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ABSTRACT. The aim of this study was to measure skin
blood flow in patients with pressure sore in a long-term care
unit. For comparison, measurements were also carried out
on in-patients at risk of developing pressure sores and on
healthy individuals in the same age groups as the in-pa-
tients. Skin blood flow was measured in the morning, using
a laser—Doppler flowmeter. Measurements were made over
the lateral part of the hip and over the lateral part of the
upper arm. Measurements were carried out first at ambient
temperature. The flow was then followed as the local
skin region was heated to 40°C. The results indicate that in
healthy individuals the heat stimulus increased skin blood
flow over the lateral part of the hip more than in in-patients
in the same age group. Individuals below the age of 60 have
a greater response than those over the age of 60. This
impairment in the ability of the older in-patients to increase
skin blood flow in response to thermal stimulus may be a
factor in the development of pressure sores.
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In February 1980 a study was carried on the preva-
lence of pressure sores on acute and long-term
wards and the characteristics of those patients
within a Public Health Services area.

The criteria for pressure sores were: skin discol-
oration or epithelial damage, or damage to the full
thickness of the skin. There were 71 patients with
pressure sores (4%); 25 of them had more than one
such sore. The total number of sores was 109 and
approximately 80% were situated on the caudal
part of the body (5).

The nursing staff usually place great emphasis on
the colour of the skin, and especially the effect of
the various treatment methods for pressure sores
on the colour of the skin. This is felt to give infor-
mation on skin blood flow, which is considered
important for survival of the tissue. Skin blood flow
is clearly of importance for nutrition of the skin, but
it has other functions including temperature regula-
tion, the distribution of blood flow and blood vol-
um, and the regulation of blood pressure (17). At

rest and at normal ambient temperature the skin
receives 5-10% of cardiac output, which exceeds
that needed for its nutrition. The blood flow in-
creases with temperature and can reach 50-70 % of
cardiac output at high body temperatures. In a
study of rats, Song et al. (21) found that blood flow
to normal skin increases 3—4-fold at 43°C local heat
stimulus.

Immobilization and bedrest influence central cir-
culatory function (19). To investigate the effect of
immobilization and bedrest on peripheral circula-
tory function, Friman & Hamrin (7) studied reac-
tive hyperaemia in 14 healthy young men before
and after 7 days of clinical bedrest. They found a
significantly decreased reactive hyperaemia in the
calf muscle.

It is widely accepted that the prime causal factor
in the development of pressure sores is ischemia
caused by prolonged pressure (4, 6). The observa-
tions of Bennett et al. (1) suggest that the age of the
patient is a very important factor in the response of
peripheral blood flow to external pressure. Investi-
gations have shown that skin tolerates normother-
mic ischemia for a long period of time (13, 22).
Animal experiments have shown that the tissue
changes seen after 2 hours of ischemia are revers-
ible, but that they are irreversible after 4 hours of
ischemia (16). The time limit between reversible
and irreversible changes is not known. It may be
individual and can also depend upon a number of
factors (12).

The purposes of this study were:

to measure the blood flow in the skin which is
normally exposed to pressure in the bed and in
the wheelchair,

to measure blood flow in normal skin at room
temperature and at increased temperature (40°C)
in healthy individuals and in in-patients, and

to measure blood flow in skin in both caudal and
cranial parts of the body
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Table 1. Age, body temperature, skin temperature,
(Mean=SD).

F =females M =males p.s. = pressure sore

ambient temperature and systolic blood pressure

Temperature
Skin Systolic
blood
Age Body Leg Arm Ambient pressure M F
Healthy people below
60 years of age 34.7+13.8 36.9+0.1  29.5+1.5  30.3+£1.0 22.8x1.6 120%11 10 9
Healthy people over
60 years of age 78.7+£2.4 36.7+0.3  309£1.0 30.5+£04 23.4+0.5 14548 5 5
Patients in long-term
care over 60 years of
age, without p.s. 79.4+10.5 36.6+0.4 31.7+1.0 31.1+1.0 22.5%£1.7 14018 4 14
Patients in long-term
care over 60 years of
age, with p.s. 76.3£10.0 36.9+0.3  31.7+1.3  31.0£1.0 22.6+0.8 140+24 3 7

Patients in long-term
care below 60 years of

age. with and without p.s. 43.2+16.5 36.7+0.3  30.8+£1.7 30.9%£0.9 22.8%40.7 130x25 4 2

METHODS AND MATERIALS

The skin temperature was measured with a termistor tem-
perature probe (Yellow Springs Instrument Co.., Yellow
Springs, Ohio). The skin blood rflow was measured with a
laser—Doppler flowmeter (9, 10, 11). With this method all
blood flow values are expressed in millivolts and not in
ml/min/tissue weight as usually applied to blood flow
measurement. Healthy people younger than 60 years of
age and out-patients older than 60 years of age rested
supine during preparation and information in order to
stabilize the peripheral blood flow (3, 15). The skin blood
flow was measured in the morning before breakfast, at
ambient temperature (20-24°C) and continuously during
heating of the skin to 40°C and until no further increase in
blood flow could be observed. In addition date of birth,
sex, diagnosis, drugs, body temperature, blood pressure
and room temperature were noted.

The skin blood flow was measured over the lateral part
of the hip (representing skin on the caudal part of the
body) and on the lateral part of the upper arm (represent-
ing skin on the cranial part of the body). Measurements
were carried out on normal skin. Sixty-three individuals
were studied in five different groups. The number of
individuals in each group and their characteristics are
shown in Table 1. Healthy people younger than 60 years
of age were persons who were either taking no drugs or
with drugs of no consequence for the skin blood flow.
Healthy people older than 60 years of age were persons
who annually consult a doctor at the clinic for long-term
treatment and who were either taking no drugs or whose
drugs were of no consequence for the skin blood flow.

In-patients younger and older than 60 with and without
pressure sores were patients who could lie relatively qui-
etly during the period of measurement of about 30 min. In-
patients younger than 60 were patients with para- or tetra-
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plegia. In-patients older than 60 were patients with diag-
nosis according to previous studies, para- and tetraplegia,
cerebral haemorrhage, rheumatoid arthritis, arteriosclero-
sis, disseminated sclerosis, cancer, fractures, and senile
dementia (5, 14). The patients were divided into groups
with vs. without pressure sores, on the basis of skin
discoloration, epithelial damage, or damage to the full
thickness of the skin (13).

Skin blood flow values at ambient temperature and
maximum blood flow at 40°C were aspects noted on the
blood flow curve. From these measurements, percentage
increase, arithmetic mean, standard deviation and Spear-
man’s coefficient of rank order correlation were calculat-
ed. Wilcoxon test and y°-test were used to reveal differ-
ences in blood flow between groups. No statistical test
has been made with the group of patients younger than 60
years of age because of their small number (n=6) except
for their increase in blood flow of more vs. less than 100 %
(Table II). Students’ r-test was used to reveal differences
in skin temperature between groups.

RESULTS

The skin temperature measured over the lateral
part of the hip in connection with the skin blood
flow measurement varied significantly between the
group of healthy people below 60 years of age and
the groups over 60 years of age (p<<0.05) (Table I).
All subjects were afebrile. The mean ambient tem-
perature was 22.8°C+0.8.

Regression analysis indicates that the differences
in skin blood flow observed over the lateral part of
the hip are not due to ambient temperature, skin
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Table I1. Effect of increasing skin temperature to 40°C on skin blood flow over the lateral part of the hip

and over the lateral part of the upper arm

Healthy individuals

In-patients

The percentage Less than  More than Less than More than
increase in 60 years 60 vears 60 years 60 years
skin blood flow (%) n=19 n=10 n=6 n=28
Lateral part of hip <100 2 2 3 16
100-200 4 2 2 10
200-300 3 3 0 1
>300 10 3 1 1
Lateral part of upper arm <100 3 4 | b
100-200 3 3 0 I
200-300 2 1 1 8
>300 11 2 4 10

“ Technically unsatisfactory measurement in one patient, n=27.

temperature, body temperature, systolic blood
pressure, age or sex.

The differences in skin blood flow between in-
patients older than 60 with and without pressure
sores are not statistically significant. In further
analysis they are therefore taken together. In-pa-
tients had statistically significant higher blood flow
in the skin over the lateral part of the hip at ambient
temperature, compared with healthy people
(p<0.01) (Fig. 1).

In-patients over 60 years of age had a significant-
ly lower maximum skin blood flow over the lateral
part of the hip than had healthy people older
than 60 (p<<0.05) (Fig. 1). The difference could also
be seen when comparing percentage increase
(p<<0.001) (Table II). In the skin over the lateral
part of the upper arm the reverse was the case (Fig.
2). The patients undergoing long-term treatment
who were older than 60 years had a higher maxi-
mum skin blood flow than the healthy people over
60 years of age, but the difference was not statisti-
cally significant (p<0.10).

All the groups, except healthy people older than
60 years of age had a greater percentage increase
over the lateral part of the upper arm than over the
lateral part of the hip (Fig. 2).

The majority of the in-patients older vs. younger
than 60 years of age had an increase in the skin over
the lateral part of the hip equal to or less than 100%
and more than 100% increase in the skin over the
lateral part of the upper arm. Most of the healthy
people had a more than 100% increase in both

measurements (Table II). The differences are statis-
tically significant, using the %>-test (p<0.01).

Significant correlations between skin blood flow
and skin temperature at ambient temperature were
found in the group of in-patients. older than 60
years and without pressure sores, in the group of
healthy people below 60 years of age (p<<0.01), and
in the whole material (p<<0.01).

DISCUSSION

In the present study we found a significant impair-
ment in the ability of the older in-patients to in-
crease their skin blood flow in response to local
thermal stimulus over the lateral part of the hip.
The majority of the in-patients older than 60 years
of age had an increase in skin blood flow at 40°C
over the lateral part of the hip which was less than
100 %, but the majority of the healthy people older
than 60 years of age had more than 100 % increase.
The same changes in peripheral blood flow as dem-
onstrated in this study have been found in a study
of reactive hyperaemia after immobilization and
bedrest (7).

Many indirect techniques have been used to
study the cutaneous circulation, such as skin tem-
perature and thermal conductance (23). Recent
studies have measured the skin-capillary perfusion
by the intradermal '**Xenon clearance technique
(3, 8). The method used in the present study was
the laser—Doppler flowmeter. This technique meas-
ures the velocity of moving red cells; it does not
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Fig. I. Skin blood flow as measured with laser-Doppler
flowmeter, expressed in millivolts, over the lateral part of
the hip. Basal blood flow at room temperature (20-24°C)
and maximum blood flow at 40°C (Mean+SD)

give a direct measure in ml/min/tissue weight, but
rather in millivolts. The laser-Doppler flowmeter
that measures to a depth of 1 to 1.5 mm, is a non-
invasive technique and can be recorded continu-
ously under changing conditions, in this case during
heating of the skin to 40°C. Studies have shown a
close correlation between '**Xenon clearance
technique and laser-Doppler technique (8). When
measuring skin blood flow in patients at risk of
developing pressure sores it is important to use a
technique that can be used without causing trauma
and which can be used several times on the same
patients and on the same region.

Skin blood flow varies over the body, depending
upon the vascularization in the papillae (18). The
skin becomes thinner with age due to a decreased
vascularization in the papillae (18). It is believed
that this vascular atrophy is the result of inadequate
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Fig. 2. Skin blood flow as measured with laser-Doppler
flowmeter, expressed in millivolts, over the lateral part of
the upper arm. Basal blood flow at room temperature
(20-24°C) and maximum blood flow at 40°C (Mean+SD)

stimulus, since atrophic skin can be stimulated to
vascularization during the process of healing after
an injury (18). Is this impairment in the ability of
older in-patients to increase blood flow in response
to local thermal stimuli due to a decreased vascular-
ization in the papillae? Could the difference be-
tween in-patients and out-patients be due to less
physical activity in hospital compared with living at
home?

The skin area in contact with the mattress on a
bed or with the seat of a chair is subjected to higher
temperature conditions, compared with other skin
areas on the body, due to heat accumulation (2, 20).
This higher temperature is a thermal stimulus to
increase the blood flow, but the impaired ability of
older in-patients to increase their blood flow may
lead to insufficient blood flow and ischemia which,
in turn, can cause a pressure sore.

Most pressure sores are to be found on the cau-
dal part of the body. Comparison between skin
blood flow at 40°C on the lateral part of the hip and
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on the lateral part of the upper arm of the older in-
patients showed a significantly greater increase in
the skin on the lateral part of the upper arm. It is
conceivable that this difference in blood flow could
be one of the factors causing fewer pressure sores
on the cranial part of the body.
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