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Objective: to determine test-retest and inter-rater reliabil-
ity of hand-held dynamometry when used to measure knee-
 extensor strength in patients with advanced cancer.
Subjects: adults with metastatic or locally advanced cancer 
recruited from palliative care services to a study of the risk 
factors for falls.
Methods: Consecutive recruits (n = 30) underwent repeat test-
ing after an interval of 1 h, by the same researcher, to assess 
test-retest reliability. the subsequent 15 patients underwent 
retesting by a second researcher. the intra-class correlation 
coefficient and limits of agreement were calculated.
Results: the test-retest reliability difference between measure-
ments increased with the magnitude of measurement, mean 
leg strength = 113 n (standard deviation 43.1), 95% ratio 
limits of agreement 0.81–1.5, intra-class correlation coeffi-
cient = 0.9. the inter-rater testing mean leg strength = 128.5 n 
(standard deviation 35.1), 95% limits of agreement = –57.24 
to 36.06 N. Intra-class correlation coefficient = 0.83. 
Conclusion: test-retesting and inter-rater testing yielded 
high intra-class correlation coefficients, but the limits of 
agreement were wide. in test-retesting, the difference be-
tween tests increased as the magnitude of measurement 
increased. it has been widely reported that hand-held dy-
namometry is reliable when used to measure knee-extensor 
strength in frail or elderly persons. however, our results 
show that, even in these populations, reliability may be com-
promised by inadequate tester strength. 
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INTRODUCTION

Loss of skeletal muscle mass is a recognized feature of age-
ing, and lower limb muscle weakness a recognized risk factor 
for falls in older persons (1, 2). In advanced cancer, muscle 
strength may be adversely affected by many factors, includ-
ing anorexia-cachexia-associated skeletal muscle wasting, 

immobilization and proximal myopathy related to cortico-
steroid treatment. We conducted a prospective study of the 
risk factors for falls in patients with advanced cancer. Our 
selection of independent risk factor variables was informed 
by a review of the literature on risk factors for falls in older 
persons. Hence, we wished to include an objective, responsive 
and reliable measure of lower limb strength as an independent 
variable. Our selection was also based on the desirability that 
the method of testing be potentially transferrable to clinical 
settings, in the event that it was shown to be a risk factor for 
falls in advanced cancer. 

Hand-held dynamometry (HHD) provides an objective 
measure of muscle strength, and the equipment is generally 
small and portable. Although demonstratively less reliable 
when used by testers of below-average strength to test large 
muscle groups (such as the knee extensors of young healthy 
subjects), it is widely reported to be reliable in testing muscle 
strength of older or infirm individuals (3, 4). It has been shown 
to have good test-retest reliability when used to measure knee 
extensor strength in 10 community-dwelling elderly persons 
(5), 41 community-dwelling older persons with a history of 
falling (6), and 13 patients referred for domiciliary physio-
therapy (7). Bohannon & Andrews (8) also reported a high 
level of inter-rater reliability of HHD when used to measure 
the strength of knee extensors in mostly post-stroke patients 
undergoing physiotherapy.

Based on our expectation that knee extensor strength, and 
hence reliability, of HHD would be similar in our patient cohort 
to that of older or frail persons, we elected to measure knee 
extensor strength using HHD. The testing protocol, including 
the positioning of transducer and subject, were informed by 
trials with healthy subjects. We report here the results of reli-
ability testing, the aim of which was to establish inter-rater 
and test-re-test reliability of measurements taken by the two 
testers involved in the research project. 

METHODS
Patients aged over 18 years with a diagnosis of cancer that is metastatic 
or locally advanced, admitted consecutively to home-care, day-care 
and inpatient palliative care services, were screened for eligibility for 
inclusion in the study of the risk factors for falls. Exclusion criteria 
included: being unable to sit-to-stand or to mobilize independently 
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for a distance of 6 m, or being considered too unwell to participate, 
or actively dying by the admitting physician and research team. The 
study was approved by St vincent’s University Health group ethics 
committee.

During the validation phase of the project, consecutive patients 
underwent repeat testing of right (R) leg strength. The testing protocol 
was as follows: the subject was seated, hips and knees at 90º, hands 
resting on the tops of their thighs. Following verbal explanation, the 
dynamometer was placed 10 cm distal to the tibial tuberosity and the 
subject asked to “straighten your leg as strongly as you can, stronger, 
stronger, release” (4 s). The MicroFET 2 (Hoggan Health Industries, 
West Jordan, Utah, USA) was used. The maximal force was noted and 
the best of 3 measurements was recorded as the result. Both tester and 
subject were blinded to the result. The test was repeated 1 h later, by 
the same tester for the first 30 subjects and by the second tester for the 
next 15 subjects, with the testers alternating as to who tested first.

Statistical analysis
Agreement between the two measurements was examined by calcula-
tion of the limits of agreement from the mean difference/bias (D) and 
the standard deviation (SD) of the differences. The interpretation is 
that, for a new individual from the studied population, there is 95% 
probability that the difference between any two measurements should 
lie within the limits of agreement (9–11). The data was first checked for 
heteroscedasticity (whether the differences depend on the magnitude 
of the measurement) by examination of mean-vs-differences plots and 
calculation of the corresponding Kendall’s correlation coefficient. 
In the event that heteroscedasticity was present, the data underwent 
logarithmic transformation and reassessment for resolution of the 
relationship between log difference and log mean and the geometric 
standard deviation was calculated. In this case, the 95% ratio limits of 
agreement were calculated by division and multiplication of the mean 
difference by the square of the geometric standard deviation (gSD), 
the interpretation being slightly different, as described below (11, 12). 
Intra-class correlation coefficients (ICC) were calculated (13).

RESULTS

Test-retest reliability
The mean age of participants was 60 years (SD 12.5), and 
18/30 were male. Mean right leg strength was 113 N (SD 
43.1) (equivalent to 11.5 kg). Fig. 1 shows the mean-vs-
absolute differences plot: Kendall’s tau = 0.33, p = 0.01. Fig. 2 
shows the mean-vs-absolute differences plot for transformed 

data: Kendall’s tau = 0.03, p = 0.84. Mean difference = 1.1, 
gSD2 = 1.36, ratio limits of agreement are 0.81–1.5 (1.1 ÷ 1.36 
to 1.1 × 1.36). ICC = 0.9.

Inter-rater reliability
The mean age of participants was 69 years (SD 9.6), and 7/15 
were male. The mean right leg strength was 128.5 N (SD 
35.1) (equivalent to 13.1 kg). See mean-vs-absolute differ-
ences plot (Fig. 3): Kendall’s tau = 0.18, p = 0.35. D = –10.59 N 
(SD = 23.8), 95% limits = –10.59 N ± 46.65  = –57.24 to 36.06 
N. ICC = 0.83. 

DISCUSSION

Analysis of test-retest data and inter-rater data yielded ICCs 
of 0.9 and 0.83, respectively. The ICC provides an estimate 
of the proportion of the total variance that is accounted for by 
the variation between subjects; the remaining variance being 
attributable to the variation between repeated measurements 
within subjects (13). The ICC alone provides useful, but 
incomplete, information regarding reliability, as it gives no 

Fig. 1. Test-retest reliability; mean-vs-differences plot (n = 30).
 

Fig. 2. Test-retest reliability; mean-vs-differences plot after log 
transformation.

 

Fig. 3. Inter-rater reliability; mean-vs-differences plot (n = 15).
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sense of the actual magnitude of within-subject differences. 
An additional drawback is that its value is influenced by the 
variance in the sample population. 

The second statistical method that we used produces an 
absolute measure of reliability; the limits of agreement pro-
vide an estimate of the 95% confidence intervals for the mean 
difference or bias between two measurements, assuming that 
the difference is constant and does not vary with the size of 
the measurement. If logarithmic transformation is required in 
order to satisfy this assumption, 95% ratio limits of agreement 
are generated. 

The statistical measures, used by Schaubert & Bohannon (5) 
and Bohannon (7) to express absolute reliability were the coef-
ficient of variation (CV) and the technical error of the measure-
ment (TEM). The former equates to 100×[within-subject SD/
sample mean] and the latter approximates the within-subject 
SD. Atkinson & Nevill (11) argue that reliability measures 
based on 1 SD are inadequately useful and that, instead, in 
the case of CV, the sample SD should be multiplied first by 
1.96 before being expressed as the Cv, in order to cover 95% 
rather than 68% of the repeated measures. For the Schaubert 
& Bohannon (5) and Bohannon (7) data this would yield Cvs 
of approximately 22.8% and up to 25%, respectively, from 
which one may draw less confident conclusions regarding the 
test-retest reliability of HHD to measure leg strength in older 
or frail persons.

The 95% ratio limits of agreement for the test-retest data 
were 0.81–1.5; hence, for any individual within the population, 
there is a 95% probability that any two tests will differ due to 
measurement error by no more than 19% in a negative direc-
tion or 50% in a positive direction. Analysis of the inter-rater 
reliability data shows that tester one’s measurements were on 
average 10.59 N less than those of tester 2 and that for meas-
urements taken on a new subject within the target population, 
there is 95% probability that the difference between the two 
testers would be between –57.24 and 36.06 N.

To summarize, test-retesting and inter-rater testing of HHD 
for measurement of knee extensor strength in patients with 
advanced cancer yielded high ICCs, but the limits of agreement 
were wide relative to the mean measurement. Inspection and 
analysis of the test-retest data revealed increasing difference 
between tests as the magnitude of measurement increased, 
suggesting that our less than satisfactory results were at least 
in part due to stronger subjects’ ability to overcome tester 
strength. Whilst it has been widely written that HHD is reliable 
when used to test muscle strength in frail or elderly popula-
tions, it is clear that tester strength is as important a determinant 
of reliability as the characteristics of the sample being tested. 
The mean knee extensor strength of community-dwelling 
elderly fallers tested by Wang et al. (14) using very similar 
methods was comparable to that of our own sample. In contrast 
to our results however, test-retesting of the right leg yielded 
an ICC of 0.99 and limits of agreement of ± 14.8 N (standard 
error of the mean × 1.96 × √2) (14). In order to investigate the 
effect of tester strength on test-retest and inter-rater reliabil-
ity, Wilholm & Bohannon (3) used 3 testers with measurably 
different strengths to measure strength in 3 muscle groups in 

27 healthy adults. They found HHD testing for muscle groups 
with a mean force of up to 120 N to be reliable regardless of 
tester strength (3). This is equivalent to the mean strength of 
knee extensor measurements in our sample, but despite our 
having taken the step of placing the transducer more proximal 
to the knee than typically described, in order to maximize the 
lever arm to give best mechanical advantage to the tester, we 
were unable to demonstrate adequate test-retest or inter-rater 
reliability. Patient characteristics may also have negatively 
impacted on our results: in advanced cancer, fatigue character-
ized by reduced endurance and abnormal muscle metabolism 
is common and may have impacted upon participants’ ability 
to make a consistent maximal effort (15). Alternatively, the 
consistency of effort may have been negatively affected by 
discomfort at the site of transducer placement, mentioned by 
some of the participants in this study and also noted by Kelln 
et al. (4).

In conclusion, published results of reliability testing of HHD 
to measure muscle strength in frail or older populations are not 
generalizible, as reliability is significantly influenced by the 
strength of the tester. In addition, some authors have employed 
inadequate statistical measures to describe reliability, leading 
to overly conservative estimates of measurement error. Ideally, 
medical rehabilitation practitioners or researchers considering 
using HHD to measure baseline or post-intervention muscle 
strength, should personally trial the device before purchasing, in 
order to assess its reliability when used by them to test a sample 
of their target population. Alternatives, which waive the issue 
of tester strength, include attachment of the dynamometer to a 
fixed stable structure or construction of a resistance-enhanced 
dynamometer. Although neither has the appeal of HHD alone in 
terms of simplicity and portability, and the latter would require 
specialist skills, both have been shown to have better test-retest 
and inter-rater reliability than conventional HHD (16, 17). 
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