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Muscle strength measurements  

Isokinetic concentric knee extension, knee flexion and ankle dorsiflexion muscle strength and 

isometric knee extension and ankle dorsiflexion muscle strength were measured with a 

Biodex Multi-Joint System 3 PRO dynamometer using a standard protocol developed in our 

research group [28, 29]. These studies have shown that lower limb muscle strength can be 

reliably measured in persons with late effects of polio (for knee extensors and flexors, intra-

class correlation coefficients [ICC2,1] ranging from 0.85-0.99; standard error of measurement 

[SEM] from 10.2 to 13.9 Newton meter [Nm] and for ankle dorsiflexors, ICC2,1 from 0.85-

0.99 and SEM from 2.5 to 3.7 Nm).  

Before each strength measurement the range of motion (ROM) was set and the 

Biodex software applied the gravity correction. For the knee muscle strength measurements 

the participants were seated in the adjustable chair of the dynamometer, without shoes or an 

orthotic device, and were stabilized with straps across the shoulders, waist and thigh. After a 

structured warm-up the participants performed three maximal isokinetic extensor and flexor 

contractions at 60°/s and the highest peak torques were recorded (in Nm). After a 2-minute 

rest, the participants performed 2 maximal isometric knee extensor muscle contractions with a 

knee flexion angle at 90º, and the highest MVC was recorded (in Nm).  

For the ankle dorsiflexor strength measurements the participants were seated in the 

adjustable chair of the dynamometer, with the leg elevated by a support arm just above the 

knee with the angles of the hip at 90º flexion and the knee joints at 30º flexion. The ankle was 

placed and secured on the Biodex footplate. To warm-up and become familiar with the ankle 

dorsiflexor strength measurements, 3-5 submaximal contractions with the dorsiflexor muscles 

were performed. After a 1-minute rest 3 maximal contractions at 30º/s were performed, with 

30 seconds rest between each contraction. Each contraction started from a relaxed plantar-

flexed position without any preload and the highest peak torques were recorded (in Nm). 

After a 2-minutes rest, testing continued with 2 maximal isometric contractions with a 60-

seconds rest between each contraction. The ankle was fixed in 10° plantar-flexed position and 

the highest MVC was recorded (in Nm). 

 

Procedures 

All strength measurements were performed by the same physiotherapist (U.-B.F.). The 

participants were tested annually over 4 years (a total of 5 times) and as close as possible to 

one year between each test. The knee muscle strength was measured before the ankle 

dorsiflexor muscle strength, and the strength of the less-affected lower limb was measured 



Muscle strength and late effects of polio                                                                                 6 
 

 
 

before that of the more-affected lower limb. Consistent verbal encouragement was given 

throughout the tests. The total time for the strength measurements at each test session was 

approximately 1 hour. After completion of the annual test sessions, a summary of the test 

results were given to the participants.  

 

Statistics 

Data from the muscle strength measurements provided 10 quantitative variables for the 

analyzes: 4 knee extension and 2 knee flexion strength measurements and 4 ankle dorsiflexor 

strength measurements. Of the 52 participants 1 participant missed 1 test session the third 

year and another 3 participants missed the last 2 or 3 test sessions. The missing values were 

compensated for in the statistical model. Because of weakness and/or stiffness, 30 participants 

were unable to perform the ankle dorsiflexors strength measurements with the more affected 

lower limb and 6 participants were unable to do so with the less affected lower limb. The 

statistical analyzes for the ankle dorsiflexors were therefore based on 22 participants for the 

more affected lower limb and on 46 participants for the less affected lower limb.  

The characteristics of the sample were described by frequencies, means and 

standard deviations (SDs). Differences between men and women at baseline were analyzed by 

independent samples t-tests. For each participant the predicted muscle strength for isometric 

knee extension and ankle dorsiflexion was calculated based on gender, age, height, and body 

mass specific values for a healthy population [14]. These values were used to calculate the 

predicted muscle weakness at baseline (ie, the differences between the predicted and the 

measured muscle strength values). 

MLM [26] were used for the longitudinal data analyzes. Estimated means and SDs 

of all muscle strength measurements were obtained based on the covariance matrix. The fixed 

linear effects (mean values for the group), the random effects (individual variations around 

the mean) and the deviations from the linear slopes over the 4 years were calculated for men 

and women, respectively.  

To analyze prognostic determinants for any changes in muscle strength, the 

independent variables (covariates) gender, age, age at acute polio, length of time with new 

symptoms, BMI and the predicted baseline weakness in isometric muscle strength were 

analyzed in the mixed linear regression models. First, all covariates and their interaction with 

time were inserted into the models. The nonsignificant predictors were then removed in a 

backward manner, starting with the least significant interaction term; no covariate was 

removed when the interaction term was statistically significant. The final models contained 
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The characteristics of the participants could also have influenced the results. Many 

studies of persons with late effects of polio are published between 1994 and 1998 [11, 16-19]. 

In the present study the participants were generally older (mean age 64 years) compared to 

other studies, where the mean age was around 50 years [11, 16-18, 20, 21]. Even if the 

participants in this study were older, there were no deviations from the linear slopes over the 

four years, and age explained only a small additional part of the linear trend. Thus, it seems 

that the decline in muscle strength in older persons with late effects of polio is fairly stable.  

Furthermore, in previous studies isometric knee extension strength has been the 

most common measurement and the values at baseline have varied between 57 and 176 Nm 

[11, 16, 18, 20]. In many studies, only one limb has been measured, [16-18, 20], so the 

isometric knee extension muscle strength can be a measure of either the more or the less 

affected lower limb and therefore the strength values are not comparable to our study.  

Another factor that might have influenced the results is the outcome measurement 

used. To be able to follow muscle strength over time reproducible and sensitive measurement 

tools are needed. For many years manual muscle testing and handhold dynamometer have 

been used to measure muscle strength in persons with late effects of polio. However, these 

measurements are less reproducible and sensitive than isokinetic dynamometry [30, 31]. In 

this study we have used isokinetic dynamometry which is currently the recommended 

measurement tool to evaluate changes in muscle strength over time [32, 33]. Furthermore, the 

test protocols were standardized and carefully followed at each test session.  

Other factors that could have influenced the result are the frequency of strength 

measurements and the length of follow-ups. In our study, all participants were measured 

annually over 4 years, the minimum follow-up time suggested for persons with late effects of 

polio [15]. In most previous studies the follow-up times have varied between 4 and 10 years 

[16-18, 20, 21, 23], but only two studies have performed the measurements annually [18, 21]. 

If the follow-up time is short, long-term changes are difficult to estimate; on the other hand, if 

annual measurements are performed, a progressive decline in muscle strength can more easily 

be detected. In one study with annual follow-ups, including 23 persons with late effects of 

polio (stable and unstable, i.e., those with new weakness) and 14 healthy controls [18], no 

significant differences in the mean change in muscle strength (the slope of the lines) for the  3 

groups were found over a 7-year period. In the other study [21], a large decline in strength 

occurred over 5 years. Isokinetic knee muscle strength at 60°/s declined 7.8% for the 

extensors and 5.1% for the flexors per year with a progressive decline in strength over time. 

However, the progressive decline was not significant, probably because of a large number of 
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