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Summary
Postural medicine studies the effects of gravity on human body functions and the ability to influence various diseases by changing the body’s position. Orthostasis requires numerous cardiovascular and neurohumoral adaptations to prevent
hypotension and a resulting decrease in cerebral
perfusion. Sitting upright or in a semi-sitting position reduces venous return in patients with heart
failure, intracranial pressure in patients with intracranial hypertension, intraocular pressure in
glaucoma patients and may decrease gastro-oesophageal reflux. A left recumbent posture also decreases reflux. A right lateral position results in a
lower sympathetic tone than lying on the left side
and is beneficial in patients with heart failure or
after an infarction without bradycardia. A 40 to
70% decreased prevalence of the sudden infant

death syndrome has been observed since the recommendation to avoid laying infants to sleep in a
prone position. Sleeping in a supine posture increases the severity of sleep apnoea compared to a
lateral position. In patients with acute respiratory
distress syndrome, a prone position can rapidly improve blood oxygenation. Idiopathic oedema, orthostatic proteinuria, intradiscal pressure and venous circulation in legs are improved in the decubitus position, whereas arterial flow is reduced.
Health risks due to microgravity and prolonged
bed rest, such as osteoporosis, venous thrombosis
or pressure sores, are discussed.
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Introduction
Gravity imposes numerous cardiovascular
(CV) and neurohumoral adjustments on the
human body in the standing position. Physiological adaptations mainly due to the effect of gravity
occur during changes of position and can influence
the symptoms of various diseases involving not
only the circulatory system but also other systems
(respiratory, digestive, osteoarticular etc). In this
paper the effects of different postural changes on
these systems and their clinical relevance are reviewed. Spectacular examples of these are the decrease in cot deaths since avoidance of the prone
position in sleeping babies was introduced and the

rapid improvement in blood oxygenation when patients with acute respiratory failure are placed in a
prone position. These improvements cannot be
explained by the effects of gravitational forces on
the respiratory system alone. In this review however we assume that gravity is the main force involved in postural changes.
We selected references by searching articles
published in the past 20 years in PubMed under
each subheading of the review using the key words
body position or body posture. Articles with practical medical implications have been selected.

Effect of gravity on the cardiovascular system
This work did
not receive any
funding.

The pressures in this system are measured with
reference to the atmospheric pressure and the reference point is right atrial pressure, which at rest

is remarkably stable and close to 0 mm Hg. Taking a resting recumbent young 180 cm tall, adult
male as the normal standard, the mean arterial
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pressure at the level of the heart is close to 100 mm
Hg. The gradient in the arteries due to friction
(gradient = flow  resistance) is of the order of 5
mm Hg. Thus the mean arterial pressure at the
level of either the foot or the head is expected to
be 95 mm Hg. On the venous side, the gradient in
veins is in the order of 3 mm Hg, thus the venous
pressure at the level of either the feet or the head
will be close to 3 mm Hg. In the erect posture, these
pressures are very different. Hydrostatic pressure
occurs in the vascular system because of the weight
of the blood in the vessels. The effect of gravity, i.e.
the positional hydrostatic factor, is equal to p  g
 g dynes/cm2 where p is the blood density (1.05
g/cm3), g is the acceleration due to gravity (980
cm/sec2) and h is the distance (height) from the reference point in cm. This is negative for levels above
the reference point. To convert dynes/cm2 into mm
Hg the result must be divided by 1360.
The hydrostatic factor is calculated as (1.05 
980) / 1360  h = 0.76  h. The pressure is thus
decreased in any vessel located above the level of
the heart and increased in any vessel under the
heart. In the erect position the arterial pressure at
the level of the heart is close to 100 mm Hg. The
pressure in cranial arteries 60 cm above the heart
is 49 mm Hg (95–0.76  60) and the pressure at
foot level, 120 cm under the heart, is 186 mm Hg
(95 + 0.76  120). On the venous side, the right
atrial pressure does not vary more than 1 mm Hg
following postural change. The one point where
the hydrostatic pressure is not affected by changes
in body position is at the level of the tricuspid valve.
Heart pumping capacity adapts to filling pressure
(the Starling effect) and prevents any hydrostatic
change at this level. In an adult standing absolutely
still a pressure as high as 94 mm Hg (3 + 0.76 
120) can be measured in the foot veins. In the neck
the veins collapse under negative pressure. However if the right atrial pressure increases by as much
as 10 mm Hg, the veins in the lower neck begin to
protrude and at 15 mm Hg all the veins in the neck
become distended, this being a sign of heart failure. Immediately after standing there is a distension of the venous system (due to its greater compliance) under the heart, which corresponds to a
rapid accumulation of 300 to 800 ml of blood in
the legs and a lower venous return. The cardiac
output as well as the arterial pressure (pressure =
flow  resistance) fall. The latter is detected by the
arterial baroreceptors. Their activation results in
stimulation of the sympathetic system and heart
rate and contractility increase helping to maintain
the cardiac output. In the longer run there is a
stimulation of the renin-angiotensin -aldosterone
system as well as norepinephrine (NE) secretion.
The arterioles constrict helping to maintain blood
pressure (BP). In the cerebral circulation because
of an efficient autoregulatory system, blood flow is
stable for variations of arterial pressure between 60
to 140 mm Hg. When cerebral flow decreases
below 60% of the flow measured in a decubitus position, signs of cerebral ischaemia appear [1].
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Heart failure, orthopnoea and trepopnoea
Orthopnoea is defined as dyspnoea that develops in the recumbent position and is relieved by elevation of the upper body. In decubitus there is reduced pooling of fluid in the lower extremities and
abdomen. Blood is displaced from the extrathoracic to the intrathoracic compartment. A failing
left ventricle is unable to pump the extra volume
of blood delivered by the right ventricle without
dilating and there is an increase in venous and capillary pressure causing interstitial pulmonary
oedema, reduced pulmonary compliance, increased airway resistance and dyspnoea. Orthopnoea can be relieved immediately by sitting upright on the edge of the bed with the legs dependent. In contrast, attacks of paroxysmal nocturnal
dyspnoea may require half an hour or longer in this
position to provide relief. Paroxysmal nocturnal
dyspnoea is due to bronchospasm, which may be
caused by congestion of the bronchial mucosa and
by interstitial oedema compressing the small
bronchi, resulting in increased ventilatory difficulty [2]. The mechanisms of this bronchospasm
are still poorly understood. Expiratory flow limitation aggravated by the supine position has been
observed in patients with acute left heart failure
[3]. In patients with chronic left ventricular failure,
a large rise in airflow resistance after lying supine
for five minutes has been measured using forced
oscillation. This cannot be attributed to a reduction in lung volume when supine and there is no
evidence of vagally induced bronchoconstriction.
This rise of resistance is reversible within five minutes of resuming the sitting position [4].
Trepopnoea is a rare form of orthopnoea limited to one lateral decubitus position. It has been
attributed to distortion of the great vessels in certain positions [2]. A milder form occurs in chronic
left heart failure (CHF). Patients feel more dyspnoeic when they sleep in the left lateral position
and they spend significantly less time in this position [5–8]. In a study of 12 patients with CHF,
spectral analysis of heart rate variability was
analysed and NE concentrations were measured.
The right lateral decubitus position was preferred
for significantly longer periods than the left lateral
and supine positions. Sympathetic modulation was
most attenuated in the right lateral position and
NE levels were lower than in the decubitus position, whereas the serum level of atrial natriuretic
peptide (ANP) was higher [7]. Other studies using
spectral analysis of heart rate variability have confirmed that the sympathetic tone is lower (and the
vagotonic tone higher) in the right lateral position
[9]. The reasons for this are unknown. Kuo et al.
[9] speculate that, as the heart is left sided, it is located in a higher position in the right lateral decubitus position and thus the pumping of blood to
the body is easier. As the right atrium is situated in
a lower position in the right decubitus position,
this position facilitates greater venous return via
the vena cavae and higher filling pressure resulting
in a greater cardiac output and higher serum lev-
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els of ANP. Indeed an increase in preload and cardiac index and a decrease in systemic resistance in
the right position have been observed by others
during laparoscopic surgery [10]. A higher PaO2
has been measured in the right lateral position
compared to the decubitus position in postoperative coronary artery bypass graft patients [11]. Patients with mild CHF prefer the right position
which increases the venous return, whereas patients with severe CHF prefer a sitting position to
reduce venous return [7]. Kuo et al. [9] have proposed the use of the right lateral decubitus position as an effective physiological vagal enhancer in
patients with severe coronary heart disease or after
infarction without bradycardia.
Influence of arm position on measurement of
blood pressure (BP)
In both normotensive and hypertensive patients, measurements made with the arm pendent
(vertical) are consistently higher than those made
with the arm supported horizontally at heart level.
In a population of 90 hypertensive patients the average BP was 156/95 mm Hg supine, 145/90 when
seated with the arm horizontal and 156/102 when
seated with the arm pendent. The mean difference
in sitting BP averaged 11/12 mm Hg [12]. The differences can be predicted from the formula for calculating hydrostatic pressure. As 1 mm mercury
pressure equals 1.36 cm H2O, a distance of 13.6 cm
below the heart results in an increase of 10 mm of
Hg [13]. This is of practical importance during 24
hour ambulatory measurement of BP. During the
night BP readings obtained while subjects are lying
with the cuffed arm up are about 10 mm Hg lower
than those obtained when they are in the supine
position or with the cuffed arm down [14]. It is also
relevant when measuring BP at the wrist. If the
wrist is located under the level of the heart it will
overestimate BP. The position of the wrist during
the measurment is one of the factors that could explain the low agreement of wrist BP to the classical humeral measurement in some studies [15].
Orthostatic hypotension, oedema and
proteinuria
In normal supine young subjects active standing up induces a drop in systolic and diastolic pressures and an increased heart rate during the first
10 seconds followed by a rise of BP after 20 seconds. After standing for one to two minutes the
systolic pressure is similar to supine and the diastolic pressure rises by about 10 mm Hg [16]. Orthostatic hypotension is defined as a decline of 20
mm Hg or more in systolic BP and of 10 mm Hg
or more in diastolic BP on assumption of an upright posture [17]. It has been observed in 4% of
subjects aged 56–65 years, in 25% aged 66–75
years and 36% aged 75–85 years. Tachycardia induced by orthostatis becomes increasingly less
common beyond 55 years of age. It could reflect
decreasing sensitivity of the baroreceptors with advancing age [18]. Elastic stockings may be helpful
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in the treatment of orthostatis, if they cover the
thigh as well as the calf. The head of the patient’s
bed should be elevated 5 to 20 degrees to prevent
nocturnal diuresis and supine hypertension that
result from nocturnal shifts of interstitial fluid
from the legs into the systemic circulation [17].
In patients with orthostatic oedema, which is
the most common form of idiopathic oedema, fluid
retention may induce weight gain during the day (as
much as 1 to 5 kg) whereas normal subjects gain an
average of 0.46 + 0.04 kg from morning to evening.
Orthostasis induces fluid retention and impaired
sodium excretion due to a decrease in ANP and
stimulation of the renin-angiotensin-aldosterone
system. The latter could be activated by excessive
orthostatic transudation through abnormal capillaries into the lower parts of the body. Patients are
advised to reduce the number of hours spent in the
upright posture and to lie down at least for the time
between their evening meal and bedtime. Elastic
stockings or leotards are effective in preventing excessive gravitational pooling of blood in the lower
limbs and thus reducing oedema formation [19].
Protein excretion is invariably greater, regardless of the condition, in the upright than in the recumbent position. However people with orthostatic proteinuria (usually less than 2 g/24 h) have
complete normalisation of their protein excretion
in the recumbent position.
The mechanisms of orthostatic proteinuria are
unknown but altered renal haemodynamics leading to increased glomerular filtration are believed
to play a role [20].
Arterial insufficiency
It is well known that in severe peripheral arterial disease rest pain may be present overnight in
the decubitus position due to ischaemia and this
improves when the legs are placed in a dependent
position. In a study of patients with arterial insufficiency, measurement of forefoot subcutaneous
blood flow in the decubitus position showed a
larger decrease in patients with ischaemic nocturnal rest pain than in patients without pain (32%
versus 16%). As the simultaneous measurement of
mean arterial pressure showed a similar decrease
(19%) in both groups, the authors concluded that
nocturnal hypotension was the major aetiological
factor in the ischaemic nocturnal rest pain [21].
Blood pressure decreases during the night during
the non REM sleep due to reduced activity of the
sympathetic nervous system, a 10% decrease of BP
is usually observed. In contrast, in REM sleep, BP
returns to levels similar to those during wakefulness [22]. In a study of patients with arterial insufficiency, placing the leg in the dependent position
increased the transcutaneous oxygen tension from
14 to 33 mm Hg at room air and from 21 to 53 mm
Hg with 02 inhalation (10 l/min). It has been suggested that placing the limb in the dependent position may augment TcP02 to levels where symptoms may resolve [23].
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Venous insufficiency
In a standing position the venous system is distended. Chronic venous insufficiency has been diagnosed in 29% of 387 male workers with a profession requiring upright posture [24]. The risk of
thromboembolic event is increased among patients with extended bed rest [25] and even after
prolonged sitting as illustrated by the «economyclass syndrome» [26]. The risk of pulmonary embolism is much higher among passengers travelling more than 5000 km [27]. Symptomless deep
venous thrombosis may occur in up to 10% of
long-haul airline travellers. The risk of thrombosis can be reduced by wearing elastic compression
stockings during long flights [28]. Compression
therapy of the legs, at a pressure of 30 to 40 mm
Hg, reduces the effect of gravity on venous congestion by accelerating linear flow in the deep
veins of the legs [29]. Although it is less convenient, leg elevation has also been proposed prophylactically to decrease the risk of thrombosis and to
treat patients with chronic venous insufficiency
[30, 31]. In such patients the change from an upright to a supine position can elicit an instantaneous increment in the blood flow rate of 30–40%
with a decrease in the central and postural sympathetic vasoconstrictor activity [32]. On the other
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hand, on changing from the horizontal to the sitting position there is a reduction in arterial flow to
the skin of the foot due to reflex reduction in blood
flow caused by an increase in peripheral resistance.
This could explain the improvement of skin oxygenation in the supine position compared to the
standing [33].
Cutaneous circulation and pressure sores
The incidence of pressure sores in bedridden
patients in hospital is reported to be as high as
6–20% [34]. Among the extrinsic factors, excessive
compression of the soft tissues between a bony
prominence and the surface of the bed (interface
pressure) is well recognized. If this external pressure exceeds the capillary pressure in the arterioles
by more than 32 mm Hg, the perfusion pressure is
interrupted, resulting in ischaemia. If an external
pressure higher than 70 mm Hg is maintained for
more than 2 hours, it may induce irreversible cutaneous damage [35]. If this pressure is relieved for
5 minutes every 2 hours the risk of lesions is decreased. This risk can be reduced by regular
changes of body position and by local massages to
activate the circulation. It can also be decreased
using pressure decreasing mattresses [34].

Respiratory system
Hydrostatic pressure is due to the weight of
the blood in all the vessels including the pulmonary
arteries. In the upright adult the lowest point in the
lungs is about 30 cm below the highest point. This
represents a 23 mm Hg pressure difference. Since
blood is denser than the gas-containing lung, the
effects of gravity are much greater on the distribution of blood flow than on the distribution of tissue forces in the lung. From apex to base the effective perfusion pressure of the pulmonary circulation increases by about 1 cm H2 O/cm vertical distance, whereas pleural pressure increases by only
0.25 cm. In the standing position there is little flow
in the top of the lung but about five times this flow
in the lower lung where venous pressure exceeds
alveolar pressure. Therefore at the top of the lung
there is an increase in the ventilation-perfusion
ratio causing a moderate degree of physiological
dead space. In the bottom of the lung there is a decrease in this ratio representing a physiological
shunt. Deviation from this gravity-dependent pattern has been called vascular redistribution. It can
be observed in left heart failure. When a person is
in the lying position no part of the lung is more
than a few centimetres above the level of the heart.
The blood flow is then comparable to the flow in
the lower lung in a standing position [1, 2].
Sudden infant death syndrome (SIDS)
In western countries, SIDS (sudden infant
death syndrome) or cot death is the leading cause
of death in the first year of life after the neonatal

period. The aetiology is unknown and probably
multifactorial. Prolongation of the QT interval in
the first week of life is associated with a 40 fold increase in the risk of SIDS [36]. In the seventies, it
was recommended that children be placed in the
prone position in order to decrease the risk of aspiration after regurgitation. In the following years,
Dutch data showed that the incidence of SIDS had
more than doubled. This was confirmed in a number of retrospective studies. In the eighties it was
then recommended that healthy infants be positioned on their sides or backs to sleep. The rate of
SIDS has declined by 40% to 70% following a
«back to sleep» campaign in the Netherlands and
other countries [37, 38]. The prone position does
not seem to decrease the ventilation-perfusion
matching and may even reduce gastro-oesophageal
reflux [39]. However the prone position raises
arousal and wakening thresholds, reduces autonomic activity, decreases pharyngeal space and increases the collapsibility of the pharynx compared
to the supine position [40, 41]. Other factors have
also been shown to potentiate the detrimental effect of the prone position: the use of natural-fibre
mattresses, swaddling, recent illness and the use of
heating in bedrooms [38]. Lateral positioning may
also decrease the rate of SIDS, although less efficiently than the supine position, but as this position
is less stable and could impair the development of
the hip some paediatricians recommend the supine
position [38]. On the other hand the «back to
sleep» campaign has resulted in an increased inci-
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dence of posterior deformational plagiocephaly,
particularly unilateral flattening of the occiput [42].
Obstructive sleep apnoea
This condition affects 2 to 4 percent of middle-aged adults. It is characterized by at least five
episodes per hour of sleep of airflow cessation for
more than 10 seconds. It is associated with a decrease of more than 4% in oxyhaemoglobin saturation. Apnoea is due to narrowing or closure of
the upper airways (hypopharnyx) occurring mainly
during REM sleep [43]. The hypotonia of the
upper airway muscles during this stage of sleep
favours the closure of the muscle in the supine posture. This posture produces an augmentation of
the severity of sleep apnoea [44]. Even in non positional obstructive apnoea, apnoeic events occurring in the supine position are more severe than
those occurring in the lateral position [45]. In
order to avoid the supine position during sleep, it
is recommended that a tennis ball be sewn into the
back of the pyjama top.
Acute respiratory distress syndrome (ARDS)
ARDS is characterized by radiographic diffuse
bilateral infiltrates, decreased respiratory compliance, small lung volumes and severe hypoxia. It is
associated with a very high mortality rate. Several
studies have shown that placing the patients in a
prone position improves oxygenation by 69%
within 30 minutes among 297 patients with ARDS
[46, 47]. Patients with hydrostatic pulmonary
oedema benefit from the prone position contrary
to patients with pulmonary fibrosis [48]. Several

547

mechanisms have been proposed to account for the
improvement of oxygenation, including an expansion of gravity induced atelectasis, an increase in
end-expiratory volume, better ventilation-perfusion matching and correction of venous stasis.
However in a randomized study comparing patients in the supine position to patients placed in a
prone position seven hours daily for 10 days, the
survival rate did not improve in the prone group
and the mortality rate was 60% at six months in
both groups [49]. The conclusion of this study is
that either the prone position provides no benefit
or its duration (10 days) too short to produce an
observable influence on survival.
Unilateral lung disease: down with the good
lung?
In a study of patients with severe hypoxaemia
due to unilateral pneumonia, lateral position had a
striking effect on PaO2 which increased from 100
mm Hg ± 14 mm Hg in the supine position to 156
± 23 mm Hg at maintenance FIO2 when the abnormal lung was placed uppermost [50]. These
data confirm previous studies in patients with unilateral lung disease [51]. When the diseased lung
is inferior, gravity could accentuate the perfusion
of unventilated areas with a consequent increase in
shunting. However, the opposite effect has been
observed in patients with unilateral central airway
lesions. In these patients, when the normal lung is
inferior it is possible that the obstruction of the lesioned airway becomes more severe or that secretions from the lesioned lung enter the normal lung
and decrease its ventilation [52].

Digestive system: gastroesophagal (GE) reflux
Symptomatic GE reflux affects up to 40% of
the adult population. It is due to a failure of the
barrier function between the stomach and the oesophagus allowing an excessive reflux of gastric
content into the oesophagus. This reflux results in
oesophagitis and in up to 20 percent of patients
complications may develop, such as strictures or
columnar metaplasia. GE reflux is primarily due to
transient and simultaneous relaxation of the lower
oesophageal sphincter and the crural diaphragm.
The period of relaxation lasts 10 to 60 seconds.
Gastric distension, upright and right lateral decubitus positions and meals high in fat increase the
frequency of such relaxation [53]. In patients with
oesophagitis, moving from the recumbent to the
upright position decreased the number of GE reflux events six fold. Reflux was eight times more
likely to occur in the right recumbent position. Indeed, the right lateral position places the GE junction in a dependent position so that liquid gastric
contents collect above or near the submerged GE
junction. In the left lateral position, liquid gastric
contents lie in the dependent part of the stomach
and only gas is present at the GE junction for re-

flux into the oesophagus, as demonstrated by
radiographs after barium [54]. In another study,
right lateral decubitus was associated with greater
percentage of time with pH <4 and longer oesophageal acid clearance compared to the left,
supine and prone positions [55]. This could lead to
a higher incidence of reflux episodes caused by an
increased incidence in transient relaxation of the
lower oesophageal sphincter [56]. In children, the
prone position can also decrease the GE reflux [39]
but this position is not recommended in children
less than 2 years old because of the increased risk
of cot death [38]. In 71 patients with grade III oesophagitis, sleeping with the bed-head raised was
able to decrease retrosternal pains and to improve
the endoscopic aspect of the oesophagus as efficiently as treatment with ranitidine. The combination of the two treatments was much better than
either alone [57].
On the other hand, four randomized trials
have shown that the semi-recumbent position
compared with the supine position is associated
with less GE aspiration and pneumonia in patients
receiving mechanical ventilation [58].
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Osteo-articular system
Diurnal variation in stature
The time of the day when the height of a person is measured is important in serial height assessments. A person is tallest on rising in the morning
and shrinks by 0.5–1.5 cm during the day [59].
Measurements of standing heights in children
show a decrease in stature during the morning. In
a study of fifty children the mean height losses
were 0.31 cm for the period 9 am to 11 am, 0.2 cm
from 11 am to 1 pm and 0.045 cm from 1 pm to 3
pm [60]. Another study recorded a maximal height
loss of 1.4 cm between morning and afternoon
measures [61]. The standard stretch technique
does not appear to reduce diurnal variation. It is
recommended that children be measured in the
late afternoon if accurate growth rate is required.
In a study of 50 adult volunteers, significant
standing height decrease (>6 mm) occurred during
the course of the day, while subjects showed a
height increase (>5 mm) after lying supine for an
average period of 49 min [62]. The decrease in
stature during the day is believed to be due to the
flattening and/or to the loss of water content of intervertebral discs in the standing position.
Posture and discopathy
Pain due to herniated intervertebral discs usually increases in the sitting position compared to
standing or decubitus position [63]. In vivo intradiscal pressure has been measured in 8 healthy
subjects and in 28 patients with back problems,
using an advanced pressure sensor. The spinal load
increased in the following order of body positions:
prone 144 Newton (N); lateral, 340 N; upright
standing 800 N; upright sitting 996 N. In the
standing and sitting position, the spinal load increased not only with forward bending but also
with backward bending. The intradiscal pressure
in the degenerated discs was significantly reduced
compared with that of normal discs [64]. Although
pain decreases in the prone position, bed rest is not
recommended for more than 4 days for the treatment of low back pain or sciatica [63].
Osteoarthritis
Ten percent of people over 60 years old suffer
from osteoarthritis. Peripheral articulations
(hands) are affected as well as weight bearing ar-

ticulations (knees, hips). Although genetic factors
play an important role, they are modulated by mechanical factors such as body weight [65]. Knee osteoarthritis is more prevalent in overweight
women and in women who wear high-heeled
shoes. The latter induces an increased force across
the patellofemoral joint [66]. In a study of older
obese women with osteoarthritis of the knee,
weight loss combined with exercise led to a decrease in pain and disability. There was also a decrease in the levels of biomarkers of cartilage degeneration such as keratin sulphate, interleukin-1
and proteoglycan [67].
Osteoporosis
When the skeleton is non weightbearing because of spinal-cord injury, neuromyopathy, bedrest or microgravity, about 1–2% of the bone mineral density at selected skeletal sites is lost each
month. Immobilization osteoporosis is a major
problem in patients confined to chronic bed rest
[68]. In a study of 12 weeks of bed rest in normal
subjects, a bone mineral density decrease of 0.95%
per month in the greater trochanter has been reported. Urinary calcium increased from 5,3
mmol/day to 73 mmol/day during bed rest [69].
The increased mobilisation of calcium from bone
leads to a decrease in secretion of parathyroid hormone, an increase in urinary calcium secretion and
a lower level of 1–25 vitamin D, which prevents the
intestinal absorption of calcium. Exercise, static
longitudinal compression of the skeleton by the
placement of a load of 80% of bodyweight at the
shoulders, negative pressure on the lower body did
not prevent the negative calcium balance associated with the reduction of the mechanical forces
stressing the skeleton due to bed rest [70]. In space,
despite physical training, a bone loss of 0,9% per
month in the tibial cancellous envelope and 0,3%
in the tibial cortex has been observed in cosmonauts [71]. Little is known about how much G
force is needed for normal osteoblastic function
and about the mechanisms by which loading of
bone is perceived and translated into signals controlling bone formation. The possible roles of locally produced factors such as IGF-1, BMP and
TGF beta must be further elucidated [72, 73].

Brain and eye
Intracranial and intraocular pressure
The normal pressure in the cerebrospinal fluid
(CSF) system when lying in a horizontal position
averages 130 mm H2O (10 mm Hg) but it may vary
between 65 and 195 mm H2O in a healthy person.
Variations in pressure depend on the position of
the body. The pressure can be negative (lower than

the atmospheric pressure) in a standing position.
In patients with intracranial hypertension it is
common practice to elevate the head of the bed to
30 degrees [74]. This may have a beneficial effect
on intracranial pressure (ICP) via changes in mean
arterial pressure, airway pressure, central venous
pressure and CSF displacement. In a study of 22
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head-injured patients, when the patient’s head was
elevated at 30 degrees, the mean ICP decreased
from 19.7 to 14.5 mm Hg but the mean carotid
pressure also decreased from 89 to 84 mm Hg
without a change in cerebral perfusion pressure
(CPP) [75]. However in certain circumstances (hypovolaemic patients with haemodynamic instability) head up position may reduce mean arterial
pressure, which in turn will result in a paradoxical
rise in ICP through autoregulation mechanisms
[76]. In most patients with intracranial hypertension, head and trunk elevation up to 30 degrees is
useful in helping to decrease ICP, provided that a
safe CPP of at least 70 to 80 mm Hg is established.
Patients in a poor haemodynamic condition are
best nursed flat [74].
Glaucoma
The intraocular pressure rises when body position is changed from sitting to supine [77]. In a
study of different patients, changing from the sitting to the supine position increased the intraocular pressure by an average of 4.4 mm Hg in the control group, 4 mm Hg in patients with ocular hypertension and 4.1 mm Hg in patients with low
tension glaucoma [78]. This augmentation could
be due to a pressure increase in episcleral veins. In
another study determining the visual fields, changing position from supine to upright induced an improvement of visual field in normal subjects but a
slight deterioration in glaucoma patients. These
findings and other data indicate that some glaucoma patients exhibit faulty regulation of central
retinal artery blood flow during posture change
[79].
Bed rest and microgravity
Bed rest is often advised for various medical
conditions such as myocardial infarction, psychiatric disease, operation, serious infections etc.
However, a recent review of studies recommending prolonged bed rest has shown an increase in
the risk of deep vein thrombosis, bedsores, osteoporosis and pneumonia [25, 34, 68, 80]. Nowadays
a shortening of prescribed bed rest has been advised in patients with myocardial infarction, gestational hypertension, viral hepatitis or acute back
pain [63, 80].
Studies of cosmonauts in microgravity have
shown «a contrario» the role of gravity in human
physiopathology. The changes caused by microgravity include bone demineralization, skeletal
muscle atrophy, vestibular problems causing space
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motion sickness, cardiovascular problems resulting in post flight orthostatic intolerance [81]. An
analysis of these side effects is beyond the scope of
this review. However, it is interesting to note that
a six degree head down tilt and water immersion
to the neck have been utilized to simulate the cardiovascular effects of microgravity. During both of
these interventions, there is a fluid shift from the
lower extremities to the upper body leading to an
increased venous return, stimulation of volume
and pressure receptors and a decrease of NE, renin
and aldosterone [82, 83]. Stimulation of central
volume receptors in the walls of the atria causes diuresis in normal subjects and in patients with fluid
retention. In 14 patients with hypoalbuminaemic
fluid retaining states the mean rise in urine volume
was 69.5% greater in the supine than in the sitting
position and in the head down position it was
80.3% greater than in the supine position [84]. A
similar diuretic effect in patients with cirrhosis has
been obtained with head-out water immersion
[83], which is able to induce the release of ANP
[82, 83].
In conclusion, «postural medicine» deals with
the different effects of gravity on the human body
and with the physiopathological changes resulting
from various body positions. Postural changes induce cardiovascular and neurovegetative adaptations as well as variations in the pressure of internal fluids such as cerebrospinal fluid. Therefore
improvement in intracranial or intraocular pressure resulting from the sitting position may be limited and even antagonized by simultaneous
changes in the cerebral or retinal circulation. Contradictory data come from haemodynamic studies
in lateral positions depending on the type of disease and the duration of the new position. The
right lateral position could be beneficial in patients
with heart failure or after myocardial infarction
but not in patients with gastro-oesophagal reflux.
The cause of the decrease in the activity of the sympathetic system in the right lateral position is not
clear. The respective roles of the baroreceptors
and of the vestibular system should be clarified
[85].
When caring for our patients, we should not
forget the utility and side effects of the omnipresent force, gravity.
Acknowledgments: We thank Dr. G. Ferreti, physiologist, Dr. F. Ricou, cardiologist, Prof. Bonjour, bone
specialist, and Prof. W. Herrmann, gynaecologist (as
much interested in gravity as in gravidity) for critical review of selected parts of this manuscript.

References
1 Guyton AC, Hall J. Textbook of medical physiology. 10th ed.
Philadelphia: Saunders; 2000. p.152–60.
2 Braunwald E, Grossman W. Clinical aspects of heart failure. In:
Braunwald E, ed. Heart disease: a textbook of cardiovascular
medicine. 5th ed. Philadelphia: Saunders; 1997. p. 450.
3 Duguet A, Tantucci C, Lozinguez O, Isnard R, et al. Expiratory

flow limitation as a determinant of orthopnea in acute heart failure. J Am Coll Cardiol 2000;35:690–700.
4 Yap JC, Moore DM, Cleland JG, Pride NB. Effect of supine
posture on respiratory mechanics in chronic left ventricular failure. Am J Respir Crit Care Med 2000;162:1285–91.
5 Leung RS, Bowman ME, Parker JD, et al. Avoidance of the left

The role of body position and gravity in the symptoms and treatment of various medical diseases

6

7

8

9

10

11

12

13

14

15

16

17
18

19

20
21

22

23

24

25

26
27

28

29

30

lateral decubitus position during sleep in patients with heart failure: relationship to cardiac size and function. J Am Coll Cardiol
2003;41:227–30.
Tanable K, Ishibashi Y, Ohta T, et al. Effect of left and right lateral decubitus positions on mitral flow pattern by Doppler
echocardiography in congestive heart failure. Am J Cardiol
1993;71:751–3.
Miyamoto S, Tambara K, Tamaki S-i, Nagaya N, et al. Effects
of right lateral decubitus position on plasma norepinephrine and
plasma atrial natiuretic peptide levels posture in patients with
chronic congestive heart failure. Am J Cardiol 2002;89:240–2.
Miyamoto S, Fujita M, Sekiguchi H. Effects of posture on cardiac autonomic nervous activity in patients with congestive
heart failure. J Am Coll Cardiol 2001;37:1788–93.
Kuo CD, Chen GY. Effect of different recumbent positions on
spectral indices of autonomic modulations of the heart during
the acute phase of myocardial infarction. Crit Care Med 2000;
28:1283–9.
Fujese K, Shingu K, Matsumoto S, Nagata A, et al. The effects
of the lateral position on cardiopulmonary function during laparoscopic urological surgery. Anesth Analg 1998;87:925–30.
Banasik J, Emerson RJ. Effect of lateral position on arterial and
venous blood gases in postoperative cardiac surgery patients.
Am J Crit Care 1996;5:121–6.
Webster J, Newnham D, Petrie JC,Lovell HG. Influence of arm
position on measurement of blood pressure. Brit Med J 1984;
288:1574–5.
Mitchell PL, Parlin RW, Blackburn H. Effect of vertical displacement of the arm on indirect blood-pressure measurement.
N Engl J Med 1964;271:72–4.
Cavelaars M, Tulen JH, Manin’t Veld AJ, Gelsemana ES, et al.
Assessment of body position to quantify its effect on nocturnal
blood pressure under ambulatory conditions. J Hypertension
2000;18:1737–43.
Zweiker R, Schumacher M, Fruhwald FM, Watzinger N. Comparison of wrist blood pressure measurement with conventional
sphygmomanometry at a cardiology outpatient clinic. J Hypertension 2000;18:1013–8.
Dambrink JH, Imholz BP, Karemaker JM, et al. Circulatory
adaptation to orthostatic stress in healthy 10–14 year old children investigated in general practice. Clin Sci 1991;81:51–8.
Lipsitz LA. Orthostatic hypotension in the elderly. N Engl J
Med 1989;321:952–8.
Hugues FC, Le Jeunne C, Munera Y. Réponses cardio-vasculaires à l’orhtostatisme passif et actif de sujets sains en fonction
de l’âge. Path Bioln 1991;39:674–80.
Streeten DH. Idiopathic edema. Pathogenesis, clinical features,
and treatment. Endocrinol Metab Clin North Am 1995;24:
531–47.
Wingo CS, Clapp WL. Proteinuria:potential causes and approach to evaluation. Am J Med Sci 2000;320:188–94.
Jelnes R, Bulow J, Tonesen KH, et al. Why do patients with severe arterial insufficiency get pain during sleep? Scand J Clin
Lab Invest 1987;47:649–54.
Somers VK, Dyken ME, Mark Al, Abboud FM. Sympatheticnerve activity during sleep in normal subject. N Engl J Med
1993;328:303–7.
Moosa HH, Peitzman AB, Makaroun MS, et al. Transcutaneous
oxygen measurements in lower extremity ischemia: Surgery
1988;103:193–8.
Krijnen RM, de Boer EM, Ader HJ, Bruynzeel DP. Venous insufficiency in male workers with a standing profession. Part 1:
epidemiology. Dermatology 1997;194:111–20.
Kovacevich GJ, Gaich SA, Lavin JP, Hoptkins MP, et al. The
prevalence of thromboembolic events among women with extended bed rest prescribed as part of the treatment for premature labor or preterm premature rupture of membranes. Am J
Obstet Gynecol 2000;182:1089–92.
Ansell JE. Air travel and venous thomboembolism. Is the evidence in? N Engl J Med 2001;345:828–9.
Lapostolle F, Surget V, Borron SW, et al. Severe pulmonary embolism associated with air travel. N Engl J Med 2001;345:
779–83.
Scurr JH, Machin SJ, Bailey-King S, Mackie IJ, et al. Frequency
and prevention of symptomless deep-vein thrombosis in longhaul flights: randomised trial. Lancet 2001; 357:1485–9.
Chant AD, Humphries KN. The use of duplex scanning to
monitor the efficacy of support hose. Eur J Vasc Surg 1988;2:
47–8.
Ashhy EC, Ashford NS, Campbell MJ. Posture, blood velocity
in common femoral vein, and prophylaxis of venous thromboembolism. Lancet 1995;345:419–21.

550

31 Abu-Own A, Scurr JH, Coleridge Smith PD. Effect of leg elevation on the skin microcirculation in chronic venous insufficiency. J Vasc Surg 1994;20:705–10.
32 Sindrup JH, Kasttrup J, Kristensen JK. Diurnal variations in
lower leg subcutaneous blood flow rate in patients with chronic
venous leg ulcers. Br J Dermatol 1999;125:436–42.
33 Hanna GB, Newton DJ, Harrison DK, McCollum PT. Use of
lightguide spectrophotometry to investigate the effect of postural changes on skin oxygenation in deep venous insufficiency.
Br J Surg 1997;84:520–3.
34 Hoffman A, Geekjerjeb RH, Wille J, Hamming JJ, Hermans J,
Breslau PJ. Pressure sores and pressure-decreasing mattresses:
controlled clinical trial. Lancet 1994;343:568–71.
35 Dinsdale SM. Decubitus ulcers: role of pressure and friction.
Arch Phys Med Rehabil 1974;55:149–52.
36 Schwartz PJ, Stramba-Badiale M, Sefantini A, et al. Prolongation of the QT interval and the sudden infant death syndrome.
N Eng J Med 1998;338:1709–14.
37 de Jonge GA, Burgmeiijer RJF, Engelberts AC, et al. Sleeping
position of infants and cot death in the Netherlands 1985–91.
Arch Dis Child 1993;69:660–3.
38 Henderson-Smart DJ, Ponsonby AL, Murphy E. Reducing the
risk of sudden infant death syndrome: a review of the scientific
literature. J Paediatr Child Health 1998; 43:213–9.
39 Tobin JM, Mc Cloud P, Cameron DJS. Posture and gastro-oesophageal reflux: a case for left lateral positioning. Arch Dis
Child 1997;76:254–8.
40 Galland BC, Taylor BJ, Bolton DP. Prone versus supine sleep
position: a review of the physiological studies in SIDS research.
J Paediatr Child Health 2002;38:332–8.
41 Ishikawa T, Isono S, Aiba J, Tanaka A, Nishino T. Prone position increases collapsibility of the passive pharynx in infants and
small children. Am J Respir Crit Care Med 2002; 166:760–4.
42 Persing J, James H, Swanson J, et al. Prevention and management of positional deformities in infants. Pediatrics 2003;112:
199–202.
43 Strollo PJ, Rogers RM. Obstructive sleep apnea. N Engl J Med
1996;334:99–104.
44 Cartwrigh R, Ristanovic R, Diaz F, Caldarelli, D, Adler G. A
comparative study of treatments for positional sleep apnea.
Sleep 1991;14:546–52.
45 Oksenberg A, Khamaysi I, Silverberg DS, Tarasiuk A. Association of body position with severity of apneic events in patients
with severe nonpositional obstructive sleep apnea. Chest 2000;
118:1018–24.
46 Curley MA. Prone positioning of patients with acute respiratory distress syndrome: a systematic review. Am J Crit Care
1999;8:397–405.
47 Jolliet Ph, Bulpa P, Chevrolet JC. Ventilation en décubitus ventral lors du syndrome de détresse respiratoire aigu (SDRA).
Schweiz Med Wochenchr 1996;126:879–91.
48 Nakos F, Tsangaris I, Kostanti E, Nathanail C, Lachana A,
Koulouras V, Kastani D. Effect of the prone position on patients
with hydrostatic pulmonary edema compared with patients with
acute respiratory distress syndrome and pulmonary fibrosis. Am
J Respir Crit Care Med 2000;16:360–8.
49 Gattinoni L, Tognoni G, Pesenti A, Taccone P, et al. Effect of
prone positioning on the survival of patients with acute respiratory failure. N Engl J Med 2001;345:568–73.
50 Dreyfuss D, Djedaini K, Lanore JJ, et al. A comparative study
of the effects of almitrine bersylate and lateral position during
unilateral bacterial pneumonia with severe hypoxemia. Am Rev
Respir Dis 1992;146:295–9.
51 Remolina C, Khan A, Santiago T, Edelman NH. Positional hypoxemia in unilateral lung disease. N Engl J Med 1981;304:
523–5.
52 Chang SC, Chang HI, Shiao GM, Perng RP. Effect of body position on gas exchange in patients with unilateral central airway
lesions. Down with the good lung? Chest 1993;103:787–91.
53 Pope CE. Acid-Reflux disorders. N Engl J Med 1994;331:
656–60.
54 Shay SS, Conwell DL, Mehindru V, Hertz BH. The effect of
posture on gastroesophageal reflux event frequency and composition during fasting. Am J Gastroenterol 1996;9:54–60.
55 Khoury RM, Camacho-Lobato L, Katz PO, Mohiuddin MA,
Castell DO. Influence of spontaneous sleep positions on night
time recumbent reflux in patients with gastroesophageal reflux
disease. Am J Gastroenterol 1999;94:2069–73.
56 van Herwaaarden MA, Katzka DA, Smout AJ, Samson M,
Fedeon M, Castell DO. Effect of different recumbent positions
on postprandial gastroesophageal reflux in normal subjects. Am
J Gastroenterol 2000;95:2731–6.

S W I S S M E D W K LY 2 0 0 4 ; 1 3 4 : 5 4 3 – 5 5 1 · w w w . s m w . c h

57 Harvey RF, Gordon PC, Hadley N, Long DE, Gill TR,
Macpherson RI, et al. Effects of sleeping with the bed-head
raised and of ranitidine in patients with severe peptic oesophagitis. Lancet 1987;21:1200–3.
58 Drakulovic MB, Torres A, Bauer TT. Supine body position as a
risk factor for noscomial pneumonia in mechanically ventilated
patients. A randomized trial. Lancet 1999; 354:1851–4.
59 Werther G. Measuring height: to stretch or not to stretch?
Lancet 1998;351:309.
60 Voss LD, Bailey BJR. Diurnal variation in stature: is stretching
the answer? Arch Dis Child 1997;77:319–22.
61 Tillmann V, Clayton PE. Diurnal variation in height and the reliability of height measurements using stretched and unstretched techniques in the evaluation of short-term growth.
Ann Hum Biol 2001;28:195–206.
62 Coles RJ, Clements DG, Evans WD. Measurement of height:
practical considerations for the study of osteoporosis. Osteoporosis Int 1994;4:353–6.
63 Deyo RA, Weinstein JN. Low back pain. N Eng J Med 2001;
344:363–70.
64 Sato K, Kikuchi S, Yonezawa T. In vivo intradiscal pressure
measurement in healthy individuals and in patients with ongoing back problems. Spine 1999;24:2468–74.
65 Felson DT, Lawrence RC, Hochberg MC, Mc Alindon T, et al.
Osteoarthritis: New Insight. Part 2: treatment approaches. Ann
Intern Med 2000;133:726–37.
66 Casey Kerrigan D, Todd MK, Riley PO. Knee osteoarthritis and
high-heeled shoes. Lancet 1998;351:1399–401.
67 Messier SP, Leser RF, Mitchell MN, et al. Exercise and weight
loss in obese older adults with knee osteoarthritis: a preliminary
study. J Am Geriatr Soc 2000;48:1062–72.
68 Nierman DM, Mechanick JI. Bone hyperresorption is prevalent
in chronically critically ill patients. Chest 1998;114:1122–8.
69 Zerwekh JE, Ruml RA, Gottschalk F, Pak CY. The effects of
twelve weeks of bed rest on bone histology, biochemical markers of bone turnover and calcium homeostasis in eleven normal
subjects. J Bone Mineral Res 1998;13:1594–601.
70 Schneider VS, McDonald J. Skeletal calcium homeostasis countermeasures to prevent disuse osteoporosis. Calcif Tissue Int
1984;36(suppl 1): S151–44.
71 Vito L, Collet P, Guiganandon A, Lafage-Proust M-H, et al. Effects of long-term microgravity exposure on cancellous and cortical weight-bearing bones of cosmonauts. Lancet 2000;355:
1607–11.

551

72 Sterck JG, Klein-Nulend J, Lips P, Burger EH. Response of
normal and osteoporotic human bone cells to mechanical stress
in vitro. Am J Physiol 1998;274:E113–20.
73 Bikle DD, Halloran BP. The response of bone to unloading. J
Bone Miner Metab 1999;17:233–44.
74 Porchet F, Bruder N, Boulard G, Archer DP, Ravussin P. Effet
de la position sur la pression intracrânienne. Ann Fr Anesth Reanim 1998;17:149–56.
75 Feldman Z, Kanter MJ, Robertson CS, Contant CF, et al. Effect of head elevation on intracranial pressure, cerebral perfusion pressure and cerebral blood flow in head-injured patients.
J Neurosurg 1992;76:207–11.
76 Bouma GJ, Muizelaar JP, Bandoh K, Marmarou A. Blood pressure and intracranial pressure-volume dynamics in severe headinjury: relationship with cerebral blood flow. J Neurosurg 1992;
77:15–9.
77 Lietz A, Kaiser HJ, Stumpfig D, Flammer J. Influence of posture on the visual field in glaucoma patients and controls. Ophtalmologica 1995;209:129–31.
78 Yamabayashi S, Auguilar RN, Hosoda M, Tsukuhara n. Postural
change of intraocular and blood pressures in ocular hypertension and low tension glaucoma. Br J Ophtalmol 1991;75:652–8.
79 Evans DW, Harris A, Garrett M, Chung HS, Kagemann L.
Glaucoma patients demonstrate faulty autoregulation of ocular
blood flow during posture change. Br J Ophtalmol 1999;83:
809–13.
80 Allen C, Glasziou P, Del Mar C. Bed rest: a potentially harmful
treatment needing more careful evaluation. Lancet 1999;354:
1229–33.
81 West JB. Physiology of a microgravity environment. Historical
perspectives: physiology in microgravity. J Appl Physiol 2000;
89:398–405.
82 Shirashi M, Schou M, Gybel M, Christensen NJ, Norsk P.
Comparison of acute cardiovascular response to water immersion and head-down tilt in humans. J Appl Physiol 2002;92:
264–8.
83 Epstein M. Renal effects of head-out water immersion in humans: a 15–year update. Physiol Rev 1992;72:563–621.
84 Karnad DR, Tembulkar P, Abraham P, Desai NK. Head-down
tilt as a physiological diuretic in normal controls and in patients
with fluid-retaining states. Lancet 1987;2:525–8.
85 Ray CA. Interaction of the vestibular system and baroreflexes
on sympathetic nerve activity in humans. Am J Physiol Heart
Circ Physiol 2000;279:H2399–2404.

Swiss
Medical Weekly

Swiss Medical Weekly: Call for papers

Official journal of
the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

The many reasons why you should
choose SMW to publish your research
What Swiss Medical Weekly has to offer:
•
•
•
•

•
•
•
•
•
•
•
•

SMW’s impact factor has been steadily
rising, to the current 1.537
Open access to the publication via
the Internet, therefore wide audience
and impact
Rapid listing in Medline
LinkOut-button from PubMed
with link to the full text
website http://www.smw.ch (direct link
from each SMW record in PubMed)
No-nonsense submission – you submit
a single copy of your manuscript by
e-mail attachment
Peer review based on a broad spectrum
of international academic referees
Assistance of our professional statistician
for every article with statistical analyses
Fast peer review, by e-mail exchange with
the referees
Prompt decisions based on weekly conferences of the Editorial Board
Prompt notification on the status of your
manuscript by e-mail
Professional English copy editing
No page charges and attractive colour
offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich
(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne
International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam,
The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy
We evaluate manuscripts of broad clinical
interest from all specialities, including experimental medicine and clinical investigation.
We look forward to receiving your paper!
Guidelines for authors:
http://www.smw.ch/set_authors.html

Impact factor Swiss Medical Weekly
2
1.8

1.537

1.6

E ditores M edicorum H elveticorum

1.4
1.162

1.2

All manuscripts should be sent in electronic form, to:

1
0.770

0.8

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

0.6
0.4

Schweiz Med Wochenschr (1871–2000)
Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001)

2004

2003

2002

2000

1999

1998

1997

1996

0

1995

0.2

Manuscripts:
Letters to the editor:
Editorial Board:
Internet:

submission@smw.ch
letters@smw.ch
red@smw.ch
http://www.smw.ch

