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Abstract Intolerance to the cold is common following
peripheral nerve injury and surgery of the upper extremity.
Despite its prevalence, the exact pathophysiology and
natural history of this condition are not well understood.
Subjective, self-report questionnaires have been created and
validated as reliable measures of post-traumatic cold
intolerance. The difficulty currently lies in assigning an
objective measure to this predominantly subjective phe-
nomenon. The present study evaluated the test-retest
reliability of a proposed objective measure of cold
intolerance, the Immersion in Cold-water Evaluation
(ICE), and its correlation with subjective measures in
healthy control subjects. Two age groups were also
compared to investigate the effect of age on cold intoler-
ance and temperature recovery. On two separate testing
days, subjects completed three health-related questionnaires
and submersed their dominant hands in cold water. The
temperature of their second and fifth digits was monitored
during recovery. Both the objective cold-provocation
testing and the subjective self-report questionnaires were
highly reliable albeit not significantly correlated. No
significant temperature recovery trend was noted between
the age groups. Post-traumatic cold intolerance is postulat-
ed to have both a vascular and neural etiology among other
contributing causes. The protocol studied here was centered
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predominantly on the former etiology, examining peripheral
blood flow and associated temperature recovery. This study
established ICE as a reliable means to objectively measure
cold response, supplementing information provided by
previously validated self-report methods.

Keywords Cold intolerance - Immersion in Cold-water
Evaluation (ICE) - Peripheral nerve injury

Introduction

Cold intolerance, or hypersensitivity, is common following
peripheral nerve injury and surgery of the upper extremity.
Its symptoms generally develop within the first few months
following the initial damage and can include pain, ache,
discomfort, dexterity loss, stiffness, dysaesthesia, paresthe-
sias, and color change [2, 3, 16, 25]. These abnormal
responses may endure for several hours following exposure
to cold weather, environments, and substances and tend to
diminish upon re-warming [7, 10, 19, 25]. Intolerance to
the cold can become particularly disabling for those
employed outdoors in colder climates as well as with
regular use of refrigerators and air conditioning, implicating
serious economic and livelihood implications for affected
individuals [5, 15, 18]. Campbell and Kay [2] suggest that
since these symptoms have been shown to occur both in
isolation and in combination, the diagnosis of cold
intolerance is not necessarily dependent on their simulta-
neous presentation. Cold-induced symptoms within indi-
viduals tend to manifest in a consistent manner. However,
substantial variation exists between individuals on both the
nature and severity of symptoms [14]. While the current
definitions cover certain aspects of cold intolerance, they do
not effectively define the condition itself.
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The pathogenesis and natural history of cold intolerance
remain ambiguous despite the condition’s increasing prev-
alence [10, 18]. Injury to the peripheral vasculature,
defective vasoregulation, and nerve injury have been
suggested as possible routes to cold intolerance [3]. Some
studies deem cold intolerance to be a long-term and
permanent condition, while others suggest it will improve
naturally over time, as sensibility to the affected appendage
returns [3, 5, 7, 19]. Improvement may be subjective since
treatments often consist of behavioral modification, not
direct remedy of the ailment: the problem may have only
disappeared because the patient has learned to avoid the
cold [5]. It has been argued that cold intolerance is not
significantly correlated with age [25], smoking history [5],
or mechanism of peripheral nerve injury [3]. However,
other studies have found that younger subjects are less
affected [27], smokers are more affected, and subjects with
crushed nerve injuries are more likely to develop cold
intolerance [10], further exemplifying the diversity and
disagreement surrounding this issue. By creating valid and
reliable measurement tools, both for subjective observations
and objective physiological responses, the disagreement
surrounding this highly prevalent issue may be settled.

A variety of self-answered questionnaires have been
created to measure the subjective presence of cold intol-
erance. McCabe et al. [18] developed the Cold Sensitivity
Severity Scale (CSSS), a five-item scale covering a range of
cold exposures using simple questions and an adjectival
scale. Irwin et al. [10] have since developed the Cold
Intolerance Symptom Severity score (CISS), a six-item
scale that explores additional dimensions of cold intoler-
ance. The reliability and applicability of these scales have
been formally evaluated, their validity continuously verified
as other studies make use of these tools to measure
problems experienced by patients [3, 5, 10, 24]. While
evidence on these self-report scales has been positive, there
remains a role for objective measures of the physiological
parameters associated with cold intolerance. Previously
used objective cold intolerance or “cold stress” tests include
measurements of cutaneous temperature, blood flow, and
blood pressure when exposed to cold [5]. The isolated cold
stress test is one method that evaluates digital temperature
and cutaneous perfusion during a room-temperature recov-
ery period following cold exposure [13, 24]. However,
when Ruch et al. completed this test with the CISS score,
there was very little correlation between the two sets of
results [25].

Review of the literature indicates little standardization
between centers or studies utilizing cold stress testing. A
simple protocol that is inexpensive, practical, and reliable
has the potential to contribute to clinical practice and
research. The present study sought to define and evaluate
the test-retest reliability of a simple cold-provocation

protocol in healthy, control subjects. It aimed to examine
the correlation of this objective test with previously
validated subjective measures as well as examining the
effect of age on temperature recovery.

Materials and Methods
Subjects

Fifty-two healthy subjects were recruited from May 2006 to
June 2007. All subjects were screened for the following
exclusion criteria: (1) diagnosis of peripheral nerve injury,
Raynaud’s or hand—arm vibration syndrome; (2) history of
fingertip blanching, unstable cardiovascular or neurological
conditions, or neck pain; (3) exposure to occupational
vibration; and (4) previous digital nerve re-implantation.
Subjects were instructed to refrain from consuming caffeine
and alcohol and to refrain from smoking for at least 4 h before
testing. The McMaster Research Ethics Board granted ethics
approval for this project. All subjects gave informed written
consent for their participation.

Protocol Development

A literature review was conducted to establish the range of
temperatures, immersion times, and monitoring periods
used in cold-provocation testing [4, 8, 16, 17]. These
parameters were used to develop the potential ranges for the
test protocol presented here. Pilot testing with healthy
volunteers and patients was conducted to establish the
lowest possible temperature that the majority of subjects
could tolerate, while assessing variations in immersion
times and monitoring periods. A temperature of 12°C (after
tests at 10°C proved to be too cold) for 5 min was found to
be tolerable by all volunteers, although symptoms of cold
discomfort could be expected. Temperature recovery was
initially monitored for 20 min following immersion. It was
found that most recovery occurred within 5 min and that no
significant improvement was noted past 10 min for all
study participants. Ten minutes was then selected as a
reasonable upper limit for the monitoring period even for
patients with pathology. The Immersion in Cold-water
Evaluation (ICE) was established based on this pilot testing.

Testing Protocol

All testing was completed in a room temperature main-
tained at 20+2°C. Each subject was tested in the same
location on both testing days using the same equipment
throughout. Subjects were required to acclimatize to the
testing room temperature upon arrival for 15 min. During
this time, subjects completed the following self-report
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questionnaires: the Patient-Rated Wrist/Hand Evaluation
(PRWHE), the Cold Symptom Severity Scale, and the SF-
36 Health Survey [10, 22].

Each subject was directed to rest his dominant hand
comfortably, palmar surface up, on a bench top approxi-
mately at the level of the subject’s heart. The subject was
instructed to maintain a stable upper-body position and
refrain from moving his hands, both while on the bench and
during cold immersion. A DT48 King Medical Infrared
Skin thermometer was used to record the temperature of the
subject’s second and fifth digits at 1-min intervals for 2 min
to identify a baseline, pre-immersion measure. The subject
subsequently immersed his hand, up to the styloid process
of the ulna, in an insulated container of 12°C water (Fig. 1).
The temperature was monitored throughout the experiment
using a floating Aquarius Digital Spa and Pool thermometer
and a mercury-in-glass thermometer to verify the temper-
ature readings. The water temperature was maintained
within 1°C of the target value with the administration of
additional ice or warm water, as required. The investigator
stirred the contents of the container three times each minute
to evenly disperse the water warmed by the subject’s hand.

Following 5 min of immersion in ice water, the subject
removed his hand and placed it again palmar surface up on
a towel on the bench. The investigator quickly pat-dried the
subject’s hand and recorded the temperature of the second
and fifth digits (Fig. 2). The temperature of these two digits
was recorded at 1-min intervals for the next 10 min. The

Figure 1 Cold provocation. Subjects immersed their hands in an
insulated container of 12°C water. They were instructed to refrain
from touching the sides or bottom of the container, as well as to resist
the urge to move their hands.
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Figure 2 Temperature recording. Following 5 min of cold provoca-
tion, the temperature of the index and fifth digits was measured using
a DT48 King Medical Infrared Skin thermometer. The temperature of
these two digits was recorded at 1-min intervals for 10 min.

protocol was repeated using the subject’s non-dominant
hand for comparison. Subjects returned within 1 week
following the first testing date to complete the ICE protocol
in its entirety.

Data Analysis

All data were statistically analyzed using SPSS v15.0
software. All digit temperature recordings were reported
as a percentage of pre-immersion temperature. Test—retest
reliability of both the self-report questionnaires and
objective measures was calculated using the intraclass
correlation coefficient (ICC) with a 95% confidence
interval. Correlations between subjective and objective
results were analyzed with the Pearson correlation coeffi-
cient. Finally, any differences between groups were
analyzed using linear regression and analysis of variance.

Results
Subjects

Fifteen male and 37 female subjects, aged 19-67 (mean age
of 29.77+1.84), were successfully screened for participa-
tion in this study. This sample was further divided into two
age groups: >45 (11 subjects) and <45 (41 subjects), each
with similar gender proportions (approximately 3:7, men to
women). The subjects successfully completed all question-
naires and were able to remain immersed for the full
duration of the ICE on two separate testing occasions.
Every subject complained of discomfort during the first
2 min of the ICE. Many described it as a “slight burning
pain” and “throbbing tingle.” Most commented that they
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Table 1 Subjective test—retest reliability.

ICC (95% CI)

PRWHE 0.74 (0.40-0.88)
CSSS 0.89 (0.74-0.95)
SF36 0.69 (0.30-0.86)
Total 0.87 (0.70-0.94)

The test-retest reliability of the self-report questionnaires appeared
highest with the test more specific for cold intolerance (CSSS) and
least for the more general health report (SF-36).

PRWHE Patient-Rated Wrist Hand Evaluation; CSSS Cold Symptom
Severity Scale; SF36 Short Form 36 Health Survey; /CC intraclass
correlation coefficient; 95% CI 95% confidence interval

eventually felt a numbing sensation, free from pain after the
third minute. Some, however, complained that the discom-
fort was never alleviated during immersion. A number of
participants commented that their hands began to throb
during the re-warming process. Two such subjects suffered
from prolonged stiffness and minor loss of dexterity for
some time following the experiment on both testing
occasions. No long-term discomfort was reported.

Test—Retest Reliability

Both the subjective and objective measures had good test—
retest reliability (ICC, 95% CI). The CSSS scale had higher
reliability coefficients (0.90, 0.83—0.94) than the PRWHE
(0.76, 0.59-0.86; Table 1). The lowest retest correlation
coefficient occurred for cold provocation as measured on
the index finger at time 0 (0.42, —0.01 to 0.67). This
suggests that the most instability in scores occurs with the
initial temperature drop associated with removing the hand
from immersion, drying, and initiating measurement proce-
dures. Test-retest reliability was generally good for tem-

Table 2 Objective test—retest reliability.

perature recovery, gradually becoming more significant as
the re-warming period progressed (Table 2; Fig. 3).

Correlation Between Measures

There were no significant correlations between subjective
and objective measures (Pearson correlation coefficient,
p; —0.30 to 0.26, p>0.05), regardless of which question-
naire was used. However, there was a significant correlation
between subjective measures CSSS and PRWHE (0.35—
0.49, p<0.05). There was a significant positive correlation
between age and temperature recovery (0.45-0.47, p<
0.05), indicating that recovery rate varied with age. These
results must be viewed with caution given the low
representation in the >45 age group (Fig. 4).

Temperature Recovery Trends

There was substantial variability between subjects in terms of
the pattern of temperature recovery and the final value that
each subject attained. Some subjects’ digit temperatures
gradually increased, approximately 1° at a time, while others
increased non-linearly, the temperature taking large, erratic
jumps. The majority of subjects attained 70% or less recovery
on average, with only a minority reaching 80% recovery. A
small minority recovered beyond baseline temperature (e.g.,
>100%) within specific trials. There was no identified age,
gender, or hand-dominance association to explain these
occurrences. There was also no significant difference between
subjects’ dominant and non-dominant hands.

A significant difference in recovery between age groups
was observed, as described above. Subjects in the >45 age
group appeared to recover more quickly and completely
than subjects in the <45 age group (Fig. 4). Again, this
analysis is underpowered because of the low representation
in the older age group.

Recovery Time ICC (95% CI)

Dominant Index

Non-Dominant Index

Dominant 5th Digit Non-Dominant 5th Digit

0.30 (~0.58 to 0.69)
0.71 (0.34 to 0.87)
0.78 (0.49 to 0.90)

0.84 (0.63-0.93)
0.76 (0.46-0.90)
0.76 (0.44-0.89)

0 min 0.38 (~0.40 to 0.73) 0.42 (-0.33 to 0.74)
2 min 0.84 (0.63 to 0.93) 0.88 (0.72 to 0.95)
4 min 0.82 (0.60 to 0.92) 0.74 (0.42 to 0.89)
6 min 0.81 (0.57-0.92) 0.77 (0.48-0.90)

8 min 0.80 (0.55-0.91) 0.77 (0.47-0.90)
10 min 0.80 (0.54-0.91) 0.79 (0.53-0.91)
Average 0.86 (0.69-0.94) 0.81 (0.57-0.92

0.81 (0.58 to 0.92)
0.81 (0.56 to 0.91)
0.78 (0.50 to 0.90)
0.84 (0.63 to 0.93)

0.83 (0.62-0.93)
0.81 (0.58-0.92)
0.74 (0.40-0.88)
0.83 (0.61-0.92)

The lowest test—retest reliability of the ICE protocol during the two testing occasions was observed directly following immersion, with increasing
reliability as recovery time progressed. There was no statistically significant difference between subjects’ dominant and non-dominant hands.

ICC Intraclass correlation coefficient; 95% CI 95% confidence interval
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Figure 3 Temperature recovery.

40.0, M Male B Female
Test—retest reliability was good Testing Day 1
for temperature recovery, graph-
ically represented by the similar 35.0
pattern in bar height—a mea-
surement of the index finger 3001
temperature of male and female
subjects on both testing days.
Recovery was slightly higher in 25.0
men than women, although not
statistically significant. Consid- 200

erable variation existed between
subjects, as evident by the large |
standard deviation values. 15.0 I

10.0 4
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0.0 4
Pre 0 1 2 3 4 5

Discussion
Protocol Rationale

Cold immersion testing has been deemed a relevant method
for evaluating the thermoregulatory potential of the upper
extremities [13]. Varying techniques have been developed
both to implement this stress and to measure its con-
sequences. The ICE protocol tested in this study involved
cold water provocation and subsequent monitoring of digit
surface temperature. Nylander et al. [20] observed the
seemingly intuitive finding that cold pain is experienced
when temperature in the fingertips is low. The application
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= Age >45
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Figure 4 Recovery between age groups. Subjects in the >45 age
group appeared to recover more quickly and completely than subjects
in the <45 age group. However, this statistically significant observa-
tion may not be reliable due to lack of representation in the older age
group.
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of a mild temperature stress will stimulate vasoconstriction
and decrease blood flow to the extremities [23]. The
rationale behind this test for post-traumatic cold intolerance
thus lies in the link between thermoregulation, peripheral
blood flow, and the autonomic nervous system.

Thermoregulatory mechanisms in the body rely heavily
on the regulation of cutaneous blood flow. Exposure to the
cold results in cutaneous vessel vasoconstriction, shunting
blood from the superficial to the deep venous system,
transferring heat from the arteries to the veins, and
effectively reducing skin temperature to maintain core
levels [24]. Many blood vessels receive direct innervation
from the sympathetic nervous system, enabling the main-
tenance of arterial and venous pressure [1]. Major periph-
eral nerves may act as important routes for the passage of
adrenergic nerve fibers responsible for instigating vasocon-
striction [24]. Peripheral neuropathies would consequently
have a detrimental effect on vasomotor function.

Test—Retest Reliability, Correlation and Recovery Trends

High test-retest reliability was observed for both the
subjective and objective testing methods. Despite high
variability between subjects, there was significantly less
variability within each subject, enabling such high reliabil-
ity. This is consistent with findings of clinical practice
where patients seem to have similar symptoms over time,
but different patients manifest the problem differently.
These findings of high reliability for self-reported cold
intolerance are also consistent with that reported by
previous authors [3, 5, 10]. The additional contribution of
this particular study is in establishing the reliability of the
ICE protocol.
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Investigators completed all trials using the same equip-
ment, environment, and technique, improving the reliability
by standardizing and reducing the variability of the ICE
protocol. The room temperature remained at 20+2°C
throughout testing, although no attempt was made to actively
control it given that most clinics would be unable to do so.
Another potential source of variability that was not con-
trolled for was the time of testing with respect to the time of
day and the time of year. Body temperature may vary with a
circadian rhythm and activities like eating or exercise
throughout different points of a 24-h period. Testing was
also completed during a range of time in which weather
patterns would have been variable. In this regard, neither
one’s core body temperature nor the external temperature
were controlled and could have affected the objective test—
retest reliability and the correlation between the subjective
and objective testing, respectively. However, the finding of
high test-retest reliability suggests that the applicability of
the ICE is reliable under normal conditions providing that a
15-min acclimatization period is adhered to. Craigen et al.
[5] found that the ambient environmental temperature does
not seem to affect the subjective ranking of cold-intolerance
severity, suggesting that the lack of correlation may be
unrelated to external temperature differences.

Although the ICE protocol and self-report were both
reliable, they were not significantly interrelated. It is
possible that some of the uncontrolled factors mentioned
above contributed to this lack of relationship but unlikely
that they can totally account for the observed lack of
correlation. It is more likely that these are separate
phenomena, with the ICE measuring vascular responses
manifested in the periphery and self-report measuring the
subjective experience of cold symptoms (which may
include pain and other subjective sensations). A variety of
peripheral and central neurovascular, psychosocial, cultural,
environmental, and medical factors might contribute per-
ceptions of discomfort or unpleasantness.

Despite an initial interest in examining the effect of age
on temperature recovery, an insufficient number of older
volunteers participated in the study, reducing the compe-
tency of results in this regard. A trend was observed between
age groups with the subjects over age 45 recovering more
quickly and completely than those less than age 45. This
trend in the older subject group is inconsistent with reports of
age-related decrease in vascular functioning. Feger and
Braune [8] report a significant decrease in skin blood flow
with respect to age in their study using laser-Doppler
flowmetry. Santiago et al. suggest that thermoregulatory
stress tolerance is reduced in aging subjects while thermal
sensory thresholds are increased [29]. However, the size of
the two age groups in the present study was highly in-
equitable, perhaps resulting in insufficient power to
realistically make this claim.

Theories of Pathophysiology

Cold intolerance may persist following injury or surgery to
the upper extremity, despite the sufficient return of general
motor and sensory functioning [10]. Suggestions for its
pathophysiology include both a neural and vascular
etiology, along with the possible contribution of humoral
factors and central control mechanisms.

Thermal and pain sensations are both mediated through
small-diameter, slowly conducting nerve fibers: unmyelin-
ated C and lightly myelinated A-b fibers [1]. These two
types of afferent fibers in the distal axons of primary
sensory neurons respond to nociceptive stimuli, including
temperatures below 15°C, if the intensity of the stimulus is
high enough [29]. In cold-intolerant subjects, it may be that
this cold stimulus threshold is lowered, requiring less
intensity to elicit a pain response. These fibers are also
thought to contribute to autonomic control [26]. Small
fibers are therefore implicated in sensory and autonomic
dysfunctions such as pain manifestation and enhancement.

Neuropathic pain can occur with damage to the
peripheral or central nervous system. Peripheral sensitiza-
tion involves the release of cellular mediators following
peripheral nerve injury that act to sensitize nociceptors by
altering the number and location of ion channels in both the
nerve fiber and dorsal root ganglia. This enables a greater
influx of action potential-generating ions, subsequently
lowering the depolarization threshold so that the response
of nociceptors to stimuli such as cold is heightened [21].

Another mechanism involves cross-talk among neigh-
boring injured and uninjured fibers. The persistent changes
occurring due to nerve injury can enable chemically
mediated electrical connections from the affected to the
unaffected fibers. This causes stimuli that would not
typically be painful to initiate activity in the usually
inactivated nociceptors [21]. De Medinaceli et al. suggest
that the incomplete recovery of regenerated fiber diameter
may contribute to cold intolerance. Conduction velocity is
slowed in small-diameter fibers and with exposure to cold.
The reduction in fiber diameter from trauma can perma-
nently distort the neural signal so that it is perceived as
nociceptive. This condition of peripheral desynchronization
is further aggravated by the cold [6].

Klein-Weigel and colleagues noted a significant reduc-
tion in skin vessel density in cold-intolerant fingertips. This
reduction in vessel density may reflect a decline in thermal-
modulation capabilities in these areas. These results can be
extrapolated to previous findings with defects in the resto-
ration of vascular nerve plexuses to suggest that this may
lead to cold-intolerance symptoms [12]. While these results
do not necessarily confirm the hypothesis that macrovas-
cular and microcirculatory failures are detrimental to cold
tolerance in digit replants, they do imply that a reduction in
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skin vessel density may correspond to hindrance in thermal
modulation. If this is the case, the cold-provocation pro-
tocol tested in the present study should reveal disturbed
temperature recovery in nerve-injury subjects.

Measuring Cold Intolerance

While the natural history and pathophysiology of cold
intolerance remain disputable, it is apparent to most
clinicians that these symptoms can cause profound disable-
ment and loss of productivity. There is little high-quality
evidence to establish effectiveness of conservative, medical,
or surgical interventions to treat these problems.

Self-report scales have proven to be excellent in
determining the subjective presence of cold intolerance.
The scales that are most reliable and sensitive to the vast
array of symptoms are those that include questions
applicable to daily living and varied severities of cold
exposures. The CSSS is most relevant for testing the
perception of cold sensitivity with regards to specific cold-
intolerant scenarios [18]. The PRWHE rates wrist-related
pain and disability in functional activities [9]. Together,
these two scales may explain both the perception of and
functional disability associated with post-traumatic cold
intolerance.

Although previous authors have established that self-
report questionnaires can be reliable, these alone provide
insufficient measurement of the clinical phenomena for
high-quality research. More objective tests of cold intoler-
ance must be reproducible, sensitive, specific, and easily
performed to be clinically applicable. The ICE protocol
assumes that peripheral vascular response provides data that
are at least moderately related to the underlying (vascular)
etiology of cold intolerance and that readily available
instrumentation adequately measures these changes. It
should be recognized that in using readily available
instrumentation, sensitivity may be less tenable than with
more sophisticated technology [28].

A recent study by Feger and Braune [8] attempted to
identify a standardized assessment for sympathetically
mediated skin perfusion using laser-Doppler flowmetry
and a modified cold pressor test. A £2°C cooling pad was
placed on the palmar surface of healthy subjects’ forearms
for 20 s to induce vasoconstriction, excluding the con-
founding vasoconstriction effect that can result from
inevitable hand movement in water-immersion protocols
[8]. Laser-Doppler flowmetry provides a continuous,
noninvasive measurement of microvascular perfusions with
respect to relative changes in blood velocity and volume
[23]. Both this provocation and measurement may be more
accurate and reliable than simple water immersion and
thermography. Test selection will depend on information
needs, equipment availability, and practical considerations.
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Since the ICE protocol measures digital recovery, it may
not capture aspects of intolerance such as a neural
component of etiology. De Medinaceli and colleagues
sought to create a model of the peripheral nerve message
to better understand the role of these nerves in the
transmission of pain, especially cold-induced pain follow-
ing neuropathy. The investigators were able to gather
critical information concerning peripheral desynchroniza-
tion and distorted peripheral messages indicative of cold-
induced pain [6]. These findings suggest a need for further
discovery into the functioning and measurement of periph-
eral nerve conductance. This and related work are needed
for better measurement and design of interventions.

Limitations and Future Study

The present study was limited by the nature of the
convenience population that volunteered. Most subjects
were in their early 20s with only 11 comprising the >45 age
group. It would be ideal to include a broader range of ages,
especially older subjects, to truly examine the effect of
aging on cold tolerance. Including a larger overall sample
size with a more equal gender representation may also
prove beneficial in determining the significance of some of
the observed trends.

In trying to achieve a protocol suitable for a wide variety
of applications, it is important to recognize that testing
across multiple pathologies is required to fully establish the
validity and applicability of the test. As noted, discomfort
during testing is not uncommon, and others may find
protocols that provide equal information with less dis-
comfort. Ishitake et al. found that there were fewer negative
side effects when hands were immersed up to the
metacarpophalangeal joints as opposed to deeper submer-
sion to the wrist. The results were comparable but with
higher subject preference for the new depth due to reduced
finger pain [11].

This study can be considered both developmental and
promising. The availability of a standardized protocol with
established reliability will provide clinicians and clinical
researchers with a viable management option. Future
studies involving patient populations and longitudinal data
collection will be essential to further establish responsive-
ness. This study determined that ICE is a reliable means to
provide objective and distinct information on cold response
that can augment information provided by self-report.
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