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Objective: Reduced muscle strength is regarded as a risk factor for pain and disability in 
osteoarthritis (OA). Currently, various indices for muscle strength are used when 
assessing determinants of pain and disability. The goal of the present study was to 
evaluate these indices of muscle strength. 
Design: Isometric muscle strength was measured for 16 muscle actions around the knees 
and hips in 52 patients with OA of the hip and 70 patients with OA of the knee. Various 
indices of muscle strength were derived from these measurements, applying five 
alternative approaches. These approaches ranged from a single overall index to a set of 16 
separate indices. The internal consistency of these indices was determined (Cronbach’s 
α), and it was determined to what extent they could reveal the association between 
reduced muscle strength on the one hand and pain and disability on the other hand. 
Results: Internal consistency was satisfactory for all indices (Cronbach’s α >0.74). As 
expected, reduced muscle strength was associated with increased disability, but no clear 
relationship could be established between muscle weakness and pain. The strength of 
these associations did not depend on the approach used to derive the indices for muscle 
strength. 
Conclusions: The indices did not show major differences with regard to internal 
consistency or the extent to which the association with pain and disability could be 
revealed. For reasons of parsimony, approaches resulting in few indices appear to be most 
useful. However, muscle strength was found to be significantly reduced around affected 
joints, compared with muscle strength around unaffected joints. Therefore, the most 
suitable approach for reducing muscle strength data into indices is one that results in as 
few indices as possible, but with separate indices for muscle strength around affected and 
unaffected joints. 
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INTRODUCTION 
Reduced muscle strength is frequently observed in patients with osteoarthritis (OA) of the hip or 

knee.1–6 Loss of muscle strength is an important determinant of pain and disability in patients with 
OA.7–11 In the treatment of OA, especially in exercise therapy, improving muscle strength is regarded 
one of the most important mechanisms towards reducing pain and disability.12,13 Therefore, in research 
into the effectiveness of various treatments for OA, muscle strength is often chosen as one of the 
outcome measures. 

The assessment of muscle strength involves measurement of a multitude of muscle actions at a 
number of anatomical sites (i.e. different joints). The large amount of data resulting from these 
measurements usually has to be reduced into one or more indices (sum scores). A number of different 
approaches to the calculation of indices can be chosen. These approaches differ in their level of 
reduction, from an approach where the measurements of all different muscle actions are reduced into 
one overall index for muscle strength, to an approach where no data reduction is performed and every 
muscle action is used as a separate index for muscle strength. Approaches that result in a large number 
of indices have the advantage that due to their high level of detail they may reveal relationships that 
would otherwise be obscured. On the other hand, such a level of detail can also result in an 
unnecessary number of indices. This could lead to results that are difficult to interpret. So, a level of 
detail needs to be maintained that prevents the loss of vital information, while at the same time a low 
number of indices is advantageous for ease of use and interpretation of results. 

Thus, the question arises whether the way in which data are reduced into indices affects the observed 
relationship between muscle strength and pain and disability. The goal of the present study was to 
determine which approach to the reduction of data into indices for muscle strength would provide the 
optimal trade-off between parsimony (as few indices as possible) and detail (no loss of vital 
information). To this aim, first the internal consistency of the indices resulting from various 
approaches was determined. Second, the relationship was assessed between the indices of muscle 
strength on the one hand and pain and disability on the other hand. The relationship between muscle 
weakness and both pain and disability in OA has been well established.9,14,15 An index, or indices, for 
muscle strength should be able to accurately reveal the existence of these relationships. Thus, it was 
determined to what extent these indices could reveal the association between muscle strength on the 
one hand and pain and disability on the other. 

METHODS 

Subjects 
Data were obtained from a randomized clinical trial into the effectiveness of exercise therapy in 

patients with OA of the hip or knee.16 Patients were included if they were diagnosed to have OA of the 
hip or knee according to the clinical classification criteria of the American College of 
Rheumatology.17,18 Two hundred patients participated in the trial. These were mainly patients with 
relatively mild symptoms of OA. For the present study, data were only used from patients diagnosed 
with either OA of one knee or OA of one hip. Patients diagnosed with OA at more than one site were 
excluded. This resulted in 122 patients in the analyses, 70 patients with unilateral knee OA and 52 
patients with unilateral hip OA. Data for the present study were obtained at the onset of the trial 
(baseline). 

Muscle strength 
Isometric muscle strength was measured with a hand-held dynamometer,19 the MicroFet (Hoggan 

Health Industries, Draper, Utah). Hand-held dynamometry has been shown to be a reliable method of 
assessing muscle strength,20–23 and the dynamometer has the advantage of being small and easy to use. 
Make tests or ‘doctor initiated’ methods,21 were used. This means that the research assistant holds the 
dynamometer steady, while the patient exerts maximum force against it.24 After one initial attempt, 
during which the patient could get used to the required movement, patients were asked to build their 
effort to a maximum in the first 2 seconds of the test, and then to maintain this maximum force for 3 
seconds. The peak force registered during those 3 seconds was recorded as the patient’s maximum 
force. Muscle strength in newton’s (N) was measured bilaterally for eight muscle actions: flexion, 
extension, external rotation, internal rotation, abduction and adduction of the hip, and flexion and 
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extension of the knee. Each muscle action was measured once. All muscle strength tests were 
performed within one session. During this session, other physical examinations were also carried out. 
This provided sufficient time between the muscle strength tests to avoid fatigue in the patients. During 
the tests, no fatigue or excessive pain (i.e. more pain than normal) was present as assessed by the 
patients themselves. 

Starting positions were analogous to those used by Kendall et al.25 The protocol of Kendall et al. 
provides starting positions for both patient and therapist, and also prescribes the positioning of the 
dynamometer. In case a patient is unable to adopt a prescribed position, the protocol also provides an 
alternative position. 

The tests were carried out by two experienced physical therapists. Prior to the trial, the interrater 
reliability was established using 10 healthy subjects and 10 patients with OA. The inter-rater reliability 
was satisfactory for all muscle actions (Pearson’s r exceeding 0.75 for all actions). 

These measurements resulted in 16 items for muscle strength: 8 actions, both left and right. First, 
these measurements were corrected for body mass by dividing them by the patient’s weight. After that, 
for all 16 items z-scores were computed to exclude problems due to different score ranges between 
items. A distinction was made between affected and unaffected joints (e.g. z-scores were computed for 
flexion of the affected knee and the unaffected knee). For patients with hip OA, a distinction for the 
knees was made between knees ipsilateral and contralateral to the affected hip. Likewise, for knee OA 
patients, hips were divided into ipsilateral and contralateral to the affected knee. 

A number of different approaches was chosen to compute indices for muscle strength. These were: 
 Patient-based approach: One index; all 16 items added up to obtain a single index for muscle 

strength. 
 Averaged joint approach: Two indices; a separate index was computed for muscle strength 

around the knee (comprising four items: flexion and extension for both the affected and 
unaffected knee), and for muscle strength around the hip (comprising 12 items: all six muscle 
actions for both the affected and unaffected hip). 

 Single joint approach: Four indices; separate indices were made for the affected knee, 
unaffected knee, affected hip and unaffected hip. The knee indices consisted of two items 
each, while the hip indices had six items each. 

 Averaged muscle action approach: Eight indices; they were made for each action by adding 
up the same action for the affected and unaffected joint (e.g. flexion of the affected hip and 
unaffected hip were added up to obtain a score for flexion of the hip). This resulted in 
separate indices for flexion, extension, external rotation, internal rotation, abduction and 
adduction of the hip, and flexion and extension of the knee. 

 Single muscle action approach: No indices were computed, instead all 16 items were 
regarded as separate variables. 

Pain and disability 
Pain as experienced by patients was assessed using a visual analogue scale (VAS; 0–100 mm), in 

which 0 mm represents no pain at all and 100 mm represents ‘the worst pain I can imagine’. Patients 
were asked to rate their overall pain in the past week. 

Observed disability was determined by watching video-taped performances of patients on a series of 
standardised tasks, using an adaptation of the method described by Keefe.26–28 An overall score for 
observed disability was calculated based on five items: three movement times (5-m walking time, 
stand-to-sit time and stand-torecline time), and two measures for the quality of the performance (level 
of guarding, level of rigidity). The overall-score for observed disability was constructed as follows. 
First, for the three movement times scores were transformed into 10 categories (each containing 10% 
of scores), to correct for skewed distributions. Then z-scores were computed for all five items 
(movement times and qualitative assessments), to avoid weighting problems due to differences in 
score range between the items. These z-scores were added up to obtain an overall-score for observed 
disability per patient. By definition, z-scores have a mean of 0, which means that an overall score 
constructed from z-scores will also have a mean of 0. A higher overall score means a higher level of 
disability. All items were scored by trained observers. This overall score has been shown to be 
internally consistent and valid.29 
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Next to observed disability, self-reported disability was also assessed. To this end, the mobility 
subscale of the IRGL was used. The IRGL (Influence of Rheumatic Disease on General Health and 
Lifestyle) is a Dutch adaptation of the Arthritis Impact Measurement Scales (AIMS).30 This subscale 
has seven items. Two items are general statements concerning disability in mobility, while the other 
five address disability in climbing stairs, riding a bicycle and walking. The IRGL is a ‘positive’ 
questionnaire, i.e. it measures ‘ability’ rather than ‘disability’. To facilitate interpretation, scores on 
this test have been reversed to obtain a ‘disability score’. After the reversal, the score range for this 
test is –28 (minimum disability) to –7 (maximum disability). 

Statistical analyses 
All analyses were performed using two subgroups of patients: one group comprising all patients with 

knee OA, and another group comprising all patients with hip OA. To assess the inter-relationships 
between the various muscle actions, first Pearson correlation coefficients were computed between all 
muscle actions. Next, factor analysis was performed. With the factor analysis, the unidimensionality of 
the pool of muscle actions could be assessed (i.e. can strength for a number of muscle actions be 
regarded as representations of the same entity, or should a clear distinction be made between, for 
instance, muscle strength around the hip and muscle strength around the knee?). The inclusion 
criterion for factors in this analysis was an eigenvalue <1. 

The internal consistency of the several indices for muscle strength was assessed by computing 
Cronbach’s α. A value of 0.80 or more represents high internal consistency.31 

Multiple regression analyses were performed with pain, observed disability and self-reported 
disability as dependent variables. The indices for muscle strength, which had been computed using 
various approaches (see above), were the independent variables. A separate analysis was performed 
for each combination of a dependent variable (i.e. pain or self-reported or observed disability) and an 
approach for computing indices for muscle strength (e.g. patient-based, joint-based). These regression 
analyses could establish the relationships between muscle strength on the one hand and pain and 
disability on the other hand. 

All statistical analyses were carried out using SPSS version 8.0. 

RESULTS 

Patient characteristics 
Table 1 shows the mean age and proportion of males and females in the study population, as well as 

raw item scores of the 16 muscle actions (corrected for the patient’s body weight), mean sum-score on 
observed disability and selfreported disability, and mean pain-score for both the knee OA and hip OA 
groups. 

[ TABLE 1 ] 
 

Inter-item relationships 
Pearson correlation coefficients between the 16 muscle actions for both subgroups are presented in 

Tables 2 and 3. All coefficients are significantly greater than 0 (p < 0.001 for all coefficients). The 
highest correlations were found between the lateral and contralateral side of the same muscle action 
(e.g. flexion of the affected and unaffected hip). These correlations range from 0.74 to 0.88 in the hip 
OA group and 0.67 to 0.84 in the knee OA group. Correlations between two ipslateral muscle actions 
(e.g. flexion and extension of the affected hip) tend to be slightly higher than correlations between a 
lateral and different contralateral muscle action (e.g. flexion of the affected hip and extension of the 
unaffected hip). 

[ TABLES 2-3 ] 
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Internal consistency 
The internal consistency of the various indices was assessed computing Cronbach’s α. The results for 

both subgroups of patients are presented in Tables 4 and 5. Since the single muscle action approach 
does not use an index that consists of more than one item, this approach was not included in these 
analyses. The internal consistency is high for nearly all indices. Only the indices for muscle strength 
around the knee in the single joint approach scored below 0.80, indicating satisfactory but not high 
internal consistency. 

[ TABLES 4-5 ] 
 
For both subgroups, factor analysis was also performed, to assess the unidimensionality of the 

complete set of muscle actions. For both the knee OA and hip OA groups, one factor was identified by 
the analysis. In the hip OA group, this factor accounted for 64.9% of variance between the items, with 
factor loadings of the separate muscle actions ranging from 0.75 to 0.89. The results in the knee OA 
group were similar: the one factor accounted for 66.2% of variance, with factor loadings ranging from 
0.76 to 0.89. 

The relationship with pain and disability 
The results of the various multiple regression analyses are shown in Table 6 and 7. These tables 

feature – for each approach separately – the fraction of variance accounted for (r2). In both groups, 
similar results are found for the various approaches. The strength of the relationship between observed 
disability and muscle strength ranges from 0.173 to 0.227 in the hip OA group and from 0.146 to 
0.205 in the knee OA group. The same applies to self-reported disability (r2 ranging from 0.136 to 
0.174 in the hip OA group, and from 0.130 to 0.178 in the knee OA group). Only a minimal 
relationship could be established between pain and muscle strength. Again, no major differences were 
found between the various approaches in either of the two subgroups. In all cases, the relationship 
between muscle strength and pain and disability was a negative one: muscle weakness (i.e. lower 
muscle strength) was associated with more disability and, to a lesser extent, pain. 

[ TABLES 6-7 ] 
 
The analyses presented in this paper were also carried out without taking the actual location of OA 

into account. In these additional analyses, a distinction between left and right was made, instead of 
between affected and unaffected joints (e.g. for the single joint approach, separate indices were 
constructed for the left and right knee, rather than the affected and unaffected knee). The results of 
these additional analyses were remarkably similar to the results presented here. The results of these 
additional analyses can be found on the Internet, at http://www.nivel.nl/muscle/index.html. 

DISCUSSION 
Various approaches are available for the calculation of indices of muscle strength in patients with OA 

of the hip or knee. The goal of the present study was to determine which approach to the reduction of 
data into indices for muscle strength would provide the most useful and accurate set of indices. Such 
an approach would have the optimal trade-off between parsimony (as few indices as possible) and 
detail (no loss of vital information). To this aim, first the inter-relationships between the various 
muscle actions and the internal consistency of the indices for muscle strength were established. Next, 
the relationship of the various indices with pain and disability was established. With regard to the 
inter-relationships between muscle actions, the correlations showed that muscle strength for various 
actions is closely inter-related. As the factor analyses have shown, the strength of single muscle 
actions can be regarded as representations of one unidimensional construct. With respect to both the 
internal consistency and the relationship with pain and disability there were only minor differences 
between the indices resulting from various approaches. The internal consistency of the indices all 
reached an acceptable level. Also, in the regression analyses, the strength of the relationship between 
the indices of muscle strength and pain and disability was hardly influenced by the choice of approach. 
Isometric muscle strength is negatively associated with disability, in all of the approaches chosen. This 
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is consistent with earlier findings.9,14,15 Variations in muscle strength were found to account for some 
15–20% of the variance in disability. In our opinion, the strength of the relationship between muscle 
weakness and disability (15–20% variance-accounted-for) marks muscle weakness as an important 
entity within the multi-factorial framework of determinants of disability. No clear relationship was 
identified between pain and muscle strength. Muscle weakness was weakly associated with more pain, 
with muscle strength accounting for, on average, 5% of the variance in pain levels. A stronger 
relationship was expected to be found, and indeed has been found in an earlier study involving the 
same group of patients.32 In the present study, a substantial number of patients were excluded because 
they were diagnosed with bilateral OA. The resulting smaller group sizes, and therefore decreased 
statistical power, may be responsible for the inability of the present study to identify a clear 
relationship between muscle strength and pain. 

The results seem to indicate that all of the aforementioned approaches are generally acceptable. For 
reasons of parsimony, approaches resulting in relatively few indices, such as the patient-based or 
averaged joint approach, may therefore be the best option. These approaches result in just one or two 
indices, which makes analysing and interpreting the results less complicated. The use of a patient-
based approach is also consistent with the study by Zhang et al.,33 who stated that when an overall 
assessment of a patient’s level of functioning is made, only a patient-based analysis is appropriate. 
However, muscle strength was found to be significantly reduced around affected joints, compared with 
muscle strength around unaffected joints. This is also a common clinical finding in patients with OA, 
and should not be neglected. Therefore, the most suitable approach for reducing muscle strength data 
into indices is one that results in as few indices as possible, but with separate indices for muscle 
strength around affected and unaffected joints. Of course, the choice of which approach is most 
suitable depends on the specific design and aims of a given study. The present study has shown that 
each approach yields consistent indices, and that the manner in which data reduction is carried out 
does not interfere heavily with the outcomes of statistical analyses. In the context of research on the 
relationship between muscle strength and pain and disability in OA patients, it is concluded that the 
most suitable approach seems to be an approach which yields few indices, but with separate indices 
for muscle strength around affected and unaffected joints (i.e. the single joint approach). 

For clinicians, whose interests may differ from those of researchers, these results may have other 
implications. Given the clear inter-relationships between various muscle actions, measuring a limited 
number of muscle actions will provide accurate information on a patient’s overall level of muscle 
strength. The present study has shown that the same muscle actions on the ipsilateral and contralateral 
side are very closely related to each other, and that the entire pool of muscle actions around the knees 
and hips can be regarded as a unidimensional trait of the patient. Although closely associated, muscle 
strength around affected joints is generally decreased compared with muscle strength around 
unaffected joints.34 Overall, these findings suggest it is sufficient to assess a limited number of muscle 
actions. 

Clinical messages 
 Muscle strength is an important determinant of disability in OA of the knee or hip. 
 Muscle strength can be regarded a trait at the level of the patient; all muscle strength around 

the knees and hips are closely interrelated. 
 When assessing muscle strength in a clinical setting, it suffices to measure a limited number 

of muscle actions, as these will provide accurate information on a patient’s level of muscle 
strength. 
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