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ABSTRACT
Objectives Little is known about the physical fitness 
of patients with complaints of hand, wrist, forearm and/
or elbow and its possible determinants. Aims were to 
assess health- related physical fitness (HRPF) in these 
patients, to compare HRPF with reference values of healthy 
persons, and to explore whether HRPF was correlated with 
symptom severity, upper limb function (ULF) and physical 
activity (PA).
Methods Cardiorespiratory fitness, handgrip strength 
and body composition, self- reported symptom severity, ULF 
and PA were assessed in adult outpatients with complaints 
of hand, wrist, forearm and/or elbow diagnosed as CANS.
Results Measurements were completed in 25 subjects (8 
males) aged 46.1±14.5 years, of which 44% had specific 
CANS and 56% had non- specific CANS.
Peak oxygen consumption (VO

2
peak) of men was 

2978±983 mL/min and of women was 1978±265 mL/
min. Handgrip strength of men was 47.0±11.1 kgf and of 
women was 32.4±6.3 kgf. Body mass index (BMI) of men 
was 24.2±2.6 kg/m2 and of women was 27.4±6.1 kg/m2.
VO

2
peak of the study sample was lower than that of 

healthy adults (−414±510 mL/min, p<0.001). Handgrip 
strength and BMI were similar to reference values.
VO

2
peak was correlated with PA (r=0.58, p=0.004); BMI 

was correlated with disability (r=0.48, p=0.022). Other 
correlations between HRPF and symptom severity and ULF 
were non- significant.
Conclusions Patients with CANS have lower 
cardiorespiratory fitness, but similar handgrip strength and 
body composition, compared with the healthy population. 
Cardiorespiratory fitness was correlated with PA and BMI 
was correlated with disability, no other correlations were 
observed with symptom severity and ULF.

INTRODUCTION
Upper limb disorders, such as complaints of 
arm, neck and/or shoulder (CANS), occur 
frequently and may lead to pain and disability.1 
CANS are musculoskeletal complaints of 
arm, neck and shoulder not caused by acute 
trauma or by any systemic disease. The point 
prevalence of CANS in the Netherlands is 
over 25%.1 2 These disorders can result in 
limitations in a broad range of daily activities, 
such as work, hobbies and sports.3 To be able 

to carry out the desired combination of those 
daily activities, one has to be physically fit.4 
However, little is known about the physical 
fitness in patients with CANS.

Physical fitness is defined as a set of attri-
butes or characteristics individuals have or 
achieve that relates to their ability to perform 
physical activity. These characteristics are 
usually separated into health- related and 
skill- related components of physical fitness. 
Health- related physical fitness components 
are cardiorespiratory endurance, muscular 
strength, muscular endurance, body compo-
sition and flexibility.4 Cardiorespiratory 
endurance is the ability of the heart and 
lungs to supply oxygen during sustained phys-
ical activity. Muscular strength is the ability 
to exert force, and muscular endurance is 
the ability to continue to perform without 
fatigue. Body composition is the relative 
amount of muscle, fat, bone and other vital 
parts of the body. Flexibility is the range of 
motion available at the joints. Skill- related 
physical fitness is important for performing 

Key messages

What are the new findings
 ► Cardiorespiratory fitness of patients with complaints 
of arm, neck and/or shoulder (CANS) was lower than 
expected from reference values.

 ► There was no evident relationship between health- 
related physical fitness (HRPF) and symptom severi-
ty and hand function.

 ► Cardiorespiratory fitness was better in subjects 
meeting national physical activity (PA) guidelines.

How might it impact on clinical practice in the 
near future

 ► Physicians and therapists should pay attention to 
HRPF (especially cardiorespiratory fitness) in pa-
tients with CANS.

 ► While the causal relationship is still unknown, in-
terventions to improve PA (frequency, duration and 
intensity to meet the Fitnorm) should be considered.
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the more technical aspects of many sports, such as agility, 
balance, coordination, power, reaction time and speed.

Health- related fitness components, especially cardio-
respiratory endurance, muscular strength and muscular 
endurance, are consistently lower in patients with various 
chronic musculoskeletal complaints.5–8 Lower levels 
of physical fitness are related with both lower levels of 
physical activity and the presence of musculoskeletal 
complaints.6 9 10 Physical inactivity is also associated with 
the development of chronic CANS.11 However, objectively 
measured physical fitness of patients with CANS has not 
been studied yet, nor has the relation between physical 
fitness and symptom severity and disability.

The primary aim of this exploratory study was to describe 
objectively measured health- related physical fitness in 
patients with complaints of hand, wrist, forearm and 
elbow (focusing on cardiorespiratory fitness, muscular 
strength and body composition). Secondary aims were to 
compare their health- related physical fitness with refer-
ence values of healthy persons, and to explore whether 
their health- related physical fitness was correlated with 
self- reported symptom severity and upper limb function 
and physical activity.

METHODS
This cross- sectional study was performed at the Depart-
ment of Rehabilitation Medicine of the University 
Medical Center Groningen, the Netherlands, between 
January 2016 and May 2017. All subjects gave written 
informed consent.

Participants
Eligible subjects were outpatients visiting our depart-
ment, aged ≥18 years and suffering from complaints of 
hand, wrist, forearm and/or elbow classified as CANS.2 
Exclusion criteria were inadequate knowledge of Dutch 
language and the presence of other medical conditions 
causing considerable disability, such as neurological 
disorders or joint diseases. Subjects did not need to 
receive treatment for CANS, nor were they excluded if 
they did. All subjects were screened for the presence of 
contraindications for a cardiopulmonary exercise test 
(CPET) based on the ATS/ACCP statement on cardio-
pulmonary exercise testing.12 While we were unable to 
calculate a sample size for this exploratory study, because 
necessary data were lacking, we aimed to include at least 
25 subjects as a non- probability convenience sample.13

Measurements
During a single visit to the exercise laboratory of our 
department, measurements were taken to assess health- 
related physical fitness (cardiorespiratory fitness, 
muscular strength and body composition). Ques-
tionnaires to assess demographic, clinical and social 
characteristics, symptom severity and upper limb func-
tion and physical activity were filled out in the week prior 
to visiting the exercise laboratory.

Health-related physical fitness
Cardiorespiratory fitness
The gold standard for cardiorespiratory fitness is 
maximum oxygen consumption (VO

2
max). For prac-

tical reasons, usually the highest achieved VO
2
 during a 

CPET is used, termed VO
2
peak. VO

2
peak can be used as 

an estimate for VO
2
max and these units are used inter-

changeably.12

To measure VO
2
peak (mL/min and mL/min/kg), 

subjects performed a CPET on a cycle ergometer. A 
maximal incremental ergometry protocol was used, 
consisting of 1 min of rest, followed by 3 min of cycling 
without resistance, followed by a phase of increasing 
resistance.12 This phase started with 10 W, 15 W, 20 W or 
25 W and increased continuously with 10 W, 15 W or 20 
W every 1 min (ramp protocol) until symptom limitation 
(eg, exhaustion, breathlessness or leg discomfort) or test 
termination by the monitor. Both starting resistance and 
the incremental rate were dependent on the monitor’s 
appraisal. CPET duration is about 8–12 min from the start 
of cycling with resistance. All tests were monitored by a 
certified exercise physiologist. Maximal effort was deter-
mined by a respiratory exchange ratio (RER) of >1.1 
and/or maximum heart rate (HR) of >85% of predicted 
HR (maximum predicted HR=220−age (in years)).

Two sets of reference values were chosen. First, refer-
ence values based on the best- fitting polynomial regression 
model which was determined using cycle ergometry in a 
healthy Dutch population.14 The equation of this model 
is VO

2
peak=−1469+(673.00×sex)+(16.87×age (in years))

+(−0.47×age2)+(0.07×height (in centimetres)2)+(39.70×-
weight (in kilogrammes))+(−0.16×weight2), where 
male=1 and female=0. Second, the reference values 
of the American College of Sports Medicine (ACSM), 
which categorises cardiorespiratory fitness into one of six 
categories ranging from very poor to superior.15 ACSM 
categories are based on VO

2
max and dependent of sex 

and age.

Muscular strength (handgrip strength)
Handgrip strength (kgf) was measured with a digital dyna-
mometer (JAMAR Plus + digital hand dynamometer) in 
grip position 2.16 The test was performed for both hands 
separately in the sitting position. The subjects were asked 
to hold the dynamometer parallel to the side of the body 
and the elbow in 90° and squeeze the handgrip dyna-
mometer as hard as possible. The test was repeated three 
times for each hand, the maximum of these values was 
used (not necessarily of the dominant or affected hand). 
Reference values from a large British population were 
used for comparison, stratified by sex and age.17

Body composition
Body mass index (BMI) is defined as a person’s weight 
in kilogrammes divided by the square of the person’s 
height in metres (kg/m2). BMI was calculated using 
measurements of weight (wearing underwear only) and 
height (without shoes and socks). BMI is categorised as 
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underweight (<18.5 kg/m2), normal weight (18.5–24.9 
kg/m2), overweight (25.0–29.9 kg/m2) and obesity (≥30 
kg/m2).18 BMI categories based on self- reported height 
and weight by Dutch adults in 2017 were used as refer-
ence values.19

Fat- free mass (FFM) was assessed by bioelectrical 
impedance analysis, using the BIA 101 Anniversary Sport 
Edition and Bodygram Plus software (Akern Srl, Italy). 
Fat- Free Mass Index (FFMI), the height- normalised index 
of FFM, was calculated by dividing FFM by height squared 
(kg/m2). FFMI was assessed because BMI alone does not 
provide detailed information about body composition 
with regard to FFM and fat mass.20 Reference values were 
derived from a study reporting FFMI of healthy Cauca-
sian adults.21

Demographic, clinical and social characteristics
Patient characteristics
Subjects filled out a questionnaire with several questions 
about patient characteristics, including marital status, 
education, work, dominant arm and affected side. Diag-
nosis and duration of complaints were extracted from the 
electronic health record.

RAND-36
RAND- 36 is a 36- item questionnaire about physical, 
mental and social health and is used worldwide to measure 
health- related quality of life, which has been shown to be 
reliable and valid.22 RAND- 36 consists of eight subscales 
measuring either physical or mental health. Subscale 
scores (scale: 0–100) are calculated using an algorithm.23 
Higher scores reflect a better health status.

Symptom severity and upper limb function
Quick Disabilities of the Arm, Shoulder and Hand Questionnaire
The Quick Disabilities of the Arm, Shoulder and Hand 
(QuickDASH)24 Questionnaire (scale: 0–100) is a self- 
reported questionnaire designed to measure physical 
function and symptoms in patients with musculoskeletal 
disorders of the upper limb. A higher score indicates a 
greater symptom severity.

Patient-Rated Wrist/Hand Evaluation Questionnaire
The Patient- Rated Wrist/Hand Evaluation 
(PRWHE)25 26 Questionnaire (scale: 0–100) is a 

self- reported questionnaire developed to assess pain and 
functional difficulties in activities of daily living during 
last week due to hand or wrist disorders. A higher score 
indicates more pain and a greater symptom severity.

Pain Disability Index
The Pain Disability Index (PDI)27 (scale: 0–70) is a self- 
reported questionnaire focusing on the impact of pain 
on a person’s ability to participate in essential life activi-
ties. A higher score indicates a greater disability in daily 
activities.

Numeric Pain Rating Scale
The Numeric Pain Rating Scale (NRS- Pain) (scale: 0–10) 
is a self- reported questionnaire to rate pain during the 
last week on an 11- point scale ranging from ‘no pain’ 
to ‘worst pain imaginable’.28 A higher score indicates a 
greater pain severity.

Physical activity
Nederlandse Norm Gezond Bewegen
The Nederlandse Norm Gezond Bewegen (NNGB, in 
English: Dutch Healthy Physical Activity Guidelines) 
advises on the minimal amount of physical activity to 
maintain and improve health.29 In the NNGB, adults are 
advised to perform physical activity at least 30 min/day, at 
least at moderate intensity, at least 5 days/week. Subjects 
were asked if they met the criteria of the NNGB.

Fitnorm
The Dutch Fitnorm is based on recommendations about 
quantity and quality of exercise for developing and main-
taining fitness in healthy adults.30 To meet the Fitnorm, 
a person needs to exercise at least three times a week for 
20 min at vigorous intensity. Subjects were asked if they 
met the criteria of the Fitnorm.

Statistical analyses
Descriptive statistics were used to describe measured 
components of health- related physical fitness, demo-
graphic information, symptom severity and upper limb 
function and physical activity. Continuous variables were 
presented as mean±SD. Categorical data were presented 
as frequency and percentage.

Figure 1 Selection of participants. CPET, cardiopulmonary exercise test.

copyright.
 on M

arch 8, 2024 by guest. P
rotected by

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2021-001148 on 4 O

ctober 2021. D
ow

nloaded from
 

http://bmjopensem.bmj.com/


4 Berduszek RJ, et al. BMJ Open Sp Ex Med 2021;7:e001148. doi:10.1136/bmjsem-2021-001148

Open access

Cardiorespiratory fitness of the study sample was 
compared with reference values based on the best- 
fitting polynomial regression model. Using the equation 
mentioned above, the reference value (predicted 
VO

2
max) was calculated for each subject, the mean of 

which was compared with the tested group using a paired 
t- test. Comparison of handgrip strength and body compo-
sition with reference values was reported using descriptive 
statistics. Spearman’s partial correlations analyses were 
calculated between health- related fitness compo-
nents and possible determining variables (controlling 
for sex and age).31 32 The sample size was deemed too 
small to perform a multivariate regression analysis. 
Correlation coefficients were interpreted as negligible 
(0.00–0.10), weak (0.10–0.30), moderate (0.30–0.70), 
strong (0.70–0.90) or very strong (0.90–1.00).33 The level 
of significance was set at p<0.05. Statistical analyses were 
performed using IBM SPSS Statistics for Windows, V.23.0.

RESULTS
Participants
In total, 33 subjects were included (figure 1). Five 
subjects withdrew before taking measurements and the 
CPET of one subject was terminated by the monitor 
before symptom limitation because of hypertension. 
Two subjects did not reach maximal effort during CPET 
(based on RER and maximum HR values) and were 
subsequently excluded from analyses concerning cardio-
respiratory fitness using VO

2
peak. Therefore, 25 subjects 

completed all measurements (table 1). The majority 
of the sample (68%) was female. Mean age of the total 
sample was 46.1±14.5 years (44.3±16.4 years for men and 
46.9±13.9 years for women). Complaints were diagnosed 
as specific CANS in 44% of subjects and as non- specific 
CANS in 56% of subjects. The mean QuickDASH score 
of the total sample was 28.2±15.7 (22.2±10.6 for men and 
31.0±17.2 for women) and the mean PRWHE score of 
the total sample was 36.6±20.6 (29.8±14.3 for men and 
39.9±22.6 for women).

Three adverse events were reported, it concerned ECG 
abnormalities at maximal effort without further symptoms 
in all cases. In all three subjects, the ECG abnormalities 
resolved spontaneously after reducing effort. Subjects 
were advised to contact their general practitioner for 
further review and consider assessment by a cardiologist. 
No serious adverse events occurred during this study.

Health-related physical fitness: description and comparison 
with reference values
A detailed overview of the results of all measured aspects 
of health- related physical fitness (cardiorespiratory fitness, 
handgrip strength and body composition) for each subject 
is presented in table 2.

Cardiorespiratory fitness
Mean VO

2
peak of the study sample was 2298±745 mL/

min. According to the model to calculate individual 
reference values, the mean VO

2
peak was expected to be 

Table 1 Participant characteristics (n=25)

Sex, n (%)

  Male 8 (32)

Age, mean±SD (years) 46.1±14.5

Duration of complaints, n (%)

  <3 months 0 (0)

  3–6 months 1 (4)

  6–12 months 9 (32)

  >12 months 18 (64)

Dominant arm, n (%)

  Right 18 (72)

  Left 6 (24)

  Two- handed 1 (4)

Affected arm, n (%)

  Right 7 (28)

  Left 3 (12)

  Both 15 (60)

Diagnosis, n (%)

  Specific CANS 11 (44)

   Trigger finger 4

   De Quervain’s disease 3

   Lateral epicondylitis 2

   Dupuytren disease 2

  Non- specific CANS 14 (56)

Employed, n (%)

  Yes 16 (64)

Current sick leave from work, n (%)

  Yes 4 (16)

RAND- 36, mean±SD

  Physical functioning 77.2±21.2

  Social functioning 76.5±26.3

  Role limitations (physical problems) 54.0±32.0

  Role limitations (emotional problems) 70.3±29.7

  Mental health 66.0±18.4

  Vitality 52.3±18.5

  Pain 58.1±17.8

  General health perception 57.6±22.2

Symptom severity and upper limb function, 
mean±SD

  QuickDASH Questionnaire 28.2±15.7

  PRWHE Questionnaire 36.6±20.6

  PDI 17.8±14.0

  NRS- Pain 3.9±2.1

Physical activity, n (%)

  NNGB (meeting criteria) 17 (68%)

  Fitnorm (meeting criteria) 8 (32%)

Criteria for meeting NNGB: perform physical activity at least 30 min/day, at least 
at moderate intensity, at least 5 days/week.
Criteria for meeting Fitnorm: exercise at least three times a week for 20 min at 
vigorous intensity.
CANS, complaints of arm, neck and/or shoulder; NNGB, Nederlandse Norm 
Gezond Bewegen (Dutch Healthy Physical Activity Guidelines); NRS- Pain, 
Numeric Pain Rating Scale; PDI, Pain Disability Index; PRWHE, Patient- Rated 
Wrist/Hand Evaluation; QuickDASH, Quick Disabilities of the Arm, Shoulder and 
Hand.
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2712±736 mL/min. Compared with this reference value, 
VO

2
peak of study sample was on average 414±510 mL/

min lower than expected by the model (p<0.001) 
(table 3). Mean VO

2
peak of the study sample was 85% of 

the value predicted by the model.
According to ACSM categories, cardiorespiratory 

fitness was poor or very poor in 18 patients (72%), fair 
in 4 patients (16%) and good to superior in 3 patients 
(12%) (table 3).

Muscular strength
Mean handgrip strength of men was 47.0±11.1 kgf and of 
women was 32.4±6.3 kgf. Handgrip strength of 25% of men 
and 12% of women was below P25 of the sex and age specific 
reference values (figure 2A).

Body composition
BMI of the total study sample was 26.4±5.4 kg/m2 
(24.2±2.6 kg/m2 for men and 27.4±6.1 kg/m2 for women). 
According to BMI categories, 44% of the study sample 
(25% of men and 53% of women) was overweight or obese 
(BMI: ≥25 kg/m2). Compared with the general Dutch popu-
lation, in the study sample, the proportion of overweight or 
obese men was lower and of overweight or obese women was 
slightly higher (figure 2B). FFMI of 38% of men and 71% of 
women was above P75 of the sex and age- specific reference 
values (figure 2C).

Health-related physical fitness: correlations with symptom 
severity and upper limb function and physical activity
The relationship between health- related physical fitness 
components, symptom severity and upper limb function 
(QuickDASH, PRWHE, PDI and NRS- Pain) and physical 
activity (NNGB and Fitnorm) is presented in table 4. Correla-
tions between health- related physical fitness components 
and self- reported symptom severity and upper limb function 
were not significant, apart from a moderate positive correla-
tion between BMI and PDI. A moderate positive correlation 
was observed between cardiorespiratory fitness and physical 
activity measured by Fitnorm, but not NNGB. Physical activity 
was not significantly correlated with handgrip strength, nor 
with body composition.

DISCUSSION
Cardiorespiratory fitness in patients with complaints of hand, 
wrist, forearm and elbow was lower than in matched healthy 
references, both by direct comparison of VO

2
peak using a 

model and through categorisation, according to ACSM 
criteria.15 These findings concur with a study reporting 
a lower VO

2
max in patients with chronic low back pain.5 

Studies using submaximal methods to assess cardiorespira-
tory fitness also observed lower fitness levels in patients with 
musculoskeletal disorders compared with healthy controls.7 34 
Maximal handgrip strength in our sample seemed similar 
to the general population, with a fairly equal distribution 
of handgrip strength over reference value percentiles. This 
finding contradicts those of others, because lower handgrip 
strength is described in several hand conditions.35 36 Even 
though the majority of the study sample indicated involve-
ment of both hands, apparently handgrip strength of at least 

Table 3 Cardiorespiratory fitness of patients with CANS 
compared with reference values

Study sample Reference values Difference

VO
2
peak (mL/min, 

mean±SD)
  

  Total (n=25) 2298±745 2712±736* −414±510 
(p<0.001)

  Men (n=8) 2978±983 3467±635* −489±764 
(p=0.113)

  Women (n=17) 1978±265 2357±466* −379±362 
(p=0.001)

VO
2
peak (mL/min/kg, 

mean±SD)
  

  Total (n=25) 29.0±9.4   

  Men (n=8) 36.3±12.3   

  Women (n=17) 25.5±5.3   

ACSM category (n (%))   

  Total (n=25)   

   Very poor 15 (60)   

   Poor 3 (12)   

   Fair 4 (16)   

   Good 1 (4)   

   Excellent 1 (4)   

*Based on the best- fitting polynomial regression model determined using 
cycle ergometry in a healthy Dutch population.14

ACSM, American College of Sports Medicine; CANS, complaints of arm, 
neck and/or shoulder; VO

2
, oxygen consumption.

Figure 2 (A) Handgrip strength: distribution over percentiles of reference values. (B) Comparison of BMI categories. BMI, 
body mass index. (C) Fat- Free Mass Index: distribution over percentiles of reference values.
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one of the hands is preserved. Also, a reduction in handgrip 
strength in the study sample might be too little to be detected 
by a change in quartiles. The use of a grip strength ratio 
seems valid to assess the difference in grip strength between 
both hands, but its usefulness in bilaterally affected patients 
is unknown.35 The distribution of BMI categories in this 
study sample seems to differ slightly from the general Dutch 
adult population, with less overweight men and more obese 
women than expected from general population data.19 FFMI 
in women in this study sample was higher than the reference 
values. This might be explained by their BMI, which was on 
average higher than in the reference population.21 FFMI 
values will be higher with greater weight and BMI.20

The majority of correlations between the health- related 
physical fitness and self- reported symptom severity and upper 
limb function were absent or low. Others have reported a 
moderate association between poorer self- reported physical 
fitness and non- specific work- related upper limb disorders, in 
patients with seemingly lower symptom severity and shorter 
duration of complaints.10 It is unsure why we did not find 
such a relationship, but the limited validity of self- reported 
physical fitness assessed in the previous study (compared 
with performance- based physical fitness) might be an expla-
nation.37

Cardiorespiratory fitness and physical activity (Fitnorm) 
were moderately positively correlated, which is consistent 
with other study results.38–40 The relationship between 
cardiorespiratory fitness and physical activity might be 
dose dependent, because cardiorespiratory fitness was 
better in patients meeting the Fitnorm criteria, but not in 
patients meeting the NNGB criteria. The most important 
difference between Fitnorm and NNGB is the exercise 
intensity, which is higher for the Fitnorm. More substan-
tial increases of aerobic capacity have been reported with 
higher intensity training programmes.41–43 The propor-
tion of patients in our study meeting NNGB (68%) or 
Fitnorm (32%) corresponded to the Dutch general 
population, of which 59% meet NNGB criteria and 25% 
meet Fitnorm criteria.19

No relationship between handgrip strength and upper 
limb function was found. Moderate negative correlations 
between handgrip strength and both QuickDASH and 
PRWHE Questionnaires have been described before.24 44 
A probable explanation for the absence of a strong correla-
tion in this study sample is the use of maximum handgrip 
strength of either hand instead of the affected hand. We 
found a moderate positive correlation between BMI and 
PDI in this study sample. A similar relationship between 
BMI and pain and disability has been found in patients 
with shoulder problems.45 While the mechanisms need 
further unravelling, especially obese patients seem to be 
at risk for chronic musculoskeletal pain. The relationship 
between pain and obesity seems to play a role in both 
specific as non- specific conditions, but the mechanisms 
involved may differ.46 47 Available models illustrate the 
complex interaction between obesity, pain, disability and 
many more factors.48 We are unaware of reports on this 
matter in patients with complaints of hand, wrist, forearm 
and elbow to compare our results to.

Longitudinal studies investigating the relationship 
between health- related physical fitness in patients with 
musculoskeletal disorders are unknown and, therefore, 
one can only speculate about causality. Causality in both 
directions has been suggested: increased risk of CANS 
in persons with lower health- related physical fitness or 
reduced physical fitness due to activity limitations in 
patients with CANS. Association of better cardiorespi-
ratory fitness with less musculoskeletal pain has been 
described before and physical activity might reduce 
musculoskeletal complaints.8 49 Due to our cross- sectional 
design, we were unable to shed light on causality. 
However, the causal relationship needs attention in 
further research, since such data are needed to develop 
or adjust (preventive) treatment programmes.

Strengths and limitations
The most considerable methodological strengths are the 
simultaneous analysis of several aspects of health- related 

Table 4 Spearman’s partial correlations between health- related physical fitness, symptom severity and upper limb function 
and physical activity, controlled for sex and age

Cardiorespiratory fitness Muscular strength Body composition

VO
2
peak ACSM category Handgrip strength BMI (kg/m2) FFMI

Symptom severity and upper limb function

  QuickDASH Questionnaire −0.31 (p=0.155) −0.26 (p=0.227) −0.24 (p=0.268) 0.38 (p=0.073) 0.17 (p=0.444)

  PRWHE questionnaire −0.19 (p=0.376) −0.21 (p=0.340) −0.24 (p=0.269) 0.30 (p=0.159) 0.21 (p=0.344)

  PDI −0.30 (p=0.167) −0.20 (p=0.353) −0.21 (p=0.349) 0.48 (p=0.022)* 0.30 (p=0.169)

  NRS- Pain −0.10 (p=0.640) −0.23 (p=0.289) −0.12 (p=0.574) 0.24 (p=0.268) 0.25 (p=0.260)

Physical activity

  NNGB 0.20 (p=0.354) 0.06 (p=0.781) −0.138 (p=0.530) −0.19 (p 0.380) −0.12 (p 0.589)

  Fitnorm 0.58 (p=0.004)* 0.54 (p=0.008)* 0.174 (p=0.428) −0.23 (p 0.301) −0.06 (p 0.790)

*Statistically significant (p<0.05).
ACSM, American College of Sports Medicine; BMI, body mass index; FFMI, Fat- Free Mass Index; NNGB, Nederlandse Norm Gezond Bewegen (Dutch Healthy 
Physical Activity Guidelines); NRS- Pain, Numeric Pain Rating Scale; PDI, Pain Disability Index; PRWHE, Patient- Rated Wrist/Hand Evaluation; QuickDASH, Quick 
Disabilities of the Arm, Shoulder and Hand.
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physical fitness, and especially the assessment of cardio-
respiratory fitness using the gold standard, CPET, to 
measure VO

2
peak during maximal effort. We are unaware 

of other studies reporting objectively measured cardio-
respiratory fitness in patients with upper limb disorders. 
Because 93% of the subjects who started CPET reached 
maximal effort and no serious adverse events occurred, 
safety and tolerability of CPET in this patient sample are 
not refuted, given the protocol as applied here.

The small sample size might pose a limitation and the 
study might be underpowered to demonstrate statisti-
cally significant relationships between health- related 
physical fitness and parameters such as symptom severity 
and upper limb function. However, because this was an 
exploratory study, the results may be used to calculate 
sample sizes for future studies. Because of the explor-
atory nature of this study, we did not correct for a type I 
error, even though multiple correlations were explored. 
Other factors influencing health- related physical fitness 
can be determined that were not assessed in this study, 
such as the presence of cardiovascular and pulmonary 
comorbidity. Furthermore, self- report measures of phys-
ical activity might have limited validity.50

Reference values for components of health- related 
physical fitness appeared to be diverse or lacking 
(depending on source population characteristics) and 
this hindered comparison of the study sample to the 
general population. However, the description of multiple 
characteristics of individual subjects facilitates compar-
ison with any desired reference value.

CONCLUSIONS
Cardiorespiratory fitness of this sample of patients 
with CANS was lower than reference values. Handgrip 
strength and body composition did not seem to differ 
from reference values. Cardiorespiratory fitness was posi-
tively correlated with physical activity. A higher BMI was 
correlated with greater disability, but most other rela-
tionships between health- related physical fitness and 
symptom severity and upper limb function were low or 
non- existent.

One might interpret very cautiously that, in this sample, 
levels of cardiorespiratory fitness seem to be determined 
by physical activity and not by symptom severity nor 
upper limb function.

Physicians and therapists should pay attention to 
health- related physical fitness (especially cardiorespira-
tory fitness and BMI) in patients with CANS. Even though 
the causal relationship is still unknown, interventions to 
improve physical activity (frequency, duration and inten-
sity to meet the Fitnorm) could be considered.

Suggestions for further research include repetition of a 
similar study in a larger clinical sample, to assess changes 
in health- related physical fitness over the course of CANS 
(from onset to improvement) and to assess the effect of 
interventions aimed at improving health- related phys-
ical fitness (both on physical fitness itself as on symptom 
severity and upper limb function). The ability to engage 

in physical activity (eg, work and sports) and the actual 
duration and intensity thereof might also be studied in 
greater detail.
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