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persons with SCI have difficulty dissipating heat 
during exercise compared to their able-bodied 
(AB) counterparts.1-3 The extent of such thermal 
impairment has been shown to be directly related 
to level and completeness of injury, with higher 
and complete lesions having more impairment 
than lower, incomplete lesions.4,5 Specifically, the 
vessels of the face and neck are sympathetically 
mediated from levels T1-4, upper extremity vessels 
mediated from T5-7, and vessels of the lower 
extremity from T10 to L3.6 Therefore, persons with 
complete tetraplegia have essentially no vasomotor 
control, whereas persons with high paraplegia have 
vasomotor control of face and neck and persons 
with low paraplegia have control of upper limbs 
and potentially some control of lower limb vessels 
depending on the LOI.
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Injury to the spinal cord results in impairment 
of vasomotor and sudomotor function at 
and below the level of injury (LOI).1 In non–

spinal-cord-injured individuals, internal heat gain 
from metabolically active muscles (eg, during 
exercise) and external heat gain from the ambient 
air is mitigated through processes regulated by 
the hypothalamus. The afferent input of heat 
gain results in neurological efferent signals that 
regulate vasomotor tone (convective cooling) 
and sudomotor activation (evaporative cooling). 
In persons with spinal cord injury (SCI), the 
output from the hypothalamus is blocked due to 
lesions within the spinal cord. Furthermore, the 
loss of skeletal muscle pump activity from the 
paralyzed limbs further impairs blood circulation 
and thus core temperature regulation. As a result, 
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In the AB athlete, is it well accepted that elevated 
core temperature (T

c
) due to internal and external 

heat gain during exercise can impair endurance 
and performance.7,8 Extreme elevations in T

c
 can 

result in exercise-induced hyperthermia (EIH) 
(>37.8°C-38.3°C) that that can lead to heat 
exhaustion (<40°C) or heat stroke (>40°C) as 
defined by American College of Sports Medicine 
(ACSM).9 For this reason, cooling methods such as 
whole body cooling, cooling vests, and hand/foot 
cooling are utilized before and during exercise in 
AB athletes.10-13 These devices have been shown to 
reduce thermal strain, increase endurance capacity, 
and improve performance.14-17 

Due to the increased risk of EIH and heat-
related illness from thermoregulatory dysfunction 
in persons with SCI, a number of commercially 
available cooling devices have been tested in 
a controlled laboratory setting in attempts to 
attenuate rise in T

c
. Foot cooling garments, 

hand cooling garments, head and neck cooling 
garments, misting devices, and a cooling vest have 
been tested in SCI populations.18-22 This study 
sought to test the efficacy of the cooling device 
in a sport-specific environment. The cooling vest 
interferes minimally with wheelchair propulsion 
during sporting activities and was thus chosen for 
this study.

While the efficacy of the cooling vest in 
normalizing T

c
 in the AB population has been 

clearly documented, the efficacy of the vest in 
SCI populations has variable results from 3 small 
studies.14,23,24 Armstrong et al18 found that cooling 
(ice) vests worn during 30 minutes of wheelchair 
roller exercise in a hot-humid environment 
(~33°C and ~75% relative humidity) did not 
significantly decrease T

c
 in an SCI group (4 with 

paraplegia, 1 with tetraplegia). Webborn et al 
evaluated the effect of cooling vests in 2 studies 
of 8 persons with tetraplegia during an arm crank 
ergometry intermittent sprint protocol (defined 
as 14 two-minute exercise periods each consisting 
of 10 seconds passive rest, 5 seconds maximum 
sprint, and 105 seconds of active recovery). The 
first study reported a significant decrease in T

c
 

and rate of perceived exertion when vests were 
used before (pre-cooling) or during 28 minutes 
of exercise in the heat.19 The second study also 
reported a significant decrease in T

c
 and time to 

exhaustion during 60 minutes in the heat when 
wearing the vest.25 Webborn recommended that 
tetraplegic athletes performing intermittent sprint 
exercise in hot conditions should wear a cooling 
vest before or during exercise to attenuate rise in 
T

c
. This study tested Webborn’s recommendation 

to examine whether these findings translate to a 
nonlaboratory field-based environment of athletes 
engaging in intermittent sprint exercise during play 
of wheelchair basketball and rugby. This concept of 
testing has recently been recommended, as testing 
of athletes in their normal sports wheelchair and 
their natural environment may yield results that 
are more relevant than laboratory testing.26 

The objectives of this study are 2-fold: (1) to 
evaluate the extent of EIH in persons with and 
without SCI, and (2) to examine the ability of a 
cooling vest to attenuate the rise in T

c
 of SCI and 

AB athletes during intermittent sprinting exercise. 

Methods

Setting

The data collection took place at a local 
indoor gym with an ambient temperature of 
21.1°C-23.9°C measured by a sling psychrometer.

Participants

Study enrollment included 41 well-trained 
athletes: 22 men with chronic SCI (>1 year post 
injury) and 19 men without SCI (AB) (Table 1). 
Five SCI athletes did not complete the study due 
to their inability to attend all data collection times. 
All AB athletes completed the study. Seventeen 
SCI and 19 AB subjects completed the study. SCI 
athletes were separated into groups according to 
their level of injury as follows: tetraplegia defined 
as above T1 (TP; n = 6), high paraplegia defined as 
T5 through T1 (HP; n = 5), low paraplegia defined 
as T6 and below (LP; n = 6), and AB (n = 19). 
Lesion levels of SCI athletes in each group were as 
follows: TP group, C5-7; HP group, T3-5; and LP 
group, T7-12. American Spinal Injury Association 
Impairment Scale (AIS) ranged from A-C in the 
TP group, A (2 athletes with unknown AIS level) 
in the HP group, and A-D in the LP group (Table 
1). No SCI athletes were community ambulators. 
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SCI athletes’ ages ranged from 21 to 58 years old. 
AB athletes’ ages ranged from 24 to 61 years old. All 
SCI athletes (TP, HP, and LP groups) trained and 
competed regularly in a wheelchair basketball (n = 
11) or wheelchair rugby (n = 6) team, whereas all 
AB athletes exercised at least 3 times a week for 30 
minutes.

This study was approved by the local institutional 
review board. All subjects provided informed 
consent to participate. The SCI group consisted 
of wheelchair basketball and rugby players from 
teams in San Antonio and Austin, Texas. All 
persons received compensation for participation. 

Cooling vest

The cooling vest we selected for trial (Glacier 
Tek, Inc., West Melbourne, FL) contained 
renewable phase change material (RPCM) made 
from high-technology processed fats and oils 
that maintained temperatures of 15°C when 
cooled. The RPCM vest was reported not to 
cause cutaneous vasoconstriction and to be more 
comfortable on the skin when compared to the 
ice (0°C) vest (Arctic Heat; www.arcticheatusa.
com). Furthermore, when compared head to head, 
RPCM vests have been shown to better attenuate 
rise in core temperature than ice vests.28 

Each vest had 4 pockets to hold a cooling pack, 
2 in front and 2 in back. Each pack measured 
12 x 3 in. and was submerged in ice for 20 to 30 
minutes until the pack converted to a solid form. 
Each pack was reported to maintain 15°C for 2 
to 3 hours. Following pack placement, the vest 
weighed 5 lbs. The sleeveless vest covered the 
shoulders, back, anterior chest, and abdomen to 
the level of the umbilicus. Participants wore the 
vest directly over the skin to optimize the potential 
for conductive cooling. Despite the minimal risk of 
skin breakdown, participants’ skin was monitored 
periodically. All participants reported that the 
vest remained cold to the touch for the entire 
60-minute exercise period.

Core temperature measurements

Subjects were asked to swallow a US Food 
and Drug Administration (FDA)–approved 
ingestible thermometer pill (HQ Inc., Palmetto, 
FL) at least 12 hours before each practice. Since 
gastrointestinal transit time is delayed in persons 
with SCI, we chose a longer time period than that 
recommended for AB athletes (8 ± 2.3 hours).29 
The ingestible telemetry pill is a small electrical 
device that detects the surrounding temperature 
and then transmits it to a handheld external 

Table 1.  Demographics of SCI and AB athletes

Demographics SCI TP HP LP AB

No. 17 6 5 6 19

Mean age, years 31.6 34.5 27.6  37.3 30.8

Age range, years 21-58 25-40 24-34 21-58 24-61

Levels of injury   C5-C7 T3-T5 T7-T12  

AIS, n (%)          

  A    3 (50%) 3 (60%) 2 (33%)  

  B   1 (17%)   2  (33%)  

  C   2 (33%)   1 (17%)  

  D     1 (17%)  

  Unknown    
2 (40%)

   

Note: AB = able-bodied; AIS = American Spinal Injury Association Impairment Scale; HP = high paraplegia; LP = low 
paraplegia; SCI = spinal cord injured; TP = tetraplegia.
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receiver via a radiofrequency interface. This device 
has been compared to rectal temperature and has 
been found to be a reliable, valid, and practical 
alternative to direct T

c
 measurement.30-32

Exercise protocol

During the no vest (NV) and vest (V) protocols, 
participants rested in the 21.1°C to 23.9°C 
gymnasium 20 minutes prior to the measurement 
of baseline T

c
. Afterwards, T

c
 was measured at 

15-minute intervals during 60 minutes of exercise 
without a cooling vest. The same procedure was 
followed in the V protocol, however a cooling vest 
was donned after baseline T

c
 measurement. The 

exercise pattern of a typical wheelchair basketball 
or rugby game consists of intermittent sprints of 
wheelchair propulsion up and down a standard 
basketball court.

SCI athletes (TP, HP, LP) played their respective 
sport (basketball or rugby) in wheelchairs for 60 
minutes during 2 separate practice days that were 
at least 1 week apart. AB athletes played wheelchair 
basketball to keep the muscles used during exercise 
similar between both groups. For AB athletes, the 
same protocol was followed, except that the data 
were collected under NV and V conditions on 
the same day with a 2-hour interval between each 
condition. Downey and Darling reported that 
at least 1 hour is needed after exercise for T

c
 to 

return to baseline, so 2 hours was likely sufficient 
to minimize any carryover of elevated T

c
.33 The AB 

group was counterbalanced where half of them (n 
= 10) exercised in the NV and half (n = 9) in the 
V condition in the morning then switched to the 
opposite condition in the afternoon.

All participants wore shorts and T-shirts during 
the NV practice and shorts without shirts during 
the V practice. Subjects were allowed to drink their 
choice of fluids without restriction.

Survey of vest on cooling and performance

Following completion of the NV and V practices, 
SCI participants were mailed an anonymous 
survey to evaluate their perception of the effect of 

the vest on their performance and subjective body 
temperature. Two questions were asked: “Did the 

cooling vest impact your performance?” and “Did 
you feel that the vest kept you cooler?” 

Data analysis

A 2-factor analysis of variance (ANOVA) 
with one between-subject factor (group, with 4 
levels) and one within-subject factor (vest, with 
2 levels) was conducted on the initial baseline 
measures to determine whether there were any 
initial differences in core temperature among the 
groups or between the 2 vest conditions. Difference 
scores were then computed for each subject and 
treatment combination that measured the change 
in T

c
 from baseline to 30 minutes; a second set 

of difference scores measured the change from 
baseline to 60 minutes. For each set of difference 
scores, an ANOVA was conducted with one 
between-subject factor (group, with 4 levels) and 
one within-subject factor (vest, with 2 levels). 
Finally, an ANOVA was performed on each of the 
3 measurement periods with one between-subject 
factor (group, with 4 levels) and one within-
subject factor (vest, with 2 levels). 

To further assess the effects of wearing the vest 
on T

c
, a 2-way repeated-measures ANOVA with 2 

levels of vest and 3 levels of time was conducted 
on T

c
 measures for each of the 4 groups separately. 

In all ANOVAs conducted, any significant main 
between-subject (ie, group) effect was followed by 
Scheffe multiple comparisons to identify which 
groups differed. Any significant within-subject 
main effect or interaction effect (ie, involving 
vest or time) was followed (as appropriate) by 
within-subject nonparametric tests, such as the 
Wilcoxon test for 2 within-subject conditions 
and the Friedman test for more than 2 within-
subject conditions, in order to determine which 
conditions differed. 

Results

Demographic information and injur y 
characteristics for all groups are presented in Table 
1. Mean ages were similar between groups, with 
the average of 31.6 years in the SCI group and 30.8 
years in the AB group. 
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Although T
c
 was supposed to be measured 

every 15 minutes, technical errors precluded 
several participants from adhering to that interval. 
However, all readings were obtained for all 
subjects and both conditions (NV, V) at 0 minutes 
(baseline), 30 minutes, and 60 minutes (end of 
exercise). The maximum core temperature (T

c
 

max) for each subject from all 3 readings (baseline, 
30 minutes, and 60 minutes) was determined, and 
those data are summarized in Table 2. For each 
group and condition combination, mean and 
standard deviation T

c
 max are presented as well as 

percent of participants in that condition who had 
a T

c
 max that exceeded 37.8°C, 38.3°C, and 38.9°C.  

Virtually all participants (all SCI and 16 of 19 AB) 
experienced EIH with T

c
 max >37.8°C, whereas 

83% of all TPs reached T
c
 >38.9°C (in either NV 

or V condition) and thus approached the heat 
stroke criterion as defined for the AB population 
(>40°C). Despite this, no participant terminated 
participation early or demonstrated symptoms of 
heat exhaustion or heat stroke by ACSM criteria.9

Descriptive statistics for all 4 groups, 2 vest 
conditions, and 3 measurement times are presented 
in Table 3. Analysis of the baseline measures 
indicated that, although there were no significant 
effects for vest or Group x Vest interaction, there 
was an initial difference among groups (P = .001), 
with the TP group (P = .004) and the LP group 

(P = .002) having a significantly higher baseline 
mean T

c
 than the AB group (see Figure 1). Analysis 

of T
c
 after 30 minutes of exercise revealed no 

significant effects due to group, vest, or Group x 
Vest interaction. Analysis of T

c
 after 60 minutes of 

exercise indicated no effect for vest or the Vest x 
Group interaction, but there was a significant main 
effect due to group (P = .004), with the TP group 
having significantly higher T

c
 than the AB group (P 

= .007) and the HP group (P = .03). 
Analysis of difference scores in T

c
 from baseline 

to 30 minutes revealed no effect for vest or Group 
x Vest interaction, but there was a significant 
effect due to group (P = .041). The only pairwise 
comparison that approached significance was 
between the LP group and the AB group (P = .057), 
with a larger initial increase for the AB group than 
the LP group. Analysis of the changes in T

c
 from 

baseline to 60 minutes indicated no significant 
effects for group, vest, or Group x Vest interaction. 

To further assess any possible effects due to 
wearing the vest, T

c
 for the V and NV conditions 

was assessed separately for each group across the 
3 measurement times (any significant main or 
interaction effect for vest would be interpreted as 
an indication that wearing the vest affected core 
temperature). One analysis was conducted for each 
frame shown in Figure 2. For the TP group, there 
was a significant increase in T

c
 over time (P = .009), 

Table 2.  Means (SD) for T
c
 max over the entire 60-minute duration for all groups and conditions, and percent of 

subjects in each group/condition who had a T
c
 max greater than 37.8°C, 38.3°C, and 38.9°C

%T
c
 max

Group /condition Mean (SD) >37.8°C >38.3°C >38.9°C 

TP/NV 38.9 (0.3) 100% 100% 50.00%
TP/V 39.0 (0.7) 100% 83.30% 66.70%

HP/NV 38.3 (0.2) 100% 40.00% 0%
HP/V 38.4 (0.5) 100% 20.00% 20.00%

LP/NV 38.4 (0.5) 100% 16.70% 16.70%
LP/V 38.4 (0.2) 100% 66.70% 0%

AB/NV 38.3 (0.4) 84.20% 36.80% 5.30%
 AB/V 38.2 (0.4) 78.90% 36.80% 0%

Note: AB = able-bodied; HP = high paraglegia; LP = low paraplegia; NV = no vest; T
c 
= core body temperature; TP = tetraplegia; V = vest.
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but no significant effect for vest or Vest x Time 
interaction. For the LP and HP groups, there were 
no effects for time, vest, or Time x Vest interaction. 
For the AB group, there was a significant effect due 
to time (P = .001), but no significant effects for vest 
or Vest x Time interaction.

Only 5 of the 17 athletes with SCI returned the 
surveys after the study. Although this was a low 
return rate (29%), there was consensus (4 of 5; 
P = .156) that the cooling vest was bulky and/or 
heavy and, therefore, it did impact their physical 
performance. Three of the 5 respondents (P = 
.313) reported feeling subjectively cooler with the 
vest.

Limitations

The main limitation of the study is that we did 
not document autonomic completeness of SCI 
for each subject. There is evidence that in AIS A 
persons, some autonomic function can remain 
intact, however we did not document this.34,35 Other 
limitations include uncontrolled exercise intensity, 
variable fluid intake, uncontrolled humidity of the 
environment, and variable body fat percentage of 
all participants. Medication lists were not gathered 
to determine any significant difference in T

c
 in 

persons taking anticholinergics, narcotics, or other 
prescription drugs. Finally, although AB athletes 

Table 3.  Means (SD) for T
c
 for all groups and conditions and changes in T

c
 over time

Group/condition 
Baseline 
(0 min) 30 min 60 min

Delta  
(0→30 min)

Delta  
(0→60 min)

TP/NV 37.9 (0.7) 38.3 (0.7) 38.9 (0.3) 0.4 (1.2) 1.0 (0.8)
 TP/V 38.0 (0.9) 38.7 (0.9) 39.0 (0.7) 0.8 (0.6) 1.1 (0.8)

HP/NV 37.4 (0.7) 38.2 (0.3) 37.8 (0.4) 0.8 (0.7) 0.4 (1.1)
HP/V 37.8 (0.5) 38.1 (0.7) 38.1 (0.3) 0.3 (0.9) 0.3 (0.7)

LP/NV 37.9 (0.3) 38.2 (0.7) 38.3 (0.4) 0.2 (0.7) 0.4 (0.5)
LP/V 38.1 (0.3) 38.3 (0.3) 38.4 (0.2) 0.2 (0.4) 0.3 (0.4)

AB/NV  37.3 (0.5) 38.2 (0.4) 38.0 (0.8) 0.9 (0.6) 0.8 (1.0)
AB/V 37.2 (0.7) 38.1 (0.4) 38.0 (0.5) 0.9 (0.6) 1.6 (1.2)

Note: AB = able-bodied; HP = high paraglegia; LP = low paraplegia; NV = no vest; T
c 
= core body temperature; TP = tetraplegia; V = vest.

Figure 1.  Mean core temperatures for all 4 groups at all intervals averaged across the 2 vest conditions. AB = 
able-bodied; HP = high paraglegia; LP = low paraplegia; TP = tetraplegia.
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were counterbalanced, with half undergoing the 
NV protocol first and the other half undergoing 
the V protocol first, participants with SCI were not 
counterbalanced as there was little reason to expect 
any carryover of effect from the NV to V condition 
1 week later. 

Discussion

To our knowledge, this is the largest study 
examining the effect of a cooling intervention 
in a combined population of persons with 
tetraplegia and paraplegia (N = 17) in a field-
based environment. This study supports prior 
investigations demonstrating that individuals 

with tetraplegia reach significantly higher T
c
 

during exercise when compared to individuals 
with paraplegia.1-4,36 More than half of the TP 
group and 0% to 20% of the paraplegia group 
(HP, LP) reached a T

c
 max >38.2°C. Although 

ACSM and Sawka report considerable attrition 
from exercise in AB persons when T

c 
>40°C, 

Saboisky observed this at the lower temperature of 
38.8°C. 9,37,38 Meanwhile in SCI athletes, Webborn 
noted volitional termination of exercise at T

c 

>39°C.25 Although 83% of the TP group reached 
this T

c
 max >39°C in either condition (NV, V), 

none demonstrated symptoms consistent with 
heat-related illness and none terminated exercise 
prematurely. The critical T

c
 for heat stroke is 

Figure 2.  Mean core temperatures for the vest and no vest conditions for all 4 groups at baseline, 30 minutes, 
and 60 minutes. A = tetraplegia group; B = high paraplegia group; C = low paraplegia group; D = able-bodied 
group.
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40°C for an individual without impairments to 
the autonomic nervous system, so future studies 
are necessary to establish a T

c
 for heat stroke in 

persons with impaired autonomic function as 
in SCI.7,9 It is unclear whether the critical T

c 
for 

heat stroke in persons with SCI is also 40°C, as 
there is a lack of data reporting incidence of heat-
related illness in SCI. Many of the symptoms of 
heat stroke are due to dehydration. The TP groups 
have significantly impaired sudomotor activity 
that may be protective against dehydration, so this 
may explain why the TP group did not have any 
symptoms.9,39 The danger is that the lack of heat-
related illness symptoms may not always result in 
cessation of exercise, and organ systems may be 
harmed as T

c 
rises.

The results also provide information to health 
care providers about the potential for EIH and 
heat-related illness in SCI athletes. It should be 
noted that the main source of heat gain during 
exercise was internal from metabolically active 
muscles rather than from the external ambient 
environment, as the gym was 21.1°C to 23.9°C. If 
this study were replicated under high ambient heat, 
T

c
 would likely be higher – with the largest effect 

likely seen in the TP group. Finally, the descriptive 
data emphasize the need to educate athletes with 
SCI about their increased risk of EIH and heat-
related illness in neutral and heated environments.

Efficacy of the cooling vest

The vest was chosen for its ability contact a large 
skin surface area to maximize conductive cooling. 
In the SCI literature, vests composed of ice and 
gel have been tested. Ice vests (0°C) can cause 
local cutaneous vasoconstriction that may impair 
the ability of the body to dissipate heat through 
convective cooling and predispose insensate skin 
to breakdown. RPCM vests (a specific gel vest, as 
used in this study) have the ability to remain solid 
at higher temperatures (>10°C) than ice vests and 
thus are less likely to cause local vasoconstriction 
or skin breakdown.27

The cooling vest showed no significant effect 
on T

c
 in any group (TP, HP, LP, AB) or condition. 

There was a significant difference (P < .001) in 
mean baseline temperatures between persons with 
(namely the TP and LP groups) and without SCI. 

This reflects the impairment of heat dissipation 
from environmental heat gains in persons with 
SCI. We suspect this was due to the time of year the 
data were collected, which was mid Spring (April 
and May) to Summer (June, July, August). Average 
high temperatures in San Antonio in April and 
May are 27.2°C and 30.6°C, respectively, whereas 
high temperatures in June, July, and August are 
33.3°C, 35°C, 35.6°C, respectively. Maximum daily 
temperatures often exceed 37.8°C in the summer 
months, with high relative humidity >50% in 
all months. The phenenomenon where the core 
temperature varies directly with ambient thermal 
conditions is known as partial poilikothermia and 
has been consistently observed in persons with SCI 
and documented extensively in the literature.39-43 
It is possible that the athletes’ resting daytime T

c
 

during these months could be hyperthermic due to 
partial poikilothermia. On the other hand, baseline 
T

c
 of the AB group was closer to physiologic resting 

T
c
 due to their improved physiologic ability to 

dissipate environmental heat gain.
Furthermore, as hypothesized, the mean change 

in temperature during exercise was higher in the 
TP group compared to the HP and LP groups. 
Even though change in temperature was greater 
in the TP group, it was not statistically significant. 
This is likely due to small sample size, and it 
may have been potentially skewed by the higher 
baseline temperatures from partial poikilothermia. 
This finding of greater change in T

c
 in the TP 

group during exercise has been documented as 
statistically significant in a more temperature-
controlled lab setting.4 

An unanticipated finding was that the mean 
change in T

c
 from 0 to 60 minutes was most similar 

between the TP and AB groups. However, in the AB 
group, the rate of change over time was greatest 
from 0 to 30 minutes and plateaued at 30 to 60 
minutes, whereas the rate of change over time was 
consistent (almost linear) in the TP group from 0 
to 60 minutes. Although their baseline T

c
 was on 

average 0.7°C different, the similar delta suggests a 
similar internal heat gain due to the exercise. Given 
that the AB group has a fully intact sympathetic 
nervous system, we would anticipate very little 
change in T

c
 with exercise (similar or less than the 

delta of the HP and LP groups). One study showed 
that athletes with paraplegia (HP, LP groups) retain 



78	 Topics in Spinal Cord Injury Rehabilitation/Winter 2014

enough ability to sweat and distribute heat to their 
lower extremities that their risk of complications 
associated with increased body temperature is no 
greater than the risk to AB athletes.36,44 The AB delta 
could be larger than the HP and LP groups in our 
study due to the lack of training with wheelchair 
propulsion causing decreased efficiency, increased 
energy expenditure, and impaired heat dissipation 
compared to the HP and LP athletes who are well 
conditioned to wheelchair propulsion.45 Whereas 
the AB delta may be higher than anticipated 
due to lack of training and lower efficiency with 
wheelchair propulsion, the TP delta more likely 
reflects true physiologic impaired heat dissipation 
given they were well trained in the sport.

Previous research has indicated that a cooling 
vest placed on AB individuals during exercise 
reduces thermal strain through decreasing skin 
temperature, T

c
, and sweat loss.14,23,24,28,46-48 We 

could not reproduce this effect on T
c
 in our 

AB athletes. This could be a result of the vest 
precluding evaporative cooling (evaporation of 
sweat), lack of control for exercise intensity in all 
groups, peripheral vasoconstriction in the skin 
due to the cold vest temperature (though less 
likely), or lack of precooling with the vest as done 
in the studies by Hasegawa and Chou that reported 
positive results.23,28,49,50

Despite the lack of objective evidence for efficacy 
of the cooling vest on T

c
, 3 of the 5 SCI athletes 

who responded to the mail survey reported 
feeling subjectively cooler with the vest. Although 
we do not have the information on the level of 
injury of each respondent (anonymous survey), 
one explanation is that persons with paraplegia 
have more intact chest skin sensation resulting in 
ascending afferent input of the conductive cooling. 
Because we did not monitor skin temperature, we 
cannot validate this hypothesis. 

This effect of subjective cooling from external 
cooling devices without a change in T

c
 has 

previously been demonstrated. Goosey-Tolfrey 
et al51 reported that cooling garments had 
the counterproductive effect of  decreasing 
thermal strain and causing inadequate fluid 
rehydration. Meanwhile, artificial sweat was found 
to be ineffective at reducing T

c
 in persons with 

paraplegia who subjectively “felt” cool from the 

intervention.22 Increase in T
c
 that is “masked” by 

subjective cooling (via vest, cooling garments, or 
artificial sweat) could prevent rehydration. This 
subjective cooling sensation could be dangerous, as 
it may result in athletes working harder or longer, 
creating a further rise in T

c 
and increasing the risk 

of EIH, heat-related illness, or even cardiac arrest. 
This possibility suggests that persons with SCI 
should use caution when wearing cooling devices 
that decrease subjective thermal strain but not T

c
.

Conclusion

This study demonstrated that after 60 minutes 
of exercise, persons with tetraplegia have a 
significantly higher rise in T

c
 than HP or AB 

athletes and thus are at the highest risk of EIH and 
heat-related illness. Furthermore, the cooling vest 
was not effective at attenuating this rise in T

c 
in any 

group. Despite limitations of this investigation, the 
lack of significant findings brings into question the 
effectiveness of a cooling vest used in the field.

Improved understanding of the extent of 
thermo-dysregulation in persons with SCI will 
educate clinicians and athletes about the risk 
of EIH and heat-related illness and equip them 
to deal with the issue. Establishing the efficacy 
of specific cooling techniques in persons with 
SCI could improve safety and performance with 
exercise. 
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