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T
he consequences of physical inactivity are an important public 
health problem,6 with reduced well-being for the individual 
and high societal costs.29 The scientific evidence for numerous 
health benefits of exercise is indisputable, and engaging in 

physical activity can delay all-cause mortality in many patients.18

People suffering from musculoskel-
etal conditions (MSCs) tend to be less 
physically active and more deconditioned 
than healthy controls.16,23,43 Thus, physio-
therapists treating patients with MSCs 
in outpatient clinics should include an 
individually tailored exercise program in 
the treatment plan for these patients. For 
optimal health benefits, it is important 
that exercise programs are in accordance 
with current recommendations. For older 
adults and adults with chronic conditions, 
the American College of Sports Medicine 
recommends a focus on physical activity 
that may improve health-related physi-
cal fitness.38 Physical fitness is defined 
as the characteristics related to the abil-
ity to perform physical activity,11 and the 
health-related components are cardio-
respiratory endurance, muscle strength, 
flexibility, and body composition.2,11

Measuring and monitoring patients’ 
health-related physical fitness are impor-
tant for patients, clinicians, and health 
authorities. For this purpose, physio-
therapists need measurement tools with 
acceptable measurement properties. To 
be clinically feasible, these tools must 
be readily available and easy to perform, 
require no or only portable equipment, 
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and be time efficient.4 Clinical field tests 
to evaluate physical performance can 
be used for this purpose.2 Though clini-
cal field tests are less accurate and less 
specific than laboratory-based tests, they 
may be applicable for measuring the dif-
ferent aspects of health-related physical 
fitness. In addition, to enable good clini-
cal decision making, it has been argued 
that information about both what pa-
tients can do and what they perceive they 
can do is needed,4,48 emphasizing the use 
of patient-reported instruments as well.

Several studies have shown that clini-
cal field tests and patient-reported mea-
sures can be used to reflect different 
aspects of health-related physical fitness. 
These tests include the 6-minute walk test 
(6MWT)10,28 and the stair test (ST)12,34 (re-
flecting cardiorespiratory endurance), the 
30-second sit-to-stand test (30sSTS)5,32 
and the hand-grip test9,42 (reflecting 
muscle strength), the fingertip-to-floor 
test (FTF)41 (reflecting flexibility), and the 
physical fitness questionnaire49 (capturing 
the patients’ perspectives regarding their 
physical fitness level).

Validity and reliability of these in-
struments have been investigated, but 
estimates of reliability have only been 
reported in some specific subgroups of 
patients with MSCs20,22,30,33,47,52 and valid-
ity has been evaluated mainly in patients 
with other diagnoses.5,9,10,12,28,32,34,41,42 Pa-
tients seen by physiotherapists in outpa-
tient clinics vary in terms of diagnosis and 
disease severity, and instruments for mea-
suring physical fitness must, therefore, be 
applicable across diagnostic groups, age, 
gender, and physical fitness levels. The 
aim of this study was to examine reliabil-
ity, validity, and feasibility of a core set of 
clinical field tests and a patient-reported 
measure reflecting health-related physical 
fitness in patients with a variety of MSCs.

METHODS

Design and Participants

T
his cross-sectional study with 
a test-retest design is part of FYS-
IOPRIM, a large-scale research 

program conducting methodological 
and clinical physiotherapy research in 
primary health care. The program com-
prises researchers from different research 
centers working in close collaboration 
with experienced physiotherapists from 
6 different outpatient clinics in Norway.

Eighty-one patients between 20 and 
90 years of age with MSCs were recruited 
from the outpatient physiotherapy clinics 
and tested on 2 occasions 1 week apart. 
The patient-reported measure was an-
swered before the clinical field tests and 
laboratory-based tests were completed, 
and a standardized test protocol includ-
ing verbal instructions was used at both 
test and retest times.

Selection of Measures
Relevant clinical field tests were iden-
tified through a literature search and 
thoroughly discussed in the group of 
researchers and experienced clinicians. 
Through an informal consensus process, 
researchers and clinicians decided on a 
core set of field tests reflecting the dif-
ferent aspects of health-related physical 
fitness. Further, a questionnaire asking 
for the patient’s perceived physical fit-
ness (aerobic capacity, muscle strength, 
and flexibility) was added to the core set. 
Well-established laboratory-based tests 
measuring muscle strength and aero-
bic capacity were selected for validation 
purposes.

All participants answered a set of 
sociodemographic questions about age, 
gender, employment status, occupation, 
main complaint, and duration of com-
plaints. Body composition was measured 
by body weight and height and presented 
as body mass index (kg/m2). Physical ac-
tivity level was measured by the Interna-
tional Physical Activity Questionnaire 
short form (IPAQ short),13 consisting of 7 
questions asking about the time spent in 
vigorous- and moderate-intensity activi-
ties, in walking, and in sedentary activity. 
The results were transformed into meta-
bolic equivalent task (minutes per week) 
scores and categorized into low, moder-
ate, and high levels of participation in 

physical activity, according to the guide-
lines for the IPAQ short (www.ipaq.ki.se).

Patient-Reported Measures
A revised version of the physical fitness 
questionnaire49 that included 4 items 
(aerobic fitness, muscle strength, flex-
ibility, and balance) to be answered on a 
9-point numeric rating scale, anchored 
with 1 as poor and 9 as good and with 
an illustration at either end, was used. 
In scoring the different items, the par-
ticipants were instructed to compare 
themselves to others of the same age and 
gender, with a middle score of 5 consti-
tuting “normality.” The balance item will 
not be investigated in this article, as bal-
ance is not a part of the health-related 
physical fitness construct.11

Clinical Field Tests
The 6MWT has been described as an in-
expensive and simple walking test that 
can be used as a predictor of aerobic 
fitness.10 The 6MWT was conducted ac-
cording to the American Thoracic Society 
guidelines.3 Participants were instructed 
to walk as fast as possible back and forth 
between 2 cones (18 m apart) on a flat, 
hard surface for 6 minutes, and the walk-
ing distance was measured in meters. Af-
ter the test, the patient’s heart rate was 
recorded with a heart-rate monitor (Po-
lar Electro Oy, Kempele, Finland), and 
perceived exertion was measured with 
the Borg rating of perceived exertion 
(15-point scale, ranging from 6 to 20, 
with 6 as very, very light and 20 as very, 
very hard).45

The ST has been performed in several 
different ways12,34 and is referred to as a 
test of submaximal aerobic capacity.12 A 
revised version, in which participants 
were instructed to ascend and descend 
50 standard-sized steps with 3 landings 
in between as quickly as possible, was 
used. Participants were allowed to run 
and could use the banisters if necessary, 
but were not allowed to skip any step. Re-
sults were measured in seconds and heart 
rate was recorded after the test (Polar 
Electro Oy).

44-03 Tveter.indd   207 2/19/2014   4:35:06 PM



208  |  march 2014  |  volume 44  |  number 3  |  journal of orthopaedic & sports physical therapy

[ research report ]

The hand-grip test is a simple meth-
od of assessing muscle strength.42 In the 
present study, grip strength was mea-
sured using the Baseline dynamometer 
(Fabrication Enterprises, White Plains, 
NY). The participants were seated with 
their arm alongside the trunk and elbow 
in 90° of flexion. The dynamometer has 5 
handle positions, and the second position 
was used for all participants.21 The mean 
value (in kilograms) of the 2 trials was 
used to analyze the right and left hands, 
with the dominant hand measured first.

The 30sSTS is described as a test mea-
suring lower extremity strength.5,32 The 
participants were instructed to complete 
as many full stands as possible during 
30 seconds, starting from a seated posi-
tion with arms folded across the chest.32 
A chair of standard height was used and 
the number of full stands was recorded.

The FTF test has been described as a 
measure of flexibility of the spine, pelvic 
girdle, and hamstrings.41 The test was 
performed with participants standing 
on a stool. They were instructed to reach 

as far as possible with their fingertips 
toward the floor, with knees fully ex-
tended.19 The results were measured in 
centimeters (negative values reflecting 
an inability to reach the stool and posi-
tive values reflecting the ability to reach 
beyond the level of the stool).

Laboratory-Based Tests
Isokinetic muscle strength of the quadri-
ceps and hamstrings muscles was tested 
bilaterally using the CYBEX 6000 iso-
kinetic dynamometer (Computer Sports 
Medicine Inc, Stoughton, MA). The test 
protocol consisted of 5 repetitions at a 
velocity of 60°/s (muscle strength) and 
30 repetitions at a velocity of 240°/s 
(muscle endurance), with a 1-minute 
rest between tests.24 A moderate to good 
test-retest correlation (r = 0.60-0.83) has 
been shown for both sides and speeds in 
sports students.25 Only results from the 
right quadriceps muscle were reported.

The Åstrand submaximal cycle er-
gometer test was developed as a test 
to predict cardiorespiratory fitness by 

indirectly calculating maximal oxygen 
uptake (VO2max). The 6-minute submaxi-
mal cycle ergometer test was performed 
at a standardized working rate, with a 
steady-state heart rate between 120 and 
170 beats per minute required at the end 
of the work stage.2 VO2max was estimated 
using Åstrand’s nomogram, and results 
for patients older than 65 years were ex-
tended from the same formula. The test 
has been referred to as a reliable, valid, 
and feasible instrument for calculating 
VO2max in patients with nonspecific low 
back pain23 and stroke.35

Statistical Analyses and Hypotheses
The data were analyzed using SPSS Sta-
tistics 20 (IBM Corporation, Armonk, 
NY). The results were presented as mean 
 SD if normally distributed, or median 
and interquartile range (25th-75th quar-
tile) if skewed. Predicted maximal heart 
rate was estimated using the formula 211 
– 0.64 × age.39

Reliability  A paired t test was used to 
assess the mean difference between test 

	

TABLE 1
A Priori Hypotheses for the Clinical Field Tests  

and the Physical Fitness Questionnaire

Abbreviations: 30sSTS, 30-second sit-to-stand test; 6MWT, 6-minute walk test; FTF, fingertip-to-floor test; Hand, hand-grip test; ST, stair test.

Hypothesis 6MWT ST 30sSTS Hand FTF
Aerobic 
Fitness

Muscle 
Strength Flexibility

1.  �A correlation of 0.4 or greater between clinical 
field tests and laboratory-based tests, reflecting 
corresponding constructs

+ + + + … … … …

2.  �A correlation of 0.4 or less between clinical field 
tests and laboratory-based tests, reflecting 
noncorresponding constructs

– – – + + … … …

3.  �A correlation of 0.4 or greater between self-
assessed physical fitness dimensions and clinical 
field tests, reflecting corresponding constructs

… … … … … + + +

4.  �A correlation of 0.4 or less between physical  
fitness dimensions and clinical field tests,  
reflecting noncorresponding constructs

… … … … … – + –

5.  �A correlation of greater than 0.4 between heart 
rate and m (6MWT)/s (ST)

+ + … … … … … …

6.  �Significant difference between patients reporting 
moderate/low physical activity level and patients 
reporting high physical activity level

+ – + – – + + +

Hypothesis confirmed 3/4 2/4 2/3 2/3 1/2 2/3 3/3 2/3

Physical Fitness QuestionnaireClinical Field Tests
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and retest. An intraclass correlation coef-
ficient (ICC2,1) was used to assess relative 
reliability, and standard error of mea-
surement (SEM) and smallest detect-
able change (SDC) were used to analyze 
absolute reliability (measurement error). 
ICC2,1 and SEMagreement were used to ac-
count for the systematic difference be-
tween the first and second tests,14 and a 
90% confidence interval was used when 
reporting SDC90%.20,33,46 SEM was esti-
mated from a 2-way random analysis of 
variance and, based on this, the SDC90% 
was estimated (SDC90% = 1.64 × 2 × 
SEMagreement).14 ICC2,1 of 0.70 or greater 
was considered acceptable.50 The rela-
tionships between the mean scores of the 
2 tests and the mean difference between 
test and retest are illustrated in scatter 
plots with 90% limits of agreement.1 The 
mean of the test and retest (x-axis) was 
divided into quartiles, and the variance 
across the scale (y-axis) was examined 
using a 1-way analysis of variance1 with 
a Brown-Forsythe test (heteroscedasticity 
assumed if P<.05).
Validity  Construct validity was inves-

tigated with a priori hypotheses (TABLE 

1). Hypotheses of convergent and diver-
gent validity were formulated to address 
the associations between aspects of the 
health-related physical fitness and labo-
ratory-based tests, clinical field tests, and 
the patient-reported measure (FIGURE 1). 
It was hypothesized that there would be 
a moderate correlation (0.4 or greater) 
between measures reflecting correspond-
ing constructs (convergent validity) and 
a low correlation (0.4 or less) between 
measures reflecting noncorresponding 
constructs (divergent validity) (hypoth-
eses 1-4). The responses on the physi-
cal fitness questionnaire were adjusted 
for age and gender, and for analytical 
purposes, and similar adjustments were 
made to the data from the clinical field 
tests. A sample of 370 healthy adults 
from 18 to 90 years of age was used to 
estimate the performance, adjusted for 
age and gender (data in progress). The 
difference between this estimated per-
formance and the performance of study 
participants on the clinical field tests 
was used in the correlation analyses. The 

heart response is important in aerobic 
capacity testing, thus moderate correla-
tions (0.4 or greater) were hypothesized 
between the heart rate and the distance 
walked in 6 minutes and the time used 
to complete the ST, respectively (hypoth-
esis 5). Pearson or Spearman correlation 
coefficients were used, depending on the 
distribution of the scores.

The physical fitness level of an indi-
vidual is primarily determined by physi-
cal activity patterns.7 Therefore, it was 
hypothesized that patients reporting 
high levels of physical activity, according 
to the IPAQ categorization (www.ipaq.
ki.se), would score themselves as signifi-
cantly more fit on the patient-reported 
measure and perform significantly better 
on the field tests than those who reported 
moderate or low levels of physical activity 
(hypothesis 6). Values of P<.05 were con-
sidered to be statistically significant. The 
measures were considered to have accept-
able construct validity if 2 of 3 (66%) of 
the hypotheses were confirmed.
Feasibility  Feasibility is defined as the 
burden in time and resources required 

Health-related physical fitness
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FIGURE 1. The health-related physical fitness construct.2 Predefined hypotheses about the correspondence between the health-related physical fitness construct and the 
laboratory-based tests, clinical field tests, and the patient-reported measure.
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by the physiotherapist to collect the 
data.17 Feasibility was measured in time 
(minutes) used to complete the different 
measures (standardized instructions in-
cluded), as well as the percentage of par-
ticipants needing assistance to answer the 
physical fitness questionnaire. With no 
existing criteria, we considered the mea-
sures to be feasible if the total time did 
not exceed a standard physiotherapy ses-
sion (30 minutes) and fewer than 1 of 3 
patients (33%) needed assistance in com-
pleting the patient-reported measure.

All participants were included in the 
analyses of validity and feasibility (n = 
81). The different analyses have some 
missing values, due either to missing 
registration (FTF; n = 18) or equipment 
failure (Åstrand cycle ergometer test; n 
= 9). The IPAQ short responses from 6 
patients were removed due to guideline 
exclusion criteria (www.ipaq.ki.se).

The participants rated their change 
in physical fitness from test to retest on 
a 7-point global rating scale, ranging 
from much worse to much better. While 
test-retest reliability preferably should 
be assessed in a stable population,15 only 
participants rating themselves as un-
changed were included in the analyses of 
reliability (n = 55).

Ethical Considerations
The participants gave their written con-
sent before participation. Ethical ap-
proval was given by the Regional Ethical 
Committee in Norway. The requirements 
of the tests in this study were considered 
activities of daily living that were not of 
any danger to the participants.

RESULTS

D
emographic data are presented 
in TABLE 2. The majority of the partic-
ipants were women, with a mean age 

of 57.6  14.2 years. The median duration 
of the MSCs was 10 years, ranging from 
16 weeks to 55 years. Most participants 
localized their complaints to the lower ex-
tremities (44%). According to the IPAQ 
criteria, 49% of the patients reported 

TABLE 2
Demographic Data for Patients With Various 

Musculoskeletal Conditions (n = 81)*

Abbreviations: IPAQ, International Physical Activity Questionnaire; RA, rheumatoid arthritis.
*Values are mean  SD unless otherwise indicated.

Characteristic Value

Gender (female), n (%) 58 (72)

Age, y 57.6  14.2

Height, cm 169.1  9.5

Weight, kg 75.3  17.3

Body mass index, kg/m2 26.2  4.5

Main problem, n (%)

Upper extremities/neck 9 (11)

Back/pelvic 11 (14)

Lower extremities 36 (44)

Multiple sites (upper/lower extremities/back) 15 (19)

Systemic (RA, ankylosing spondylitis, fibromyalgia) 10 (12)

IPAQ short (n = 75), n (%)

Low physical activity level 13 (17)

Moderate physical activity level 24 (32)

High physical activity level 38 (51)

TABLE 3
Results of the Clinical Field Tests, the 

Laboratory-Based Tests, and the Physical 
Fitness Questionnaire at Initial Test*

*Values are mean  SD unless otherwise indicated.
†n = 81.
‡n = 63.
§n = 72.
║n = 80.
¶Values are median and interquartile range (25th-75th quartile).

Test Value

Clinical field tests

6-minute walk test, m† 569  94

Stair test, s† 53.1  16.5

30-second sit-to-stand test, n† 15  4

Hand-grip test right, kg† 29.2  10.2

Hand-grip test left, kg† 28.9  10.0

Fingertip-to-floor test, cm‡ –4.6  14.3

Laboratory-based tests

Åstrand, mL/min/kg§ 30.4  10.1

Maximal strength quadriceps right leg (work per repetition), 60°/s║¶ 87 (64-113)

Endurance strength quadriceps right leg (total work), 240°/s║¶ 1222 (934-1633)

Physical fitness questionnaire†

Aerobic fitness 5.0  2.0

Muscle strength 5.0  1.9

Flexibility 4.7  2.1
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having a low or moderate physical activity 
level, whereas 51% reported a high physi-
cal activity level (TABLE 2). No differences 
in age, gender, height, and weight were 
found between these 2 groups (moderate/
low versus high activity level). The results 
of the laboratory-based tests, clinical field 
tests, and the patient-reported measure 
for all participants (initial test) are pre-
sented in TABLE 3.

Reliability
Relative and absolute reliability values 
calculated for the unchanged patient 
group are shown in TABLE 4. All clinical 
field tests showed acceptable relative re-
liability (ICC2,1>0.7). All tests, except for 
the FTF and the hand-grip test, showed 
a significant improvement (P<.001) from 
test to retest.

The scatter plot of the 30sSTS test 
(FIGURE 2C) shows an increase in mea-
surement error with increasing number 
of sit-to-stands (Brown-Forsythe test, P 
= .02). In contrast, the variation in the 
mean difference between test and retest 
of the other measures was assumed to be 
equal across the scale (Brown-Forsythe 
test, P = .08-.87). The absolute reliability 
for the FTF test was almost 9 cm (TABLE 

4), but 1 participant accounted for almost 
half of the measurement error in this in-

strument. With the data from that par-
ticipant removed from the analysis, the 
SDC90% was reduced to 5.3 cm.

The physical fitness questionnaire 
showed acceptable relative reliabil-
ity (ICC2,1>0.7). A 2-point change for all 
items was required to be 90% certain that 
a true change occurred (TABLE 4). No sig-
nificant improvement from test to retest 
was found for any of the items.

Validity
Mean  SD heart rate was 129  24 and 
139  20 beats per minute after perform-
ing the 6MWT and the ST, respectively, 
which constitutes a percentage of pre-
dicted maximal heart frequency of 74% 
 13% and 79%  10%. The Borg rating 
of perceived exertion for the 6MWT was 
12  2.

The 6MWT, the ST, the 30sSTS, and 
the hand-grip test all showed moderate 
correlation (greater than 0.40) with cor-
responding laboratory-based tests; how-
ever, the 6MWT and the ST also showed 
moderate correlations (greater than 0.40) 
with noncorresponding laboratory-based 
tests (TABLE 5). The hand-grip test was 
highly associated with muscle strength 
in the quadriceps, explaining between 
50% and 58% of the variance. Both the 
6MWT and the ST showed correlations 

greater than or equal to 0.57 with heart 
rate after the tests (TABLE 5). Additional 
analyses showed that the 6MWT and 
the ST explained 17% and 19%, respec-
tively, of the variance in estimated VO-
2max (Åstrand test). When adjusting for 
heart rate, the explained variance of VO-
2max increased to 35% for the 6MWT but 
was not influenced for the ST. The only 
significant differences in performance 
between patients with low to moderate 
and patients with high physical activity 
levels were found for the 6MWT and the 
30sSTS test (TABLE 6).

All items of the physical fitness ques-
tionnaire showed moderate correlations 
(greater than 0.40) (TABLE 5) with at least 
1 of the corresponding clinical field tests 
(FIGURE 1). All items also showed signifi-
cant difference in scoring between pa-
tients reporting high physical activity 
levels and patients reporting moderate 
to low physical activity levels (TABLE 6).

The results of the a priori hypotheses 
are shown in TABLE 1, with the 6MWT, 
the 30sSTS, the hand-grip test, and the 
physical fitness questionnaire showing 
acceptable construct validity.

Feasibility
The 6MWT was the most time-consum-
ing test (about 8 minutes, instructions 

	

TABLE 4 Reliability and Measurement Error*

Abbreviations: ICC, intraclass correlation coefficient; SDC, smallest detectable change; SEM, standard error of measurement.
*Values are mean  SD unless otherwise indicated. n = 55.
†Values in parentheses are 95% confidence interval.
‡n = 43.

Test Retest Difference ICC2.1
† SEMagreement SDC90%

Clinical field tests

6-minute walk test, m 556.1  95.0 574.8  93.0 18.7  23.7 0.95 (0.80, 0.98) 21.2 49.2

Stair test, s 54.8  16.5 51.7  15.4 –3.1  3.9 0.95 (0.81, 0.98) 3.5 8.1

Hand-grip test right, kg 29.3  10.9 29.4  10.9 0.1  2.6 0.97 (0.95, 0.98) 1.8 4.2

Hand-grip test left, kg 28.8  10.7 29.3  11.6 0.5  2.3 0.98 (0.96, 0.99) 1.6 3.7

30-second sit-to-stand test, n 14.7  4.2 16.4  4.8 1.7  1.7 0.87 (0.38, 0.96) 1.7 3.9

Fingertip-to-floor test, cm‡ –4.4  13.8 –4.5  15.9 –0.2  5.3 0.94 (0.89, 0.97) 3.7 8.6

Physical fitness questionnaire

Aerobic capacity 4.9  2.0 5.0  1.8 0.1  1.0 0.86 (0.78, 0.92) 0.7 1.6

Strength 5.0  1.9 5.1  1.7 0.1  1.0 0.85 (0.75, 0.91) 0.7 1.6

Flexibility 4.7  2.0 4.9  2.0 0.3  1.3 0.78 (0.65, 0.87) 0.9 2.1
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included), whereas all other clinical field 
tests took less than 3 minutes to com-
plete. The physical fitness questionnaire 
took about a minute to complete, with 
19% of the participants needing assis-
tance at the initial test and 7% at retest. 
Altogether, the clinical field tests and the 
physical fitness questionnaire took about 
15 minutes to complete at the initial test, 
whereas the time was reduced to 13 min-
utes at retest.

DISCUSSION

T
he results of this study showed 
that the 6MWT, the hand-grip test, 
and the physical fitness question-

naire displayed acceptable validity and 
reliability in patients with various MSCs. 
The 30sSTS test only displayed accept-
able validity, the ST only showed accept-

able reliability, and the FTF test showed 
neither acceptable reliability nor validity. 
All measures showed acceptable feasibil-
ity for use in a clinical practice.

The importance of using standard-
ized measures in physiotherapy practice 
has been recognized; however, in busy 
physiotherapy clinics, measurement 
tools have to be easy to administer and 
not too time consuming.31 Gold stan-
dard tests based on sophisticated and 
expensive equipment are not viable, but 
simple clinical field tests may be used as 
a substitute for these tests.2 However, a 
larger degree of inaccuracy must be ex-
pected with the use of clinical field tests. 
The findings of the present study indi-
cate that the 6MWT, the hand-grip test, 
and the physical fitness questionnaire 
are reliable and valid measures that 
should be included in a core set evalu-

ating the different aspects of health-
related physical fitness in patients with 
various MSCs.

The absolute reliability, presented as 
measurement error and reported in the 
actual scale unit, is more clinically useful 
than the relative reliability. The 6MWT, 
the ST, the hand-grip test, and the physi-
cal fitness questionnaire displayed mea-
surement errors of 49 m, 8 seconds, 4 kg, 
and 2 points, respectively, indicating that 
improvements or deteriorations exceed-
ing these values are needed to distinguish 
a true change from the measurement 
error.

The 30sSTS and the FTF, however, 
showed measurement errors of 4 STSs 
and an almost 9-cm fingertip-to-floor 
distance. A measurement error of 4 STSs 
is higher than that presented in previous 
studies,20,40,52 probably due to younger 
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FIGURE 2. Clinical field tests. The scatter plots show the mean scores [(test + retest)/2] on the x-axis, correlated with the mean difference between scores (retest/test) on the 
y-axis, presented for the 6-minute walk test (A), the stair test (B), the 30-second sit-to-stand test (C), the hand-grip test for right (D) and left (E) hands, and the fingertip-to-
floor test (F).
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participants in our study, resulting in a 
higher mean number of STSs. Accord-
ingly, we would expect a decreased mea-
surement error in participants with fewer 
STSs, which was confirmed in our analy-
ses. With higher accuracy in patients with 

lower capacity, this test may be most suit-
able for older adults.

Neither absolute reliability nor con-
struct validity of the FTF test was found 
to be acceptable in the present study, in-
dicating that the test has poor method-

ological qualities for use in patients with 
varying MSCs. However, the test has been 
reported to be appropriate in patients 
with more specific MSCs, that is, patients 
with back pain.47

The 6MWT, the hand-grip test, and 

	

TABLE 5
Correlation Between Clinical Field Tests and Laboratory-Based Tests,  
and the Physical Fitness Questionnaire and the Clinical Field Tests*

Abbreviations: 30sSTS, 30-second sit-to-stand test; 6MWT, 6-minute walk test; CYBEX, CYBEX 6000 isokinetic dynamometer (Computer Sports Medicine 
Inc, Stoughton, MA); FTF, fingertip-to-floor test; HandL, hand-grip test left; HandR, hand-grip test right; ST, stair test.
*Analyzed with the Spearman correlation coefficient (or Pearson if normally distributed). A priori corresponding constructs (FIGURE 1) are marked in gray 
(n = 59-81).
†Pearson correlation coefficient.

Heart Rate†

Åstrand Cycle 
Ergometer† CYBEX, 60°/s CYBEX, 240°/s 6MWT† ST 30sSTS† HandR† HandL FTF

Clinical field tests

6MWT 0.44 0.55 0.61 … … … … … … 0.64

ST –0.41 –0.53 –0.58 … … … … … … –0.57

30sSTS 0.43 0.41 0.43 … … … … … … …

HandR 0.12 0.76 0.72 … … … … … … …

HandL 0.12 0.70 0.65 … … … … … … …

FTF 0.16 0.03 0.00 … … … … … … …

Physical fitness 
questionnaire

Aerobic fitness … … … 0.59 –0.43 0.56 0.10 0.28 0.18 …

Muscle strength … … … 0.38 –0.33 0.45 0.22 0.33 0.15 …

Flexibility … … … 0.52 –0.41 0.23 0.24 0.36 0.42 …

Laboratory-Based Tests Clinical Field Tests

	

TABLE 6 Known-Group Validity*

*Values are mean  SD unless otherwise indicated.
†The mean difference between patients reporting low/moderate physical activity level and patients reporting high physical activity level (according to the 
International Physical Activity Questionnaire guidelines) on the clinical field tests and the physical fitness questionnaire (n = 75). Values in parentheses are 
95% confidence interval.

Low/Moderate Physical  
Activity Level (n = 37)

High Physical Activity  
Level (n = 38) Mean Difference† P Value

Clinical field tests

6-minute walk test, m 549.3  89.4 593.6  95.7 44.3 (1.7, 87.0) .04

Stair test, s 54.5  14.4 51.5  18.8 –3.1 (–10.8, 4.6) .43

30-second sit-to-stand test, n 13.9  4.3 16.2  3.7 2.3 (0.5, 4.2) .01

Hand grip right, kg 27.6  10.2 31.8  10.4 4.2 (–0.5, 9.0) .08

Hand grip left, kg 27.4  9.5 31.3  10.6 3.9 (–0.8, 8.5) .10

Fingertip-to-floor test, cm –5.6  16.7 –2.3  11.6 3.4 (–3.5, 10.2) .33

Physical fitness questionnaire

Aerobic fitness 4.1  1.6 5.8  2.0 1.7 (0.9, 2.5) >.001

Muscle strength 4.4  1.8 5.7  1.8 1.3 (0.5, 2.1) .003

Flexibility 4.2  2.0 5.3  2.1 1.2 (0.2, 2.1) .01
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the 30sSTS and the physical fitness 
questionnaire all showed acceptable con-
struct validity, confirming at least 2 of 3 
of the a priori hypotheses. Our findings 
showed that the 6MWT could serve as an 
acceptable measure of cardiorespiratory 
endurance, but the test also correlated 
moderately with muscle strength and 
muscle endurance, underlining the typi-
cal characteristics of field tests, name-
ly, reflecting a combination of several 
physical dimensions. However, report-
ing heart rate after the 6MWT is recom-
mended to enhance the interpretation of 
the test as a measure of cardiorespiratory 
endurance.

The hand-grip test showed high corre-
lation, whereas the 30sSTS only showed 
moderate correlation, with the laborato-
ry-based test measuring muscle strength/
endurance. A possible explanation may 
be that the 30sSTS is a multidimensional 
measure possibly involving other aspects 
than just muscle strength or muscle en-
durance.36 In line with previous studies, 
we found a high correlation between grip 
strength and quadriceps strength, indi-
cating that grip strength might be used 
as a measure of total body strength.8 
Given the higher accuracy of the hand-
grip test compared to the 30sSTS test, 
the hand-grip test might be a more suit-
able measure of general muscle strength 
in patients with various MSCs.

The ST was previously found to be a 
measure of both aerobic capacity12 and 
muscle strength44; therefore, the a priori 
hypotheses of divergent and convergent 
validity in our study might have been too 
ambitious. Although not fulfilling the ac-
ceptable number of hypotheses, the ST 
may still be a functional test measuring 
several aspects of physical fitness in pa-
tients with various MSCs.

Moderate correlations were found be-
tween the different items in the physical 
fitness questionnaire and the correspond-
ing clinical field tests (adjusted for age 
and gender) (FIGURE 1). The only excep-
tion was the hand-grip test, possibly in-
dicating that perceived strength for most 
people is more associated with lower-

limb strength than upper-limb strength. 
The different items of the physical fit-
ness questionnaire all showed acceptable 
construct validity, and the questionnaire 
may be a feasible method for measuring 
and monitoring the different aspects of 
health-related physical fitness in patients 
with MSCs.

The mean time to complete all mea-
sures included in this study was ap-
proximately 15 minutes, including 
standardized instructions but not the 
rest periods between tests. Taking into 
account that, for most patients, only a 
selection of tests will be used, the time 
consumed must be considered accept-
able. Although some assistance was need-
ed for completion of the physical fitness 
questionnaire, this was within acceptable 
limits.

Although the laboratory-based tests 
are well known and extensively used, 
some limitation in using them should be 
mentioned. The analyses might have been 
hampered by the uncertainty regarding 
estimation of VO2max using a submaxi-
mal test as well as correlating walking or 
running tests to a cycle ergometer test. 
In addition, the measurement properties 
depend on the population in question, 
and, even if the CYBEX and the Åstrand 
tests are valid for specific diagnoses, the 
applicability for patients with various 
types of MSCs is unclear.

A surprising finding in this study was 
that 32% of the patients reported change 
in their physical fitness at just 1 week, in-
dicating that MSCs are constantly fluctu-
ating conditions influencing the patients’ 
perception of their fitness level. However, 
because a reliability study assesses the 
degree of measurement error in a mea-
sure and not changes in the construct, 
only patients with stable conditions were 
included in the analyses of reliability.15,37 
Nevertheless, patients reporting to be un-
changed from one week to the next still 
showed a significant change in perfor-
mance for most of the clinical field tests, 
indicating the presence of a learning ef-
fect in the tests.27 The measurement error 
found in the present study, therefore, ac-

counts for a combination of the measure-
ment error in the tests and the learning 
effect of such tests.

Men and women were not equally 
represented in this study, and this could 
threaten the generalizability of the find-
ings. However, MSCs are shown to be 
more prevalent in women,26 and a previ-
ous study found that 70% of the patients 
in outpatient physiotherapy clinics were 
women.51 Thus, the results of the present 
study are probably representative of the 
patients seeking treatment for MSCs in 
outpatient physiotherapy clinics.

CONCLUSION

T
he ST, the 30sSTS test, and the 
FTF test showed varying measure-
ment properties in this heteroge-

neous group of patients, and further 
studies are needed to examine the use-
fulness of these measures for subgroups 
of patients. In contrast, the 6MWT, the 
hand-grip test, and the physical fitness 
questionnaire showed acceptable valid-
ity and reliability and are recommended 
to constitute a core set of measures as-
sessing health-related physical fitness in 
patients with varying MSCs. t

KEY POINTS
FINDINGS: The 6MWT, the hand-grip test, 
and the physical fitness questionnaire 
showed acceptable methodological qual-
ities for use in physiotherapy practice in 
patients with various MSCs.
IMPLICATIONS: The present study shows 
that the 6MWT, the hand-grip test, and 
the physical fitness questionnaire can be 
included in a core set of measures evalu-
ating different aspects of health-related 
physical fitness in patients with various 
MSCs.
CAUTION: Clinical field tests and patient-
reported measures are less accurate 
than laboratory-based tests but can be 
used in clinical practice.
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