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Abstract

Objectives: To compare the practical applicability and measurement properties of a
hand-held dynamometer (MicroFET2°) and a fixed dynamometer (Isobex2.1°) in de -
termining isometric strength of the shoulder and elbow.

Design: Muscle strength in four directions (glenohumeral abduction, external rotation
and elevation and elbow flexion) was measured using both instruments by two exam -
iners. The assessments were repeated by one of the examiners three days later.

Setting: Leiden University Medical Centre
Participants: 20 healthy volunteers

Main outcome measures: Time to complete a set of measurements and discomfort were
recorded. To determine intra-observer and inter-observer reliability, intra-class cor -
relation coeflicients (ICCs), limits of agreement and smallest detectable difference were
computed.

Results: The time to complete a set of measurements was significantly shorter for the
hand-held dynamometer than for the fixed dynamometer in both examiners. The
number of subjects reporting discomfort was similar with the two dynamometers. Ex -
cept for glenohumeral abduction, the forces measured using the hand-held dynamom -
eter were significantly higher than those when using the fixed dynamometer in both
examiners. The intra-observer and inter-observer ICCs for the four directions ranged
from 0.82 to 0.98 for both dynamometers. However, the mean differences between
replications and the wide limits of agreement suggest substantial bias and variability.
For example, for the measurement of shoulder abduction with the fixed dynamometer
by one tester (190 N), the results suggest that on 95% of occasions the second tester’s
measurement would be between 158 and 275 N.

Conclusions: Although time taken and discomfort should be considered in the selec -
tion of dynamometers, due consideration should be given to the significant differ -
ences in absolute results. Neither the dynamometers nor the testers can be considered
interchangeable. Both the intra-observer and inter-observer reliability of the two dy -
namometers were similar, yet both demonstrated systematic bias and variability in the
measurements obtained.

Key messages: The intra-observer and inter-observer reliability of a hand-held (Micro -
FET?) and a fixed dynamometer (Isobex2.1 ) were moderate.

Practical considerations of a portable dynamometer in conjunction with reliability are
important in the selection for use in clinical practice.

As absolute results obtained with various types of dynamometers or by various testers
may differ significantly, neither instrument nor tester can be considered interchange -

able.
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Introduction

Measurement of muscle force is frequently used in physiotherapy practice, to estab -
lish anomalies, set therapy goals and evaluate the effect of intervention. The classical
method of muscle testing defined be the Medical Research Council * utilises a 6-point
nominal scale, providing a quick and global impression of muscle strength; however,
its reliability is reported to be limited. > Dynamometers are also used to measure muscle
strength, although they can be large, expensive and time-consuming to use, making
them unsuitable for routine clinical practice. To address this, several portable dyna -
mometers have been designed differing in mode of operation.

Hand-held dynamometers contain strain gauges and fit in the palm of the hand al -
lowing the operator to provide direct resistance to movement of the extremity. A mea -
surement of the force output is obtained electronically. Fixed dynamometers, which
also incorporate strain gauges and provide an electronic output, can be attached to the
wall or floor and use a cable with a fixation band against which the subject exerts a
force.?

The hand-held MicroFET2° and the fixed dynamometer, the Isobex2.1” have been
found to have good intra-rater and inter-rater reliability 7 and have been used in sev-
eral clinical studies to measure post-operative muscle strength. #. Hayes investigated
the intra-rater and inter-rater reliability of a hand-held dynamometer, a springscale
dynamometer and manual muscle testing in 17 symptomatic subjects. The hand-held
dynamometer was found to be the most reliable and discriminatory for assessing the
strength of the rotator cuff. " In spite of the good reliability of portable dynamometers,
their practical use in conjunction with their measurement properties have not been
directly compared.

The aim of this study was to compare the practical applicability and reliability of
two portable dynamometers, a hand-held dynamometer, MicroFET2° and a fixed dy -
namometer, Isobex2.1° in measuring muscle strength of the shoulder and elbow.

Methods
Design

The shoulder and elbow strength of the subject’s right arm were measured with both
the hand-held dynamometer and the fixed dynamometer by two examiners (RLM and
MCM) with a 30 minute interval. The instruments were presented in a random order.
After three days, one of the examiners (RLM) repeated the procedure, using a presen -
tation sequence which balanced that of the same examiner on the first day. The study
was performed at the Leiden University Medical Centre.
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Subjects

Twenty healthy volunteers, who were 18 years old or over and without a history of
shoulder complaints were recruited and entered the study after written informed con -
sent had been obtained. Height (cm), weight (kg) and hand dominance of all subjects
were recorded.

During the tests, an independent observer (BTP) recorded all measurements, the
total time required for instruction and for carrying out the measuring technique. After
completing each set of measurements with both devices on the first day, all subjects
filled in a questionnaire in which they were asked about the perception of any discom -
fort with the application of each device. In addition, subjects were asked which of the
two devices they preferred and the reasons for their choice. The independent observer
also monitored the execution of the procedure, timed the periods of contractions and
rest and recorded the special features of the use of both devices.

Both examiners and subjects were unaware of the scores that were obtained. More -
over, the examiner who repeated the procedures after three days was unaware of his
scores from the first round.

Devices

The MicroFET2* hand-held dynamometer (Hoggan Health Industries Inc., Draper,
USA) is a compact and ligheweight instrument (0.45 kg) that fits in the palm of the
hand. Three independent force transducers measure changes in the applied force on
the head of the instrument in orthogonal planes. The digital output is in Newtons (N).
The Isobex2.1° fixed dynamometer (Cursor AG, Bern, Switzerland) is also a light -
weight (1.0 kg) and portable measurement device. It requires fixation to a smooth
surface by two suction-pads. Force exerted is measured through a steel wire elongated
with an adjustable strap for fixation to the patient. Force is displayed in kilograms fol -
lowing a three second isometric contraction. The Isobex2.1° emits an audible signal

when the display should be read.

Test positions and instructions

Each participant received standardised instructions and encouragement by the exam -
iners during the measurement sessions. Four test positions which are frequently used
in daily practice to obtain an impression of muscle strength in shoulder and elbow
disorders were selected. In each test position, the participant was seated on a stool. Re -
sistance was applied perpendicular to the limb segment at the appropriate joint angle.
To obtain this position the hand-held dynamometer was placed against the extremity
while the fixed dynamometer was attached to the floor or to the wall with the strap
around the participant’s arm.

Glenohumeral abduction force was measured with the shoulder abducted to 45° and
the elbow in 90° of flexion.” The hand-held dynamometer was placed just above the
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Figure 9.1.a Testing abduction strength Figure 9.1.b Testing abduction strength with
with hand-held dynamometer. fixed dynamometer.

Figure 9.1.c Testing external rotation Figure 9.1.d Testing external rotation
strength with hand-held dynamometer. strength with fixed dynamometer.
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Figure 9.1.¢ Testing elevation strength with — Figure 9.1.f Testing elevation strength with
hand-held dynamometer. fixed dynamometer.

Figure 9.1.¢ Testing elbow flexion strength ~ Figure 9.1.h Testing elbow flexion strength
with hand-held dynamometer. with fixed dynamometer.
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lateral epicondyle of the humerus (Figure 9.1a). The fixed dynamometer was attached
to the floor under the stool; the strap was placed over the distal end of the humerus
and adjusted to take up the play in the cable (Figure 9.1b).

Glenohumeral external rotation force was measured with the humerus in 90° abduc -
tion and externally rotated to 70° and the elbow in 90° of flexion.” The hand-held dy-
namometer was placed on the distal dorsal side of the forearm while the other hand of
the investigator was placed on the humerus to remind the participant to maintain arm
abduction (Figure 9.1¢). The fixed dynamometer was attached to the wall in front of
the participant at knee height. The strap was placed proximal to the wrist (Figure 9.1d).

Glenohumeral elevation force was measured with the humerus in a position of 90° of
elevation, 30° in front of the coronal plane. The humerus was internally rotated and the
forearm in pronation.”# The hand-held dynamometer was placed on the distal, ulnar
side of the forearm (Figure 9.1¢), while the fixed dynamometer was attached to the
floor beside the participant’s right foot, perpendicular to the fixation of the band at the
wrist (Figure 9.1f).

Elbow flexion force was tested with the humerus by the participant’s side, the elbow
flexed to 90° and the forearm supinated.” The hand-held dynamometer was placed
against the flexor aspect of the wrist (Figure 9.1g). The fixed dynamometer was at -
tached to the floor beside the participant and the strap was placed on the flexor aspect
of the wrist (Figure 9.1h).

Procedure

The subject exerted a maximal isometric muscle contraction lasting 3 seconds while
the dynamometer was held stationary.'® This was repeated 3 times with a 30-second
rest period. With the hand-held dynamometer, a stopwatch with an audible signal was
used by the observer to indicate that the 3 seconds were over. Both examiners issued
the same instructions and encouragement to promote maximal effort in each test. As
both examiners were inexperienced in the use of dynamometers, a period of ten hours
testing, evaluation and improvement of the test procedure preceded the study.

Analysis

The total time to complete a set of measurements with each device in one subject (4
positions with 3 contractions including time to rest, mounting and demounting) was
compared for both examiners, and between both examiners, using a paired t-test. The
number of subjects reporting discomfort at the first measurement session was com -
pared for both devices and examiners using a Chi-Square test.

Due to differences in units of measurements, the results for the fixed dynamometer
(kg) were converted into Newtons (N) before analysis (1 kg=9.8 N). In all analyses the
mean of three contractions in one subject for a specific test position, a specific instru -
ment and by a specific examiner was used.
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To examine the agreement between the two devices, the Bland and Altman method
was used.”™ First, the mean difference (1) with the standard deviation (sd) between
the results of both instruments for all measurements done by the two observers, was
computed for the 4 test positions. To test whether there was a systematic difference be -
tween the results of the two devices, the 95% confidence interval for dr was calculated.
It is accepted that where zero lies outside the 95% confidence interval, a systematic dif -
ference between the results of the two devices exists. The 95% limits of agreement were
defined as the mean difference between the results of the two devices, 4r, + 1.96 sd of
the difference, indicating the total error. The difference, I, was than plotted against
the means of the measurements obtained with the two devices. This plot shows the
size, direction, and range of the differences and whether the differences are consistent
across the range of measurements.

For the quantification of intra-observer and inter-observer reproducibility, both the
Bland and Altman method for assessing agreement and the calculation of the intra-
class correlation coefficient (ICC) for the evaluation of reliability were used. *

Intra-observer and inter-observer agreement were quantified by calculating the
mean difference between the two observers ( 42), and between the two measurements of
one observer (d3), respectively, and the standard deviation (sd) for these differences. In
addition, the 95% confidence intervals for 42 and 43 were calculated. The 95% limits of
agreement were defined as the mean difference between the two observers or between
the two measurements of one observer, d2 or 43, + 1.96 sd of the differences, indicating
the total error. Differences 42 and d3 were plotted against the means of the measure -
ments of the two observers and the means of the two measurements by observer 1.

The smallest detectable difference (SDD) of the various measurements was cal -
culated as 1.96 * S.D.diff. in which S.D.diff represents the standard deviation of the
difference of the measurement values between or within the observers. Although no
clear criteria for an acceptable value of intra-observer and inter-observer agreement are
available, in general a difference between or within observers of 10% of the total range
is considered acceptable.*

To examine reliability, ICCs (2,1) with their 95% confidence interval were calculated
by using a two-way random effect model. * All analyses were performed in SPSS sta -
tistical software. >

Results
Twelve male and eight female healthy subjects participated in the study. Their mean

age was 23 years (sd 4), mean height 177 cm (sd 9) and mean weight 75 kg (sd 14). All
but one were right-handed.

Practical application

The time recorded to complete the measurements with both instruments is shown in
Table 9.1. The results indicate that the time needed to complete a set of measurements
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Table 9.1 Practical applicability of two portable dynamometers during the assess -
ment of shoulder and elbow strength.
Hand-  Hand-
Hand-held held vs.  held vs.
dynamometer Fixed dynamometer fixed fixed
tester  tester P- tester  tester P- P- P-
1 2 value 1 2 value value value
tester 1 tester 1  tester 1  tester 2
vs. 2 vs. 2
Time needed to 9.10 8.36 0.003 12.15 11.21 0.003 <0.001 <0.001
complete set of (47) (37) (61) (63)
measurement
(minutes) (sd)
Number of sub- 4 6 0.480 7 5 0.414 0.257 0.763
jects reporting
discomfort
Nature of dis-
comfort
Pressure 4 6 3 1
Friction 4 4

with the hand-held dynamometer was significantly shorter than with the fixed dyna -
mometer. In addition, with both instruments, tester 1 needed significantly more time
than tester 2 to complete a set of measurements.

The numbers of subjects reporting discomfort during the exertion of force was not
significantly different between testers or between devices.

In those subjects who reported some degree of discomfort, this was described as
‘pressure’ on 10 occasions with the hand-held dynamometer and on 4 occasions with
the fixed dynamometer. With both dynamometers, this discomfort was felt in the area
of the wrist where the resistance to the force was applied. A sensation of ‘friction” was
reported on 8 occasions with the fixed dynamometer and was associated with skin
contact with the strap. Overall, 12 of the 20 subjects preferred the hand-held dyna -
mometer to the fixed dynamometer, the main reason given as the friction discomfort
experienced between the strap and the upper arm when using the fixed dynamometer.

On three occasions, the fixed dynamometer became detached from the wall or floor
when force was applied, while on one occasion when using the hand-held dynamom -
eter, the examiner was not able to resist the abduction force applied by the subject.

The endurance of the battery of the fixed dynamometer was limited; however, con -
necting the device to a mains supply resolved this problem. The batteries of the hand-
held dynamometer were unproblematic during the complete test period.
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Table 9.2 Agreement between two portable dynamometers for assessing shoulder

and elbow strength (Newtons).

Muscle strength * Hand- Fixed Mean differ-  95% con-  95% Limits
held dyna-  dyna- ence (sd) fidence of agreement
mometer ~ mometer Hand-held interval
mean (sd)  mean minus fixed

(sd)

Shoulder abduction 170 (48) 176 (65) -6.5(37.7) -16.3-3.3 -80.5-67.5

Shoulder external 113 (32) 92 (36) 21.4(21.1) 15.9-26.8  -17.6-65.2

rotation

Shoulder elevation 99 (29) 70 (24) 29.9 (13.8) 26.3-33.5  2.3-57.5

Elbow flexion 272 (74) 222 (70)  50.5 (24.3) 44.3-56.8 1.9-99.1

* mean value of three repetitions

500

400 o

300 1

+
3
o 2007 movement
[}
g + elbow flexion
S
g 100 + ® elevation
>
©
- 9 external rotation
%
[ 0 _ _ _ } V' abduction
0 100 200 300 400 500

Hand-held dynamometer (N)

Figure 9.2. Mean results of three contractions of all subjects, on both days and by both ex -
aminers for the hand-held dynamometer (x-axis) and the fixed dynamometer (y-axis).

Measurement outcome

In Table 9.2, the results for all measurements in all four test positions for each instru -

ment are presented. Except for the results of shoulder abduction, the mean results of

the hand-held dynamometer were significantly higher than those of the fixed dyna -
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elbow flexion strength (right)(pooled data from day 1 and day 2 and tester 1 and tester 2,
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Figure 9.4a and 9.4b. The differences between testers plotted against the mean value of both

testers for shoulder abduction strength for the hand-held dynamometer (left) and the fixed
dynamometer (right) (n=20). —— mean difference; ------- limits of agreement.

mometer. As zero lies outside the 95% confidence interval of the mean difference be -
tween the devices for shoulder external rotation, shoulder elevation and elbow flexion,
it was concluded that a systematic difference existed between the results for these de -
vices and test positions.

Figure 9.2 also illustrates that the scores of the hand-held dynamometer were in
general slightly higher than those of the fixed dynamometer, irrespective of the ex -
aminer who performed the assessment or the day the assessment was done. Figures
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Figure 9.6a and 9.6b. The differences between day 1 and day 2 for tester 1 plotted against the
mean value of both days for shoulder abduction strength for the hand-held dynamometer
(left) and the fixed dynamometer (right) (n=20). —— mean differences; ------- limits of

agr eement.

9.3a—9.3b show the Bland and Altman plots of agreement between the two devices for
shoulder abduction and elbow flexion strength. These figures illustrate that the mean
difference for shoulder abduction strength (Figure 9.3a) is around zero, whereas the
mean difference and the limits of agreement for elbow flexion strength (Figure 9.3b)
are above zero, indicating a systematic difference between the two devices.

Tables 9.3 and 9.4 summarize the inter-observer and intra-observer agreement for
both instruments in all four test positions.
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ment.

The data in Table 9.3 illustrates the significant bias between the two testers when
using the hand-held dynamometer to measure elbow flexion force and with the fixed
dynamometer when measuring shoulder abduction, shoulder elevation and elbow flex -
ion force (zero lying outside the 95% confidence interval for 42).

The inter-observer ICCs were similar for the two instruments, ranging from 0.86
to 0.98. With the exception of shoulder abduction and external rotation with the fixed
dynamometer (12% and 15% for tester 2, respectively), all smallest detectable differences
were larger than the predefined 10% difference of the total range of measurement. Fig -
ures 9.4a—9.5b and 9.5a-9.5b show the differences between the testers plotted against
the mean value of both testers for shoulder abduction and elbow flexion strength.

For intra-observer agreement, a significant difference between the results on the
first and the second occasion was seen with the hand-held dynamometer for elbow
flexion (zero lying outside the 95% CI for 43). The intra-observer ICCs suggest good
agreement and were similar for the two instruments (0.82 to 0.96). All SDDs were
larger than the predefined 10% difference of the total range of measurement.

Figures 9.6a—9.6b and 9.7a—9.7b show the differences between the same tester on
two occasions, plotted against the mean value of the two occasions for shoulder abduc -
tion and elbow flexion strength.

Discussion

A comparison of the practical applicability and measurement properties of two por -
table dynamometers has shown that both instruments cause some discomfort during
the testing procedure. The use of the hand-held dynamometer was the least time-
consuming. The intra-observer and inter-observer variation of the instruments were
similar, but as the absolute results of the two instruments, measured in four different
movement directions in the same subjects, varied, the two instruments should not be



Table 9.3 Inter-observer agreement between tester 1 and tester 2 for two portable dynamometers on the same day (Newtons)

Muscle strength ** Tester 1 Range Tester Range Mean dif - 95% con-  95% Limits  ICC (95% confi- SDD
mean (sd) 2 mean ference fidence of agree- dence interval)
(sd) (sd) Testers  interval ment
land 2

Hand-held dynamometer
Shoulder abduction 172 (46) 99-283 166 (42)® 106-250 6.0 (20.2) -3.8-15.8 -34.4-46.4 0.89 (0.74-0.96)  39.6
Shoulder external 112 (32) 63-166 116 (32) 49-170 -4.9 (15.7) -12.3-2.5  -36.3-26.5 0.88 (0.71-0.95)  30.8
rotation
Shoulder elevation 102 (29) 59 tol55 96 (29) 56-146 6.4 (15.1) -6.4-13.4  -23.8-36.6  0.86 (0.68-0.94) 29.6
Elbow flexion 287 (81)  170-398 259 (73) 136-362 28.6(25.1)  16.8-40.3 -21.6-78.8  0.95 (0.87-0.98) 49.2
Fixed dynamometer
Shoulder abduction 190 (68) 68-311 164 (62) 20-170 26.1(29.2) 12.4-39.7  -32.3-84.5 0.90 (0.77-0.96)  57.2
Shoulder external 90 (33) 26-152 87 (37) 31-105 2.7 (18.7) -6.0-11.5 -34.7-40.1 0.86 (0.68-0.94)  36.6
rotation
Shoulder elevation 72 (24) 36-113 65 (23) 89-306 6.8 (10.6) 1.8-11.8 -14.4-28.0 0.90 (0.76-0.96)  20.8
Elbow flexion 228 (73)  115-323  217(69) 72-283  112(145) 4.4-179  -17.8-40.2  0.98 (0.95-0.99) 28.4

b

* Mean value of three repetitions ° n=19

791

6 mdeyn



Table 9.4 Intra-observer agreement for tester 1 for two portable dynamometers on two occasions (Newtons)

Muscle Day 1 mean Range Day 2 mean  Range Mean differ- 95% con- 95% limits of ~ ICC (95% confi-  SDD
strength * (sd) (sd) ence (sd) Day fidence agreement dence interval)

1and 2 interval
Hand-held dynamometer
Shoulder 177 (51) 99-283 167 (52) 87-259 10.8 (27.3) -2.0-23.6 -43.9-65.3 0.86 (0.68-0.94) 53.3
abduction
Shoulder 112 (32) 63-166 111 (33) 56-171 0.5 (13.5) -5.8-6.9 -26.5-27.5 0.91 (0.80-0.97) 26.5
external
rotation
Shoulder 102 (29) 59-155 101 (32) 48-172  1.5(16.1) -6.1-9.0 28.7-31.7 0.86 (0.68-0.94)  31.5
elevation
Elbow flex- 287 (81) 170-398 271 (69) 167-357 17.1 (24.2) 5.8-28.4 -31.3-65.5 0.95 (0.87-0.98) 47.4
ion
Fixed dynamometer
Shoulder 190 (68) 68-311 177 (66) 72-283 12.6 (39.9) -6.0-31.3 -67.2-92.4 0.82 (0.61-0.93) 78.2
abduction
Shoulder 90 (33) 26-152 97 (40) 28-170 -7.4(16.1) -14.9-0.1 -39.6-24.8 0.90 (0.77-0.96) 31.5
external
rotation
Shoulder 72 (24) 36-113 67 (25) 30-110 5.0 (12.4) -0.8-10.8 -19.8-29.8 0.88 (0.71-0.95) 24.3
elevation
Elbow flex- 228 (73) 115-323 221 (73) 75-333 7.1 (21.1) -2.7-17.0 -35.1-49.3 0.96 (0.90-0.98) 41.3

on

* mean value of three repetitions
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used interchangeably. Moreover, a systematic difference between the two testers using
the same instrument was seen with both devices.

Practical applicability is not often examined in studies on dynamometers, although
this may be one of the main factors influencing clinical use. ¢ Discomfort was reported
several times with both instruments but may be resolved by using a wider and softer
strap for the fixed dynamometer or a larger pressure pad for the hand-held dynamom -
eter.

Use of the hand-held dynamometer was less time-consuming than the fixed dyna -
mometer, primarily as a result of the need to fix the device to a suitable surface on the
floor or wall and adjust the strap appropriately. The loosening of the fixed dynamom -
eter from the surface could be harmful to patients and safety should be given due con -
sideration; however, this happened in only 3 out of 720 measurements.

On one occasion, the examiner was not able to resist the maximal force of glenohu -
meral abduction with the hand-held dynamometer. This can be limiting when testing
normal subjects or non-affected limbs. ¢

The recruitment of healthy subjects without shoulder disorders means that the re -
sults of this study cannot be generalised to patients with shoulder disorders. In patients
with partial rotator cuff ruptures or impingement syndrome, strength can be reduced
to between 37 and 70% of the non-involved side. ** In symptomatic shoulders, the
presence of pain may heighten discomfort during testing, and in patients with severe
loss of motion, for example, in frozen shoulders, it may be difficult to achieve the test
positions. However, loosening or insufficient tester strength will be less problematic
when testing patients with decreased muscle strength. The therapist’s satisfaction with
each portable dynamometer was not investigated and may be a valuable addition to
future research.

The absolute results of the hand-held and the fixed dynamometers varied. Apart
from glenohumeral abduction, the forces measured for the hand-held dynamometer
were higher than those of the fixed dynamometer. The large differences indicate that
these devices are not interchangeable. The ICCs calculated (all greater than 0.8) for
both intra-observer and inter-observer variation of the portable dynamometers, suggest
that both instruments are sufficiently reliable. The results are equal to those of dyna -
mometers used in the studies of Bohannon and Hayes. '#* In spite of this, systematic
differences between the two testers were seen. This observation indicates that both in
daily practice, as in a research setting, any change of assessors may bias the results.

Most importantly, the inclusion of the Bland and Altman method of analysis il -
lustrates the substantial bias and variability between sets of results. For example, for
shoulder abduction, when one tester repeats a measurement on a subsequent day, on
95% of occasions the second measurement will be between 67 N less and 92 N more
than that measured on the first occasion. This suggests that to be reasonably sure that
a real difference in the subject’s strength has occurred, an increase of more than 92 N
would be required. When combined with the smallest detectable difference of 78 N, a
substantial force, this perhaps illustrates the misleading interpretation of ICCs (in this
instance 0.82) in reliability studies.

In conclusion, we have shown that both the hand-held and a fixed dynamometer
demonstrate a large range of variation and bias when measuring shoulder and elbow
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strength even in healthy subjects. However, some movements demonstrated less vari -
ability than others and the limits of agreement and mean differences for each move -
ment should be considered individually. Both instruments showed some practical dis -
advantages although the hand-held dynamometer was reasonably quick to use. Future
research using a patient cohort may demonstrate greater reliability but should also
address therapist’s satisfaction in the practical applicability of different measurement
devices.
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