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The measurement of muscle strength in patients with
peripheral neuromuscular disorders
CM WILES, Y KARNI
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SUMMARY The variability of voluntary isometric strength measurements has been assessed in
normal subjects and patients with peripheral neuromuscular disorders. Knee extensor strength
was measured in a muscle testing chair 13 times over 5 months in each of six normal subjects:
coefficients of variation (CV) ranged from 4-5 to 14-0% (mean 8.5%) for individual legs in
different subjects. Paired measurements of the strength of several clinically weak muscle groups
were made 1-4 days apart in 20 patients using both a handheld dynamometer and the muscle
chair technique: the test/retest correlation was high (r = 0-97, p < 0.001). Visual biofeedback
did not affect the strength recorded in most cases. Each of five patients had the strength of six or

seven clinically weak muscle groups measured by five examiners within a 24 hour period: the CV
for the five examiners ranged from 3-6-27.3% (mean 12-8%). A single examiner measuring the
same groups on five occasions in three patients obtained a mean CV of 8-9%. Sources of variation
are analysed and it is concluded that, with certain precautions, voluntary strength measurements
offer a simple, reliable and acceptable method for monitoring change in patients.

Measurement of the strength of a maximum volun-
tary contraction (MVC) is, the simplest and most
direct means of assessing the amount of active mus-
cle in a particular group.' In disease MVC is reduced
either because there is a reduced amount of contrac-
tile material or because the processes leading to its
activation are impaired or both. Changes in MVC
therefore may allow the progress of the underlying
disorder to be monitored and clinicians have tradi-
tionally used manual strength testing for this pur-
pose. A variety of. semiquantitative techniques for
scoring muscle strength have been used,2-4 but these
are subjective, non-linear and only score clinically
detectable weakness. Spring balances, cable ten-
siometers and different types of strain gauge
dynamometer have been used for many years to
obtain absolute values for strength.5 In neurological
practice strength measurements have been used to
assess weakness in poliomyelitis,6-8 Guillain-Barr6
syndrome,9 muscular dystrophy,10-14 inflammatory
myopathy,'5- 17 thyroid muscle disease,'8 osteo-
malacic myopathy,'9 acute infectious disease20 and
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other disorders. In this paper we analyse some of the
sources of variability in voluntary strength meas-
urements in patients with peripheral neuromuscular
disorders and normal subjects with a view to
encouraging the more rigorous use of this poten-
tially powerful but simple technique as a routine.

Methods

(1) Variation of knee extensor strength in normal subjects
The MVC of the right and left knee extensors was meas-
ured 13 times over a period of 5 months in each of six
healthy subjects (three male, three female, aged 21-51
years). No subject undertook regular athletic training.
Each subject was tested in the early morning, lunchtime or
early evening on different occasions.
Maximum voluntary isometric strength was measured

with the subject strapped sitting in a special muscle testing
chair2' with a back support and the hip and knee flexed to a
right angle;22 an inextensible strap looped around the ankle
(above the malleoli) and passed to a strain gauge (Strains-
tall 1886 D). The bridge output from the strain gauge was
amplified and the force trace displayed on the oscilloscope
of a Medelec MS-6 and also recorded on light sensitive
paper. The strain gauge was calibrated against known
weights and gave a linear response over the range of forces
recorded.

After explanation to the subjects (only one of whom had
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The measurement of muscle strength in patients with peripheral neuromuscular disorders

performed such tests previously) and one or two test con-
tractions three definitive contractions each lasting about 5 s
were made over a 1 minute period. Subjects were told not
to "kick" but to build up force steadily and rapidly and
they were verbally exhorted and encouraged; that is, they
routinely obtained auditory biofeedback.23 MVC was
taken as the highest peak force maintained over one sec-
ond in each leg. To test the effect of visual biofeedback on
a separate occasion a second oscilloscope beam was used
such that after the first contraction a target was set at, or -

20% above, the force of that contraction. The subject was
told that the target was approximately at the level of his
initial contraction and he was asked to try and raise his
MVC to a higher level.

(2) Day to day variation in MVC in patients
A number of patients with peripheral neuromuscular dis-
orders were referred for strength measurements as part of
their clinical assessment. Twenty patients (four with
neurogenic weakness and 16 with myopathic disorders,
eight male, 12 female, aged 15 to 81 years) had strength
measurements performed on two occasions by a single
observer not more than four and not less than one day
apart. The only criterion used in selecting patients was that
the underlying condition should not be rapidly changing as
judged clinically. Measurements were made either at the
bedside (ward or intensive care unit) or in the EMG
laboratory.
When practicable knee extensor MVC and the effect of

visual biofeedback was measured as described for normal
subjects. In 12 patients several other clinically weak
muscle groups were measured using a handheld electronic
myometer (Penny & Giles Transducers Ltd, Dorset, Eng-
land). The principle of the technique is that the myometer,

which contains a small displacement transducer, is inter-
posed between the examiner and a standard point on the
patient; the examiner then encourages the patient to max-
imally resist a counter force. When the examiner over-
comes the patient's resisted movement the peak force
recorded is that required to "break" the patient's contrac-
tion and hence is virtually isometric.'2 14 25 Clearly the
positioning of the limb part and the relative position of the
myometer on the body (that is, the length of the moment
arm) must be carefully standardised for serial measure-
ments in a given patient (see table 1). If the examiner is not
able to overcome the patient's contraction and the moment
arm cannot be extended then the maximuw force cannot
be recorded. The myometer records up to 300 Newtons
(N) which is well below MVC for many muscle groups in
healthy adults. Attempts to record higher forces using this
technique are clumsy or impossible for the average
examiner and hence the technique is not appropriate for
establishing the normal ranges of several larger muscle
groups in adults.

Although limb positions were standardised in a manner

similar to that described by Scott et al'4 no rigidly fixed
pattern was applied. Muscle groups were selected and
positioned according to whether they were clinically
appropriate, for ease and comfort of measurement both for
patient and examiner, and to facilitate standardisation and
repeatability. For very weak muscle groups positions were
preferred where gravity was eliminated and where the limb
part could be viewed directly by the patient especially if
there was sensory loss. For each muscle group the routine
was explained carefully to the patient, he/she was
instructed to look at the limb part under test where poss-
ible and then three or four measurements were made and,
for this study, the MVC was expressed as the mean of the
best three (vide infra).

Table 1

Muscle group Subject position Myometer position

Shoulder abductors Subject sitting; shoulder abducted to 90°: Elbow flexed 90°: Just proximal to lateral
forearm pronated-also done with subject supine epicondyle of humerus

Elbow flexors Subject supine: shoulder abducted - 30" from trunk, upper arm Just proximal to wrist
supported: Elbow flexed to 90": forearm/palm supinated crease (flexor surface)

Elbow extensors As above: upper arm stabilised by examiner: may also be done Just proximal to wrist
with subject in position as for shoulder abductors (sitting), crease (extensor surface)
forearm supinated

Wrist extensors Subject supine or sitting: forearm supported and pronated: wrist Just proximal to 2nd/3rd
extended: fingers flexed metacarpal heads

Hip flexors Subject supine: hip and knee flexed to 90": ankle supported Just proximal to patella
by examiner

Hip abductors Subject lying on side: hip and knee extended: lifting against Lateral condyle of femur
gravity or: supine: knee extended: ankle supported by examiner
so that hip flexed 10-20°

Knee flexors Subject seated on high chair/couch: hip and knee flexed to 90°. Just proximal to malleoli of
Knee held by examiner to prevent hip flexion ankle posterior suface

of leg

Knee extensors As for knee flexors As for knee flexors
-anterior aspect of leg

Neck flexion Patient supine: neck flexed to 40-60" Forehead-centrally
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(3) Variation ofstrength in patients between examiners
In five patients (three with peripheral neurogenic weak-
ness, two with polymyositis, aged 31-53 years, three male,
two female) five observers (four physiotherapists, one doc-
tor) each made measurements of seven clinically weak
muscle groups (table 1, excluding neck and knee flexors)
using the hand held myometer. Only one of the examiners
(author YK) was especially experienced in the use of the
technique whilst the others had had instruction and limited
practice over two days. All measurements in a particular
patient were made within 5 hours except in one where two
examiners made sets the following day. Examiners were
not aware of the results obtained by their colleagues. One
examiner (YK) went on subsequently to make five sets of
measurements in the same muscle groups on one day in
three further patients (one male aged 57, two females aged
53, 82 years). YK had no knowledge of any of the values
obtained until the entire series of measurements was com-
plete as the myometer was read by an independent
observer.

Results

(1) Knee extensor strength in normal subjects (figs I
and 2)
For each subject MVC for each knee extensor fell
within the range for the strongest leg predicted for
body weight.2' Each subject was right-handed and in
three (subjects 2, 3, 6) the right leg was systemati-
cally stronger than the left (paired t test, p < 0-05)
whilst in subject 4 who had had a right medial
menisectomy 20 years previously the left leg was
stronger (p < 0.001). There was neither a systematic

Knee extensors
700-

600-

500.

400.

z

,2 300-
LL

200-

100-

0-

r

R L

r5

-i

t 8

-.
Is

R L R L R L R L R L Leg
2 3 4 5 6 CosegNo

Fig 1 Force ofmaximum voluntary isometric knee
extensor contractions in both legs ofsix subjects on 13
occasions. Bar represents mean value.
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Fig 2 Force ofmaximum voluntary isometric knee
extensor contractions in both legs ofsix normal subjects
(l 0) and 21 patients with neuromuscular disease (O0)
without (x axis) and with (y axis) visual biofeedback. Filled
symbols-right leg, open-left leg. Continuous line is least
square regression y = 0.50 + 1 04 x, r = 0-99, p =
< 0 001, n = 54 legs. Broken line = line of indentity.

change in muscle strength with time of day (from
0800-2000 hours) nor over the 5 month period in
any subject. Coefficients of variation (standard
deviation/mean x 100%) for the 13 measurements
ranged from 4-5-14.0% (mean 8-5%) and tended to
be similar for the two legs in a given subject. Visual
biofeedback significantly enhanced the force
recorded in only one limb of one subject (fig 2)

(2) Day to day variation in MVC in patients
A total of 95 pairs of strength measurements were
made 1 to 4 days apart in 20 patients. The muscle
chair technique for knee extensors was used for 39
pairs (right and left legs) and the hand held myome-
ter utilised in 56 pairs including neck flexion (eight
pairs), shoulder abduction (seven pairs), elbow
flexion (10 pairs), hip abduction (11 pairs), hip
flexion (12 pairs) and occasionally wrist extension,
elbow extension, finger extension, abductor digiti
minimi and hip extension. The test/retest values cor-
related closely (fig 3, r = 0-97, p < 0-001) but
clearly there were cases where the differences were
substantial. In fig 4 the incidence of the various per-
centage differences between test and retest values
(difference between pairs of values x 100% / mean
of paired values) is shown. In 80% of cases the error
was <20% (median 10.5%). There was no less vari-
ation in the knee extensor measurements in the
muscle chair than in other groups using the myome-
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Fig 3 Force ofmaximum voluntary contractions in 95
muscle groups (a3t3 = knee extensors using muscle chair,
* 0 other groups-see text, closed symbols-right-open
symbols-left) in 20 patients on 2 days, measured by one
examiner. Regression line (least squares), y = 0-27 +
0 99 x, r = 0-97, p = < 0 001. (x = force on first occasion,
y = force on second occasion).
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Fig 4 Histogram of the frequency ofdiffering sizes of
percentage difference between pairs ofMVC measurements
on two separate days (difference between pair ofvalues x

100%1mean ofpair): 95 pairs ofmeasurements (39 knee
extensors below dotted lines, 56 pairs in other groups above
dotted lines) in 20 patients, same data as fi 3.

ter (fig 3). When 12 patients who had each had more
than five groups assessed were considered sparately
the percentage differences for test/retest showed
considerable variation both within patients (for
example, 0 to 24-3% for different muscle groups)
and between patients (median value for all muscle
groups 3.2-19.0%). There was no significant differ-
ence in variability between right and left knee exten-
sors and only infrequently in patients did visual
biofeedback appear to result in higher MVC (fig 2).

(3) Variation in strength in patients-different
observers.
Seven muscle groups (table 1, less neck and knee
flexors) were tested in four patients and all but knee
extension in the fifth using the myometer. Three
values for each muscle group in each patient were
obtained in rapid succession by each of the five
examiners. These data were analysed to see how
closely the best two MVCs out of each group of
three values corresponded. In a patient making a full
effort the percentage difference between the best
two values can be expected to be small.26 The
median percentage difference was 4*6% with 81%
of the differences being less than 10% (fig 5A).
There was no clear difference between patients or
muscle groups in this respect, but one of the
examiners consistently obtained slightly more vari-
able results than the other four (65% errors <10%
compared to 91, 82, 79, 88% respectively).
The percentage differences for the best two con-

tractions were calculated separately for the 19
muscle groups in three patients measured on five
occasions by YK (fig SB). The median value was
5-4% (range 0-54-8%, 74% values < 10%); the dis-
tribution of differences was not significantly differ-
ent from that found with five examiners (compare fig
5A and SB).
No particular measurement of a group of three

was regularly higher or lower than the other two.
When the results for each muscle group obtained by
each examiner were compared using either the high-
est measurement or the mean of three the variability
between observers was least using the mean values
and these are used for the following analyses. Rank
analysis of mean measurements for each muscle
group obtained by each examiner disclosed that no
examiner consistently produced higher or lower
results than the others. Analysis by order of testing
(and hence time of day) showed no tendency for
those measuring later to obtain lower values, that is,
no fatigue effect.
One way analysis of variance of the three values

obtained by each of the five examiners for each mus-
cle group showed that in 25/34 groups the mean
values between observers differed significantly (p <
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Fig 5 A. Histogram of the frequency ofdiffering sizes of
percentage difference between the best two ofthree
measurements ofMVC obtained by S examiners in a total of
34 muscle groups in 5 patients (total pairs ofmeasurements
= 170). B. Histogram ofthe frequency ofdiffering sizes of
percentage difference between the best two ofthree
measurements ofMVCobtained by 1 examiner measuring 6
or 7 muscle groups on five occasions in 3 patients (total
pairs ofmeasurements = 95).
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0-05) whilst significant differences be-
tween the five means emerged in only 7/19 muscle
groups tested by a single observer (YK).
Coefficients of variation (CV) for the mean values
for each muscle group are shown in table 2. The
mean CV for all muscle groups measured by the five
examiners was 12-8% and for a single examiner
making five sets of measurements on each muscle
group was 8*9%. Two way analysis of variance of
the coefficients in table 2A indicated no significant
differences between patients but some differences
between muscle groups (p < 0.02). If the wrist
extensor data was eliminated there were no

significant differences between the other six muscle
groups tested. No correlation was found between
CV for different muscle groups and absolute force of
contraction.

Discussion

Our previous experience of measuring muscle
strength in patients has been that it is a simple, use-
ful and acceptable way of delineating changes in one
important aspect of motor function on a linear scale.
Many patients with muscle weakness readily
appreciate the benefit in accuracy of attributing an
absolute value to strength rather than relying on the
doctor's recollection of it over weeks or months. It is
self evident, as several patients have commented to
us, that the absence of measurements from one

clinic visit to the next increasingly biases the doctor
towards the patients' own view of their progress, a
view which, although frequently correct, is
influenced by many factors27 other than change in
strength. For most muscle and some peripheral
nerve disorders it is change in strength which is the
ultimate manifestation of improvement or deteriora-
tion in the underlying disease.

Table 2 Coefficients of variation for 5 sets ofmeasurements either by S different observers (A) or on S occasions by one
observer (B)

Musck groups

Sh. abd Elb. fic. Elb. ext. Wrist ext. Hip fir. Hip abd. Knee ext.

A Patients mean s.d.
CP 15-9 5-1 15-9 15-9 20-4 11-0 NT 14-0 5.3
EF 4-7 16-0 9.4 26-0 9-5 9-7 11-9 12-5 6-9
FF 17-7 10-0 12.3 27-3 14-5 20-6 12-1 16-4 6-0
TH 10-0 1.7 11-2 14-4 11-5 13.9 6-3 9.9 4-5
SS 10-8 8-9 4.7 16-9 13-7 10-8 14-7 11-5 4-0
mean 11-8 8-3 10-7 20*4 13-9 13-2 11-3 12.8 -

SD 5-1 5.4 4-1 5-8 4.1 4-4 3-6 - -

B CP 6-0 5-7 9-5 4-4 6-8 7-4 NT 6-6 1-7
MH 9-0 4.4 13-0 11-6 5-7 NT 23-5 11-2 6-9
1W 4-2 8-9 7-9 4-5 6-5 22-0 12-4 9.0 6-6
mean 6-4 6-3 10.1 6-8 6-3 14-7 17-9 8-9 -

NT = not tested because of excessive weakness - MRC grade 1.
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The measurement of muscle strength in patients with peripheral neuromuscular disorders

In normal subjects MVC fluctuated over a period
of months but it is not possible to determine from
the present data how much of this was due to fluctu-
ations in excitation and how much to actual changes
in muscle bulk. The non-systematic way in which the
changes occurred suggest that differences in excita-
tion processes especially "central drive" account for
most of the variation but femoral nerve stimulation
techniques would be required to elucidate this
further. These results indicate the importance of
demonstrating a trend over several sets of measure-
ments in order to be certain of detecting true
changes in strength. Occasionally a systematic
change in strength is due to a learning effect.28 This
tends to occur when a complex action involving sev-
eral joints is tested. We have not observed such
effects in normal subjects or patients provided that
simple movements across a single joint are tested.
Time of day of testing made little difference in our
normal subjects.

If the voluntary strength recorded is truly maxi-
mal then the percentage differences between the
best two contractions should be less than in submax-
imal efforts made without a target. In the stronger:
knee extensor of 50 normal subjects and 50 patients
a median percentage difference of 2 1% (range 0-
7-7%) and 2-3% (range 0-18-5%) has been found.26
In this study (fig 5) we find a median percentage
difference of just under 5% (range 0-54%) in 265
sets of measurements on eight patients (fig SA and
B). We attribute this higher variability to the testing
of six or seven different muscle groups repeatedly on
the same day in each patient by one or several
examiners. It is noteworthy that the results of a
given set of measurements were no better when
done repeatedly by one examiner than when done
by five (compare fig 5A and B) suggesting that the
patients tried equally hard in both situations. A
practical approach to the relatively few sets of
measurements with high variability is to repeat the
readings after a rest and to take MVC as being the
mean of the best two which are within 10% of each
other. If this cannot be achieved it may well be that a
significant volitional factor is interfering with the
assessment although this is usually obvious from the
feel of the given contraction to the examiner and
from the irregular nature of the force tracing if
available.

Various feedback techniques have been used to
encourage greater force production in this type of
test. In 16 physiotherapy students combined audi-
tory and visual feedback resulted in approximately a
10% increase in knee extensor strength over the "no
feedback" condition whilst either technique alone
had a smaller effect.23 We routinely used auditory
feedback and found that neither simple visual feed-

back nor the setting of an artificially high target
force made any systematic difference to most
patients at least for the knee extensors. The occa-
sional patient was apparently aided but some
seemed distracted and did, if anything, less well.
This form of visual feedback, using a force target, is
to be distinguished from active visualisation of the
limb part under test particularly if there is prop-
rioceptive loss which is commonly recognised to be
of importance in the assessment of strength in many
neurological patients. Short-term (same day) varia-
bility assessed by one examiner is low (overall mean
CV 8.4%) but unpredictably poor results, for exam-
ple, mean values with a CV of 20-25% were found in
one muscle group each in two of the three patients
and a similar effect is seen between several examin-
ers (table 2). This element of unpredictability sug-
gests that before conclusions are drawn about the
significance of a change in strength the variability of
the measurements for each of the muscles under test
should be assessed. It is therefore desirable that sev-
eral sets of measurements should be made by a
single examiner before any therapeutic intervention
is made: the alternative strategy is to have
sufficiently frequent measurements such that over a
period of time the variability of each muscle group
under test can be assessed. The above techniques
cannot be recommended for making "one off'
measurements before and after a trial of therapy.

Repeatability of measurements over days or
months has been infrequently studied in patients. In
children with dystrophy high correlation coefficients
for test/retest data are reported" but as can be seen
from our own data (compare fig 3 and fig 4) this
obscures the fact that some (unpredictable) patients
may show quite wide variations in some (again
unpredictable) muscles. Hosking et al'2 using a hand
held myometer found that most measurements
made within a month of the original set in 18 boys
with Duchenne dystrophy were within 15% of the
original whilst our study of pairs of measurements
up to 4 days apart showed that the percentage dif-
ference was <20% in 80% (median 10.5%). It was
of particular interest that the day to day variability
of the knee extensors (39 pairs of measurements)
measured using a superficially more rigorous tech-
nique in the muscle chair was no less than that of
measurements made with the hand held myometer.
We have not however compared measurements of
knee extensor strength using both techniques.

In muscle disease the MVC of a muscle group
reflects the amount of functioning contractile mater-
ial assuming normal excitation processes. Our
results are representative mainly of this group of
patients. When weakness results from disorders of
the central nervous system or the peripheral nerve
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changes in strength measurements principally reflect
altered excitation processes and secondary changes
in muscle mass. It is possible that the variability of
measurements used for assessing motor function in,
for example, a case of multiple sclerosis29 or stroke
will be different from cases of inflammatory or dys-
trophic muscle disease where the nervous system is
probably intact. Such uncertainties can be overcome
by always ensuring adequate numbers of measure-
ments such that variability is established as a routine
in all muscle groups tested.

In conclusion we find that several muscle groups
in patients with peripheral neuromuscula'r disorders
can be satisfactorily and reproducibly measured
using the hand held myometer and the muscle chair
and suggest that the technique is highly appropriate
for routine clinical application. We think that such
measurements are most likely to be of clinical value
if the following precautions are regularly taken:
(1) Comprehensive explanation to the patient; vis-
ualisation of the part of the body being tested;
routine auditory feedback.
(2) The same examiner for each patient on succes-
sive occasions.
(3) Review of sets of measurements where the best
two values vary by more than 10%; if variation is
non systematic pain or a volitional factor may be
interfering; if strength systematically declines
abnormal fatiguability is more likely; examination of
the force records may elucidate.
(4) Frequent sets of measurements of more than
one muscle group increase the likelihood of reliably
detecting true changes in strength sooner.

We thank Dr R Willison for helpful advice and cri-
ticism, the physicians at the National Hospitals for
Nervous Diseases and St Mary's Hospital, London,
who referred patients for assessment, and the
physiotherapists at the National Hospital for their
assistance. This work was in part supported by a
grant from the National Fund for Research into
Crippling Diseases.
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