slighely
apari and then to rvach forward as far as possible withoul
taking their heels off the Hoor and withaur using the orher
arm for support.” They were asked ro reach three nmes, and
the longest reach was recarded,

Clhair Rise

Lhe subjects were asked 1o tise with their arms lolded, ae
avomfortable puce, from a stool wirh a level scar 1,42 m from
the flour.' The test was performed twice, and the faster rise
(imed with a 30-second stop watch) was recorded. The
subjeers were then asked to repear the test. as fast e Lhey
could. The subjects were then asked to rise 1O tines consec
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utively, with thewr arms folded, ar their own comforable
pace, 23

Liftirng o Bag owto @ Surface

Subjects were asked ro life a shopping hag (46 cm handle
ey hasel concaining, progressively, 2w 8-kg laboratory
welghts {1-kg incremients) onto a 11L.72-m surface,’ The tesr
was performed once per arm ar cach weight, and the meas
besr weighr hfted recorded.

Beow Stepping

The suhjecrs were asked toostep up onto and dowa Lrom
boxes wl heighits progressing in 5-cm imcrements from 3 ta 53

e : bt

cim; there were no handrails, =" Ar each height, the subject
was alliwed two arcempts at stepping upand bwo atlempis at
stepping duwi, and the maximal height achieved for each
wis recorded,

el Rise

Suljects sbarted the test Trom a leneeling position, warh
their hands an the flaor in freamt of them, They were asked w
s e standing dn their own dime withour the use af a hand
hald ialthough one was provided for saferyd. The rese was
rerformed ewice, and the faster rise was recorded, Subjeas
were then asked Lo repenl Uhis Lest, rising as Fast as they could,

{loar Kise

Suhjecrs srarred the test lying oo their side on the floor
They were ashed to eise to standimg i therr own nme withone
the use of a hand kold. The resr was performed owice, and the
fasrer rise was recorded.

ooy Wall

Subjecrs were asked o owalk once, av their own pace,
alone a 18- corridor.™ Heart rare was measured relemer-
rically and averaped every $ seconds (Sporrs Teswer PE3000],
and che mean of the lnal 60 seconds of the walk was re-
corded. The number of steps taken im 20 seconds was re-
corded ar half way.

Sterir Walking

Subijects were asked to climb up a staircase (6 flighos of
12 steps each, 1.RRS m per flighr) as far as they could withou
SEOPPIE, moving at a comlortable pace bur withour using the
handrail as support. Performance was recorded as flights per
second (flishrafsec). Hearr rare was measured telemetsically
as the wean ol the lnal 15 seconds.

[Arerventions

To encourage participation and 10 ensure that the only
raining stimulus imposed om the traiming group was the
peescribed exercise, raxi-cabs were provided to and lrom the
Modical Schoul for each of the supervised exercise sessions.
Only two wonien wonld have been unahle e commute to the
lahoratory had raxi-cabs not been provided.

Control Croup

No active or placeba interventinn was prescribed for the
contenl proap. They were asked (o perlorm no more or less
uctivity Uian belore the study and were asked ro complere an
exercise diary each day of the srudy, This diary was to include
any moderately strenuous activity tand length of actviey
tiate) that involved the use of major muscle groups, e, stair

climbing, gardening, walking to and from shops, sports,
dancing.

Training Group

These subjects attended an exercise cluss at the Medical
School, in groups of four to six, ance o week For 12 weeks.
The subjects were also asked o complete two ansupervised
thome sessions” per week, ollowing an exercise prescription,
Each subject had an tluserared exercise hookler and an andin
casserre explaining the exercises, Each subject kepl an exer
vise diary lor home sessions (number ot sets and repetibidans
managed for each exercise] and for any other exercise related
activities they did apart Troen the prescribed exercise. Mo
sublject nussed more than 2 consecurive weeks af rraining or
performed fewer than 30 complite sessions

Lvercise Class

Fach chass began withoa 1O misuee wavio-up and sereerch
of the main muscle groups being trained; eorrect posture was
srressed, The 30 o $0-mminute steengthening component of
the cluss involved exercises chosen for their expecred effec-
nveness, safety. and ease of learning, The exercises did oo
miimic any ol the presstudy imeasuretients of steength, power,
or tunctional abilicy bur were aimed arinereasing the sreenprh
of those muscles considered necessary for che weses, Tlie
muscles teained were shoulder and hip abductors, adduerars,
flexors and exrensors, elbow Hesors and exrensors, and kneg
flexors and extensors, Following u typical progressive resis
tunce protocal, each exercise was performed as three sers of
four to eight repeninions, wirh bodv weighe, rice bags {115
kit or clastic tubing (6 resistances ol "Theraband’ (MNocting-
ham Rehabilitation)) for resistance, lmoally, resistances were
chasen so thar the subjecr could almost complete three sews ol
four repetitivns, As soon ws o subject could camplete three
sers of eighr repetitions af an exercise, the resistance was
increased and the number ol repetitions reduced. There wasa
L0 minuee 'warm-down’ component ar the end of the class,
leart rare relemerey (Polar Sports Tester] on at least one
person cach week showed that at no time did the heart race
rise above 7% of esumated maximum hearr rare, The exer-
ciges used can he obramned from the authors.

Stanistical Analysis

Prefiminary work indicated thar a training group size of
23 would give an 83% probability of dewcting a 20% de-
crease in chair rse and koeel rise e, 4 10 o 15% increase
in leg extensor powsr, and a 10 to 13% increase in somerric
Lknes exrenzor and elbow flexor srength e < 05, two-
wailed). Results are expressed, unless otherwise stated, as
means and standard deviarions, and all caleularions were
made with the hilateral mean ol each subjecl’s strenzth or
power values. Coreelacions between variables were assessed
by caleularing Tearsan’s product momene # or Spearman's
% Pre- and posttraining comparisons were made using
analysis of variance or analysis of covarianee (using weight as
a covariate], as appropriate,  for continuous data and
one-sided Fishers exace test (2% 2 tablei™ for discontinuous
data. Some subjecrs’ prerraining values woere ac the upper
limir of the srepping and bag-raising tests (55 cmoand 8 kg,
respectively, being considered as the upper limic af stepping
or lifting in everyday life) and, therefore, they contldd not show
improvement, Unless these subjects deteriorated in their step-
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ping or bap-lifrimg ability, their data for thar tesr were ex-
cluded from further analysis,

RESLIL'LS
Seven wonten, four from the training group and rhree
Lronm the coneral prowp, dropped oot during the 12 woeks of

the study because vl ill health {nor relared o the exercise).
Results are reported from the 20 exerasers imedian age 79,3
veurs, range 76—93 years) and 20 controls (median age 79,3
years; range 7520 years) who completed the study.

Compliance:

Three subjecrs arrended extea class sessions because they
were unable 1o coanplete home sessions, and mine completed
entra homie sessions because they were unable to arrend the
class. Eight of 20 subjects arended all classes and completed
all {or mare] home sessions, Mo one arrended fewer than nine
elass sessions Lrange Y-14, medinn 10.5 (10 or 11) classes),
Accerding o the exsercise diares no one perlonmed fower
than 20 home sessions (range 20=30, median 24 classes), The
median caral number of sessions completed was 35.5 (ranpe
31-40). Except for the firsr 2 weeks of the study wlhere o
number of people felesttl alier training, the exercises cansed
o discomtort, and rhere were no untoward vecurrences,

Lifeseyle and Anthropometry

The reatning and control groups did nor differ in their
preteaining levels of habwroal physical activity on any of the
three scales used. Both groups had a median score of 3 (range
3=51 on a f-point scale,™ corresponding o light exercise for
24 hours per week, On rhe TIAP scale,™ the taining group
had a median maximum activity score {MAS) of 76.3 (range
6ll=83) and a median adjusted activity score (AAS) of 73
(range 48 —51], and che conteal group had 2 median MAS of
6 (range 71-82) and & median AAS of 71 133=800, Unfor-
tunately, ape-matched normal values for these scores are nor
avatlable, but 4 MAS ol 76.5 15 approximarely the 74th
pereentile, and an AAS of 73 1s the 67th percentile of 70 ro 79
vear women.'” Pre-and [OSTITAINING qUesHionigire auswers
showed no difference Lor either group, On rhese scales, activ
ity score wonld nor be influenced by the training program
itsell, Subjects scored highly on the TAMIG Index {conrols:
median 13, range 11-13; excrcisers: median 13, range 11-
13%

The control group was heavier than the training group
{mean 61.5 kg vs 54.1 kg: P -< (051, Over the study peniod,
ucither group varied in ats bodv weight, Lieight, arm muscle
circumference, demi-span or phase angle (lable 1)

Strength

Refore rraming. mean HGS lor the conerol and che rrain-
ing group did nor differ significantly. The members of the
control group were stronger than those of the training group
for mean IKES (F < 05) and mean [EFS{P < .01) {'lable 2).
Analvsis of variance {with weight as a covuriace) showed an
association of improvemnents in [KLES, IKES/kg, HGS, and
TEFS with training (Table 2, Figure 1)

The maximal voluntary contruction (MVC) perfrrmed
duting twitch inrerpalanon (1) was frequentdy less than
5% of the best MV, This may have been arrriburable to the
discomfore caused by the stimuliution. As a result, interprer-
able TT data (hoch pre-and posctraining) were obitained for
anly one control and chree teaining proup subjects. The
control subject and two of the three training suhjecrs had
evidence of incomplere activation both pre- and poseeraining,
There was an association of faseer relasation riles with
training (mean 15%, F = 4.56, P = 015)

Leg Extensor Power

tefore rraining, the control and training groups did nor
diller significancly in rheir mean LEP {Table 20, There was an
association ol un increase in LEPkp wirh craning (Tuble 2,
Figure 1}, but the associutivon between inerease in LEP aid
training was nor stanstically signilicunt (P = .11, Analysis of
variance (without weighr a5 o eo-variate) also showed no
assoctanon berween increuse in LEP and teaining (' — .07),
When the Srudent’s £ test was used ou pre- and postreaining
data o the vraining group alone, LEP signihicantly increased
(= 05).

Elfect uf Age or Number of Sessions Attended on Training
Changes

There was no assacianon berween age awd the eraining-
nduced change in strengeh ar power, bur this scudy was nol
designed ro study the effect of uge on the training change (che
ages of the suhjeces were nor evenly distributed wver the ape
rangel, There was no associanon becween che number of
sessions amended and the training-induced change in strength
ur power.

Fffect of Habitual Physical Activity on Training Change

Again, this study was nor designed Lo answer this fues-
non. There was no association between training-induced
changes in strength or power and pre-smdy levels of habitual
physical acriviry,

Table |. Anthropometric Indices Pre- and Postiraining in the Training 2nd Conrral {roup

Training Control F Ratio
Pre Eost 95A Pra Past g4 P

Body waight (ko) 54.1 (9.4) 54.1(89.3) a 61.5(11.4) B2.2 [11.8) 0 0.712
Body height {m) 1.54 {0.07) 1.54 (0.0 o 1.57 {0.07) 1.57 (0.08) 1} 0.967
Pemi-span {om) 2.1 2.9 723130 0 73.9 (4.2 T334 -1 0.23
AMC {ormy” 23.002.9) 22.5 (2.6} -7 24.8(3.8) 24.1 {2.8) -1 0.829
Phase anglet 5.710.7) 6.2 01.1) 9 6.010.7) 6.3{0.7 8 .778
Yalues expecased an e (51 %A = mean U ch atige it variable. 0 = 2000t v growp, evepr + a5 meassred brom resiseance sod ieictince (Henly brpedanee Analvses)

i = T8 dor aaintog grovp, no= 17 for conucl gioupy, * A8 = 3o musce circumie

remee. Movalees are calonlnted Som che F-ratio a4 derived from analysis ol vieiane,
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Table 2, Strength and Power Measurements
Training Contral F Ralic
Pre Post (Y Pre Post 5a4 F =9
[KES (M) 199.9(55.9) 230.7 (V6.3) 27 243.3 (66.7) 2429637 3 0.031° 0.529
IKES/kg (k) 1.81{1.2) A7 (1.8} 27 A0 (1.0 A0{1.1) 2 a.mas D.632
HES (M) 212.2 (33.8) 218.4 (38.7) 4 209.3 (49.3) 204.0 {d4.59 J 0.0507 [.3681
IEFZ (M) 106G.6 (28.3) 127.0 [35.2) 22 133.8 (28.0) 127.4 (25.0) -3 0.049¢ 0.278
(NE= [W:I BY.7 {23.0) 783 (18.7) 18 9.8 (31.4) 71.2.(31.4) 4 117 [1.459
LEP/ g (W) 1.2 (5] 1.4 (0.4} 18 1.1 0.5 1.2 (0.5) -1 0,049 0,453
Vilawseapmensed wimenn (5000 0 = 200 g all, P = the P alie for the Faatin. Py = T valus foi the sosvanate weight, [KES = lsometsic koee extennonr strenglli;

IKES kg = lsomerric knee extemor strongihiiaody weighty HGS = Handgnip strongths [EFS = Dometric elbow Bexor soengehy LEI" = Leg exteriior powery LEIVkg = Lig
et powen Tl weipbn, =8 = 08 et o

1alynis ol sieianae wibige Baly worghl a8 3 coeiite.

(M 5 B i = P o 5
{1} Pt Ry, = pret Ciineg;

Reld am mrrmpth and poswcr

40 4 ! T::t

Mesn Tharge (B

il TCIrmern t'_

e stepping-up ability with teaioing, Po= D05 ¢ 2-4ided),
corresponding to a median increase of 2.5 e, he probabil
ity of an improvement in stepping-down abiliey wich eeaining
wis not signibicant (L340,

DISCUSSION

Twebee weeks of progressive resistance serenprh eraining,
significantly increased serength and LEPky in very old

=it s W upg B wamen. The improvements in muscle serengeh in oure subjects

areoar least equal o dhose seen in stodics with younger

e subjects. """ Crosssectional data suggese that muscle

Figure 1. Mean  percentnge  change  aller  trnining serength is lost at a rate of 1 ra 2% per annum, and musele

IKES = isonetnie koee extensur strength, TEFS - somenic elbow
Hexvr steenglly, LEP g leg extensor strength standardized for
bedy weight, HGS = handgrip strength, The errar bars dennre —
| seandard evene, T = {15,

Funcrional Alility

The rraining proop did nor differ feom the conteal group
in the pretesining, functional abilivy data. Functionsl abilicy
did nar change 1n the conrrol group dunmg the stady, In the
rraining group. funcrional reach, self-paced swair cdimbing
speed (llighisfsec), sell-paced walking rate, step rate, heart
rate during stair climbing or carridar walk, bag hftmg, char
rising, o floar rising did noc change wich training (Table 35

Kneel Rizse

Trwo different data sees. normal pace and lsst pace, were
obtained for kneel rise. There was an association berwecn
rraining and a rednerion in kneel rise rime inormal pacct (P =
L2, but noe between training and @ change i kozel rise time
ifast pace) (1* = 290 (Tahle 3}

Box Stefifring

Two of the training proup and three of the control group
were at the ‘ceiling” of our stepping-up measurements (33 cm}
preteaining, and rwo of the training group and fve of the
control gronp at the ‘ceiling’ of stepping down, MNone de-
creased thew stepping-up performance and thewr dara., rhere-
fore, have heen excladed from analysic, In the traming groop,
uinte ol tie 18 not at our *ceiling” improved their stepping up
ability (5-13 ¢m), and four decreased their stepping-up atul-
ity {5 em ) Using Fishers exact test, there was an improvement

power even faster at 3% per annom, in healchy women
older than the age of 65." Ieis lilely thar at the end of rraining,
the subjecrs were stromger than chey had been for many years,
Although increases of IEFS wod IKES in che training group
were larpe, rhe increase in HGS was nar (4%) and 1a unlikely
o be biologically significant.

Sreength mav be an wnportane limiting factor in che
manrenance af an independent lifesryle. Whipple er al!
bave documented thae noesing hoome dwellers wich a history
of falls had only 62% of the quadriceps scrength of fellow
residents nar experiencing falls and only 37% of the srrengrh
of commuenty dwellers, An miterventon that would increase
strength and power may help in the prevenrion of falls,

The present study did nor direcrly examine mechanisms
ol strength gains, Mevertheless there wus no change in the
measured phase angle or arm muscle circomference, implying
no increase in lean body mass. An inerease in muscle eross-
sectional arsa smaller chan the increase in strength is a com:
mon finding of srrengrh-rraiming srdies.®™" Tr has been
comsidered that most untramed older subjects can lally acu-
vate their muscles in a voluntary concraction, **** Qur twitch
interpolarion dara. although very limired, suggesr thar this
may not be soy we are uneble (o exclude the possibilivy that
our subjects’ strength gains were the resule af a change in the
completeness of activation achicved,

Although the results for quadriceps relaxation rate are
for only a small number of subjects, they do suggesr thar
training can ercase relasation rates, Muoscle power is deter-
mined by the velocity of shortening and the overall size and
srrenprh of the muscle. With an increase in strengrh and
speed” of the mesele alter taining, we would pechaps expect
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Table 3. Functiooal Abalivy Data Pre- and Postiraming
Trzining Cantral F il
m Pre Post Pk [ Pra Frst YA A o

Chalr riza- 20 1,0 {0.5=3.5) 0.8 {0.5=1.4) 16 1 TO0Mms-20) 1.0 {0.6-1.8) g D82l 0,767
nenmal {sar)

Chalr rirs-a- 20 0.7 {0.3-23) nGina-—1.2j —1d 19 o414 0.7 {0.4-1.2) a 1310 0,833
fast [san)

Chair dza ¥ 10 70 PRV B-G3) J6.8 (1h-Hd.5) d 18 301{8.1-52.8) 22.8 (15,5-43.5) -2 [iRenlss [ANNIE
[5e)

K 14 [R-AERFERICE . 2.2 [1.0-4.5) 21 5 220192 22 11.4=7.1) =12 00 (R H
HGe el
(e

il pidee- 1& LBE-3.00 1.7 (D.8-~2.5) =10 15  2.0{0.7=4.1) 1.4801.0-55) 14 (2B 0,403
fast fgan)

Flowr riga {sac) |7 4.1 2.0-17.00 A0 (1.9=-10.5) -2 1/ 452.5-85) 4.5 (1802 4 0444 0,048

Function D 94T G BEA(50) 1 M BhG 65 S50 (1) o 0ED 021
raash iem)’

5P walkin 20 1405 12003 ’ 20 1203 T2 | 0004 naaz
RGN Elln.-‘n]'

GF staer spend. 17 0,96 (0.655) (R R AREE] 14 200 0.0 (0,02 0190003 0o 02 .am
(it e

Coomicor I;]mn 12 84,7 (p.0) BE.7 [11.7) 5 14 918 (12.4) 92.5(10.9) | 1.0419 1L EIRR
b (ldfon®

ES1 P TR RTESTE Y] (RN PR B WA G b 116.4 (11.0] 0 T4 118 (141 FI32016.2S T i ki
[exdif®

Shop g haighil o 14 ALk (D) 45 [(25=55) 5 IT 40{20-50) A0 {20=50]) 13 [KRUIEIERRE
fesn

g dwn 18 4k i20~50 45 [25=55) 0 16 A0 (20-50) A0 (0 -0 B Dadr
feight e

Bew roise oy 12 B.75 [6=7.5) A {G-0) 14 7 5.6 [@-16) AhisB R VN by B

Values expewmed dnmmdion panpel, e < pasan 15110 &00
mabsle to dliow improvement es Siaiend Mabodis, 4 = e
lexeel ™ menn el

bEE=p

an ncrease in muscle power, LEP ke and LEP both increased
by 18% in the rraining group, bor anly TR showed 2
statistically significant increase, We would suggest that the
training subjeers have received a significant biological effecr.

There have been two other fully randomized, conrolled
rraining srodies thar have considered funcrional ability s
strengeh in older people. One showed thar 12 weeks of a
combination of steength and balance training increased both
srremgrh and ehosen pair velocity.” Piatarone er al.| looking at
the ellect o] 10 weeks of rraining with leg press or wall-
mounted pulleys in men and women moere than 70 vears old,
found significant impravements in lower extremity serength,
gail velocily, and stair climbing power.” The subjecrs in these
studies were either not as healthy as those i this studs or
were very frail and had fonerional difficulnes.” Neither cho-
sen gail velogily nor stair-climbing power was improved in
the presenr study, where the volunteers were functionally
tore able than in Fiararone’s smdy. Mo other sirengh-
training study has considered muscle power and functional
ahility in older people.

Omly two ol the functional tasks, stepping ap and rising
from the kaeeling position on the loor (normal pacel, -
proved with streagrh training. Srepeup height 5 relaced w0
LLIP/Lke." and this is supported by the fact that scepping- up
abiliry did improve, with training, in this study, Koeel rse
lime i also related o LEMkg and TRKESkg (unpublished
data), Both step height and bag raise involved a cor-off heigh
ar waight hevond which the task was no longer considersd
lunctivnal. A number of women were able to srep aur highess
srep or It our heaviest bag. These women were excluded
Frenn thie analvses heeanse they conld nor improve (see Statrs-

welt paced, him = Bears per minoane. = Foealue obealeed teom Pishees exact ress alter exclusio ol suligecis
A g il e o ey sim ol vaeaeee s b ezl ns o covimnne, el = medlan clunge

tread Methids), This reduced rhe stansncal power of this
analysis. However, of che 11 functional ability tasks tlim
showed no unprovement, only owo had redoced srarisrieal
power. We conclude rthar rask-independent increases in
strength and LEPkg can produce only limited improvemenes
i functivnal ability in healthy, independent, alder women,
Perhaps improving functional ability requires training thar
wtcludes pracrice of the funcoonal rasks.

Wamen m the raning group also reported subjective
benefits. Many sugpested that they felt berrer able o cope
with the demands af daily ife (shopping. use of public trais-
portaton, etc.), five reported that movemenc in the shouldees
had improved, three thar eheir halance was much improved,
and one that she could now cut her toe-nails and have a harh
rather than a shower.

The enthusiasm of the volunteers [or the exercise classes
wis apparent from their expressed hope rhar the program
conld be continued. Ar follow-up & months later, vue weekly
class had been sel up in a subject’s front room (3 wamen
arendingl, two wamen had joimed classes elsewhere, and 12
reported that they continued Lo practice at home, at least onee
a woek, the exercises used in rhe sody,

We conclude that a simple-to-dollow program of progres-
sive resistance exervise can produce subsranrial increases in mus-
cle strengrh and power, standardized for body weigh, in
healthy, independent, older women. Isolated improvemenrs of
strengrh and power standardized for body weight may not be
sufficient to improve unctionul ability in such peoplee,
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