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ABSTRACT

Background and objective: Quadriceps muscle dys-
function is an important contributor to exercise limi-
tation in chronic obstructive pulmonary disease, but
little is known about skeletal muscle function and its
impact on exercise capacity in patients with fibrotic
idiopathic interstitial pneumonia (IIP). The aim of the
study was to compare quadriceps strength and endur-
ance in patients with fibrotic IIP and healthy controls,
and relate it to exercise capacity.
Methods: Quadriceps strength and endurance,as well
as respiratory muscle strength, and 6-min walk dis-
tance were compared among 25 patients with fibrotic
IIP,forced vital capacity mean (standard deviation) 78.7
(14.0) %predicted, carbon monoxide transfer factor
40.3 (10.9) %predicted and 33 age-matched healthy
controls using non-volitional measures. Quadriceps
strength was assessed using magnetic femoral nerve
stimulation (quadriceps twitch force), and endurance
using the decay in force in response to repetitive mag-
netic stimulation of the quadriceps over 5 min.
Results: Both groups had comparable anthropome-
trics, gender proportion and respiratory muscle
strength. Patients were significantly weaker than con-
trols; quadriceps twitch force 10.1 (3.0) kg versus 8.0
(2.4) kg (P = 0.013). Quadriceps force in response to
repetitive magnetic stimulation declined significantly
more rapidly in patients during the endurance proto-
col (P < 0.001). In controls, there was a significant rela-
tionship between 6-min walk distance and quadriceps
twitch force (r 0.40, P = 0.038), and quadriceps endur-
ance (r 0.59, P = 0.016). In patients, only PaO2 and
inspiratory muscle strength were retained as inde-
pendent correlates of 6-min walk distance (r2 = 0.3
P = 0.022).
Conclusions: Quadriceps strength and endurance are
reduced in patients with fibrotic IIP compared with
healthy controls, but are less tightly correlated with
exercise performance.

Key words: exercise, interstitial lung disease, magnetic stimu-
lation, muscle, pulmonary fibrosis.

Abbreviations: 6MWT, 6-min walking test; IIP, idiopathic
interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; SNiP,
maximum sniff nasal pressure.

INTRODUCTION

Peripheral muscle dysfunction is a common feature of
chronic cardiorespiratory diseases, including chronic
obstructive pulmonary disease and heart failure. It is
an important factor contributing to exercise limita-
tion in these conditions, can occur early in the course
of disease,1,2 and is associated with a worse quality of
life and increased mortality.3–7 However, few data exist
regarding skeletal muscle in patients with interstitial
lung disease.8–10

Fibrotic idiopathic interstitial pneumonia (IIP)
includes two categories of idiopathic pneumonia,
which are characterized by a predominance of pul-
monary fibrosis and share a similar clinical presenta-
tion and prognosis: idiopathic pulmonary fibrosis
(IPF) and fibrotic nonspecific interstitial pneumo-
nia.11,12 Patients with fibrotic IIP experience progres-
sive exertional dyspnoea and reduced exercise
capacity, both attributed to pulmonary function
deterioration.13–17 However, it has been demonstrated
that some patients with interstitial lung disease report
leg fatigue as the symptom limiting their exercise
capacity,18 and Nishiyama et al. found a correlation
between quadriceps strength and maximum oxygen
uptake in patients with IPF,10 suggesting that locomo-
tor muscle dysfunction may contribute to exercise
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SUMMARY AT A GLANCE

This study demonstrates that quadriceps strength
and endurance are significantly reduced in
patients with fibrotic idiopathic interstitial pneu-
monia compared with healthy controls.

bs_bs_banner

© 2013 The Authors
Respirology © 2013 Asian Pacific Society of Respirology

Respirology (2014) 19, 138–143
doi: 10.1111/resp.12181



limitation. Moreover, pulmonary rehabilitation, a
treatment modality that does not influence lung func-
tion, improves functional capacity in patients with
IPF,19–21 although the benefits in the limited studies
that have been done to date seem to be of shorter
duration than those observed in other populations.22

We hypothesized that there is significant quadriceps
dysfunction in patients with fibrotic IIP, which could
also be a contributing factor to exercise limitation.

Muscle function includes strength, the maximum
force that can be generated, and endurance, the
ability to sustain a given load. Volitional measures of
both of these may be influenced by coordination or
motivation, so the aim of the present study was to
determine whether quadriceps strength and endur-
ance are reduced in patients with fibrotic IIP using
both volitional and non-volitional techniques involv-
ing magnetic nerve stimulation.23 Some of the data
have been presented previously in abstract form.24

METHODS

Study population

This prospective, cohort study enrolled patients with a
clinical diagnosis of IPF or fibrotic nonspecific inter-
stitial pneumonia25,26 attending the interstitial lung
disease clinic at Royal Brompton Hospital between
December 2008 and July 2009. Diagnosis was based on
clinical features that included computed tomography
scan appearances, supported in some cases by histol-
ogy. Exclusions were significant comorbidity likely to
limit exercise capacity, a cardiac pacemaker (which
contraindicates magnetic stimulation) or an inability
to perform a 6-min walking test (6MWT). Healthy age-
matched controls were recruited from the local com-
munity by advertisement. The Royal Brompton,
Harefield and National Heart and Lung Institute
Research Ethics Committee approved the study. Par-
ticipants provided written informed consent.

Study protocol

Quadriceps maximum voluntary contraction force
was measured with subjects lying supine, their knee
flexed at 90° over the end of the bed.27,28 The force
generated was visible to subjects on screen, and they
received vigorous encouragement to achieve a
maximum effort. At least three attempts were made,
with further repetitions until there was no increase in
the force generated. Quadriceps maximum voluntary
contraction force was expressed as the percentage of
predicted value (corrected for fat-free mass, age,
height and gender).29

As a non-volitional measure of quadriceps strength,
unpotentiated twitch tension (quadriceps twitch
force) was obtained using supramaximal magnetic
stimulation of the femoral nerve.30 Stimuli were deliv-
ered after 20-min rest to avoid muscle potentiation.
The mean of the best five supramaximal stimulations
was selected.

Quadriceps endurance was measured using the
repetitive magnetic stimulation technique recently
described in detail by Swallow et al.23 A Magstim

Rapid2 device and a flexible mat coil wrapped over the
body of the quadriceps were used to stimulate intra-
muscular branches of the femoral nerve. Two-second
‘trains’ of stimuli were delivered at 30 Hz with a 3-s
gap between each one, giving a duty cycle of 0.4. After
adjusting the intensity of stimulation, so that the
initial train of stimuli would generate a quadriceps
contraction equal to 20% of quadriceps maximum
voluntary contraction force, 60 trains were delivered
over 5 min and the decay in force plotted as an index
of endurance.

Spirometry was performed in all subjects, and
carbon monoxide gas transfer, plethysmographic
lung volumes (CompactLab, Jaeger, Würzburg,
Germany) and blood gas tensions were also measured
in patients. Fat-free mass was measured using
bioelectrical impedance (Bodystat, QuadScan 4000,
Douglas, UK). Clinical history was recorded, includ-
ing duration of disease and medication, so that the
average daily dose prednisone over the preceding 6
months could be calculated.

To assess respiratory muscle strength, maximum
sniff nasal pressure (SNiP), inspiratory pressure and
expiratory pressures were also determined as previ-
ously described.28

A 6MWT was used to measure exercise capacity and
was performed as the final test of the session, after
30 min of rest according to the American Thoracic
Society/ European Respiratory Society guidelines.

Statistical analysis

Results are presented as mean (standard deviation) or
median (interquartile range). To compare differences
between groups, independent t tests were used
for continuous variables, the Mann–Whitney test
for non-normal data and Fisher’s exact test for cat-
egorical variables. To compare the endurance curve
measurements, we used the following model: Force =
100(–b*train), this response was transformed in Y =
log(Force/100) and estimated by mixed models
without constant. The interaction between train and
group was included in the model to compare groups.
Pearson’s correlation and stepwise linear regression
analyses were used to find an association between
dependent and independent variables. Because
quadriceps endurance could not be measured in all
patients, separate regression analyses were per-
formed in this subgroup where appropriate. A signifi-
cance level of 5% was used. Analysis used SPSS
software (SPSS Inc., 1989–2005, Chicago, IL, USA) and
STATA (College Station, TX, USA) release 10.1.

RESULTS

Study participants

Twenty-five patients with fibrotic IIP and 33 controls
were enrolled in the study. They were comparable in
age, gender, anthropometrics and body composition
(Table 1). The diagnosis was IPF in 15 cases (surgical
biopsy (n = 6; clinical/high-resolution computed
tomography (HRCT) diagnosis, n = 9), fibrotic non-
specific interstitial pneumonia in two cases (both
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biopsied) and in eight non-biopsied cases; the HRCT
appearances were intermediate between IPF and
fibrotic nonspecific interstitial pneumonia, with no
differential diagnosis thought to be plausible. The
average time since disease onset was 3.4 (2.0) years
and the average daily dose prednisone in the preced-
ing 6 months was 8.6 (8.5) mg/day. Two patients used
oxygen during the walking test. Thirteen had one or
more comorbidities, including hypertension (six
patients), hypercholesterolaemia (four patients) and
diabetes mellitus (three patients).

Muscle function

Quadriceps strength (quadriceps twitch force) was
significantly lower in patients 8.0 (2.4) kg versus 10.1
(3.0) kg (P = 0.013) (Fig. 1; Table 1). Respiratory
muscle strength did not differ significantly between
patients and controls.

Quadriceps endurance was assessed in 19 patients
and 16 control subjects. In the remaining partici-
pants, it was not possible to obtain an initial response
equal to 20% of the quadriceps maximum voluntary

contraction force required for the fatiguing protocol.
This was probably due to obesity and thigh shape,
which prevented adequate coil position around the
thigh. Decline in quadriceps force by train is shown in
Figure 2. The curves differed significantly (P < 0.001)
and had the following estimated expressions: force =
100(−0.0108 * train) in controls and force = 100(−0.0132 * train) in
patients. The time to decay to 70% of baseline force
(T70) was significantly shorter in the patient group
(115 (102.5–135) vs 90 (75–112.5) s, P = 0.038). In
control subjects, T70 fell with age (r2 0.26 P = 0.04),
increasing percentage body fat (r2 0.27 P = 0.04) and
was significantly correlated with SNiP (r2 0.26
P = 0.04). In patients, T70 was not associated with any
demographic or anthropometric factor, lung func-
tion, arterial blood gases, average daily dose of pred-
nisone, or disease duration.

Factors influencing exercise capacity

For the 6MWT, patients had lower resting oxygen
saturations, a greater degree of desaturation during
exercise, and reported a greater increase in leg dis-
comfort and breathlessness than controls, as
expected. The distance walked was, on average, 128 m
less in patients (Table 2). In the control group, there
was a significant association between 6-min walk dis-
tance and age, pack years smoked, body mass index,
percentage body fat, SNiP, and quadriceps strength
and endurance (Table 3). By stepwise regression
analysis, including parameters with a P < 0.2 in
univariate analysis, only quadriceps strength was
retained in the whole control group as a significant
correlate of exercise capacity (r2 0.3 P = 0.001), and
only quadriceps endurance (T70) was retained in the
15 controls where this had been measured (r2 0.35
P = 0.016). In patients, the 6-min walk distance was
associated with SNiP, PaO2 and quadriceps strength
but not with quadriceps endurance or with other pul-
monary function parameters, including gas transfer
in univariate analysis (Table S1). By stepwise analysis,
only PaO2 and SNiP were retained; 6-min walk dis-
tance = 86.3 + 1.01(SNiP cmH2O) + 32.2(PaO2 kPa)
(r2 = 0.3).

Table 1 Characteristics of control subjects and patients

Control
subjects
(n = 33)

Patients
(n = 25) P-value

Age, year 64.9 (9.4) 64.4 (7.7) 0.84
Sex, M/F 24/9 23/2 0.09
Smoking history 0.035*

Current 8 2
Ex-smoker 10 16
Never smoker 15 7

Pack-years smoked 10.5 (16.8) 26.4 (25.9) 0.006*
BMI, kg/m2 26.8 (4.2) 28.6 (4.7) 0.21
FFM, kg 56.3 (11.5) 59.5 (10.3) 0.26
% Fat 29.0 (7.0) 30.5 (5.4) 0.37
FEV1, % predicted 101.5 (14.0) 79.9 (13.9) <0.001*
FVC, % predicted 106.6 (16.2) 78.7 (14.0) <0.001*
FEV1/FVC % 75.9 (5.0) 78.0 (5.6) 0.13
TLC, % predicted — 68.7 ± 10.2 —
RV/TLC, % predicted — 32.3 ± 3.7 —
DLco, % predicted — 40.3 ± 10.9 —
PaO2, kPa — 9.9 ± 1.1 —
PaCO2 kPa — 5.1 ± 0.39 —
SNiP, cm H2O 97.9 (27.8) 96.3 (32.3) 0.50
PImax, cm H2O 90.0 (30.8) 97.1 (35.1) 0.67
PEmax, cm H2O 95.6 (31.2) 108.8 (35.6) 0.58
QMVC, %pred 65.0 (16.3) 60.5 (16.5) 0.29
TwQ, Kg 10.1 (3.0) 8.0 (2.4) 0.013*

*P < 0.05 values are mean (standard deviation).
% Fat, percentage body fat; BMI, body mass index; DLco,

carbon monoxide transfer factor; FEV1, forced expiratory volume
in 1 s; FFM, fat-free mass; FVC, forced vital capacity; PaO2, partial
pressure of oxygen breathing air; PEmax maximum expiratory
pressure; PImax, maximum inspiratory pressure; QMVC,
quadriceps maximum voluntary contraction; RV, residual
volume; SNiP, maximum sniff nasal pressure; TLC, total lung
capacity; TwQ, quadriceps twitch force in response to magnetic
femoral nerve stimulation.

Figure 1 Twitch quadriceps force in patients and controls. Box
represents 25th and 75th centiles, and whiskers 90th and 10th
centiles.
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DISCUSSION

The main finding of this study was that quadriceps
strength and endurance were reduced in patients
with fibrotic IIP when compared with controls. This
finding was particularly robust because of the use of
non-volitional measures to assess both these param-
eters. In control subjects, there was an association
between quadriceps function and 6-min walk dis-
tance, whereas in patients, 6-min walk distance
was independently associated with hypoxia and
inspiratory muscle strength but not with quadriceps
parameters.

Our study adds to the limited data addressing
skeletal muscle weakness in patients with interstitial
lung disease.8–10 Nishiyama et al. used voluntary
quadriceps force in 41 patients with IPF, and found it
to be reduced and associated with performance on
cycle ergometry.10 A key aim of this study was to deter-
mine if quadriceps fatigability was a complication in
fibrotic IIP. It is interesting to note that the reduction
in skeletal muscle endurance in patients was not
related to hypoxia, disease duration or use of pred-
nisone. Corticosteroid excess is associated with

muscle weakness and although corticosteroid treat-
ment has been proposed as a significant cause of skel-
etal muscle weakness in chronic obstructive
pulmonary disease, although this has not been con-
firmed,28,31 and the present data do not suggest that
corticosteroid doses used in these patients have a sig-
nificant effect either. Spruit et al. reported an associa-
tion between corticosteroid exposure and quadriceps
peak torque in patients with sarcoidosis.8

Although this relationship is plausible, caution is
needed since steroid exposure will also be a marker of
disease severity, and intramuscular granulomas are
commonly seen in sarcoid patients.32

The main factor driving skeletal muscle dysfunc-
tion, since disease severity markers do not appear rel-
evant, may therefore be reduced physical activity
rather than systemic factors. However, as no direct
measurements of physical activity were made,
this can only be raised as a hypothesis. Of note,
quadriceps weakness is also a feature of severe scolio-
sis, a restrictive extrapulmonary disease in which lung

Figure 2 Force declined significantly
more rapidly during the repetitive mag-
netic stimulation protocol in patients
n = 19 (solid diamonds) than controls
n = 16 (hollow circles) (P < 0.001). Error
bars represent standard error of the mean.

Table 2 Six-minute walk parameters in control subjects
and patients

Control
subjects Patients P-value

Resting SaO2% 97.2 (1.1) 95.0 (1.9) <0.001
Δ SaO2% −0.6 (1.4) −9.8 (6.6) <0.001
Δ Breathlessness,

Borg score
1.7 (1.3) 2.9 (1.5) 0.006†

Δ Leg fatigue,
Borg score

1.5 (1.3) 2.7 (2.2) 0.041†

Distance, m 617.2 (74.6) 489.4 (88.8) <0.001

Values, except breathlessness and leg fatigue scores, are
mean ± standard deviation.

†Mann–Whitney test.

Table 3 Relationship between 6-min walking distance
and other variables in control subjects

R P

Age, year −0.35 0.049*
Pack-years index −0.37 0.035*
BMI, kg/m2 −0.37 0.035*
FFM, kg −0.05 0.779
% Fat −0.39 0.026*
SNiP, cm H2O 0.44 0.028*
QMVC, %predicted 0.55 0.001*
TwQ, Kg 0.40 0.038*
T70, s (n = 16) 0.59 0.016*

*P < 0.05.
% Fat, percentage body fat; BMI, body mass index; FFM, fat-

free mass; QMVC, quadriceps maximum voluntary contraction;
SNiP, maximum sniff nasal pressure; T70, time for the force to fall
to 70% of baseline force at the repetitive magnetic stimulation
protocol; TwQ, quadriceps twitch force.
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inflammation is not present and corticosteroid or
other systemic treatments are not administered,
where it is associated with oxidative stress and fibre
type changes similar to those observed in chronic
obstructive pulmonary disease.33

Respiratory muscle function was preserved in the
patient group in this study, as has been previously
described in both interstitial lung disease34 and in
chronic obstructive pulmonary disease when a cor-
rection is made for lung volume.35 This could support
the concept that quadriceps muscle dysfunction is a
common complication of a range of chronic condi-
tions, related largely to the local29 pattern of use or
disuse.

A strength of this study is that quadriceps function
was measured using non-volitional techniques. By
measuring both volitional and non-volitional
quadriceps muscle strength, together with studying
the fatigability of the quadriceps muscle using an
endurance protocol, we were able to obtain a more
complete picture of quadriceps function than in pre-
viously published studies where only non-volitional
measures were taken.8,10

We used the 6MWT instead of a formal cardiopul-
monary exercise test to determine exercise capacity.
The 6MWT is a well-validated tool of exercise capacity
in patients with pulmonary fibrosis.11,36,37 Only a single
6MWT was performed, but the patients in this study
had experience with the 6MWT because it is part of
the routine clinical evaluation for interstitial lung
disease patients in our institution, so any possible
learning effect is likely to have been minimal. Of note,
the value of the SaO2 at the end of the walking test
in our patient group was 85%, which is similar to
that achieved with exercise testing in previous
studies conducted in patients with interstitial lung
disease.10,14

A further potential issue is that the pulmonary
disease might have been associated with a connective
tissue disease that could have impacted directly on
muscle function. We think that this is unlikely, as
patients were recruited having already undergone a
clinical evaluation, including history and examina-
tion and serological tests to exclude these conditions.

In conclusion, the present study demonstrates that
quadriceps endurance and strength are compromised
in fibrotic IIP, and this impairment may present a
therapeutic target, although possibly one of less
importance than in other respiratory conditions such
as chronic obstructive pulmonary disease. Further
studies, including the analysis of muscle biopsy
parameters, are required to identify the contributing
factors and mechanisms.
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