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Short-term progressive resistance exercise may not be
effective at increasing wrist strength in people with
tetraplegia: a randomised controlled trial
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Questions: Is an 8-week progressive resistance exercise program effective for increasing strength in the wrist muscles of
people with telraplegia? s il effective for improving muscle endurance and participants’ perceptions about use of their hands
for activities of daily living? Design: Randomised contraolled trial with concealed allocation, assessor blinding, and intention-
to-treat analysis. Participants: Thirty-two people with tetraplegia and neurclogical weakness of their wrist flexor or extensor
muscles. Intervention: The wrist muscles of one randomly-chosen hand were trained 3 times a week for 8 weeks. The control
group received no intervention. Outcome measures: The primary outcome was strength measured as maximal voluntary
isometnic torque in Nm, The secondary outcomes were muscle endurance measured as fatigue resistance and participants’
perceptions about use of their hands using the Canadian Occupational Performance Measure. Results: The mean effect on
maximal voluntary isometric torque was 0.2 Nm {95% CI -0.5 to 0.8). This represents an 8% increase of mean intial strength;
less than the 20% deemed clinically worthwhile at the commencement of the study. The mean effect on fatigue resistance
was 0.1 (95% Cl 0.0 to 0.2). The mean effect on participants’ perceptions of performance was —0.3 (95% C1 -1.9 10 1.2) and
satisfaction was ~0.3 (95% CI| —1.6 to 1.0). Conclusion: The results indicate that progressive resistance exercise has no
effect on participants’ perceptions about hand function, However, it is not yet clear whether progressive resistance exercise
programs improve strength and endurance in muscles with neurologically-induced weakness following tetraplegia. [Glinsky
J, Harvey L, Korten M, Drury C, Chee S, Gandevia SC (2008) Short-term progressive resistance exercise may not be
effective at increasing wrist strength in people with tetraplegia: a randomised controlled trial. Australian Journal of
Physiotherapy 54: 103-108]
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Introduction hetween sets). 2=3 times i weeh (American College of
Sports Medicine 20058). The weight lifted during repetition
maximum increases progressively as strength improves
over me (Kraemer et al 2002), However. it is less clear
whether resistance exercise s also effective in muscles with
neurologically-induced weakness Tollowing  spinal cord
injury. Only one randomised controlled trial has attempted
to examine this issue (Hicks et al 20031 The results of this
trial were complicated by the nclusion of patients with
and without neurologically-induced weakness, Henee our
research questions were:

Newrologically-induced weakness at the upper limbs s
common following tetraplegin and results from partial
paralysis of muscles. Partial paralysis oceurs from disruption
to some but not all neural pathways nervating muoscles.
The residual strength of partially-paralysed muscles s un
important determinant of independence and tunction m
people with tetraplegia (Drolet et al [999). For example.
strength of the wrist extensor muscles impacts on hand
function n people with Co injuries, Ancedotal evidence
suggests that small improvements in strength make
substantial difference to the ability of these patients to use I, Does 8 weeks of progressing  resistinee  exercise

their hands Not surprisingly. therefore. physiotherapists increase the strength of the wnst muscles in people with

devote large amounts of time and effort 1o strengthening
the partiallv-paralysed upper imb muscles of people with
tetraplegia. Typically, strengthening is carried out using the
principles of progressive resistance exercise (lacobs and
Nash 2004, Kraemer et al 2002),

Progressive resistance exercise Is un effective way of
increasing strength in the neurally-itact muscles of able-
bodied individuals provided tha training s pertformed
with sufficient resistance and it is appropriuely progressed
(Feigenbaum and Pollock 1999, Munn et al 2005a). Whilst
the optimal parameters continue to be debated, typically
the recommended intensity for dynamie training is 1-3
sets of 8—12 repetition maximum (resting for -3 minutes

neurolocically-induced weakness following tetraplegii
and is there a contraluteral troning etfect m the other

wrist?

2. Does progressive resislance CuCrUise Carry over
muscle endurance and parhicipants” percepuons about
use of their hands for activities ol daily living?

Method

Design

An assessor-blind rondonused controlled trial with pre-and
post-measurcmentswasconducted. Inpatientsand outpatients
Fromi three spinad cord injury amits in Australia (Sydney and
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Adelaide) were recruited from a sample of convenience
and invited o participate in the wial. Recruitment was
carried out prior to group allocation. A computer-generated
random allocation schedule was produced prior to the trial
by i person not otherwise involved in subject recruitment or
allocation. Allocations were placed i opague, sequentially
numbered envelopes und sealed. They were opened after
cach participant’s baseline measurement was completed.
The randomisauon had two tiers. Tnitially, participants were
randomly allocated to either the experimental (progressive
resistance exercise) or control (no progressive resistance
exercise) group. Experimental participants carried oul a
progressive resistance exercise program for one wrist anly,
which was determined by a second randomisation. Control
participants received ne training. Oulcome measures were
collected at the start and end of the eight-week traimimg
period. Final measures were collected Tess than 4 days after
completion of the 24 rreatment sesstons. The assessor was
blinded 1o group allocation and participants were asked
nol 1o chscuss any aspect of the trial wath the assessors in
order to minmtain blinding. Prior to the study commencing,
participants were made aware that the mtervention may or
miy nol result i strength gions.

Participants

To be eligible tor mclusion, patients were required to have
i complete or meomplete cervical Tesion as defined by the
American Spinal Injury Associution classification, be more
than 2 months post spinal cord impury. and have bilateral
weakness of then wrist extensor or flexor muscles (Grade
2—dout of 50O Bricn 20000 In participants with weakness
i hoth the weist extensor and wrist lexor muscles, the wrist
extensor muscles were selected for training, e, participants
trained only one muscle group. Participants were required
o have symmetrical weakness in the target muscle of both
wrists (e, within one muscle grade of each other) to enable
quantification of any contralateral effect of raining (Munn
ctal 2005by Participants were excluded il they had a recent
hustory of trauma w the torcarm or hand: had contractures
Himiting wrist range of motion: were unlikely o remain
within the Sydney or Adelaide metropolitan area for 8 weeks;
orwere unlikely o comply with the intervention. Likelthood
to comply was gauged by participants’ complianee with
other aspects of their ongoing rehabilitation and care).

Intervention

The experimental group carried out i progressive resistance
exercise pragram on one wrist (as determined by random
allocation) 3 times a week for 8 weeks, 1t consisted of three
sets of 10 repention maximum of one wrist muscle group
textensor or flexor muscles) The resistance was adjusted to
ensure that participants could only Tift the weight 10 times
through a full range of motion, ic, it participants could Lt
the weight more than 10 times the weight was too light and
was increased. and of participants could not it the weight
10 times the weight wis too heavy and was decreased.
Participants received a 1-3 minute rest hefore repeating
the 10 repetiions a second and third time. The weight
was mncreased over |h(‘.' K—\c\'l.’(.'k ||’illT'I'II1g_ l'l(,"l'l!'lli dR R0DON s
participants could perform maore than 10 repetinons m a set.
In this way, traming was progressed as strength improved
so that participants always trined with o [0 repetition
maximum. All triiimg sessions were supervised by either
a physiotherapist or a physiotherapy student (trained in trial
procedures) who recorded the progression of weights in a
diary,

AW

f

Figure 1. Wrist strengthening device. (Reproduced with
permission from www.physiotherapyexercises.com)

The progressive resistance exercise program was perlormed
with a device specifically designed tor the purpose (Figure
I ltenabled very weak patients o maove all the way through
range inoan anti-gravily position while ensuring that the
resistive torgue was constant throughout (Harvey 2008)
The device consisted of a forearm support and pivoting
hand-piece attached to o wheel. The centre of rotation of
the hand-piece and the wheel were aligned such that the two
rotated together. The hund was secured to the hand-prece
Resistance was applied to the wrist by hanging weights trom
arope that circled the wheel, An adjustable counterweight
wis attached to the wheel, The counterweight was adjusted
w match the weight of the hand and piveting hand-piece.
Small resistive torgues could then be used to progress
tiuning without o change in hand position. Participants
were seated inoa wheelchuair or chair with the forearm
pronation when training the wrist extensor muscles. The
forcarm was placed in supinanon when training the wrist
Mexor muscles.

Control participants did not receive progressive resistanee
exercises 1o erither wriste Al participants contimued o
receive routine care which mcluded physiotherapy anid
occupational therapy but no progressive resistince exercise
program lor the wrist,

Outcome measures

The primary outcome was strength measured as maximal
voluntary isometric orque of the wiist extensor or flexor
muscles in Nm. Isometnie strength, vather than dynane
strength, was measured because it s ditficult 1o measure
the dynamic strength of very weak muscles (e, Grade
2 out of 3) reliably. Maximal voluntary isometric force
was measured using o myograph which consisted of a
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load cell (1000 N a peak-und-hold meter and o visuul
feedback monitor, Participants were seated with their arm
positioned in the myograph. The forearm was secured 1na
semi-pronated position with the wrist in neutral extension.
The hand was clamped at the metacarpophalangeul jomnts
(Figure 2). Attention was directed at ensuring the arm was
positioned in the sume way al pre- and post-assessments.
The blinded assessor mstructed and loudly encouruged
participants 1o exert themselves maximally during testing.
A visua! feedback device (LLED hars) was used to further
encourage muximal effort. A target on the feedback
monitor wirs set above the predicted peak loree prior to
testing. Peuk toree was recorded for 8 maximal voluntary
contractions. Euch contraction wis 4 seconds in duration
with a [-minute rest between contractions. The average of
the 3 best contrisctions wias caleulated. Force output (N
wis multiplied by the distance between the c¢lamp at the
metacarpophalingeal joints and the wrist (m) o produce
torque (Nm). The myometer was assessed for reliability
in people with tetraplegia prior to the commencement of
the trial. Wrist flexion or extension strength was measured
in 20 wrists two ar three days apart by blinded assessors
The intra-class correlation coefficient (3.1) was (.96 (95%
Cl 089 1o (198 indicating high agreement between the 2
OCCUSIONS.,

Two secondary outcome measures were collected: one
reflect musele endurance and one w reflect participants’
perceptions about use ol their hands for acuvities of
daily living. Muscle endurance wis measured as fatigue
resistance using the same myograph and set up as for the
meuasurement of strength, The peak effort ol 23 contractions
performed in rapd succession over 3 minutes was recorded.
The contractions were 4 seconds m duration with 4 seconds
rest between contructions. Fatigue resistance was calculated
as the ratio of the mean worque of the last 3 contracnons
divided by the mean torque of the lirst 3 contractions
(Hurtkopp et al 2003).

The Canadian Occupational Pertormance Measure (Law et
al 1998, Law et al 1990) was used to identify activities of
darly hiving that participants pereeived were alfected by wrist
weakness. Participants were asked to rate the importance of
the activity, their current performance of the activity, and
satisfaction with their current performance of the activity
on i scale of 110 ML The performunce and satistaction
of the three activities deemed 10 be most important were
averaged for each participant (Law et al 1990). The measure
has good rehabihity and vahidity for people with disabilities:
1ts psychomelric properties have not been formally tested
in people with spinal cord injury, however, this measure 18
used widely in this population (Carswell el al 2004, Marino
2007,

Data analysis

The  minimal  clinically-worthwhile  between-group
difference in improvement in maximal voluntary isometric
strength was seta priortat 209 ol initial strength, However, it
was not possible to predict the initial strength of participants
accurately and no published duta were available from which
to calculate the SD of the effect of intervention. For this
reason an estimate of initial strength timean 0.8 Nm. SD 0.6}
was made from unpubhished data collected by the authors
and others (Hartkopp et al 2003). The power calculation
indicated thatasample size of 32 would be sutficient to detect
a hetween-group difference of 20% of mean initial strength.
This calculution assumed an alpha of 0.05 and @ drop out

Figure 2. Myograph consisting of (A} visual feedback
manitar, {B) power box. (C) clamp system, (D} 100 N load
cell, (E) multi-metre measuring V. and (F) peak-and-hold
metre measuring N. (Reproduced with permission from
www.physiotherapyexercises.com)

rate of 20%. The mmimal chimcally-worthwhile between-
group difference in endurance was set o prrors at 20% of
initial fatigue resistance and partficipanis” perceptions at 2
points an the 10-point Canadian Occupationul Performance
Measure scale respectively (Law et al 2005).

Dina were analysed with factorial analysis ol covariance
using o linear regression approach (Vickers and Alnman
2000 Munn et al 20050, All dita were analysed by
intention o treat’ (Pocock 19831 Signilicance for ull
statistical analyses wus set at < (1035,

Results

Flow of participants through the trial

Thirty-two participants with tetraplegia were rundomised
mto the trinl. Participunts hud complete and mcomplete
lesions with w motor level of C4-C7 us defined by the
American Spinal Injury  Association classification. The
characteristics of purticipants in each group we detwled
in Table 1. The flow of participants through the trial s
given in Figure 3. One purticipant (from the experimental
aroupy dropped out of the wial after 8 raiming sessions
and was unavatlable for the Week 8 measures. In addimon,
two participants were unable o complete the Canadian
Occeupational Perfornimee measure. These mussing data
were not imputed but all other data for these two parocipants
were mcluded in the analyses.

Compliance with trial method

The study protocol dictated that partcipants receive 24
training sessions over 8 weeks, However, there were some
deviations. One participant misscd 3 training sessions, 2
participants missed 2 training sessions and one participant
missed | triining session. Traming sessions were missed
primarily because participants undergomg rehabilitation
had ditficuluies linding time and in one case because the
partcipant wias unexpectedly dischirged o o rural area.
Soin practice, participants received w mean of 23 (Y80
training sessions (SO 1) administered over o mean of 8
weeks (SD 1) In the first week of training, participants
in the experimental group tramed with o mediun wrque
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Table 1. Characteristics of participants. - -
Week | Measured isometric strength, muscle endurance.
Characteristic Experimental Control 0 and participants’ perceptions
Group Group
n=15 n=186
37 47
Age (yr), mean (SD) (16) (20) '
Male participants, n (%) 12 (80) 15 (94) Random allocation (n = 32)
Time since injury (yr. 1 04 (n=16) (n =186}
median (IQR) (37 (0.9)
Wrist muscle trained. n (%)
Extensors 13 (87) 15 (94) I
Flaxors 2 (13) 1(6) Random allocation of 32 wrists
ASIA Scale. n (Q{’U‘ {16 wrists) (16 wrists)
A 9 (60) 6 (38) T i }
8 0(0) 4(25) Experimental Contralateral Control wrisls.
G 3 (20) 2 (12} Wi wrists: Wrists No progressive
D 3(20) 4 (29) eée Progressive No progressive resistance
resistance resistance exercise
Initial muscle grade. n (%) exercise exercise
2 4.(27) 010}
2.5° - 2(12) -—
3 5 (33) 7 (44) Measured isomelric strength and muscle endurance
3.5" — 3(19) {n=15) (n=16)
4 & (40) 4 {25) Measured participants’ perceptions
ASIA = Amarican Spinal Injury Association: * = hall grades due to {n=15) (n=14)

the average of the two control hands

ol 1.3 Nm (1QR 1.3). By the cighth week of tramng this
had progressed o o medin torque of 2.9 Nm (IQR 1.9). No
adverse effects of itervention were reported.

Etffect of intervention

Group data for strength, muscle endurance. and participants’
perceptions about use ol their hands for activities of daily
living are presented in Table 2. while individual data
are presented i Tuble 3 (see eAddenda tor Table 3). The
mean effect of progressive resistance exercise on muaximal
voluntary isometric wrist torgue wis (0.2 Nm (95% C1 -0.5
1 008), This represents an 8% increase inomean initial
strength (2.6 Nmy in the experimental group compared
with the control group: less than the 20% deemed clinically
worthwhile at the commencement of the study. There is
uncertainty around the size of this estimate as reflected by
the width of the Y53% CL. Since there was no gain in streneth.
the question of whether there was a contralateral effect of
unilateral training was disregarded.

The mean effect of progressive resistance exercise on futigue
resistance was 0.1 1953% CL 04 1o 0.2 This represents an
9% nerease o mean initial muoscle endurance (0.9)
e experimental group compared with the control group
— less than the 20% deemed clinically worthwhile at the
commencement of the study. However. again. there s
uncertainty around this estimate as indwated by the width
ol the 953% 1.

The activities of dinly Tiving most frequently selected by
participants as part of COPM assessment were using cutlery
and lifting objects such as hottles and cups. The mean effect
of progressive resistunce exercise on these activities were
—0.3 (95% CI =19 to 1.2) tor pwiticipants’ perceplions of
performance and —0.3 (95% CI—L.6 1o L.O) for participants’

Figure 3. Design and flow of participants through trial,
Measures for the control group are the average of the
lwo wrists

sutisfaction. The 953% Cl of both percenved pertormunce
and satistuction clearly sits below the 2 point difference
deemed chincally worthwhile at the commencement ot
the study. This indicates that the expermmental group did
not perceive that progressive resistunce exercise mmproved
performance of or sansthcton with their activities of duly
living compared with the control group.

Discussion

The objective of this trial was 1o determine whether
progressive resistiance exercise administered for eight weeks
increases strength i the partially-paralysed wrist muscles
ol people with tetraplegia. The wrist was chosen for two
reasons. First, wrist strength is important for hand function
in peaple with tetraplegia and, sccond. the wrist extensor
and flexor muscles provide a useful model to explore the
more generic question about the effectiveness of progressive
resistance exercise in muscles with neurologically-induced
weakness tollowing spinal cord njury. o question not
previously investigated inoa randomised contralled wial
The strength and endurance results of this study are
meonclusive and reflect msulticient statistical power, e, 1t
15 not clear whether progressive resistance exercise does or
does nol morease NlTL‘)ﬂE{[h and/or endurance. I contrast,
the participants” pereeptions are conclusive — parbicipants
did not perceive improvements in hand function as o resull
ol progressive resistance exercise of the wrist,

These results were unexpected, We conducted this study in
the behel thal progressive resistance exercise was effective
and that we would have Tittle difficulty demonstrating this.,
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Table 2. Mean (SD) of each group. mean (SD) difference within groups. mean {95% Cl) difference between groups for

strength, muscle endurance and participants’ perceptions,

Outcome Groups Difference within Ditterence
qroups between groups ~
Week 0 Week 8 Week 8 minus Week Week 8 minus
0 o Week0
Exp Con Exp Con Exp Can Exp minus Con
Strength
Maximal voluntary
isometric torque 2.2 29 27 31 06 0.3 02
(Nm) (1.4) (2.5) (1.6} (2.0 (0.8) {1.0) {(—0.5 10 1.8}
Endurance
Fatigue resistance 0.9 0.9 0.9 0.8 0.0 -01 01
{ratio} (0.2) (0.2} (0.2) (0.2) (0.2) (02} {0.0100.2)
Participants’ perceptions
COPM — Performance 4.3 44 49 52 0.6 09 -0.3
(1to 10) (24) (1.6) (2.2) (2.3) (2.0 {2.3) (-1.910 1.2)
Participants’ perceptions
COPM — Satistachon 5.1 4.9 5.0 5 -01 0.3 -0.3
(1 to 10) (3.1) (2.1) (2.6) (2 3) (1.8) (2.0) (1.6 10 1.0}

Exp = experimental. Con = control, COPM = Canadian QOccupational Performance Measure * = mean and 95% C| are denved from linear

regression using baseline scores as covariates

The strength findings mdicate that. overall. participants
did not benelil from the intervention. Instead. there wis o
lirge amount of variability as reflected by the wide 95%
confidence mtervals, Ity likely that the variability in
the results reflect real differences in the wiy puarticipants
responded to taming, For example. perhaps those with
recent njuries respond beuer than those with chronic
myuries or perhaps those with incomplele njuries respond
better than those with complete injuries. There were
imsufficient purticipunts o explore these possibilities with
post fioe subgroup analyses.

Much Turger numbers of participants than predicled were
required to confer reasonable precision to estimates ol
the effect of training. Arguably, we also needed tighter
inclusion criteria to reduce heterogeneity. We did not restrict
our inclusion criteria because this trial was the hrstin the
arca and we did not know 11 particular subgroups of patients
would respond more Favourably than others. We therefore
adopted a pragmatic approach ( MeMithon 2003) including
all people typically provided with o progressive resistance
exercise program 1n the clinical setting (Jucobs and Nash
2004y, The obvious nextstepis o identity whether particular
subgroups benelit maore than others, However, recruiting a
sulficiently large enough sample ol a more homogenous
group ot participants will pose a real challenge to trialists.

There are other possible explanations for our failure o
demonstrate o convincing increase in strength. It is possible
that the training dose was insufficient and that a greater
number of repetitions or more frequent training sessions
were required. The most likely explanation relates to the
duration of training. Long-term (9 months) progressive
resistance exercise has been admunistered to a group of
spinal cord mjured patients (Hicks et al 2003), However
this study included people with paraplegia who undertook
progressive resistance exercise for their neurally-intact
upper himbs. 1 therelore does not provide good evidence of
the effects of progressive resistance exercise momuscles with
neurologically-induced  weakness, Alternatively, perhaps
we fwiled o demonstrute a difference 1in strength because
people with tetraplegia inadveriently selt-administer a form

of resistance exercise through regular practice of activities
of daily living and functional tasks (Jannsen et al 1994).
The daily demands of feeding. croommg, and mobihsing
may be an etfective form of resistunce exercise rendering
more formal programs ol progressive Tesishiinee exercise
redundant. If this hypothesis is correct. then practice
of functional tasks, rather than formahsed progressive
resistance exercise programs. could mercase strength more
effectively. OF course. this hvpothesis needs o be tested in
arandomised controlled trial,

The possibility that muscles divectly attected by spinal cord
mjury huve limited responsiveness to progressive resistance
exercise cannot  be  discounted. Progressive  resistunce
exercise i muscles with neurologically-induced weakness
might not generate w large enough stimulus 1o prompt the
necessary adaptations, For example, contraction ol only
a small proporton of the muscle mass may not induce
sufficient localised ischemia o prompt hypertrophy (Devici
et al 2002, Devicr and Eggington 20020 Wernbom ¢t al
2007

Typically, interventions that target endurance specihically
are somewhat ditferent from those that target strength
specifically (Tunka and Swensen 1998), However, given tha
progressive resislance exercise programs can have some
effect on muscle endurance (American College of Sports
Medicine 2005) we were interested o see if there was an
elfect of resistance exercise on endurance in this population.
The inclusion of this cutcome i the study reflects our prior
confidence about the effectiveness of short-term progressive
resistance exercise in people with spinal cord injuries.

The results of this study indicate that our current confidence
about the ctlectiveness of progressive resislinee exercise
s not yvet justificd i people with neurologicallv-induced
weakness following tetraplegia, Larger studies are now
required 1o identify subgroups of patients with spinal
cord injury who may be more responsive 1o progressive
resistance  exercise and to find the optmal trainimg
parameters, The results of this study also highlicht the
importance of systematically evaluating the effectiveness
of all physiotherapy interventions that currently comprise
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standard practice for people with spinal cord mjuries.
eAddenda: Table 3 availuble at www physiotherapy.asn.au

Ethiies: The triad was approved by the human rescarch ethics
committee of all participating mstitutions and formed
consent wus abtained from all purticipunts.
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