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The Effect of Lower Limb Passive

Movement on Lung Function

ABSTRACT: This study examined the effects ofankle passive movement
on lungfunction in healthy adults. A pre-test post-test experimental design
was used. Passive plantar and dorsiflexion ofthe ankle were performed at
60 repetitions per minute on 60 healthy subjects in the supine position.
Lung function at rest was compared to that during passive movements.
The results indicated that all measured parameters including the breathing
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frequency, tidal volume,

minute ventilation,
carbon dioxide output, increased significantly during passive movements as compared to those at rest.

oxygen consumption and

The authors

conclude thatpassive movements elicit a significant ventilatory increase in healthy human subjects. The effect ofpassive
movements in the treatment of unconscious or diseased individuals should be investigated.
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INTRODUCTION

Passive movements are commonly used
by physiotherapists to improve or main-
tain the circulation in paralysed con-
scious or unconscious patients (Kisner
and Colby, 1990a). The range of motion
of the joints and length of soft structures
are also maintained or increased through
the use of this technique. Anecdotal
information relating to the effects of
passive movements as described above
is readily available and well known.
However the effects of passive move-
ments in enhancing lung function in
either conscious or unconscious patients
is not known.

The effects of active exercise on lung
function have been well documented
(Comroeetal, 1943; Dejours et al, 1959;
Ishida et al, 1993 and Jensen, 1972).
Jensen (1972) showed that within 20
seconds of voluntary exercise, the tran-
sient ventilatory responses during arm
work were greater than those during
legwork. Other researchers (Davies and
Sargeant, 1974; Sawka, 1986 and Celli
et al, 1988) reported that the accessory
inspiratory muscles became activated
when the upper torso and arm were posi-
tioned during the unsupported arm exer-
cise and caused a change in ventilation.

Gozal (1996) demonstrated that lower
limb motion induced by passive back-
ward pedaling elicited a significant and
sustained ventilatory increase in healthy

children. Furthermore upper body motion
associated with rhythmic swaying of
the lower extremities has been implicated
in the ventilatory response to exercise.
Ishida et al (1993) also reported an
increase in the minute ventilation of
humans at the onset of passive leg
movements during sleep. Hajek and
Mader (1990) found that oxygen con-
sumption was increased during active
movements, yet it was reduced during
passive movements.

The effects of physiotherapeutic
passive movements on lung function
have not been systematically investigated.
The purpose of the present study was
to determine the effects of passive
movements on selected lung function
variables.

METHODS

This study was approved by the Ethics
Committee of the University of Durban-
Westville. Sixty healthy non-smoking
male and female volunteers from the
University campus participated by
voluntary informed consent. Subjects
had no history of cardiopulmonary or
neuromuscular disease, and sensation
over the joints (proprioception and
cutaneous) where passive movements
were applied was intact. Each subject
was told about the experimental proce-
dure in detail but was not acquainted
with the purpose of the experiment.

PASSIVE MOVEMENT, MINUTE VENTILATION, CUTANEOUS STIMULATION, BREATHING

Measurements

Tidal volume (Vt), breathing frequency
(Fb), minute ventilation (Ve), oxygen
consumption (VO2) and carbon dioxide
(VCO2) output were measured using the
MetaMax mask and volume transducer
Triple-V® (Cortex MetaMax, Portable
Test System; Biophysik GmgH - Model
SBS). A Nation® tube was used to
guarantee a constant humidity during
measurements. The pneumotachometer
was calibrated using a 3-litre calibration
syringe. All data was stored on the
Cortex MetaMax logger and analyzed
on computer.

Procedure

Each subject was allowed to rest in
supine for 2 minutes before the actual
main experiment was performed. The
Cortex Metamax mask was applied. The
pulmonary variables were monitored
for 2 minutes at rest and for 2 minutes
with the researcher’s hands placed on
the right foot (cutaneous stimulation).
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Passive plantar and dorsiflexion of the
right ankle joint (Kisner and Colby,
1990b) were performed in supine lying
subjects for 2 minutes at 60 rpm.
Subjects were instructed to relax and not
to resist the motion or actively partici-
pate in it. Care was taken to support
the body as much as possible to avoid
voluntary contractions and motion arti-
facts. In addition traction or compression
was not applied either on the tendo-
Achilles or the ankle joint. All move-
ments commenced with dorsiflexion. In
order to minimize error passive move-
ments were applied to all subjects by the
same investigator.

The Cortex Metamax automatically
saved data in the logger for every 10
seconds.

Data Analysis

The data was transferred from the
Metamax logger onto a computer. The
analogue data of each variable for each
subject were then reduced to a quanti-
tative form using the Cortex Metamax
software. Mean and standard deviation
of the quantified data were calculated.
Statistical comparisons were applied
using the paired t-test. The probability
was set at 0.05.

RESULTS

Sixty healthy subjects, 19 male and 41
female subjects, aged 18 to 30 years;
height 152-179 cm; body mass, 45-80 kg,
participated in this study. The data from
all subjects were considered usable. None
of the measured parameters showed any
significant difference across gender.

Figure 1shows a significant increase
(28,7%) in breathing frequency from
rest to when the passive movements
were applied. Response to the cutaneous
stimulation was also significantly differ-
ent from those at rest (14,5%). There
was no significant difference between
the responses to the cutaneous stimula-
tion and when the passive movements
were applied.

As shown in Figures 2 and 3, both
tidal volume (Vt) and minute ventilation
(Ve) showed significant increases during
the cutaneous stimulation (15,0% and
17,2% respectively) and during passive
movement (20,5% and 34,7% respec-
tively) as compared to rest. Responses

FIGURE 1. Mean and standard deviation of breathing frequency at rest, during
cutaneous stimulation and passive movements (n=60), * indicates significant difference

(p< 0.05) compared to rest.

FIGURE 2. Mean and standard deviation of tidal volume at rest, during cutaneous
stimulation and passive movements (n=60), * indicates significant difference (p< 0.05)
compared to rest. # Indicates significant difference (p< 0.05) compared to cutaneous

stimulation.

to the cutaneous stimulation were also
significantly different compared to that
during passive movement.

Both O2 consumption and CO2 out-
put were significantly increased by both
passive movements (10,5% and 29,3%
respectively) and the cutaneous stimu-
lation (9,3% and 18,5% respectively) as
compared to rest (Figures 4 and 5). There
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stimulation

Cutaneous Passive

movements

was a significant difference in CO2
output but not in O2 consumption during
passive movement as compared to the
cutaneous stimulation.

DISCUSSION:

In the present study the authors attempted
to compare the changes in lung function
at rest to those during the cutaneous



FIGURE 3. Mean and standard deviation of Minute Ventilation at rest, during cutaneous
stimulation and passive movements (n=60), * indicates significant difference (p< 0.05)
compared to rest. # Indicates significant difference (p< 0.05) compared to cutaneous

stimulation.

FIGURE 4. Mean and standard deviation of Oxygen Consumption at rest, during
cutaneous stimulation and passive movements (n=60), * indicates significant difference

(p< 0.05) compared to rest.

stimulation and passive movement of
the ankle. Breathing frequency (Fb),
tidal volume (Vt), minute ventilation
(Ve), oxygen consumption and CO2
outputs increased significantly during
passive movements as well as the cuta-
neous stimulation compared to the rest
phase, with no significant difference in
the above pulmonary variables among

different genders. Although both cuta-
neous stimulation and passive move-
ments increased all measured pulmonary
variables, there were significant differ-
ences (increases) in Vt, Ve and CO2
outputs during the passive movements
compared to cutaneous stimulation.

The findings of this study are in
accordance with those of previous inves-

tigations (Waisbren el al, 1990; Ishida
et al, 1993)). Waisbren et al, (1990)
suggested that a rapid increase in venti-
lation at the onset of passive movement
is a true hyperventilation and that stimu-
lation of the joints can be a significant
contributor. Ishida et al (1993) also found
an increase in ventilation at the onset of
passive movement during sleep and the
activity of the cerebral cortex decreased
more during wakefulness. These results
suggested the existence of neural inhibi-
tion from the higher centers to the respi-
ratory center during wakefulness. It is
possible that the respiratory center is
stimulated by afferent inputs from mov-
ing limbs and simultaneously modified
by inhibitory and/or facilitatory signals
from higher centers so that ventilation
might increase at the start of locomotion/
passive movements. Afferent drive
from moving limbs could also produce
increases in ventilation without any
change in cardiac output.

Increased ventilation accompanies
motion in animals (Comroe et al, 1943)
and humans (Dejours el al, 1959;
Jaeger-Denavit el al, 1973). These
observations led to a theory that the
early reflex hyperpnea of exercise,
which originates in the contracting
muscle and/or surrounding supportive
tissues, is either totally or predominantly
mediated by a neural mechanism that
affects the respiratory control centers via
spinal afferent pathways (Comroe el al,
1959; Flandrois et al, 1967; Harrison et al,
1932). If passive movements facilitate
afferent inputs to the respiratory control
centers as suggested by previous
investigators it is likely that the ventila-
tory responses observed during passive
movements of even a single joint in this
study closely approaches the reflex
hyperpnea that occurs during the onset
of active exercise.

Passive movements of the lower
limbs preferentially involve mechano-
receptor feedback mechanisms with-
out activation of feed-forward centers
(Eldridge et al, 1991; Waldrop et al,
1989; Gozal et al, 1996). These observa-
tions suggest that peripheral afferent
pathways activated by passive motion
alone, that is, with no feed-forward input
and minimal metabolic increases, would
be associated with significant ventilatory
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FIGURE 5. Mean and standard deviation of Carbon-di-oxide output at rest, during
cutaneous stimulation and passive movements (n=60), * indicates significant difference
(p< 0.05) compared to rest. # Indicates significant difference (p< 0.05) compared to

cutaneous stimulation.

responses by eliciting the activation of
mechanoreceptors in the lower limbs.

Brice et al (1988) elucidated the
essential role of peripheral neural feed-
back mechanisms in motion-induced
ventilatory increases. Passive movements
of lower extremities in humans with
clinically complete spinal lesions did
not elicit increases in minute ventilation.
In the present study all subjects had
intact cutaneous and proprioceptive
sensations. The finding of a significant
increase in all ventilatory parameters
from rest to cutaneous stimulations
confirms the significance of peripheral
neural feedback from cutaneous and
static joint receptors. The significant
increases in just Vt, Veand VCO2 during
passive movements compared to cuta-
neous stimulation could be attributed to
additional input from dynamic joint
proprioceptors during the movement.
The observed responses in conscious
subjects may be due to activation of
mechanoreceptors (feedback) and to
centra] command (feed-forward).

This study focussed on the effects
of relaxed passive movements of the
ankle only on healthy young, conscious
subjects. Therefore the results cannot be
extrapolated to patients. However the
results can serve as a comparison for
future studies on a wide range of normal
and patient populations for example

geriatrics, postoperative patients, uncon-
scious patients, hemiplegic patients and
patients with chronic chest diseases.

In summary passive movements of
the ankle in healthy subjects elicit a
significant increase in Fb, Vt, Ve, 02
consumption as well as CO2 output. The
passive-movement effects were observed
at a passive movement frequency of
60rpm in awake humans. These findings
could have value during the use of
passive movements to elicit a significant
ventilatory increase in conscious sub-
jects. The effects of therapeutic passive
movements of other joints and com-
bination of joints in normal and
diseased or injured persons needs fur-
ther investigation.
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