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The maximal voluntary grip strength (MVGS) of male volun-
teers wds examined following a series of five intermittent 2 min
cold water (5°C) immersions of the unprotected hand or forearm.
MVGS changes due to wearing a protective giove were aiso in-
vestigated. The surface electrical activity over the hand flexor
muscles was recorded, as was the skin temperature of the hand
and forearm. MVGS decreased significantly (p<0.01) following
hand immersion (16%) and forearm immersion (13%). The ma-
jority of these reductions occurred during the first 2-min period
of immersion. The effect of wearing a glove after unprotected
hand cooling also produced significant (p<0.01) MVGS reduc-
tions which averaged 14%. These reductions were in addition to
those caused by hand cooling. We conclude that both hand and
forearm protection are important for the maintenance of hand-
grip strength following cold water immersion.

OLLOWING ACCIDENTAL immersion in cold

water, the victim may need all available grip
strength to facilitate or enable rescue. Many personal
survival systems are activated manually, while the ac-
tive egress from deep water into a life raft depends
heavily on handgrip strength.

It is important, therefore, that individuals acciden-
tally immersed in deep water maintain a functional level
of grip strength. A number of authors (5,6,8) have
shown that even short-term immersion of the unpro-
tected forearm in cold water produces a fall in tissue
temperature and a reduction in the maximal grip
strength of subjects. The mechanism behind this reduc-
tion is still a matter for debate, while the effect of hand-
only cooling on grip strength has received little detailed
investigation.

This manuscript was received for review in August 1987. The re-
vised manuscript was accepted for publication in January 1988.
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Most ‘‘immersion suits’’ include not only arm protec-
tion to the wrist but also gloves for hand protection.
However, in view of the lack of research into the effects
of hand-only cooling on grip strength, the value of such
gloves becomes less obvious, particularly considering
their detrimental effect on manual dexterity.

This experiment examined the effect of forearm and
hand-only cooling on the maximal voluntary grip
strength (MVGS) of individuals who were otherwise
normothermic; the effect on grip strength of wearing a
glove was also investigated.

MATERIALS AND METHODS

Twelve healthy male volunteers between 20 and 42
years old gave their written informed consent to partic-
ipate. Each subject undertook three series of five inter-
mittent 2-min immersions in stirred water at 5°C. The
experimental conditions were:

Condition A: Unprotected hand-only immersion—
maximal voluntary grips performed
with bare hand.

Condition B: Unprotected hand-only immersion—
maximal voluntary grips performed
with gloved hand.

Condition C: Unprotected forearm-only immersion—
maximal voluntary grips performed
with bare hand.

In Conditions A and B, the bare hand was immersed
to the level of the styloid process of the ulna. The arm
was Kept dry using a dry suit sleeve and was insulated
with woolen sleeves. In Condition B, a universally sized
three-fingered neoprene glove was placed on the sub-
ject’s hand just prior to the performance of each MVGS.
In Condition C, the bare forearm was immersed hori-
zontally to alevel 3 cm above the cubital fossa, the hand
was kept dry by a watertight wristlet and insulated with
a neoprene mitten, which was removed before each
maximal voluntary grip was performed.



COOLING & GRIP STRENGTH—VINCENT & TIPTON

Before their first experiment, the subjects were al-
lowed to familiarize themselves with the experimental
apparatus. In each condition, the MVGS of the domi-
nant arm of the subjects was assessed twice prior to the
first immersion period (with gloved hand in Condi-
tion B).

In all cases, 2 min were left between successive tests
with the same arm; previous work (2) has shown that
this period is sufficient to prevent muscular fatigue.
Each subject also performed a maximal voluntary grip
with his non-dominant hand prior to immersion.

Two minutes after the last pre-immersion assess-
ments of MVGS, each subject immersed his dominant
arm in 5°C water for 1 s (momentary immersion) and
then performed a maximal voluntary grip. After 45 s the
intermittent immersion period began. The five 2-min pe-
riods were separated by 45 s, during which the subject
removed his arm from the water and performed a grip
test. After the last period of immersion, each subject
performed a final maximal voluntary grip with each
hand. The subjects were seated throughout each exper-
iment and all assessments of MVGS were carried out in
air, with the arm of the subjects in a standardised posi-
tion. Air temperature was maintained at 25°C for all
conditions and subjects wore normal clothing. Subjects
performed each condition on separate days with the or-
der balanced between subjects.

Variables recorded: a) MVGS was assessed using a
hand dynamometer (MIE Medical Research Ltd., En-
gland) consisting of two 22-cm-long adjustable arms,
which were fixed 5.5 cm apart. Subjects were instructed
to grip the dynamometer as quickly and as hard as pos-
sible for 5 s. The output of the dynamometer was passed
to a digital display. The MVGS of subjects was ex-
pressed as a percentage of the mean resting MVGS. b)
EMG was recorded with a portable EMG system (Ox-
ford Medical Systems, England). The system has been
described in detail elsewhere (3). The surface electrodes
were placed over the flexor digitorum superficialis of
the dominant arm in a position which anatomical, ex-
perimental and palpatory evidence suggested would
give the maximal electromyographic signal from this
and other hand flexors in the area. The raw EMG signal
was rectified to root mean square (R.M.S.) and the peak
value associated with each MVGS was expressed as a
percentage of the mean value obtained during the rest-
ing MVGS. c¢) Skin temperature was recorded with skin
thermistors (EU thermistor probes, Grant Instruments,
England) placed on the dominant forearm close to the
site of the EMG electrodes, and on the back of the
dominant hand. They were secured with waterproof ad-
hesive tape (Setonplast). The thermistors were con-
nected to a 4-channel data logger (Squirrel Data Log-
gers, Grant Instruments, England) which recorded the
skin temperatures every 15 s from the start of the ex-
periment, together with air and water temperature.

Statistical Analysis: A within-subject analysis of vari-
ance was performed on the data obtained. With the
MVGS and EMG (R.M.S.) data, both the absolute and
percentage alterations were examined. The results of
these analyses were found to be the same; thus, any
levels of significance quoted relate to both the absolute

and percentage alterations in these variables. Signifi-
cant contrasts were further examined with the Scheffes
method of multiple comparisons.

RESULTS

Momentary immersion produced significant (p<<0 .01)
declines in skin temperature of 4-5°C and small, non-
significant reductions in MVGS compared with resting
values (Fig. 1).

By the end of the intermittent immersions, exposed
skin temperatures had decreased by 22-23°C. The ma-
Jjority of these reductions occurred during the first 2-min
immersion and were found to be significant (p<<0.01).
Immersing the hand cooled the forearm by 2.6°C, and
immersing the forearm cooled the hand by 2.9°C. The
effect of removing the immersed limb from the water
was to produce a transient increase in the exposed skin
temperature of 2-5°C.

Reductions were seen in MVGS in all conditions by
the end of the immersions compared with the corre-
sponding resting values. The reductions were: 16% dur-
ing hand-only immersion, 18% during hand-only immer-
sion with gloved MVGS, and 13% during forearm-only
immersion. In all three conditions, only the reductions
in MVGS during the first 2-min period of immersion
were found to be significant (p<0.01). No significant
alteration occurred in the MVGS of the non-dominant
hand over the experimental period.

Wearing a glove significantly (p<0.01) reduced
MVGS at rest in air by 16% compared with the hand-
only ungloved condition. A glove effect was also
present during grip tests following immersion of the
bare hand, producing a significantly (p<0.01) lower
MVGS (average 14%) compared with hand cooling and
ungloved MVGS. By the end of cooling, the combined
effect of both glove and cooling had produced a 31%
reduction in MVGS compared with ungloved resting
values (Fig. 1). The mean MVGS and EMG (R.M.S))
data are presented in Table I.

Fig. 2 shows the percentage change in EMG (R.M.S.)
activity from baseline resting values for each condition.
No significant changes occurred in any of the conditions
between rest and momentary immersion, or in the two
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TABLE I. MEAN MVGS (NEWTONS) & EMG (R.M.S., MILLIVOLTS) DATA.

Condition Rest MI Immersion Period
i 2 3 4 S
A MVGS 428 406 358 380 372 370 360
EMG 622 605 588 615 604 609 609
B MVGS 359 354 319 321 298 301 295
EMG 609 606 595 595 586 592 601
C MVGS 433 419 387 387 397 378 374
EMG 625 642 629 587 537 504 451

Note: Resting values n=24.

hand-only exposed conditions during the immersion pe-
riods.

During forearm-only immersion, the EMG did not fall
significantly during the first 2-min period of immersion.
Thereafter it fell in a linear fashion reaching 71% of its
resting value by the end of the last immersion period.
This fall was found to be significant (p<<0.01). Separate
tests showed that it was not due to cooling of any of the
immersed parts of the EMG equipment.

DISCUSSION

The results of the present study confirm earlier work
which demonstrated that cooling of the forearm pro-
duces reductions in the MVGS of individuals (5,6,8).
Previous work (6) has shown that no such reductions
occur following immersion in water at thermoneutral
temperatures.

Agreement has not been reached on the mechanism
behind such reductions; many factors which alter with
changing muscle temperature could influence the force
developed during a maximal voluntary grip. These in-
clude metabolic rate, enzyme activity, nerve conduc-
tion velocity, calcium and acetylcholine release, series
elastic components, and motivation. Clark, Hellon, and
Lind (6) reported that arm cooling produced reductions
in forearm flexor activity during maximal voluntary grip
and suggested that, at temperatures below 27°C, a pro-
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Fig. 2. The mean EMG (R.M.S.) signal during hand immersion
(O), hand immersion with gloved maximal voluntary grip (D),
and forearm immersion (A). MI=Momentary Immersion.
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portion of the more peripheral fibres of a cooled muscle
do not contract due to interference in nervous or neu-
romuscular transmission.

Vanggaard (18) reported that, after immersion of the
forearm in water at 5°C, the motor fibres of the ulnar
nerve ceased to conduct at a local skin temperature of
8-10°C.

In the present investigation, the EMG fell during the
forearm-only exposed condition over the last four im-
mersion periods. Superficially, this would seem to sup-
port the hypothesis that the electrical activity within the
muscle was falling during immersion and may have been
responsible for the reduction in MVGS observed in this
condition. However, examination of Figs. 1 and 2 re-
veals that during forearm-only immersion, MVGS fell
significantly during the first 2-min period of immersion
whilst EMG activity was not altered. Also, during the
later forearm-only immersions, no further significant re-
ductions occurred in MVGS despite a significant and
linear reduction in electrical activity of the flexor mus-
cles.

These discrepancies between the EMG and grip
strength data require explanation. Earlier work has
shown both a linear (4,7,10,11,13,15) and non-linear re-
lationship (14,19) between EMG and grip strength. A
linear relationship between these two variables has pri-
marily been observed during submaximal isometric con-
tractions. In the present experiment, this type of con-
traction was not undertaken.

In addition, it may be postulated that after 4 min in
cold water, the electrical activity of the most superficial
muscle fibres was falling due to cooling. As it is these
fibres that are primarily responsible for the recorded
EMG activity, this also fell. However, these fibres rep-
resent only a small percentage of the musculature in-
volved in performing a maximal voluntary grip, and
their contribution to MVGS is, therefore, likely to be
minimal. Thus, in circumstances where superficial cool-
ing occurs, surface EMG activity may cease to reflect
alterations occurring in the muscle as a whole. Its use in
such conditions then becomes questionable.

The effect of hand-only immersion has received little
detailed investigation. In the present study, the 16%
decline in MVGS following hand-only cooling was not
associated with a reduction in forearm EMG. During
these immersions, observations and subject reports
showed that the immersed finger joints became stiff and
difficult to manipulate. Hunter, Kerr, and Whillans (12)
have suggested that reductions in MVGS may be due to
alterations in the viscosity and elastic properties of the
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joint lubricants and tissues of the hand. However, the
results of the present investigation would require almost
all of these alterations to occur within the first period of
immersion.

The reductions seen in MVGS during the first 2-min
period of cold immersion cannot easily be explained by
the more frequently proposed mechanisms. Alternative
mechanisms, such as cold-induced antagonistic exten-
sor muscle excitation producing a reduction in MVGS
(9), therefore warrant further study.

Wearing a glove significantly reduced MVGS in air
(16%) and water (14%). This substantiates the earlier
findings of Adolfson, Sperling, and Gustaavsson (1). It
has been suggested (16) that gloves reduce the grip
strength of individuals by disturbing the sensory feed-
back obtained from beneath the gloved surfaces. The
results of the present study suggest that reductions in
the MVGS of individuals wearing gloves were not due
to alterations in the electrical activity of the forearm
flexor musculature, which was maintained at levels sim-
ilar to those seen during the ungloved hand-only immer-
sion condition.

It would appear that the reductions seen in the MVGS
of subjects during the gloved condition were due to
some local and specific effect of the glove and its inter-
action with the wearer.

The results of the present investigation have several
practical implications. Exposure of either the forearms
or hands to cold has been found to produce significant
reductions in MVGS within 2 min of immersion; thus,
both of these areas should be protected if such falls are
to be avoided. The arms have also been shown to be
important areas for the initiation of the potentially dan-
gerous tachycardia and hyperventilation which occur on
cold water immersion. Protecting the arms can signifi-
cantly reduce this response (17). In addition, hand pro-
tection helps alleviate the severe discomfort which
arises from cooling in these areas (17).

Wearing a glove was found to reduce grip strength by
an amount greater than that seen following cold water
immersion. Unlike the effect of cooling however, this
decrement can be avoided by simply removing the
glove. Cold-immersed individuals who have to perform
tasks which might require near-maximum levels of grip
strength would be well advised to remove their gloves
just prior to the performance of such tasks. For the
accidentally cold-immersed individual, high levels of
grip strength might be required to climb a rope or scram-
ble net, board a life raft, or open and operate a distress
flare. This individual is likely to be in a worse state than
the present experimental subjects having, most proba-
bly, suffered a whole-body continuous immersion.
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