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ABSTRACT: The aims of this study were to investigate whether the impairment in
endurance of limb muscles is a general finding in chronic obstructive pulmonary disease
(COPD) patients, affecting even those with mild-to-moderate disease or relatively
normal physical activity. In addition, this study aimed to determine the physiopathology
of exhaustion in local endurance tests and whether the reduction in quadriceps
endurance can be predicted from muscle strength measurements.

A total of 75 volunteers were assigned to one of two groups according to pulmonary
function tests: COPD patients or healthy age-matched controls. Functional assessment
included both quadriceps strength (maximum voluntary contraction (QMVC)), and
quadriceps endurance (contractions against a load equivalent to 10% QMVC until task
failure or for up to a limiting time of 30 min (QTlim)).

COPD patients showed a decrease ofy43% in QMVC andy77% in QTlim compared
with controls. Task failure occurred only in COPD patients and was due to muscle
fatigue, since limiting symptoms were associated with a decrease in the median
frequency of quadriceps electromyographical signal and a reversible decrease in QMVC.
The impairment in skeletal muscle endurance was present even in patients with mild-to-
moderate airflow obstruction and individuals with relatively normal physical activity,
and was irrespective of lung function variables, anthropometrical data or quadriceps
strength.

Peripheral muscle endurance was impaired in chronic obstructive pulmonary disease
patients, even in those with relatively normal physical activity and mild-to-moderate
airflow obstruction. This impairment associated with an early onset of muscle fatigue
and could not be predicted from the severity of the disease or the reduction in quadriceps
strength.
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The capacity to perform physical exercise is determined by
multiple organs and systems [1, 2]. Patients with chronic obstruc-
tive pulmonary disease (COPD) undergo several degrees of
impairment in the capacity to perform physical activities (e.g.
exercise and daily physical activity (PA)) [3–6]. Impairment of
their ventilatory function represents the main limiting factor
for exercise capacity in most patients. However, other extra-
pulmonary factors also play a significant role in limiting
exercise. MALTAIS et al. [7] showed that peripheral muscle
dysfunction (i.e. early onset of lactic acidosis) appears to be
involved in early exercise termination in severe COPD
patients during an incremental exercise test. This skeletal
muscle dysfunction shows clinical relevance because it is
related to an increased need for medical assistance and
decreased survival of COPD patients [8–11]. In addition, a
limited improvement in exercise capacity has been demon-
strated when COPD patients receive a pulmonary or com-
bined heart-lung transplant [12–14].

Skeletal muscles have two functional characteristics:
strength and endurance. Reduced maximal muscle strength
was demonstrated in COPD patients, which was found to be a
significant contributor to work capacity limitation [3, 15]. At
present, few data are available on skeletal muscle endurance

[16] and, for the assessment of peripheral muscle performance,
isolated muscle strength alone is too restrictive. In a group of
17 COPD patients, SERRES et al. [16] showed positive correla-
tions between specific (local) quadriceps endurance and the
PA score, degree of airflow obstruction (i.e. forced expiratory
volume in one second (FEV1)) and arterial oxygen tension
(Pa,O2). Their findings clearly illustrated that impaired skele-
tal muscle endurance in COPD patients relates to altered lung
function and associated physical inactivity. It was impossible
for the authors to determine the respective components of
bronchial obstruction and deconditioning in altering skeletal
muscle performance. Therefore, studies comparing healthy
control subjects and COPD patients according to PA are
needed to investigate the role of bronchial obstruction in
altering skeletal muscle function. Moreover, to the authors9
knowledge, no reports exist describing the electromyographi-
cal changes or the cardiorespiratory responses while perform-
ing a local quadriceps exercise. The aim of the present study
was to further characterise quadriceps muscle endurance in
stable COPD patients determining: 1) whether the impair-
ment in endurance of limb muscles is a general finding in
COPD patients affecting those with mild-to-moderate disease,
normal weight and relatively preserved PA; 2) the physio-
pathology of exhaustion in a local quadriceps endurance test;
and 3) whether the reduction in quadriceps endurance can beFor editorial comments see page 6.
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predicted from strength measurements of the muscle. A local,
single limb, submaximal exercise was performed in the
presence of a normalised load (equivalent to 10% of
quadriceps maximal strength). Symptoms and physiological
responses during the exercise were also analysed.

Methods

Study population

A total of 75 male volunteers were assigned to one of two
study groups, according to both age and pulmonary function
tests. The first group (n=36) included patients with COPD
(aged 67¡8 yrs; FEV1 18–76% pred) lacking comorbidities.
The second group (n=39) included age-matched healthy
individuals (aged 61¡10 yrs; FEV1 84–119% pred). Diagnosis
of COPD was performed by assessment of the signs and
symptoms of chronic bronchitis and/or pulmonary emphy-
sema, time-exposure to cigarette smoke, and functional
criteria of chronic and irreversible airflow obstruction
(FEV1/forced vital capacity v70%, FEV1 v80% pred, and
v12% change in FEV1 following 400 mg of inhaled
salbutamol) [17, 18]. All patients were clinically stable for
o4 months from the last exacerbation and received inhaled
bronchodilators. The presence of cardiopathies, metabolic
diseases or joint dysfunctions were considered as exclusion
criteria. The control group included healthy volunteers
prospectively recruited from the general population. Healthy
status was defined as the absence of known diseases as
assessed by a systematic medical interview, general physical
examination (performed by experienced physicians from the
authors9 group), and normal pulmonary function. The
Research Committee of Human Investigation at the Munici-
pal Institute for Medical Research, Hospital del Mar
(Barcelona, Spain) approved the study and informed written
consent was obtained from each participant after a full
explanation of the purposes and characteristics of the study.

Study design

This was a cross-sectional study. The selected volunteers
were examined and subsequently underwent tests measuring
nutritional status, pulmonary function, inspiratory muscle
strength, hand grip strength, and daily PA. Functional
assessment of the muscle included both maximum quadriceps
strength measured during maximum voluntary contractions
(QMVC), and quadriceps endurance time (QTlim) defined as
the elapsed time required performing contractions against a
load equivalent to 10% QMVC until task failure, as described
below.

Measurements

Anthropometry and nutritional evaluation. Levels of serum
albumin, cholesterol and transferrin were determined as biolo-
gical parameters. Body weight, body mass index (BMI), and
length and perimeter of the thigh of both legs were evaluated as
anthropometric parameters.

Daily physical activity. Daily PA was assessed by the Baecke9s
questionnaire [19] modified for elderly people [20, 21]. This
questionnaire evaluated household activities, sports activities
and other physically active leisure-time activities during the
previous year, and gave an overall PA score. The subjects were
asked to describe the type of activity, hours per week
participation and the period of the year in which the
activity was normally performed. All activities were

classified according to posture and movement. An intensity
code based on net energetic costs of activities according to
BINK et al. [22] was used to classify each activity. The method
evaluates the activity of older subjects as high, medium or low.
With this method, subjects who obtained a score f9 were
classified as having low PA, and thus "sedentary" [16, 20, 21].

Pulmonary and respiratory muscle function. Pulmonary and
respiratory muscle function was assessed by forced spirometry
[23] (Datospir 900; SIBEL, Barcelona, Spain), static lung
volumes, airways resistance and carbon monoxide transfer
factor [24] (Masterlab, Jaeger, Würzburg, Germany).
Reference values used were those for the Mediterranean
population [25]. Arterial blood samples were obtained from the
radial artery of the nondominant arm for partial pressure of
oxygen and partial pressure of carbon dioxide measurements
using conventional polarographic techniques (Rapidlab 860;
Chiron/diagnostic, Wuppertal-Barmen, Germany). Maximum
inspiratory pressures at the mouth were included as measures
of inspiratory and expiratory muscle strength, respectively.
Reference values used were those obtained by MORALES et al.
[26] for a Mediterranean population.

Handgrip strength. Handgrip strength was assessed using a
handheld dynamometer (Biopac Systems, Schooner, CA,
USA) connected to a digital polygraph. The maximum volun-
tary contraction of the flexor muscles of both dominant and
nondominant hands was assessed, and the highest value of
three reproducible (v5% variability between values) mano-
euvres was used in the analysis [27, 28].

Quadriceps muscle function. Function of the quadriceps
muscle was evaluated by muscle strength and endurance of
the dominant leg during specific (local) single leg exercises at an
exercise bench. Specifically, the strength of the muscle was
assessed through isometric maximum voluntary contraction
(QMVC) of the dominant lower limb while the patients were
seated with both trunk and thigh fixed on a rigid support of an
exercise platform (Domyos HGH 050; Decathlon, Lille,
France). The highest value from three brief (3 s) repro-
ducible QMVC manoeuvres (v5% variability between values)
was included in the analysis. The reference values included
were those from DECRAMER et al. [29]. Endurance of the
quadriceps was assessed following the method described by
SERRES et al. [16]. The load was modified to 10% of the QMVC,
normalised the extension of the thigh and recorded
electromyography (EMG) activity. The primary outcome
variable was QTlim. The volunteers performed intermittent
knee extensions on the exercise platform. Strength was
quantified by an isometric dynamometer (Biopac Systems)
connected to a digital polygraph (Biopac Systems). The axis of
rotation, the range of displacement and the point of distal
attachment were identical for all individuals. The contraction
pattern was normalised at a frequency of 12 extensions per min,
against an external load equivalent to 10% QMVC, allowing 2 s
for contraction and 3 s for relaxation. The contraction cycling
was imposed by using a digital audio signal (Joggler Plus 4.8.1;
Leepoware, San José, CA, USA). The tension-time (TT) index
(TTQ) for the quadriceps was calculated from the following
formula:

TTQ~ TC=TTOTð Þ � W=QMVCð Þ ð1Þ
where TC is the contraction time, TTOT is the duration of each
cycle and W is the external load (weight). The perception of
symptoms on the exercised leg and dyspnoea were assessed as
secondary outcome variables. Two visual analogical scales
were used at 2-min intervals until task failure, which was
defined by one of two criteria [30]; first, the inability to
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maintain leg extension equivalent to o80% of the maximum
extension during three consecutive contractions, and secondly,
the inability to continue the exercise due to invalidating
symptoms. The exercise was finished if the volunteers reached a
QTlim of 30 min without succumbing to task failure. The
analysis of the QTlim test also included two variables related to
the potential appearance of muscle fatigue. The first variable
analysed was a change in the EMG activity and was assessed by
calculating the EMG median frequency (fEMG) within each
cycle of contraction-relaxation of the quadriceps [31]. For this
purpose, a continuous electromyographic recording was
obtained by using bipolar surface electrodes in accordance
with conventional techniques [32]. Electrodes were placed over
the vastus lateralis muscle at approximately the midpoint
between the head of the greater trochanter and lateral condyle
of the femur. EMG signal was amplified in a frequency band
ranging 100–2, 000 Hz. Median frequency was determined by
performing a fast fourier transformation of the three EMG
recordings of the contraction at the beginning of each quintile
of the whole QTlim record followed by integration and then
normalisation of the spectrum. The second variable assessed
was the potential change in the QMVC measured after the task
failure. Ventilatory response, oxygen consumption (V9O2) and
production of carbon dioxide (V9CO2) were also continuously
measured during the endurance test (Oxycon Alpha; Jaeger).
Heart rate and pulse oxymetry were recorded using a pulse-
oxymeter (MM205; Medical Artema Bd, Sundbyberg, Sweden).

Statistical analysis

All parameters were checked for normality of distribution.
Differences between COPD patients and the healthy control
group were assessed using an unpaired t-test for independent
samples. Changes in fEMG were assessed using the analysis
of variance test for repeated measures. Association between
continuous variables was evaluated using the Pearson9s
coefficient and linear regression analysis.

Results

Nutritional status and anthropometrical data

All nutritional variables were within the reference values in
both study groups (table 1). Body weight, BMI and thigh
length were similar within the study groups. Thigh perimeter
tended to be smaller in COPD patients (mean difference
y4 cm) when compared with aged-matched controls. How-
ever, this difference was far from statistical significance.

Pulmonary function

All control individuals showed normal pulmonary function
tests. The group of patients with COPD included a wide range
of airflow obstruction (FEV1 18–76% pred). A total of 35
patients (97%) showed pulmonary air trapping (defined as
residual volume:total lung capacityw35%), 18 patients (50%)
showed pulmonary hyperinflation (defined as total lung
capacity w120% pred), and 23 patients (72%) showed a
decreased CO transfer factor (table 1). A total of 26 patients
showed hypoxaemia (Pa,O2v10.6 kPa), whereas eight fulfilled
criteria of chronic respiratory failure (Pa,O2 v8.0 kPa).

Daily physical activity scores

Daily PA scores ranged 2.6–26.6 with a median value of 11.
Thirteen patients scored v9 in the PA questionnaire. No

significant statistical difference in PA scores was observed
between COPD patients and controls (table 1).

Strength of the quadriceps muscle

The values of QMVC showed a wide range in the two study
groups (table 2). The control group showed a QMVC of 23–
65 kg. The COPD patients showed quadriceps weakness as

Table 1. – General characteristics of the study population

Healthy elderly
controls

COPD patients

Subjects n 39 36
Age yrs 65¡9 67¡8
Weight kg 71¡8 69¡16
Height cm 166¡5 165¡5
BMI kg?m-2 25.7¡2.6 25.2¡5.8
FEV1 % pred 92¡7 36¡14**
FEV1/FVC % 72¡4 46¡10**
TLC % pred 88¡15 113¡30
DL,CO % pred 90¡18 64¡25**
Pa,O2 mmHg ND 64¡11
Pa,CO2 mmHg ND 47¡8
PI,max cmH2O -110¡40 -39¡24**
PI,max % pred 117¡35 38¡21**
HGSnon-dom % pred 90¡14 77¡12**
HGSdom % pred 87¡24 77¡19*
Daily physical activity au 16.3¡9.8 13.1¡6.2*

Data are presented as mean¡SD unless otherwise indicated. COPD:
chronic obstructive pulmonary disease; BMI: body mass index; FEV1:
forced expiratory volume in one second; FVC: forced vital capacity;
TLC: total lung capacity; DL,CO: CO diffusing capacity of the lung;
Pa,O2: arterial O2 tension; Pa,CO2: CO2 arterial tension; PI,max:
maximal inspiratory pressure; HGSnon: nondominant hand grip
strength; HGSdom: dominant hand grip strength; au: arbitrary units
as in VOORRIPS et al. [20]; ND: not determined. *: pv0.05; **: pv0.01.

Table 2. – Strength and endurance of the dominant
quadriceps

Healthy elderly
controls

COPD
patients

QMVC kg 49¡13 22¡10**
QMVC % pred 110¡29 63¡27**
QTlim min 30¡0 6.9¡5.3**
QTlim-final fEMG % initial 99¡12 87¡13**
QTlim-V9O2max mL?kg-1?min-1 9.6¡3.6 8.5¡2.2
QTlim-DV9O2 rest versus end 242¡197 164¡123
QTlim-HRmax beat?min-1 118¡22 96¡16**
QTlim-HRmax % pred 59¡11 63¡14
QTlim-DHR rest versus end 43¡26 22¡23
QTlim-V9Emax L?min-1 34¡17 31¡12
QTlim-V9Emax % pred 18¡9 55¡6**
QTlim-dyspnoea end VAS 1¡1 5¡3**
QTlim-thigh discomfort VAS 6¡2 10¡0**
Thigh length cm 39.9¡1.0 40.9¡2.8
Thigh perimeter cm 49.1¡4.1 44.6¡6.4

Data are presented as mean¡SD. Both heart rate (HR) and minute
ventilation (V9E) values appear referenced to values from JONES et al.
[33] for incremental cycle ergometry. COPD: chronic obstructive
pulmonary disease; QMVC: quadriceps maximal strength during
maximum voluntary contraction; QTlim: quadriceps endurance using
a normalised exercise with a load equivalent to 10% of the QMVC and a
contraction frequency of 12 min-1; fEMG: median frequency of the
electromyographic spectra; V9O2: CO2 production; HRmax: maximum
HR; V9Emax: maximum minute ventilation; VAS: visual analogic scale.
**: pv0.01.
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shown by a significant decrease of QMVC value (y43% of
control values, pv0.01) (fig. 1).

Endurance of the quadriceps muscle

All healthy controls reached the 30-min time limit when
performing the QTlim test (fig. 2a). In contrast, all COPD
patients showed an early onset of task failure as represented
by y77% lower QTlim when compared with control volun-
teers. This finding was evident even in those patients showing
only mild or moderate airflow obstruction and relatively
normal PA. Impairment in the QTlim was irrespective of daily
PA scores (fig. 2b). Task failure was associated with limiting
symptoms (discomfort) of the exercised thigh (fig. 3a),
decrease of fEMG (fig. 3b), and a transitory decrease in the
quadriceps strength equivalent toy25% of initial QMVC after
task failure (fig. 3c). This decrease of strength was partially
recovered after 10 min of rest. Ventilatory and cardiac
limitations were not observed during the endurance run as
assessed by peak minute ventilation and heart rate values
(table 2).

Correlations

Overlap between patients with COPD and the age-matched
controls was found in strength measurements but not in
endurance measurements. QMVC did not correlate with
pulmonary function (fig. 4a), nutritional parameters or daily
PA. A weak correlation was found between the degree of
airflow obstruction (% FEV1) and QTlim (R2

=0.1532, pv0.05)
(fig. 4b). No correlation occurred between QMVC and QTlim

(fig. 5). No association was found between QTlim and thigh
perimeter or nutritional variables.

Discussion

The main finding of the present study was that skeletal
muscle endurance was reduced in community-based non-
comorbid COPD patients, even in those lacking sedentarism.
Remarkably, the decrease in quadriceps endurance was
present not only in patients with severe but also in those with
mild or moderate airflow obstruction. Although impaired
quadriceps endurance is weakly related to FEV1, it does not
show any correlation with nutritional status, static lung

volumes, arterial blood gases or PA scores. The study
confirms reduction in quadriceps strength in the COPD
patients. However, muscle endurance is irrespective of muscle
strength and is related to an increased susceptibility to
peripheral muscle fatigue as task failure was associated with a
decrease in fEMG and transitory loss of strength in the
exercised thigh.

Dysfunction of peripheral muscles has been described in
association with other chronic diseases, such as heart and
renal failure, AIDS and neoplasms. This suggests the
existence of a common scenario in all these diseases. The
most recent theories integrate the knowledge derived from
diverse studies and propose that muscle dysfunction is the
result of a group of factors with systemic effects (sedentarism
[16], inflammatory cytokines [34] and growth factors [35])
interacting with a group of local factors (progressive inac-
tivity, imbalance in the redox system [36] and acidosis [37, 38]).

Various investigators proposed that sedentarism may be
one of the leading causes of impaired quadriceps function in
COPD patients [16, 40, 41]. In the present study, all COPD
patients showed increased susceptibility to fatigue, whereas all
healthy controls showed tolerance to 30 min of exertion. All
patients showed a combination of limiting symptoms, decre-
ased fEMG and transitory loss of strength in the exercised
thigh at the end-point of the endurance test. This implies that
the presence of the disease is associated with impaired skeletal
muscle endurance.

The novel aspects of the present study can be summarised
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Fig. 1. – Mean¡SD values of the quadriceps muscle strength as
assessed by maximal voluntary contraction (QMVC). COPD: chronic
obstructive pulmonary disease. **: pv0.01.
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Fig. 2. – The quadriceps endurance test (QTlim) results of control and
chronic obstructive pulmonary disease (COPD) subjects (mean¡SD

values (a)), and relationship with the daily physical activity score (b).
$: COPD subjects; #: control subjects. au: arbitrary units. **:
pv0.01.
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as four main concepts. The first concept is that impaired
QTlim was found in patients with mild or moderate COPD.
This finding implies that impaired skeletal muscle endurance
develops even in early stages of the disease. The second point
deals with the absence of difference in QTlim when the
patients were stratified according to PA scores. The authors9

novel contribution is that significant impairment in skeletal
muscle endurance can be found even in patients without
severe sedentarism, suggesting that other factors should be
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Fig. 3. – Results from endurance test of the quadriceps for a) values
of perceived discomfort on the exercised leg at the end of the
endurance exercise (mean¡SD), b) change in the median frequency of
the recorded electromyography (fEMG) of the exercised quadriceps
during the quadriceps endurance test (QTlim) and c) mechanical
evidence of muscle fatigue as assessed by change in maximum
voluntary contractions (QMVC). VAS: visual analogic scale. u:
quadriceps endurance test. $: chronic obstructive pulmonary disease
subjects; #: control subjects. **: pv0.01.
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Fig. 4. – Relationship between the degree of airflow obstruction and
function of the quadriceps muscle as assessed by a) maximal
voluntary contraction (QMVC) and b) the quadriceps endurance test
(QTlim). FEV1: forced expiratory volume in one second. $: chronic
obstructive pulmonary disease subjects; #: control subjects. pv0.05
COPD patient only.
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Fig. 5. – Scatter plot showing absence of linearity between the
function of the quadriceps muscle as assessed by maximal voluntary
contraction (QMVC) and the quadriceps endurance test (QTlim). $:
chronic obstructive pulmonary disease subjects; #: control subjects.
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considered to explain the impairment of strength and
endurance in the quadriceps from COPD. This result, which
contrasts with those from SERRES et al. [16], is surprising since
the same muscle group and the same questionnaire were used
in the analyses. Their patients disclosed a severe decrease in
their PA (lower PA scores), half of those obtained in the
present study. The present authors hypothesise that cultural
variables may not account for such a difference, since the
impairment in pulmonary function is similar in these two
studies and the ethnic background appears to be similar
between Montpellier and Barcelona [42]. Daily activity levels
as assessed by questionnaires allow the investigators to
conduct retrospective estimations of activities. Other authors
have also used the same questionnaire and consider it a
reliable and valid method for classifying the activity levels of
aged subjects [20, 21]. However, questionnaires have several
limitations as the rate at which work is performed is seldom
taken into account. This is relevant because as patients
become more impaired, they reduce the intensity and prolong
the duration of the work, an effective strategy in reducing
symptom intensity. Although prospective and limited to a
short period of time, complimentary ways of assessment could
include pedometers or movement counters. The third concept
relates to the magnitude of the load imposed for the
quadriceps exercise. Some authors have suggested that
healthy skeletal muscles can tolerate an exercise indefinitely
if the TT index isv0.15 [43]. To the authors9 knowledge, this
is the first study showing an early onset of task failure in
COPD patients exercising only one leg against a load
equivalent to only 10% QMVC and a TTQ index consistently
v0.04 (in spite of the absence of cardiac or ventilatory
limitations during this specific exercise). The current authors
modified the protocol described by SERRES et al. [16], which
evaluated a load equivalent to 20% QMVC. In their study,
most patients were able to perform just a few contractions
(12 movements per min) for up to 3 min (i.e. y30 muscle
contractions). In the current authors9 opinion these data are
not optimal in order to analyse muscle endurance as a
continuous variable in linear regression correlations. Finally,
the fourth point deals with symptoms and spectral changes in
the EMG. The analysis of peak cardioventilatory response
shows that susceptibility to quadriceps exhaustion in COPD is
present even in the absence of ventilatory or cardiac limi-
tations. The present authors attempted to determine that
peripheral factors are important by measuring EMG median
frequency and QMVC after the endurance run. All COPD
patients disclosed thigh discomfort as the limiting symptom
related to task failure, which was associated with a significant
reduction of fEMG and QMVC. The latter was partially
recovered following 10 min of rest. These data support the
theory that such exhaustion is not justified simply by percep-
tual factors during the exercise, but also by contractile fatigue.

Submaximal power sustained over time is always associated
with changes in the relationship between motor command and
power in single motor units. At a subjective level, the effort
required to sustain power increases systematically with power
and time. It is possible that the fall in QMVC following the
endurance run could also be related in part to a decrease in
activation, and that this change was larger in the patients with
COPD because leg symptoms were prominent in this group.
However, the current authors acknowledge that the relation-
ship between changes in EMG median frequency and
contractile fatigue is controversial. No definite answers can
be drawn from the present study. Measurement of voluntary
QMVC has some limitations due to the potential differences in
the degree of activation during the manoeuvre. Additional
research using twitch stimulation may give further insight into
potential contractile fatigue.

Several studies have shown a significant decrease in the size

of fibres, capillary density, proportion of fibres with oxidative
metabolism and aerobic enzyme activity within the vastus
lateralis muscle from patients with COPD [44–46]. Function-
ally, these structural changes could be related to both
weakness and susceptibility to fatigue of the quadriceps
muscle, during whole body or specific aerobic exercise [5, 47].
The current authors found that weakness and early onset of
fatigue was also present even in patients with similar thigh
perimeter to controls. However, thigh perimeter could not
have been sensitive enough to detect changes in the amount
of muscle, concomitant with reciprocal changes in fat
distribution [3, 39, 40].

A potential limitation is that QTlim data were analysed in
absolute values and some reference values are available for
quadriceps strength but not for endurance. In addition,
quadriceps biopsies were not taken due to the fact that this
investigation was not designed as a structural study. Some
alternative approaches could be the metabolic study of the
quadriceps muscle using catheterisation of femoral artery
and vein, infrared spectrometry to assess local metabolism,
and imaging techniques (i.e. nuclear magnetic resonance or
computerised tomography) to assess the mass of the quad-
riceps muscle. Anthropometry and serum protein analysis
were unable to detect significant differences in the nutritional
status of the COPD patients. In addition, the body weight,
BMI and thigh perimeter were found to be preserved in the
COPD group. These findings suggest that quadriceps strength
and endurance can be significantly impaired even in the
absence of notable weight loss.

Potential clinical implications

The present study shows that impaired muscle function is
present even in COPD patients showing normal weight,
lacking respiratory failure and lacking comorbidity. In
consonance with CLARK et al. [48] the present results suggest
that impaired quadriceps endurance should not be considered
solely a feature of advanced COPD, drugs, starvation or
comorbidity. It is known that the decline in power (or
strength) with the duration of activity vary with endurance
from subject to subject because the physiological factors
limiting power over time change substantially. The present
study shows that there are obvious differences in the COPD
group. In addition, the present data show that dysfunction of
the quadriceps muscle in patients with COPD can be under-
estimated by measures of strength only. In fact, quadriceps
endurance cannot be predicted based on strength measure-
ments. All subjects performed the specific quadriceps exercise
against the same proportion of maximal voluntary contrac-
tion. Comparisons of COPD and controls at a constant
percentage of their strength probably underscore the severity
of the impairment.

Exercise is an integrated activity that has to be analysed
from the point of view of system analysis. Although limiting
factors can be studied in a single sphere (e.g. peripheral
muscles), they must be interpreted in the light of the total
effects on the system in order to understand the phenomena
at a broader level. From a clinical point of view, these data
confirm that specific quadriceps endurance tests offer addi-
tional information, with potential clinical impact, and should
be considered complimentary to the quadriceps strength and
general exercise evaluations. The current authors believe that
this and some previous studies emphasise the potential clini-
cal relevance of assessing quadriceps endurance in COPD
patients using a relatively cheap, user-friendly technology that
is readily available in most physiopathology and rehabilita-
tion laboratories. Local (specific) limb exercise may contribute
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to obviate potential bias related to ventilatory and cardiac
limitation, which are intrinsic to whole-body exercise
protocols [16, 49].

Conclusions

This study illustrates that normal weight and clinically
stable chronic obstructive pulmonary disease patients show
a marked impairment in the endurance of the quadriceps
muscle. The study shows that this impairment, irrespective of
physical activity, is present even in patients with mild-to-
moderate airflow obstruction. Endurance of the muscle
cannot be predicted from the severity of the disease or the
reduction in quadriceps strength. The exhaustion during local
exercise is related to early onset of muscle fatigue. These
findings suggest that not only deconditioning, but also other
factors related to chronic obstructive pulmonary disease are
determinants of muscle endurance.
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