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Objective: To determine the changes in sensation of pres-
sure, 2-point discrimination, and submaximal isometric-force
production variability due to cryotherapy.

Design and Setting: Sensation was assessed using a 2 3 2
3 2 3 3 repeated-measures factorial design, with treatment (ice
immersion or control), limb (right or left), digit (finger or thumb),
and sensation test time (baseline, posttreatment, or postisometric-
force trials) as independent variables. Dependent variables were
changes in sensation of pressure and 2-point discrimination. Iso-
metric-force variability was tested with a 2 3 2 3 3 repeated-
measures factorial design. Treatment condition (ice immersion or
control), limb (right or left), and percentage (10, 25, or 40) of
maximal voluntary isometric contraction (MVIC) were the inde-
pendent variables. The dependent variables were the precision
or variability (the standard deviation of mean isometric force) and
the accuracy or targeting error (the root mean square error) of
the isometric force for each percentage of MVIC.

Subjects: Fifteen volunteer college students (8 men, 7 wom-
en; age 5 22 6 3 years; mass 5 72 6 21.9 kg; height 5 183.4
6 11.6 cm).

Measurements: We measured sensation in the distal palmar
aspect of the index finger and thumb. Sensation of pressure
and 2-point discrimination were measured before treatment
(baseline), after treatment (15 minutes of ice immersion or con-
trol), and at the completion of isometric testing (final). Variability
(standard deviation of mean isometric force) of the submaximal

isometric finger forces was measured by having the subjects
exert a pinching force with the thumb and index finger for 30
seconds. Subjects performed the pinching task at the 3 sub-
maximal levels of MVIC (10%, 25%, and 40%), with the order
of trials assigned randomly. The subjects were given a target
representing the submaximal percentage of MVIC and visual
feedback of the force produced as they pinched the testing de-
vice. The force exerted was measured using strain gauges
mounted on an apparatus built to measure finger forces.

Results: Sensation of pressure was less (ie, it took greater
pressure to elicit a response) after ice immersion, thumbs were
more affected than index fingers, and the decrease was greater
in the right limb than the left. Two-point discrimination was not
affected by cryotherapy but was higher in the finger than in the
thumb under all conditions. Isometric-force variability (standard
deviation of mean isometric force) was greater as percentage
of force increased from 10% to 40% of MVIC. Targeting accu-
racy (root mean square error) was decreased at 40% of MVIC.
Accuracy and force variability were not affected by cryotherapy.

Conclusions: The application of cryotherapy and reduced
sensation of pressure appear to have little effect on motor con-
trol of the digits. These results support the hypothesis that the
use of cold is not contraindicated for use as an analgesic before
submaximal rehabilitative exercise focusing on restoring neu-
romuscular control to injured tissues.

Key Words: root mean square error, accuracy, precision,
sensation, maximal voluntary isometric contraction

Gripping an object involves submaximal isometric con-
tractions of sufficient force to manipulate the object
and prevent it from slipping. Submaximal muscle con-

traction, regardless of motion, requires sensory input (percep-
tion) to provide the necessary information to create precise
movements (motor output).1 The human brain receives infor-
mation about the environment from a variety of sources. Vi-
sual and tactile information are examples of stimuli that affect
action and performance of a skill.2,3 Other important factors
for muscle control include information from proprioceptors
such as Golgi tendon organs in the joints and muscle spin-
dles.1,4–6 Although the exact role of each of these propriocep-
tive inputs in creating muscle contraction is uncertain, each is
essential in performing an isometric contraction.1

The measurement of variability in submaximal isometric-
force production is based on the mean and standard deviation
of the distribution as well as the root mean square error.7 The
increased variability in relation to a set of standards is a result
of some control problem within the sensorimotor system.8 The
source of variability in force production may be related to
variations in the state of muscle activity, excitability of motor
neurons, and signals from higher nervous centers. It is unclear
what the source of the variability is or at what level it must
be studied.8

In this study, we measured the variability of a submaximal
pinching force. This was accomplished by calculating the av-
erage standard deviation of the submaximal force produced
during the submaximal isometric-force trials. Variability was
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Figure 1. Testing apparatus for measuring the isometric gripping
strength of the thumb and index finger.

also calculated by determining the root mean square error of
the mean force produced by each subject.

Several authors9–12 have reported that cold causes reduced
dexterity and sensitivity in the hand and fingers. The decrease
in manual dexterity could be due to the effect of cold on nerve
conduction velocity, proprioception, or muscular function.
Nerve conduction velocity in efferent and afferent fibers de-
creases linearly with decreases in nerve tissue temperature.13

The perception of the stimulus may be altered as afferent path-
ways are slowed down because of decreased temperature.14

Additionally, motor-unit activation may be altered because of
the changes in nerve conduction, possibly causing alterations
in the force produced by contracting muscles. If the force pro-
duced during a contraction depended on tactile stimulus, a per-
son might experience an increase in force variability (de-
creased precision) or an increase in targeting error (decreased
accuracy) during an isometric contraction after a cryotherapy
application.

Injury during athletic participation often requires therapeutic
treatment before, during, or after contests or practices. Cryo-
therapy is a common adjunct to therapeutic exercise; it is used
in the initial stages of injury treatment to reduce metabo-
lism,15,16 inflammation,17 and muscle spasm and to control
pain.18,19 This modality reduces nerve conduction velocity, de-
creases muscle-spindle excitability, and reduces local blood
flow.18–21 These changes brought about by cryotherapy raise
the question of whether the treatment may have deleterious
effects on control of movement. A variety of responses to cold
application have been reported, including decreased muscle
functioning,22–25 no effect on muscle functioning,26 no effect
on proprioception or agility,27–29 and decreased maximal iso-
metric contraction.22,23 Investigations of the effect of cold on
2-point discrimination have shown no effect on the lower ex-
tremities.29 However, other authors9–12 have shown decreases
in sensation of the finger after cold exposure.

The investigations on the effect of cryotherapy on muscle
contraction have been conducted on large muscle groups, mea-
suring strength of contraction rather than variability of mus-
cular contraction. Furthermore, the effects of cryotherapy on
the hand have not been studied extensively. Our objective was
to measure the effects of cryotherapy on sensation of pressure,
2-point discrimination, and isometric-force precision and ac-
curacy in the thumb and index finger.

METHODS

Design

This study was conducted with 2 experimental designs. Sen-
sation was assessed with a 2 3 2 3 2 3 3 repeated-measures
factorial design, with treatment (ice immersion or control),
limb (right or left), digit (finger or thumb), and sensation test
time (baseline, posttreatment, or postisometric-force trials) as
independent variables. The dependent variables were changes
in sensation of pressure and 2-point discrimination. Isometric-
force variability was investigated using a 2 3 2 3 3 repeated-
measures factorial design. The treatment condition (ice im-
mersion or control), limb (right or left), and percentage (10,
25, or 40) of maximal voluntary isometric contraction (MVIC)
were the independent variables. The dependent variables were
the precision or variability (the standard deviation) and the
accuracy or targeting error (the root mean square error) of the
isometric force for each percentage of MVIC.

Subjects

Fifteen healthy subjects (8 men, 7 women; age 5 22 6 3
years; mass 5 72 6 21.9 kg; height 5 183.4 6 11.6 cm) with
no history of neurologic disorders, cold allergy, or frostbite
volunteered for the experiment. All subjects provided in-
formed consent. Prior approval for the study was obtained
from the university’s institutional review board for the protec-
tion of human subjects.

Instrumentation

Cutaneous sensation in the index finger and thumb was as-
sessed using Semmes-Weinstein monofilaments (Lafayette In-
struments, Lafayette, IN) and the Disk-Criminator (Lafayette
Instruments). The monofilaments were used to measure sen-
sitivity to pressure, whereas the Disk-Criminator was used to
measure 2-point discrimination. Sensation testing was con-
ducted in approximately 30 seconds.

Two Micro-Measurements Precision Strain Gauges (13 3 5
mm) (Vishay Measurements Group, Shelton, CT) were glued
to 2 metal half-cylinders, 5½ 3 1¼ 3 ⅝ in (13.97 3 3.18 3
1.59 cm), the grip bars (Figure 1). This apparatus has been
used in previous motor-control research. Subjects pinched the
grip bars with the thumb and index finger, and the forces were
measured by the strain gauges. The strain-gauge force data
were digitized at a sample rate of 100 Hz and collected on a
personal computer for analysis. Isometric-force output of the
thumb and index finger were measured on separate strain
gauges. These values were then summed and displayed on a
computer screen. The computer screen simultaneously dis-
played the target force line.

Procedures

The experiment was conducted on 2 consecutive days, with
subjects testing at the same time each day. Testing was con-
ducted bilaterally, with each limb tested in both treatment con-
ditions. Therefore, each subject completed each test 4 times
(2 times on each hand) and experienced each treatment con-
dition on both limbs (Table).
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Subject Testing Order*

Day 1, Limb 1

Step 1
Step 2
Step 3
Step 4

Step 5

Step 6

Determine maximal voluntary isometric contraction
Baseline sensation tests
Treatment condition: 15 minutes of cryotherapy
Posttreatment sensation tests

Submaximal isometric testing

3 trials at force level 10%
3 trials at force level 25%
3 trials at force level 40%

Postisometric-force–trials sensation tests

Day 1, Limb 2

Step 7
Step 8
Step 9
Step 10

Step 11

Step 12

Determine maximal voluntary isometric contraction
Baseline sensation tests
Control condition: 15 minutes of rest
Posttreatment sensation tests

Submaximal isometric testing

3 trials at force level 10%
3 trials at force level 25%
3 trials at force level 40%

Postisometric-force–trials sensation tests

*On day 2, treatment conditions were repeated on the opposite limbs,
and the order of submaximal force trials was different from the previous
day.

Before each day’s testing, subjects sat quietly for 15 minutes
to acclimate to the room temperature. Subject testing began
with our measuring MVIC generated during a pinching task
using the thumb and index finger. Two-point discrimination
and sensation of pressure in the index finger and thumb of the
limb being tested were then assessed (baseline). After baseline
measurements of sensation, the 15-minute treatment condition
(cryotherapy or control) was completed. Immediately there-
after, sensation was assessed a second time (posttreatment).
Subjects then completed the submaximal isometric-force trials
at the 3 different force levels. This was followed by the third
assessment of sensation (final).

Immediately after the first limb was tested, these same pro-
cedures were completed on the subject’s other limb. The treat-
ment condition was the opposite of the one used for the first
test, and the order of submaximal isometric-force trials was
also different. On day 2, subjects again completed the same
testing procedures as on day 1, but the treatment conditions
were reversed (cryotherapy condition for the right arm for day
1, control condition for the right arm for day 2). The order of
the submaximal isometric-force trials was also different from
the day-1 testing sessions.

Subject Positioning

Each subject sat comfortably in a chair in front of a table.
The tester positioned the subject’s hand and fingers on the
testing device, and the positioning remained the same through-
out testing. The distal phalanges of the thumb and index finger
were in constant contact with the 2 grip bars of the pinch-
force measurement apparatus. The third through fifth fingers
were in a fully flexed position. The arm was bent at the elbow
to about 1008 of flexion to allow the subjects to be comfortably
seated and in constant contact with the strain-gauge device.
Each subject’s hand positioning was standardized for both ex-
tremities throughout all trials.

Maximal Voluntary Isometric Contraction

The MVIC of the thumb and index finger was measured at
the onset of testing. Subjects were asked to maximally press
the bars between the thumb and index finger for 10 seconds,
repeated 3 times, with the hand on the table in the position
described previously. Subjects were instructed to give maximal
effort for the entire duration of each of the 3 trials. A mean
MVIC was determined after three 10-second trials, using the
peak value of MVIC during each of the 3 trials. The force
output was displayed on a computer screen for the subjects.
The mean MVIC was used to determine the percentages of
submaximal force for the submaximal isometric-force testing.

Sensation Testing

Cutaneous sensation was measured in 2 ways: using a
monofilament system and the Disk-Criminator. During testing,
the subject’s hand was placed on the table with a towel under
it for padding. The palmar surface of the hand was exposed.
The subject’s eyes were closed, and he or she was instructed
to fully attend to the testing. The filaments and tines were
pressed onto the palmar surface of the distal phalanx of the
thumb and index finger to assess sensory function of the me-
dian nerve.

The order of sensation testing was randomized using a bal-
anced design. The digit tested first was chosen at random.
Sensation testing was conducted 3 times before treatment, after
the 1-minute treatment, and, finally, after the completion of
isometric testing for that hand. The time for sensation testing
was less than 1 minute for each of the 3 test times, or less
than 3 minutes total.

For sensation-of-pressure testing, the monofilament was
pressed against the skin until it bent. The testing apparatus
was held in place for 2 seconds and removed for 3 seconds as
suggested by van Vliet et al.30 This was repeated 3 times for
each filament. The tester prompted the subject on when to
respond and to respond with a ‘‘yes’’ or ‘‘no’’ when he or she
felt the monofilament. The filaments were numbered by size,
with 1.65 being the smallest. The numbers on the filaments
correlate to a gram value of pressure needed to bend the fil-
ament.31 The smallest monofilament was used first for all test-
ing. Monofilaments were increased in size, using the incre-
ments 2.36 (0.02 g), 2.44 (0.04 g), 2.83 (0.07 g), 3.22 (0.16
g), 3.61 (0.4 g), 3.84 (0.6 g), and 4.08 (1.0 g) until the subject
had a ‘‘yes’’ response on consecutive increments. The estab-
lished normal range of sensation for the fingers ranges from
1.65 to 2.83.32 All subjects fell into this range at the beginning
of testing.

The Disk-Criminator had 5 levels of discrimination, the first
being 0 mm, or 1 point, whereas the rest were 2 points, with
distances between the 2 points of 1 mm to 5 mm. A normal
2-point discrimination measurement is 2 mm or less on the
fingertips.33 For 2-point discrimination testing, subjects were
asked to respond with the number (1 or 2) they felt. Subjects
sat quietly with their eyes closed during testing. The tester
applied just enough pressure to depress the skin directly below
the instrument, and the points contacted the skin at the same
time. The placement of 1 or 2 points was randomly mixed.
Each subject was assessed 3 times on each of the 5 distances
on the Disk-Criminator. The number of correct responses (of
15) was the 2-point discrimination score.
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Figure 2. Posttreatment (15-minute ice bath) mean pressure of sen-
sation was greater (*P 5 .001) in the treatment group, meaning the
ability to sense pressure in the digits was less. Sensation of pres-
sure was not different between conditions at baseline and final,
nor was there a difference between tests in control subjects.

Treatment Conditions

Subjects underwent a 15-minute ice-bath immersion of the
arm from 1 in (2.54 cm) proximal to the medial epicondyle to
the distal end of the fingers. The arms of the control subjects
were placed in the empty tub. The ice bath was at a temper-
ature of 108C at the beginning of testing and was allowed to
warm as it would in a practical setting in the athletic training
room. The temperature was measured after treatment and ad-
justed for the next treatment, but records of posttreatment tem-
peratures were not kept. After treatment, subjects towel dried
the hand, we tested sensation, and then we began submaximal
isometric-force testing. Time from the end of the treatment to
the start of the submaximal isometric-force trials was approx-
imately 2 minutes.

Submaximal Isometric-Force Testing

A computer screen was positioned on the desk in front of
the subjects so that they could easily see the screen. The com-
puter display provided visual feedback to the subjects of the
forces they produced during the entire length of the trial. Each
subject’s individual target force (a percentage of the maximal
force) was displayed as a horizontal line (in red). A second
line (in yellow) represented the instant output of the subject’s
isometric force. Subjects were instructed to match the force
output line with the target line. The isometric-force output line
(in yellow) moved longitudinally across the screen during the
30-second trial and rose and fell as the subject increased or
decreased the pressure on the strain gauges.

For submaximal testing, the subject’s hand was positioned
in contact with the strain-gauge apparatus on the grip bars in
the same position as that used during the MVIC testing. Sub-
jects were instructed to maintain the same positioning of the
thumb and index finger throughout testing. The arm and hand
remained in the same position as described previously.

Submaximal-force testing required the subjects to match, as
accurately as possible, 3 specific isometric target forces: 10%,
25%, and 40% of MVIC. For each target force level, 5 trials
of 30 seconds were performed, with 30 seconds’ rest between
trials. The order of submaximal-force percentages was ran-
domly determined for each subject.

Data Analysis

The mean and standard deviation of the total force produced
by the thumb and finger at each percentage of MVIC were
calculated using SAS software (version 7.0, SAS Institute Inc,
Cary, NC). The trials consisted of 2500 samples collected in
the last 25 seconds of each submaximal force trial. The first
500 samples (5 seconds) were removed, so that any differences
in the subject’s acquisition of the target were not a factor in
force variability. The mean force produced at each percentage
of MVIC was determined by averaging the 5 trials conducted
at each level. The standard deviation for the mean of the 5
trials was used to assess the variability of the subject’s ability
to maintain the submaximal force. We calculated root mean
square error terms for each trial, using the target force and the
actual force produced by the subjects during each trial, with
the formula ( ), where x 5 the raw data and t2(S(x 2 t) )/2500
5 the target force. The root mean square error during each
trial represented the subject’s accuracy, the average of the ab-
solute value of over- and underestimating the target during
isometric testing. Again, the root mean square error term was

averaged for the 5 trials at each percentage of MVIC. The data
for the dependent variables (change in sensation of pressure,
2-point discrimination, variability, and root mean square error)
were evaluated with an analysis of variance using Tukey-Kra-
mer post hoc tests, with an alpha level of P , .05 set a priori
to identify differences among the treatment conditions, per-
centage of force, arm, digit, and interactions of the 4 variables.

RESULTS

Sensation of pressure was 0.108 g higher after cryotherapy
than at baseline (F1,352 5 9.09, P # .003) (Figure 2). The
posttreatment sensation of pressure was significantly higher
than the baseline and postisometric force trials (F2,352 5 8.75,
P # .001, Tukey post hoc test P 5 .001). The left hand was
more discriminating during sensation of pressure testing; that
is, the right hand required greater force to elicit a response
after cryotherapy (F2,352 5 6.36, P # .012, Tukey post hoc
test P 5 .012) than the left hand. There was also a greater
decrease in the pressure sensitivity in the thumb than the finger
after cryotherapy (F1,352 5 5.02, P # .026, Tukey post hoc
test P 5 .025).

Two-point discrimination was not affected by cryotherapy,
being greater in the finger than in the thumb (F1,352 5 18.17,
P , .01, Tukey post hoc test P 5 .005).

Cryotherapy had no effect on precision (force variability
F2,168 5 0.42, P . .05) or accuracy (root mean square error
F2,168 5 0.54, P 5 .05). The variability of the force produced
increased as the percentage of force increased (F2,168 5 65.36,
P , .010; 40% . 25% . 10%, Tukey post hoc test P 5 .001)
(Figure 3).

Accuracy (root mean square error) also increased as the tar-
get forces increased (F2,168 5 25.73, P , .01) (Figure 4); 40%
of MVIC was greater than 25% and 10% (Tukey post hoc test
P 5 .001).

DISCUSSION

The goals of this study were to examine the effect of cryo-
therapy on the sensory perception in the index finger and
thumb and on submaximal isometric-force production. We hy-
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Figure 3. Targeting precision decreased as the percentage of the
submaximal isometric force increased. *Standard deviation in-
creased as percentage of maximal voluntary isometric contraction
increased (P , .01). Targeting precision was not affected by treat-
ment condition, and there was no difference due to arm tested.
MVIC indicates maximal voluntary isometric contraction.

Figure 4. Targeting accuracy decreased as the percentage of sub-
maximal isometric force increased. Root mean square error in-
creased as the percentage of maximal voluntary isometric con-
traction increased from 25% to 40% (*P , .01). The targeting error
was not affected by the treatment condition and was not different
in the 10% and 25% conditions. MVIC indicates maximal voluntary
isometric contraction.

pothesized that the sensation of pressure would decrease and
2-point discrimination would become less accurate after a 15-
minute period of cooling in the 108C ice bath. We also hy-
pothesized that decreased tissue temperatures would increase
the variability of the mean isometric force produced by the
thumb and index finger.

Apparently a 15-minute ice-bath immersion did not affect
force-production targeting error (accuracy and precision) under
the conditions of this study. Understanding the interaction of
accuracy (root mean square error) and precision (standard de-
viation) allows one to understand variability and error mea-
surements. A person who is able to hit a target 9 out of 10
times is very accurate, but if that same person hits the same
spot on the target only 1 time out of 10, he or she is very
imprecise. Another person who hits the same point 8 out of

10 times but outside of the target is considered precise but
inaccurate.

Our results are similar to a previous investigation of grip
coordination and force with the thumb and index finger. Sharp
and Newell7 also reported that as the target force increased
(from 10% to 50% of MVIC), root mean square error (N) and
the standard deviation of the submaximal force increased. Root
mean square error and the variability were significantly dif-
ferent among 5%, 10%, 30%, and 50% of MVIC. Our root
mean square values were lower than theirs: 0.8 and 1.6 N at
25% and 40% of MVIC, whereas their values were approxi-
mately 3 and 8 N at 30% and 50% of MVIC, respectively.
The difference in methods and devices used for the 2 studies
may have contributed to these differences. Our subjects per-
formed five 30-second trials, whereas their subjects performed
ten 6-second trials. Both sets of authors made corrections for
the error at the initiation of each trial by removing a portion
of each trial while the subjects acquired the target force. We
removed the first 5 seconds, whereas they7 only collected data
once the subject achieved the target. The likeliest reason for
the differences, however, is the equipment used. The designs
were similar, but they used individual load cells for each digit,
and we did not. The load cells may have resulted in more
accurate measurements of the forces generated by the thumb
and index finger.

The increase in variability (decreased precision) and target-
ing error (decreased accuracy) may have been due to fatigue;
however, we did not measure fatigue. Several of the subjects
stated that the 40% MVIC trials were the most difficult to
perform. While watching the subjects perform the 40% trials,
we noted that it was harder to accurately hit the target than
during the 10% trials in the first few seconds of each trial.
The longer subjects maintained a higher level of force, the
greater the potential for fatigue. This fatigue may be the result
of a depletion of muscle adenosine triphosphate when greater
demand is placed on the muscles for longer periods of time.

Previous research on the targeting error and variability as-
sociated with submaximal forces of the fingers suggests that
the increase in error is due to a lack of coordination of the
digits.7 As the force increases, grip coordination becomes in-
creasingly more difficult and leads to greater error and vari-
ability. It appears that there is a specific grip configuration for
higher forces. Increasing the number of digits used in the task
may result in a decrease in targeting error and variability at
higher force levels, but many digits may also increase the var-
iability. Sharp and Newell7 reported that the grip had a sig-
nificantly reduced error when 3 and 4 digits were used to grip
the device rather than 2 or 5 digits.

Several authors27–29,34 have suggested that cryotherapy has
no effect on closed or open kinetic chain proprioception. We
observed no increase in targeting error after cryotherapy, in-
dicating that proprioception was not affected by the cold. The
mechanoreceptors, muscle spindles, and Golgi tendon organs
are still capable of providing input for the brain to stimulate
motor endplates to contract muscle fibers and produce the
proper amount of force to accurately achieve the target. How-
ever, the role of vision was not measured in this study. The
dominance of vision may have overridden any effects of re-
duced proprioception.

Sensation After Cryotherapy

Greater pressure was needed to obtain a sensory response



118 Volume 38 • Number 2 • June 2003

after cold application. This suggests that decreased tempera-
tures affect the sensory receptors, a possibility supported by
previous research in which authors9,11 reported a decrease in
sensation in the index finger after rapid cooling.

The thermal sensory fibers are intensely stimulated by the
near-freezing temperatures of the ice bath.35 Simultaneously,
nocioceptor stimulation results in the sensation of pain expe-
rienced at low temperatures. Continuous stimulation of a re-
ceptor causes the receptor to adapt to the stimulus by increas-
ing its response threshold and, thus, firing less frequently.35

This increase in threshold may explain the response during the
sensation-of-pressure testing. However, mechanoreceptors and
nocioceptors are independent receptors, so an increase in pain-
receptor threshold may not cause an increased threshold in
mechanoreceptors after ice application. A possible explanation
is the stimulus of polymodal nocioceptors, which respond to
thermal and mechanical noxious stimuli simultaneously.35

These nocioceptors may allow the sensation threshold to in-
crease in both types of receptors. Additionally, the afferent
output from different nerve endings is transported to the spine
by the same dorsal root ganglion neurons, the primary afferent
pathway. It is quite possible that the reduction of action-po-
tential transmission as the result of decreased nerve conduction
velocity and increased receptor threshold lead to an increase
in pressure needed to stimulate a response after ice is ap-
plied.13

The fingertips are the most sensitive area of the body.35

With the high level of receptor acuity in the digits, it may be
possible to have an increase in mean response during the sen-
sation-of-pressure testing that is not clinically significant. The
increase in mean response (0.033 g) was not large enough to
reach the level of the next highest monofilament, from 3.22
(0.16 g) to 3.61 (0.4 g). Subjects were still responding to the
3.22 monofilament, but more errors occurred at this level than
before the ice bath. A more sensitive test is indicated for fur-
ther study of the decrease in sensitivity to pressure after cryo-
therapy.

The results of the 2-point discrimination tests suggest a dif-
ference in the sensitivity of the finger and thumb35 and be-
tween right and left35 but not between dominant and nondom-
inant hands.32 The right finger and left thumb were better able
to detect smaller distances in 2-point discrimination. Our re-
sults, however, suggest that the finger, on either hand, is better
able to discriminate smaller distances and is better at 2-point
discrimination. We also found that cryotherapy did not affect
2-point discrimination. This concurs with previously reported
data that suggested sensory perception on the sole of the foot
was not altered by cold in 2-point discrimination.29 The fact
that 2-point discrimination was not affected may be because
of the highly sensitive receptors located in the digits of the
hand.

Meissner corpuscles and Merkel disks are located in the
fingers in large numbers and have relatively small receptive
fields, approximately 2 to 4 mm in diameter.35 The large num-
ber of receptors in close proximity may account for the ability
of the receptors to distinguish such a small difference in dis-
tance, 2 mm. Again the clinical significance of these findings
is that cryotherapy does not affect 2-point discrimination.

Effect of Cryotherapy on Variance of Force
Production

Variance of force production was also not affected by cool-
ing, indicating that subjects were as precise in cold and no-

cold conditions. As we observed with the variability data, as
force increased, the standard deviation increased. Ulnar and
median motor nerve conduction is decreased after 30 minutes
of cooling at a higher temperature than used in this study.13,14

We believed that a decrease in motor-nerve conduction veloc-
ity would decrease reaction time, increase mean force vari-
ability, and decrease the precision of force production. How-
ever, our results do not indicate that this occurs, and decreasing
nerve conduction velocity in the hand and forearm may not
alter motor function as measured in this study.

It appears that cryotherapy does not affect the targeting pre-
cision or force variability of contracting muscles. The appli-
cation of ice before submaximal exercise, such as during cry-
okinetics or a cryostretch routine, should not decrease the
athlete’s ability to maintain a given level of muscle contrac-
tion. We did not, however, address MVIC after cryotherapy.
Maximal contraction after cryotherapy is reduced,22 and activ-
ities requiring maximal contraction may be affected. During
the initial stages of rehabilitation, however, the athlete rarely
contracts the muscle maximally. Therefore, we conclude that
the use of cryotherapy to treat pain and muscle spasm before
submaximal rehabilitative therapeutic exercise is not contra-
indicated.36

CONCLUSIONS

Cryotherapy does not increase isometric-force targeting er-
ror or mean force standard deviation. Sensation of pressure
was decreased after cryotherapy, whereas 2-point discrimina-
tion was unaltered, suggesting that a more sensitive method
of testing may be necessary to determine the exact impact of
cold on sensation. The use of cryotherapy as an analgesic be-
fore submaximal closed chain upper extremity exercise does
not appear to be contraindicated.
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