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The effects of sauna on tetraplegic and paraplegic subjects
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Six tetraplegic (T) and 4 paraplegic (P) subjects underwent a 20-minute pre
sauna phase (30°C DB; 65% RH), and an up to 15-minute sauna (85°C DB;
< 10% RH), followed by a 15 minute post sauna phase (30 °C DB; 65% RH).
During all phases subjects wore a bathing suit and remained supine on a hospital
trolley. Heart rate (HR) and blood pressure (BP) were recorded during all
phases. Rectal temperature (Trec) was measured by a probe (ADS590) inserted
approximately 14 cm into the rectum. Oral temperature (Toral) also utilising
(ADS590) circuitry was recorded simultaneously with Trec. Skin temperature
(Tsk) (ADS590) was measured on the head, chest, right thigh and right calf.
Forehead sweat rate (SR) was determined from dew point temperature (Tdp). A
catheter was inserted into a dorsal hand or foot vein and venous blood was
withdrawn at selected times and analysed for haemoglobin (Hb) and haematocrit
(Hct), and the separated plasma was analysed for glucose (Glu), sodium (Na™),
potassium (K*) and chloride (C17). Venous blood sampled just prior to entering
and just prior to leaving the sauna. was analysed for adrenalin (A) and
noradrenalin (NA) using high performance liquid chromatography.

For both groups HR rose significantly during the sauna with a significant
decline in HR for the P group during the post sauna phase. There were no
significant changes in systolic BP for either group. A significant decline in
diastolic BP was found for the T group during the post sauna phase. There were
no episodes of syncope. Trec for the T group rose significantly from
37.03 £ 0.31°C at rest to 37.81 £0.32°C after 15 minutes of sauna, and Trec
continued to rise during the post sauna phase to reach 38.24 + 0.61 °C. Trec for
the P group also rose significantly from 37.27 £ 0.04°C at rest to reach
37.75£0.17°C and 37.94 £ 0.20°C at the end of the sauna and post sauna
phase respectively. Toral increased significantly for T and P groups during sauna
to reach 39.50 £ 0.18 °C and 39.38 * 0.48 °C respectively. There were significant
increases in all Tsk during sauna for both groups.

SR increased significantly during the sauna for the P group but not for the T
group. The loss in body weight was significantly higher for the P group
(0.49 £ 0.17 kg) than the T group (0.173 +0.13kg). The changes in Hb, Hct,
Glu, Na™, K*, CI7, and A were not significant. The NA concentration rose
significantly during sauna for the P group. It would appear that sauna bathing
for up to 15 minutes for tetraplegics and paraplegics with a normal body
temperature is a safe procedure.

Key words: spinally injured; adrenalin; core temperature; sweat rate; sauna;
paraplegia; tetraplegia.
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Introduction

Paraplegia and tetraplegia results in an
impaired thermoregulatory ability,"* with
the extent of this impairment being depend-
ent upon the level and completeness of the
spinal cord injury.® Paraplegic and tetraple-
gic subjects with complete spinal cord le-
sions exhibit an attenuated or absent sweat-
ing response below their spinal lesion,*’
and may demonstrate a raised Tcore at
which sweating begins in sensate areas.®
These changes in the sweating response,
together with the possibility of a reduced
blood volume,” a compromised cutaneous
blood flow*# and an attenuated autonomic
response’ may result in thermal injury and
circulatory akinesis when paraplegic or
tetraplegic subjects undertake sauna. Typic-
ally, the dry Finnish sauna involves whole
body exposure to an environment of 85°C
dry bulb (DB), 5-10% relative humidity
(RH), for up to 15 minutes, followed by a
cold water shower or plunge. This pro-
cedure of heating and cooling the body may
be repeated a number of times during a
single visit with the cumulative heat storage,
as reflected by increases in core tem-
perature, being dependent upon the
number, temperature, and duration of
exposures and the effectiveness of the indi-
vidual's heat dissipation mechanisms. "-!-2
The use of sauna by spinally injured
subjects for recreation or as an adjunct
therapy in the management of spasticity (HJ
Gerner, personal communication) is in-
creasing and yet the physiological responses
that occur when spinally injured persons are
exposed to sauna remain largely unre-
ported. Kiioller and Henning!® subjected
male and female tetraplegic and able bodied
subjects in the sitting position to tem-
peratures of 75°C and 30% RH, 80°C and
15% RH and 80°C and 25% RH for 16
minutes. Although the heart rate increased
for all subjects as the RH increased, there
was no measurement of core or skin tem-
peratures in these subjects. Given that
typical dry sauna conditions will signifi-
cantly challenge the thermal homeostasis for
the able bodied person,14 it seems reason-
able to suggest that the spinally injured
person, particularly the tetraplegic, could be
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at greater risk than able bodied subjects of
heat related disorders and circulatory akine-
sis during sauna bathing.

With this in mind the aim of the present
experiment was to investigate the physiolog-
ical effects of a single bout of dry sauna in
tetraplegic and in paraplegic subjects.

Methods

Six tetraplegic and 4 paraplegic subjects
volunteered to participate in this study
which was approved by the Institutional
Ethics Committee. After having all pro-
cedures carefully explained and demon-
strated during a familiarisation session, each
subject was required to give their consent
before participating in the experiment. All
subjects were patients at the Werner Wicker
Klinik, Bad Wildungen, Germany, and their
clinical characteristics are presented in
Table I. Four tetraplegic subjects were
taking medication, 2 were taking an anticho-
linergic antispasmodic (Dridase), one was
taking an antibiotic (bladder infection) and
one an antispasmodic drug (Lioresal). No
paraplegic subject was taking any anticho-
linergic medication. On the day following
the familiarisation session, each subject
visited the experimental area which con-
sisted of a preparation site immediately
adjacent to a large wooden sauna. The
environmental conditons for the prepara-
tion site and in the sauna were 30 °C (DB),
65% RH and 85 °C DB, < 10% RH, respec-
tively. The experiment was divided into pre
sauna, sauna and post sauna phases and
during all phases of the experiment each
subject wore a bathing suit and remained
supine on a hospital trolley. The sauna was
heated for 90 minutes prior to the first
subject entering the sauna, and all tem-
perature and RH measurements were taken
at chest level with the patient supine on the
hospital trolley.

In the preparation area, subjects were
weighed to the nearest 10 gm on a stretcher
suspended from a divided scale, with appro-
priate adjustments made for the weight of
the stretcher, sheet and pillow (body weight
1). Three electrocardiographic (ECG) elec-
trodes were attached in the CMS5 position to
monitor heart rate (HR) throughout all
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Table I Clinical and physical characteristics of subjects

No. Sex Age Lesion level Cause Time since
y/m injury
1 F 41/2  Motoric incomplete, func-  Subluxation/ 12 month
tionally incomplete below compression fracture
C4/5 C4/5 (MVA)
2 M 23/1  Complete tetraplegia below Compression frac- 10 months
(63 ture subluxation C5
(MVA)
3 M 33/5 Complete tetraplegia below MVA 16 years
Cs
4 M 36/6  Motoric complete below C6. C5/6 subluxation 6 weeks
Sensible complete below T12 (swimming)
5 F 21/5  Complete tetraplegia below C6 compression 6 weeks
Co6 fracture subluxaton
(MVA)
6 M 41/5  Complete tetraplegia below C5 compression 10 months
Cc7 fracture subluxation
(swimming)
7 F 24/5  Beginning incomplete (func- Scoliosis operation 3 months
tionally complete) paraplegia
below T10
8 M 49/1  Complete paraplegia below  Astrocytoma 5 years
4 operation
9 M 230 Complete paraplegia below Compression by Detected 2 years
spinal angioma previously
10 M 40/3 Compression frac- 18 years

Complete paraplegia below
9

ture T9 (MVA)

phases of the experiment. A thin, flexible
and calibrated temperature probe utilising
the integrated circuit principle (AD590) was
inserted approximately 14 cm into the rec-
tum by a nurse or medical practitioner. All
temperature probes had been previously
calibrated against a precision thermometer
(0.05°C) in a water bath. Great care was
taken to position the rectal probe so as to
avoid any pressure points. Skin temperature
probes, also utilising AD590 circuitry, were
attached to the head, chest, anterior aspect
of the right thigh and anterolateral aspect of
the right calf. The rectal and skin tem-
peratures were monitored throughout the
experiment and recorded every 2 minutes.
A sweat capsule utilising the principle of
dew point hygrometry as described by Grai-
chen et al® was attached securely to.the
forehead of each subject to detect the onset
of sweating and for the subsequent calcula-
tion of sweat rate. Oral temperature also
using AD590 circuitry was measured simul-

taneously with rectal temperature, with
each subject being requested to place the
small temperature probe under their tongue
and to keep their mouth closed during all
phases of the experiment. An indwelling
catheter was inserted into either a dorsal
hand or foot vein using sterile techniques
and patency was maintained by sterilised
heparinised saline.

Once all the equipment was attached and
final calibration procedures completed,
each subject began a 20-minute pre sauna
phase. Both the pre and post sauna phases
were conducted in the preparation area.

Pre sauna phase

A 10ml venous blood sample was with-
drawn 15 minutes before entering the sauna
(= 15min) and a further 10 ml sample was
taken just prior to entering the sauna
(Omin). Blood pressure was recorded via
auscultation from the upper right arm at the



beginning of the pre sauna phase and
Sminutes before entering the sauna. Sys-
tolic and diastolic blood pressures were
recorded at the first and fifth Korotkow
sounds respectively. Dew point temperature
(Tdp) (from sweat capsule), heart rate
(HR), skin (Tsk), oral (Toral) and rectal
(Trec) temperatures were monitored con-
tinuously throughout and recorded 10, 5 and
1 minute before entering the sauna.

Sauna phase

The supine subject was wheeled into the
sauna and positioned approximately 1.5 m
from the sauna heater. For all subjects, the
positioning of the trolley inside the sauna
was standardised. The sauna phase lasted
for 15 minutes, or until the subject re-
quested removal or reported nausea or
dizziness, Trec reached 39.0°C, or ECG
abnormalities were observed. Blood pres-
sure and heart rate were recorded every 5
minutes, Tsk for 4 sites was recorded every
3 minutes, Toral and Trec every minute and
Tdp recorded every 20 seconds. Just prior to
the subject being removed from the sauna
(15 min) a further 10 ml of venous blood was
withdrawn, then the subject was wheeled
from the sauna to the preparation area for
the post sauna phase.

Post sauna phase

The post sauna recovering period lasted 15
minutes, during which time blood pressure
and heart rate was recorded at S-minute
intervals, Tsk every 3 minutes, Toral and
Trec recorded every 1 minute and Tdp was
recorded every 20 seconds. A further 10 ml
venous blood sample was withdrawn just
prior to the end of the post sauna phase
(+15min). At the end of the post sauna
phase each subject was wiped dry, all
recording equipment was removed and the
subject was reweighed (body weight 2).
Where possible the second body weight was
obtained 20 minutes after the conclusion of
the post sauna phase. After the second
weighing, each subject was offered a drink
of water, was showered and prepared for
their return to the ward. Upon returning to
the ward careful observation of each subject
was maintained for a further one to 4 hours.
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The venous blood taken at each collection
period was analysed for haemoglobin (Hb),
and haematocrit (Hct). The separated
plasma was analysed for glucose (Glu),
sodium (Na®), potassium (K*), and
chloride (Cl7). In addition, the venous
blood sampled just prior to entering the
sauna and just prior to leaving it, was
analysed for adrenalin (A) and noradrenalin
(NA) by high performance liquid chromato-
graphy (HPLC).

Statistical analysis

Means and standard errors were calculated
for all dependent variables. The paraplegic
and tetraplegic data were analysed separ-
ately and no statistical comparisons were
made between groups. A multivariate ana-
lysis of variance with repeated measures
(MANOVA) was used to determine which
means among conditions (pre sauna, sauna,
post sauna) and over time (repeated
measures) were significantly different. A
paired t-test was used to test for significant
changes in body weight. For all statistical
analyses the 0.05 probability level was adop-
ted and all analyses were performed using a
microcomputer-based statistical programme
(SYSTAT: The System for Statistics V4.0).

Results

The heart rate responses pre, during and
post sauna for the tetraplegic (T) and
paraplegic (P) groups are presented in
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Figure 1 Heart rate response (X + SE) pre,
during and post sauna for tetraplegic (T) and
paraplegic (P) groups.
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Figure 1. The resting heart rate (0 min) for
the T group was 61 + 5b.min"! rising signi-
ficantly to 79 £ 6 and 89 = 8 b.min~! after
10 and 15 minutes of sauna, respectively.
There was no significant decline in HR up to
15 minutes of post-sauna recovery for the T
group.

The HR at rest for the P group was
82 + 6b.min"!, rising significantly during
sauna exposures to 99+ 7, 116 £7 and
124 + 9 b.min~! after 5, 10 and 15 minutes
respectively. Following the sauna exposure
the post-sauna recovering heart rate de-
clined significantly during each 5 minute
period to 101 + 6 b.min ! after 15 minutes.

Blood pressure changes during all phases
of the experiment for both the T and P
groups are presented in Figure 2. Although
there were no significant changes in diastolic
blood pressure (DBP) for the T group
during sauna exposure, the DBP at + 5 and
+ 10min of the post-sauna phase were
significantly lower than initial resting
values. There were no significant changes in
systolic blood pressure (SBP) during any
phase of the experiment for the T group.

There were no significant changes in
either SBP or DBP for the P group during
any phase of the experiment.
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Figure 2 Blood pressure changes (X * SE) pre,
during and post sauna for tetraplegic (T) and
paraplegic (P) groups.

Trec and Toral changes for both groups
are illustrated in Figure 3. The resting Trec
for the T group was 37.03 £ 0.31 °C which
rose significantly to 37.81 = 0.32°C after 15
minutes of sauna exposure. During the post
sauna phase the Trec continued to rise
significantly reaching 38.24 + 0.61°C after
15 minutes. The Trec at 5, 10 and 15
minutes post sauna was significantly higher
than at all other time periods before and
during sauna except the 13 and 15 minutes
of the sauna phase.

For the P group, the Trec also rose
significantly from 37.27 = 0.04 °C at rest to
37.75 £ 0.17 °C after 15 minutes of sauna.
Trec continued to rise during the post sauna
recovery, reaching 37.94 + 0.20 °C after 10
minutes, and remaining at this level until the
end of the post sauna period. At 5, 10 and
15 minutes of the post sauna phase the Trec
was significantly higher than pre sauna and
during the first 10 minutes of sauna. Oral
temperature for the T group rose signifi-
cantly from 36.80 + 0.25 °C at rest to reach
39.50 £ 0.18 °C after 15 minutes of sauna
and then declined significantly during the
post sauna recovery to be 38.30x
0.18°C after 15 minutes. In the P group
Toral at rest was 36.85 +0.10°C rising
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Figure 3 Rectal (Trec) and oral (Toral) tem-
peratures (X = SE) pre, during and post sauna
for tetraplegic (T) and paraplegic (P) groups.



significantly to 39.38 = 0.48°C after 15
minutes of sauna exposure. There was a
significant decline in Toral after removal
from sauna to 37.56 = 0.19 °C at the end of
the post-sauna phase (+ 15 min).

The differene between Toral and Trec (A
Tor-rec) for each group became significantly
greater with the duration of the sauna
exposure resulting in a A Tor-rec after 15
minutes of sauna of 1.68 +0.19°C and
1.63+0.36°C for the T and P groups
respectively. The changes in skin tem-
perature recorded at 4 sites (head, chest,
thigh and calf) for both groups (T and P) are
shown in Figure 4. For the T and P groups
each of the skin temperatures was signifi-
cantly higher during the sauna phase than at
rest. During the post sauna recovery phase
each of the skin temperatures for both
groups (T and P) declined significantly.

The sweat rate (SR) mg.min~!'.cm ™, for
both groups at rest and during (5, 10 and 15
minutes) sauna is presented in Figure 5.
Although the SR for the T group increased
from 0.28 +0.09 mg.min"'.cm™? at 5
minutes of sauna to 1.13 +0.37mg.
min~'.cm~? at 15 minutes of the sauna, this
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Figure 5 Forehead sweat rate (X = SE) at rest
and during sauna in tetraplegic (T) and paraple-
gia (P) groups.

increase in SR was not significant. For the P
group, SR rose significantly from
0.45 £ 0.23 mg.min"!.cm ™2 at 5 minutes to
1.55+0.06, and 2.0 + 0.31 mg. min~'.cm 2
after 10 and 15 minutes respectively. All
subjects in the P group and all but one
subject (NoS5) in the T group showed
forehead sweating during the sauna.

The pre sauna body weight for the T and
P groups was 76.75 £6.82 and 69.02 +
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Figure 4 Head, chest, thigh and calf skin temperatures (X * SE) pre, during and post sauna for

tetraplegic (T) and paraplegic (P) groups.
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5.8kg respectively and the exposure to
sauna resulted in respective losses of body
weight (A BW) of 0.173£0.13 and
0.49 £ 0.17kg. The A BW for both groups
was significant.

For the tetraplegic and paraplegic groups
no significant changes were observed in the
plasma sodium, potassium, chloride and
glucose concentrations. The changes in
haemoglobin and haematocrit concentra-
tions for both groups were also not signifi-
cant.

The adrenalin (A) and noradrenalin (NA)
concentrations just prior to entering the
sauna (O min) and just before leaving the
sauna (15 min) are shown in Figure 6. For
the P group, the NA concentration just prior
to entering the sauna was 415.5%
53.4pg.ml™" rising significantly to 598.2 *
48.4 pg.ml~! just before leaving the sauna.
The changes in NA concentration for the T
group over the same time period were not
significant. The A concentration for both
groups over the same time period did not
change significantly.
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Figure 6 Adrenalin and noradrenalin concentra-
tion (X = SE) pre and at the end of sauna in
(a) tetraplegic (T) and (b) paraplegic (P)
groups.

Discussion

The present study investigated the effects of
a single 15-minute exposure to dry sauna
(85°C, < 10% RH) in a group of tetraplegic
and in a group of paraplegic subjects. Since
the 2 groups of subjects could be expected to
demonstrate differences in sensory, motor
and autonomic responses arising from dis-
similar lesion levels, the discussion has
focused upon each group’s responses separ-
ately. Some intergroup comparisons have
been drawn in an attempt to highlight the
differences between paraplegic and tetraple-
gic subjects when exposed to sauna.

Heart rate increased linearly with dura-
tion of sauna exposure in both T and P
groups. This pattern of response was con-
sistent with results reported for able bodied
subjects'? and with the results of other
tetraplegic subjects exposed to sauna.!® In
the present study the pre sauna heart rate
was lower in the T group than in the P
group, and remained attenuated throughout
the sauna exposure. This attentuated HR
response in tetraplegic subjects has been
shown by others™ and is consistent with
injury to the cervical area of the spinal
cord.®

The systolic and diastolic blood pressure
changes in both the T and P groups were
consistent with those measured on other
paraplegic and tetraplegic subjects exposed
to 15min of sauna (P Engel, personal
communication, 1990). Because of the re-
ported variability in the blood pressure
response during sauna for able bodied indi-
viduals!”®® all subjects in the present study
were in the supine position during sauna.
There were no significant changes in systolic
or diastolic blood pressures during sauna,
but there was a significant decline in dia-
stolic blood pressure in the T group during
the post sauna phase. There were no epi-
sodes of syncope in either group, and it
would appear that in both T and P groups
the supine position may be advantageous in
maximising venous return and thereby les-
sening the importance of heart rate in
maintaining cardiac output.

In this study sweat rate was measured
from the forehead because of the high rate
of sweat production in this area in compari-



son with other sites,!® and because the sweat
capsule could be easily and firmly attached
for all subjects. The SR after 15 minutes of
sauna exposure in the P group of the present
study (2.00 £ 0.31 mg.min"!.cm™2) was
higher than that recorded by others (G
Brengelmann, personal communication) in
a group of paraplegic men heated in a water
perfused suit. The higher sweat rate in the
present group of paraplegic subjects was
likely due to the higher mean skin tem-
peratures. This reasoning is wholly consist-
ent with the findings of others?® who have
observed that mean skin temperature is a
significant afferent stimulus in the central
drive to sweat during passive heating.

Although the increase in SR in the tetra-
plegic subjects during sauna exposure, was
not statistically significant, the possible phy-
siological significance of the SR:Trec rela-
tionship should not be overlooked. Subject
No4 with a high SR (1.3 mg.min"!.cm™?)
showed a A Trec of 0.34 °C, whereas subject
No5 with minimal forehead sweating
(<0.1 mg.min~'.cm~2) demonstrated a A
Trec of 1.31°C. Subject No 6 also showed
minimal forehead sweating; however, the A
Trec by the end of the sauna phase was only
0.4°C. Interestingly the initial Trec for
subject No 6 was 36.19 °C rising to 36.59 °C
after 15 minutes of sauna. Nothwithstanding
the loss of sympathetic activity, it is unlikely
that this temperature (36.59 °C) was suffici-
ent to provoke the onset of sweating. The
relationship between the onset of sweating
and oesophageal temperature has been well
established for able bodied subjects?! and
recent unpublished studies investigating this
relationship in paraplegic and tetraplegic
subjects (G  Brengelmann, personal
communication) would suggest that it was
unlikely that subject No 6 had reached the
threshold temperature for the onset of
sweating.

The sweating response in 2 tetraplegic
subjects Nos 1,5 may have been con-
founded by the administration of anticholin-
ergic medication (Dridase). Indeed the es-
sentially absent sweating response in subject
No 5, could have been due to the anticholin-
ergic medication, rather than the lack of
central drive to the sweat gland or the
failure to reach a threshold temperature.
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Interestingly, however, in subject No 1 who
was taking the same amount of Dridase
(4 x 1/2tab) as subject No5, a SR>
2.5mg.min"'.cm™? and Trec of 37.84°C
was recorded at the end of sauna.

While most subjects showed some sweat-
ing response, the contribution of sweating to
the overall heat dissipation during sauna has
to be balanced by the area of wet skin and
the environmental conditions in the sauna.
The environmental conditions that existed
in the sauna (85 °C DB, < 10% RH) in the
present study were not likely to be condu-
cive to increasing the rate of sweat evapora-
tion. With a reduction in total sweat produc-
tion, and rate of evaporation of sweat, the
rate of body heat storage could be expected
to increase, thereby accounting for the
increased A Trec in both groups of subjects.

The A BW in the P group (0.49 + 0.17 kg)
but not the T group (0.173 £0.13kg) is
consistent with A BW values reported for
able bodied males!>?? exposed to sauna
for 15-20 minutes. If A BW reflects sweat
loss, then in the present study the P group
had a higher sweat rate. This is in agreement
with the forehead sweat rate calculated from
the measurement of dew point temperature.
The disparity between the P and T groups in
the rate and area of sweating is an expected
consequence of the level of spinal cord
lesion.’

In this study it was originally planned to
record simultaneously oesophageal and rec-
tal temperatures, but the difficulty of insert-
ing the temperature probe into the oeso-
phagus and the potential discomfort for the
subject of large amounts of recording equip-
ment during the sauna, made the use of an
oesophageal probe impractical. Trec was
used, therefore, to estimate core tem-
perature. The validity of Trec as an estimate
of core temperature at rest and during lower
body exercise has been demonstrated else-
where.?* The rise in Trec (0.68 = 0.11°C)
during the sauna phase for the P group is
consistent with results from other paraplegic
subjects (P Engel, personal communica-
tion). In the P group, Trec continued to rise
during the initial stage of the post sauna
recovery, but 5 minutes after being removed
from the sauna to an environment of 30 °DB
25°WB, Trec had plateaued. The Trec
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changes in tetraplegic subjects during sauna
are previously unreported. As a result of
sauna the Trec in the T group rose by
1.22 + 0.18 °C. The higher rise in Trec in
the T group may be due to their reduced
sweating response and their inability to
effectively redistribute splanchnic and peri-
pheral blood flows.

In the present study oral temperature was
measured in an attempt to provide a simple
and non invasive method for estimating the
rate heat storage during sauna. The respec-
tive differences between Trec and Toral
during the pre sauna phase for the P and T
groups was 0.22 = 0.09 and 0.24 = 0.02 °C;
and is larger than that reported for able
bodied subjects.?* By the end of the sauna
the Toral was 1.63+0.36 and 1.68 =
0.19 °C higher than the Trec for the P and T
groups respectively, and confirms the effect
of high ambient temperature upon Toral
measurements.?’ This discrepancy between
Toral and Trec raises serious doubt about
the validity of Toral to estimate core tem-
perature under high environmental tem-
perature.

Changes in adrenalin and noradrenalin
concentration in spinally injured subjects
during sauna have not been previously
reported. The majority of evidence from
studies using able bodied subjects suggests
that sauna exposure is more likely to in-
crease the concentration of noradrenalin
than adrenalin.2*2° In the present study,
only NA in the P group increased signifi-
cantly during sauna. The lack of increase in
NA concentration in the T group during
sauna should not be surprising given that the

References

preganglionic fibres of the sympathetic
nervous system begin their exit at the first
thoracic vertebrae. The lower plasma NA
concentration in the T group at rest and
during sauna, is probably reflecting an
attenuated sympathetic nerve activity.?’

There were no significant changes in Na™,
K*, CI~ concentrations for the P and T
groups throughout the 3 phases of the
experiment. Although the changes in Na™,
K*, Cl~ are unreported for P and T subjects
during sauna, the present results are consist-
ent with some results from able bodied
subjects®** exposed to sauna. The changes
in plasma glucose concentration were not
significant for either group.

Conclusions

The present study found that when paraple-
gic and tetraplegic subjects are exposed to
dry sauna (85°CDB, <10% RH) for 15
minutes there were significant increases in
rectal temperature, skin temperature, and
heart rate for both groups. For the P group
significant increases were also found for
sweat rate and plasma noradrenalin. It
would appear that paraplegics and tetraple-
gics with a normal resting body temperature
are at minimal risk during a 15-minute dry
sauna.
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