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FIG 5-Patient's foot while standing with walking sandal
on and ulcer undressed to show absence of weight bearing
by affected area.

Comment

Treatment with the Scotchcast boot allows the diabetic
patient with foot ulceration to be managed primarily as an
outpatient and to continue to be a useful member of the com-

Time taken for diabetic foot ulcers to heal when treated with the Scotchcast boot

No of patients
Time treated No healed
(months) With heel lesions With distal vessel disease

1 11 0 0
2 6 1 0
3 6 0 3
4 4 2 2
5 3 1 2
6 1 1 0
7 1 0 1
8 3 3 3

munity. Provided that careful attention is given to footwear the
patient is likely to have no problems, although during the rest
of his life he will require regular chiropody and constant
attention to footwear: it is likely that the three patients who
had further ulceration which rehealed after reapplication of the
boot had worn ordinary shoes.
The treatment is relatively cheap because it avoids expensive

inpatient care. The technique does, however, need the skills of
a highly trained plaster technician or nurse. The disadvantages
of the Scotchcast boot compared with the more conventional
plaster of Paris cast is that the edges are sharp and, if applied
without care, may damage otherwise healthy skin.

We thank Mrs Neera Sharma for secretarial help and Miss Lizzie
Keis, medical photographer, Leicester General Hospital.
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Aviation Medicine

Acceleration

I: Long duration acceleration

F JOHN MILLS, RICHARD M HARDING

"Man regularly performs the greatest of all experiments in
gravitational physiology at least once a day when he rises from
his bed."'

Terrestrial life exposes us all to the acceleration ofnormal gravity
for a lifetime. Flight and space exploration have, however,
exposed man to far greater accelerations which can be tolerated
for only much shorter periods. The adverse physiological effects
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of these accelerations are fundamental problems in aviation
medicine.

Acceleration is the rate of change of velocity with time and
occurs when the speed or direction of motion of a body alters.
The magnitude (nG) of an acceleration is conveniently expressed
in multiples (n) of the acceleration due to gravity (g), which we
sense as weight. Thus a military aircraft exposes its pilot to an
acceleration of six times that of gravity when "pulling" 6G,
and his weight will consequently have increased sixfold. The
pilot's physiological responses to this acceleration will be
determined, firstly, by its magnitude and, secondly, by the
duration and direction of its action. Duration is classified as
either long or short, the time division between the two being set
at one second. Though this separation appears to be quite
arbitrary, in practice it is of great functional significance because
excessive accelerations of short duration usually result in
pathological changes, whereas those of long duration have
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physiological effects. The body responds to inertial force, which
by Newton's third law of motion is equal and opposite to the
applied accelerative force. Thus the headwards acceleration of a

pilot produces a footwards inertial force, and a car driver is
flung forwards in a crash by a rearwards acting acceleration
(equivalent to a forward deceleration). The body axis in which
the inertial force acts is referred to as either x, y, or Z2 (figure).

-Gz
( Footwards acceleration)

-Gy

( Left lateral
acceleration)

-Gx
(Backwards
acceleration )

+Gx

(Forwards
acceleration)

+ Gy

(Right lateral
acceleration)

+Gz
(Headwards acceleration)

Inertial force vectors acting on the body; accelerative force acts in
opposite direction to inertial force.

Long duration acceleration

In practice linear accelerations of long duration produce no

important physiological effects because their magnitude and
duration are both restricted by the speeds that can be attained
on earth. In space flight, where velocity is less of a constraint,
larger linear accelerations may produce physiological changes.

Radial accelerations of long duration are produced by a change
in the direction of motion (as in manoeuvering an aircraft), and
their duration may be limited only by fuel supply. In a conven-

tional aircraft such accelerations act in the long axis of the body
(Gz) and may be of sufficient magnitude to cause sustained
distortion of structure and more importantly gross alterations
in the flow and distribution of body fluids. If the head of the
pilot is directed towards the centre of rotation then the inertial
force is centrifugal (+ Gz) so that he is forced down into his seat.

Some military aircraft are now capable of sustaining accelerations
of up to - 10 Gz without structural failure, but at such a high
level of -_- Gz the pilot's cerebral blood flow may be so reduced
that he becomes unconscious and thus unable to control the
aircraft. Advances in aeronautical engineering have, therefore,
challenged the acceleration physiologist to develop methods of
protecting aircrew against the effects of Gz. Such research
requires the use of man carrying centrifuges.

PHYSIOLOGY OF + Gz

In an unprotected relaxed subject unconsciousness usually
occurs between 4-5 Gz and +6 Gz, the exact level depending
on the rate of onset of G. If this is less than 2 Gs-1 then the
subject invariably experiences a sequence of visual symptoms

before losing consciousness. At about +3 to +4 Gz the visual
fields become darker, and at +0-5 to +1 Gz later peripheral
vision is lost. From this condition of "greyout" the fields con-

tract further to a state of "blackout," when vision is lost com-

pletely. Hearing and mental orientation are, however, adequate
for intelligent conversation until consciousness is finally lost
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about 0-5 Gz later. At higher rates of onset loss of consciousness
is too rapid for these characteristic visual symptoms to develop.
The cardinal determinant of these effects on vision and con-

sciousness is cardiovascular. The arterial pressure of a fully
reclined subject is essentially uniform throughout his body, but
when he stands-thereby changing the G vector from x to z-
his circulation is subjected to the action of hydrostatic forces.
When a subject is upright the blood in the vessels from the heart
to the brain constitutes a column of fluid that at 1 Gz exerts a
hydrostatic pressure of about 25 mm Hg (the pressure exerted
by a column of fluid is equal to the product of its height, the
density of the fluid, and the gravitational force). A mean arterial
pressure of 100 mm Hg at the level of the heart would thus be
decreased to 75 mm Hg at the level of the brain. Conversely,
pressures below the level of the heart are increased by the hydro-
static pressure. Based on these figures the mean arterial pressure
at brain level would be expected to be zero at +4 Gz since the
hydrostatic pressure opposing flow would be increased fourfold
to 100 mm Hg. Consciousness is, however, rarely lost below
+5 Gz, which suggests the anomaly of perfusion without
pressure. In fact, flow is maintained because both the cerebro-
spinal fluid and the venous system are subject to the same hydro-
static laws as the arterial circulation. In animals exposed to
Gz cerebrospinal fluid and arterial pressures fall in unison3

so that the pressure across the walls of the cerebral vessels
may be expected to remain constant during +Gz acceleration.
This implies that the flow is determined solely by the difference
in arteriovenous pressure. Since venous pressure also falls in
parallel with arterial pressure a pressure gradient may be
maintained, even with zero arterial pressure, provided that
the jugular veins do not collapse when their internal pressure
falls to subatmospheric levels. Even though pressures as low
as -40 mm Hg have been recorded from deep neck veins
in man exposed to -i-45 Gz4 the "jugular suction effect"
cannot completely explain the preservation of consciousness.
Undoubtedly, cerebral autoregulation is an important factor
and, though difficult to investigate technically, there is evidence
that cortical blood flow is maintained at the expense of less
vital white matter.5 A selective reduction in blood flow to the
visual cortex is not, however, the basis of the visual symptoms,
whose cause is peripheral.6 The intraocular pressure of about
20 mm Hg will abolish retinal blood flow so as to cause "black-
out" when arterial pressure falls below this value, though
cerebral perfusion will continue. At the earlier "greyout" stage
the peripheral retina becomes hypoxic because of underperfusion
due to reduced pressures in the retinal end arteries.

Because of raised hydrostatic pressures in the vessels below
the level of the heart blood pools in the legs and abdomen,
thereby reducing venous return and impairing cardiac output.
The physiological changes produced by acceleration resemble
those of haemorrhage, and both conditions cause similar reflex
sympathetic responses-notably tachycardia and selective vaso-
constriction. In man the carotid sinus reflex is almost certainly
responsible for the tachycardia but has little effect in inducing
vasoconstriction.7 Atrial pressure receptors, mesenteric baro-
receptors, and local vessel response may all stimulate vaso-
constriction secondary to haemorrhage in animals, but their role
in man has not been fully established.
Though hydrostatic pressures increase instantaneously with

the onset of acceleration reflex compensation takes at least six
seconds to become effective. Thus it cannot prevent visual
symptoms or unconsciousness developing except at very low
rates of onset of G, but it may improve visual symptoms
already present. Sympathetic compensation is a basic accom-
paniment of orthostasis, so not altogether surprisingly anti-G
suits designed to benefitaircrew in the hypotensive environment
of high +Gz acceleration may be used to support patients with
autonomic dysfunction. The pulmonary circulation is also affec-
ted by the increased hydrostatic pressure gradients of +Gz.
With acceleration the lung apex, already poorly perfused at +1
Gz (normal gravity), is further compromised so that the alveo-
lar dead space is increased. Below this point the rate at which
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blood flow per unit lung volume rises with distance down the
lung increases with acceleration. Simultaneously the weight of
the lungs rises in proportion to the applied force so that apical
alveoli are stretched towards their maximum capacity and basal
alveoli are compressed towards their minimum volume, thus
encouraging airway closure. The overall effect of these changes
is to intensify ventilation-perfusion inequalities and to produce
large right to left shunts at the lung base, thereby reducing
arterial oxygen saturation and aggravating cerebral hypoxia.8
If the gas trapped at the lung base by airway closure is pure
oxygen, as is supplied to military pilots at altitudes exceeding
30 000 ft (9144 m) (see article, 7 May, p 1498), then basal
collapse may occur because of the attendant absorption of
oxygen. This does not happen when air is breathed because of
the presence in the closed off alveoli of inert, poorly absorbed
nitrogen. The risk of oxygen atelectasis is greatly increased by
inflation of an anti-G suit, which by raising the diaphragm
makes the pilot breathe at a lower lung volume and, therefore,
encourages the trapping of gas. Fortunately, rapid recovery
takes place when the pressure in the airways is raised by a deep
breath or cough to a level exceeding critical opening pressure.9

PROTECTION AGAINST + Gz

Tolerance to + Gz, as measured by the levels at which visual
symptoms develop, may be increased by the pilot's own volun-
tary action or by the passive use of purpose built equipment.
Active straining will reduce cerebral hypotension by directly
transmitting raised intrathoracic pressure to the arterial tree and,
if combined with tensing of the limb muscles, will reduce the
peripheral pooling of blood. An undesirable consequence of a
sustained increase in intrathoracic pressure (as occurs with a
Valsalva manoeuvre) is impairment of venous return, which by
depressing cardiac output results in hypotension. Forced
expiration against a partially closed glottis (the M-1 procedure)
is the voluntary action of choice since the necessary inspiratory
phase permits venous return to recover. It is repeated every
three to four seconds and may raise the visual threshold by up to
+2 Gz but it produces fatigue and interferes with communica-
tion, disadvantages not occurring with passive protection.10
The simplest method of passive protection is to reduce the

vertical distance between the pilot's eye and heart by reclining
his seat away from the vertical; an angle of 55' gives a benefit of
about 1 G,"1 and a few combat aircraft-such as the General
Dynamics F-16-are fitted with modestly reclined seats.
Nevertheless, the perennial method of passive protection is
the anti-G suit, which raises tolerance by up to -- 15 Gz.
It is made of inextensible fabric containing interconnecting
air bladders over the abdomen and legs. A G-sensitive valve
inflates the bladders to a pressure of 65 mm Hg (8 7 kPa)
per G, thereby applying counter pressure to the lower body,
which reduces peripheral pooling of blood. This action alone
cannot explain the immediate improvement in tolerance seen
with inflation because sequestration of blood takes some seconds
to develop. Inflation does, however, produce an immediate
increase in peripheral resistance by the mechanical constriction
of arterioles') and the raised intra-abdominal pressure lifts the
heart upwards, thus reducing the vertical distance between eye
and heart.`

PHYSIOLOGY OF - Gz

Certain aerobatic manoeuvres-for example, outside loops-
produce -Gz acceleration, where the pilot's head is directed
away from the centre of rotation. It is subjectively unpleasant,
and the only practical method of protection is to avoid those
manoeuvres which produce it.

Predictably, the cardiovascular effects are the opposite of
those of +Gz. Vascular pressures increase above the heart and
stimulate a bradycardia via the carotid sinus reflex.'4 In extreme

cases asystole can lead to unconsciousness, a "physiologically
normal" pressure being maintained despite cessation of circula-
tion. Pooling of blood in the facial and neck tissues produces an
unpleasant engorged feeling, but cercbral haemorrhage does not
occur because of the protective effect of the parallel increase in
cerebrospinal fluid pressure. Occasionally, pilots describe a red
misting of vision ("redout") after - Gz exposure; this is not due
to retinal haemorrhage (which would produce blindness) but is
probably secondary to staining of tears with blood from conjunc-
tival haemorrhage.' 5

Next week's article will analyse to what extent the body may
tolerate the effects of short duration acceleration and be protected
from injury.
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What is the composition of ultra heat treated milk, and does the heating
process affect its nutritional value ?

Ultra heat treated (UHT) milk has been subjected to a much higher
temperature for a shorter time (about 142°C/2 seconds) than normal
pasteurised milk. During the process there is little change in the
gross composition of the milk and the losses of the heat-labile vitamins
are similar to those seen on pasteurisation. Ultra heat treated milk,
however, is usually packaged aseptically and has a long shelf life
and appreciable losses of vitamins may occur on storage. Vitamin C
and folates are particularly susceptible to dissolved oxygen,' and
processing is designed to reduce the dissolved air to very low levels.
Losses of vitamin C and folate can be substantial in stored ultra
heat treated milk and in addition losses of 35'S,, and 20% of vitamin
B6 and vitamin B,2, respectively, have been reported.2-D A T
SOUTHGATE, head, nutrition and food quality division, Food Research
Institute, Norwich.

Burton H, Ford JE, Perkin AJ, et al. Comparison of milk processed by the direct
and indirect method of ultra high temperature sterilisation. Journal of Dairy
Research 1970;37:529-32.
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