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Objectives: Most studies of knee osteoarthritis use 
isokinetic peak strength as a measure of muscle 
strength. However, estimated one-repetition maxi-
mum (1-RM) may have a stronger relationship than 
isokinetic peak strength with daily activities. The 
aim of this study was to test the following hypo-
theses: first, the estimated 1-RM is more strongly 
associated than isokinetic peak strength with daily 
activities; and secondly, the estimated 1-RM is most 
strongly associated with the 6-minute walk test 
(6MWT), followed by the Get Up and Go test (GUG 
test) and the stair-climb test.
Methods: Data were used for 177 patients with 
knee osteoarthritis from a randomized controlled 
trial on improving muscle strength. The patients 
had a mean  age of 67.6 ± 5.8 years. Isokinetic peak 
strength was measured using a dynamometer, 1-RM 
was estimated with the 10-RM test, and physical 
performance was measured with the 6-minute walk 
test (6MWT), get-up and go test (GUG) test and 
stair-climb test, at the start and end of 12 weeks of 
resistance training. Linear regression analyses pro-
vided standardized betas (β) that were comparable 
between the different associations between measu-
res of muscle strength and daily activities.
Results: Compared with the estimated 1-RM, isoki-
netic peak strength was more strongly associated 
with all performance-based measures. The associa-
tions between the estimated 1-RM and performan-
ce-based tests were not ranked in the order hypo-
thesized (6MWT, GUG test, stair-climb test).
Conclusion: Contrary to the first hypothesis, isoki-
netic peak strength showed stronger associations 
with all daily activities than did estimated 1-RM. 
In addition, the second hypothesis regarding the 
activity-specific pattern for the 1-RM with regards 
walking, chair rising and stair climbing measure-
ments was not confirmed.
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Increased thigh muscle strength is associated with 
better performance in daily activities  in patients with 

knee osteoarthritis (OA) (1). Most studies of knee OA 
use isokinetic peak strength as a measure of muscle 
strength (2). Isokinetic peak strength is associated with 
performance-based measurements of daily activities 
in patients with knee OA, such as the 10-metre walk 
test (β = –0.420, p < 0.001), the Timed Up and Go test 
including getting up from a chair (β = –0.452, p < 0.001) 
and the stair-climb test (β = –0.404, p < 0.001) (3). An-
other measure of muscle strength is the one-repetition 
maximum (1-RM), which represents the maximum load 
at which a person can perform an exercise correctly for 
1 repetition (4). Assessment of isokinetic peak strength 
includes only single-joint and concentric movements, 
which are uncommon when performing daily activities 
(5). In contrast, assessment of the 1-RM includes multi-
joint movements and the coupling of eccentric and con-
centric actions, which are common in daily activities (5). 

The first hypothesis of the current study was that the 
estimated 1-RM is more strongly associated with per-
formance of daily activities than isokinetic peak strength 
in patients with knee OA.

LAY ABSTRACT
In patients with knee osteoarthritis, greater muscle 
strength in the upper leg is linked with better performance 
in daily activities. To test muscle strength, peak muscle 
strength is usually measured. This study hypothesized 
that another test (the one-repetition maximum test) 
would be a more relevant measure. However, this was not 
confirmed, and therefore peak muscle strength remains 
the best measure of muscle strength at present.
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Daily activities require a certain amount of muscle 
strength, which can vary greatly from activity to 
activity (6). Getting up from a chair and ascending or 
descending stairs requires 80%, 78% and 88% of the 
peak muscle strength of a healthy adult, respectively 
(6). Walking requires only 30% of the peak muscle 
strength of a healthy adult, but it has to be repeated 
for each step (6). Therefore, the ability to perform a 
movement repetitively (i.e. muscle endurance) may 
be more relevant to walking (4). Including multiple 
repetitions in a muscle strength measurement, as in 
the 10-RM  test, may therefore be more strongly as-
sociated with walking, compared with tasks that are 
more demanding of peak strength, such as getting up 
from a chair and ascending or descending stairs (6). 
Therefore, the second hypothesis was that the estima-
ted 1-RM is most strongly associated with walking, 
followed by getting up from a chair, and then with 
climbing stairs. Since muscle strength measurement 
is widely used in research in patients with knee OA 
(2), the current study may provide more insight into 
which measure is most appropriate for a specific 
research question addressing performance of daily 
activities. In addition, the study will provide insight 
into the strength of the associations between the 
estimated 1-RM and specific performance of tasks.

METHODS

This study used data from a randomized controlled trial 
(RCT) that focused on the effect of 12 weeks of high- or 
low-intensity resistance training (RT) and vitamin D or 
placebo supplementation on muscle strength in patients 
with knee OA. The current study analysed data from 
the measurements performed at the start and end of RT. 
All participants had been diagnosed with knee OA ac-
cording to the clinical criteria of the American College 
of Rheumatology, were aged between 55 and 80 years 
old, and had a vitamin D (25(OH)D) level > 15 nmol/L.

A full description of the RCT study design is 
given in the original manuscript (ViDEX RCT, 
under review) (17). The study protocol was approved 
by the Medical Ethics Review Board (Reade/Sloterva-
art hospital, NL47786.048.14) and was in compliance 
with the Declaration of Helsinki. Participants gave 
written informed consent.

Outcome measures
Measures of muscle strength. Isokinetic peak strength 
was assessed for peak extension of the knee, using 
an isokinetic dynamometer at 60°/s (EnKnee; Enraf-
Nonius B.V., Rotterdam, The Netherlands) by a blinded 
assessor (7, 8). Excellent intra-rater reliability (intra-
class correlation coefficient 0.93) has been reported 
for this measure in patients with knee OA (9). The 

estimated 1-RM was derived from the 10-RM test, 
which assesses the maximum load (kg) with which 
an exercise can be performed for 10 repetitions. A 
leg-press device (single-legged) was used to perform 
the 10-RM test. A trained physical therapist performed 
the test, during pre-determined resistance training 
sessions, after warming-up. Based on the results from 
10-RM testing, the estimated 1-RM was calculated 
using the Brzycki formula (10). Excellent intra-rater 
reliability (ICC values ranging from 0.91 to 0.97) has 
been reported for this measure (5). Both isokinetic peak 
strength (Nm) and estimated 1-RM (kg) were divided 
by body weight and were part of the existing trial data.

Performance of daily activities. The 6-minute walk 
test (6MWT), the Get Up and Go test (GUG test), and 
the stair-climb test were used to assess performance of 
daily activities. For the 6MWT, patients walked their 
maximum distance in metres (m) in a 6-min period at 
a comfortable speed (11). For the GUG test, patients 
were timed (in s) while standing up from a chair (seat 
height 49 cm) and walking 15 m as fast as possible 
without running (12). For the stair-climb test patients 
were timed (in s) while ascending and descending 
(independently) a staircase with 12 steps, as fast as 
possible without running (13).

Patients’ characteristics. Baseline demographics 
and clinical variables were obtained (i.e. age, sex, 
body mass index (BMI), Kellgren and Lawrence score 
(K&L) (14). Body mass and height were measured 
with participants in a standing position and clothed, 
but without footwear. BMI was calculated using the 
standard formula (kg/m2). For knee-specific variables 
(muscle strength, K&L grade) data from 1 knee per 
person (Index Knee) were used. Index knees were 
determined by the knee pain in the previous week, and 
in case of an equal level of pain in both knees, 1 knee 
was chosen at random. 

The use of paracetamol and non-steroidal anti-
inflammatory drugs (NSAID) was assessed by ques-
tionnaire (“Did you use paracetamol or NSAIDs in 
the past month? (yes/no)”). Self-reported physical 
function was assessed using the Dutch translation of 
the Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC), subscale physical function 
(14, 15). The Longitudinal Aging Study Amsterdam 
Physical Activity Questionnaire (LAPAQ) was used 
to measure the level of moderate intensity physical 
activity (in min/day) (16).

Statistical analysis
Descriptive statistics for baseline participant charac-
teristics were tabulated as means (standard deviation; 
SD), medians (interquartile range; IQR), or percenta-
ges for categorical variables. Delta scores were calcula-
ted for all outcome variables. Correlations (Pearson’s r)  

J Rehabil Med 54, 2022

https://medicaljournalssweden.se/index.php/jrm/index


JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

Muscle strength measurement and ADL performance in patients with knee OA p. 3 of 5

were calculated between the 2 measures of muscle 
strength at the start and end of the resistance training 
and for the delta scores. Prior to the linear regres-
sion analysis, assumptions of linearity were checked. 
Muscle strength outcomes (isokinetic peak strength 
or estimated 1-RM) were the independent variables, 
and outcomes of the performance-based tests were 
the dependent variables. In addition, the association 
between isokinetic peak strength and estimated 1-RM 
was calculated. All analyses were corrected for age, 
sex, treatment allocation (high- or low-intensity RT) 

and vitamin D level. Both crude and adjusted values 
were presented. Linear regression analyses provided 
standardized betas (β) that were comparable between 
the different analyses. The closer a standardized beta 
was to –1 or 1, the stronger the association.

RESULTS

A total of 177 patients with knee OA were included in 
this study. Patients’ characteristics at the start of RT 
are shown in Table I. Both isokinetic peak strength 
and estimated 1-RM improved over the 12 weeks of 
RT with  0.13 Nm/kg bodyweight and 0.27 kg/kg body 
weight, respectively (see Table I) (17). Isokinetic peak 
strength and the estimated 1-RM were correlated at the 
start (r = 0.516, p = 0.00) and end (r = 0.533, p = 0.00) 
of the RT, but no correlation was found for the delta 
score (r = –0.026, p = 0.754). 

The standardized betas for the associations between 
the parameters of muscle strength and the performance-
based tests are shown in Table II. Both isokinetic peak 
strength and estimated 1-RM were associated with the 
performance-based tests (6MWT, GUG test, stair de-
scend and ascend) at the start and end of RT. Contrary 
to the first hypothesis, peak strength showed stronger 
associations (B closer to 1 or –1) with performance-
based measures than the estimated 1-RM in all 8 
analyses (see Table II). 

To test the second hypothesis, the strength of 
associations for the estimated 1-RM were ranked 
from 1 to 4 at time-points  , where 1 represents the 
strongest association and 4 the weakest associa-
tion (see Table III). For the second hypothesis, the 
following rank order was expected: 1: 6MWT; 2: 
GUG test; and 3 and 4: stair-climb tests (ascend/
descend, respectively). The data in Table III show 
that the hypothesized rank order was not present at 
the start or end of RT. 

Table I. Patients’ characteristics and outcome measures 

Start RT End RT

Patients’ characteristics
 Age, years 67.6 ± 5.8 –
 Sex, % female 60.5 –
 BMI, kg/m2 28.2 ± 4.4 –
 KL score, % 
 0–1 39 –
 2 32.2 –
 3 15.8 –
 4 13.0 –
 Knee pain NRS 5.0 ± 2.4 –
 Use of paracetamol in past month, % yes 44.8 –
 Use of NSAID in past month, % yes 24.1 –
 Total number of comorbidities (CIRS ≥2), %
 1 17.7 –
 2 4.0 –
 ≥ 3 2.3 –
 WOMAC-PF (0–68) 20 ± 13 –
 LAPAQ total activity (min/day), median (IQR) 156 (99–221) –
 Vitamin D deficiency, % yes 28.2 –
Outcome measures
 Peak knee extension strength, Nm/kg 1.12 ± 0.49 1.24 ± 0.47
 Estimated 1 RM on leg press, kg/kg 0.38 ± 0.20 0.65 ± 0.29
 6MWT, m 505 ± 88 526 ± 88
 GUG, s 10.4 ± 2.7 9.9 ± 2.2
 Stair ascend, s 6.6 ± 3.3 6.1 ± 2.1
 Stair descend, s 7.1 ± 4.0 6.4 ± 2.9

RT: resistance training; BMI: body mass index; KL score: Kellgren & 
Lawrence score, radiographic severity; NRS: numerical rating scale; CIRS: 
Cumulative Illness Rating Scale; WOMAC-PF: Western Ontario and McMaster 
Universities Osteoarthritis Index physical functioning; LAPAQ: Longitudinal 
Aging Study Amsterdam Physical Activity Questionnaire; 6MWT: 6-minute 
walk test; GUG test: Get-Up and Go test; NSAID: non-steroidal anti-
inflammatory drugs.

Table II. Associations between muscle strength and performance-based tests: testing the first hypothesis

Start RT End RT

Peak 1-RM
First 
hypothesis Peak 1-RM

First 
hypothesis

B crude B adjusted B crude B adjusted
Peak vs 
1-RM B crude B adjusted B crude B adjusted

Peak vs 
1-RM

6MWT 0.483 0.443 0.359 0.261 Peak 0.596 0.552 0.389 0.344 Peak
p < 0.001 p < 0.001 p < 0.001 p = 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001

GUG test –0.477 –0.429 –0.353 –0.273 Peak –0.581 –0.532 –0.399 –0.359 Peak
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Stair-climb 
test
Descend –0.498 –0.482 –0.325 –0.260 Peak –0.506 –0.499 –0.369 –0.376 Peak

p < 0.001 p < 0.001 p < 0.001 p = 0.002 p < 0.001 p < 0.001 p < 0.001 p < 0.001
Ascend –0.472 –0.421 –0.281 –0.188 Peak –0.602 –0.575 –0.393 –0.363 Peak

p < 0.001 p < 0.001 p < 0.001 p = 0.024 p < 0.001 p < 0.001 p < 0.001 p < 0.001

RT: resistance training; peak: peak knee extension strength; 1-RM: estimated 1-RM; 6MWT: 6-minute walking test; GUG test=Get-up and go test; B crude: 
standardized beta, unadjusted; B adjusted: standardized beta, adjusted for age, sex, treatment allocation (high- or low-intensity resistance training (RT)) and 
vitamin D level.
First hypothesis: the type of muscle strength with the strongest association is mentioned in this column (Peak or 1-RM)
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DISCUSSION

This study found the strongest associations between 
a measure of muscle strength and daily activities in 
patients with knee OA for isokinetic peak strength 
and not for the a priori hypothesized estimated 1-RM 
(first hypothesis). This finding was consistent for all 
3 daily activities, both at the start and the end of RT. 
While the estimate of 1-RM, compared with the as-
sessment of isokinetic peak strength, is more similar 
to the performance of daily activities (5), isokinetic 
peak strength showed stronger associations with daily 
activities than the estimated 1-RM. 

The moderate association between isokinetic peak 
strength and the estimated 1-RM at the start and end 
of the RT suggest that these 2 measures of muscle 
strength may reflect different constructs. In contrast to 
our hypothesis, peak strength, as measured isokineti-
cally on a dynamometer, is more closely related to the 
performance of daily activities in patients with knee 
OA, than the 1-RM, as derived from the 10-RM test. 
Based on these findings, isokinetic peak strength is 
the preferable measure for a specific research question 
addressing performance of daily activities. 

For the estimated 1-RM, the association with 6MWT 
was not found to be stronger than the GUG test and 
the association with the GUG test was not found to be 
stronger than the stair-climb test. Therefore, the second 
hypothesis, that walking is most strongly associated 
with the estimated 1-RM, followed by the getting up 
from a chair and then the stair-climbing measurements, 
has to be rejected. A possible explanation for this 
finding is that the 10-RM test is not specific enough 
to measure muscle endurance mandated by walking. 
This is because the 10-RM test is a multiple repetition 
to failure test with only 10 repetitions, while a 6MWT 
contains hundreds of steps (4, 11). Therefore, future 

research is needed to test the second hypothesis inclu-
ding a more adequate measure of muscle endurance.

Strengths and limitations
Strengths of this study are the large sample size, the 
use of 2 measurement time-points and the presence of 
2 outcomes of muscle strength. A possible weakness 
of the study is that, while the isokinetic peak strength 
was assessed by a blinded assessor in a laboratory set-
ting, the trained physical therapist who assessed the 
estimated 1-RM during the treatment was not blinded 
for treatment allocation.

CONCLUSION

Contrary to the first hypothesis of this study, isokinetic 
peak strength showed stronger associations than the esti-
mated 1-RM with all daily activities performed. Also, the 
second hypothesis, regarding an activity-specific pattern 
for the 1-RM in the strength of associations with walking, 
chair rising and stair climbing, was not confirmed.

The authors have no conflicts of interest to declare.
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