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Abstract

Damage to the spinal cord results in malfunction of sympathetic pathways, which consequently influences
thermoregulation during exercise. A consensus view is that athletes with spinal cord injury (SCI) are at a height-
ened thermal strain than the able-bodied athletes. However, a number of studies have reported similar in-
creases in core body temperature in both populations. This study presented an up-to-date review of core body
temperature response to exercise, from a meta-analytic point of view. Inclusion criteria were persons with SCI
and control population (either healthy persons or wheelchair athletes without SCI) completed an exercise trial
and their core body temperature responses were recorded under the same environmental conditions. Effect
of SCl on thermoregulatory capabilities was quantified as raw mean core body temperature difference. Twelve
studies examining 100 persons with SCI (Cervical (C2) to Lumbar (L5)) and 97 persons without SCI were me-
ta-analyzed. The exercise interventions were submaximal exercise and the unweighted means + standard de-
viations heat index and exercise duration were 31.5+11.9°C and 57420 min, respectively. Regardless of injury,
core body temperature was not different: raw mean difference, 0.048°C; 95% confidence interval, -0.12°C to
0.22°C. In conclusion, under SCI sport-specific exercise and environmental conditions, SCI does not produce
outsized thermoregulatory impact, though the influence could be variable as a result of different lesion levels.
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Introduction athletes with SCI show elevated core body temperature, and this
increase in core body temperature is more evident in athletes with
high level lesion when traumatic damage occurs above T6 (Price,
2016; Price & Trbovich, 2018). This alteration of sympathetic ner-
vous system activity below the lesion level also impairs sweating,
increasing susceptibility of heat illness (Price, 2016). Athletes
with SCI are therefore considered to be under a greater risk of
hyperthermia when compared to the able-bodied athletes (Lepre-
tre, Goosey-Tolfrey, Janssen, & Perret, 2016).

A growing number of studies however reported that thermo-
regulation in persons with SCI during exercise was more dynamic
than traditionally believed. Evidence for this possibility has been
revisited by Price and Trbovich (2018). Briefly, persons with pa-
raplegia appear to show similar exercise core body temperature
responses compared to the able-bodied in temperate and warm
environments, while persons with tetraplegia appear to show gre-

Prolonged exercise in the heat elevates core body temperature,
which impairs endurance performance and poses increased risks
of heat illness (American College of Sports Medicine et al., 2007).
Like the able-bodied athletes, athletes with spinal cord injury
(SCI) not only face similar heat strain when exercise training and
competition occur in hot and humid environments, but also their
thermoregulatory capabilities are uniquely challenged. Traumatic
damage to the spinal cord, especially with resultant tetraplegia or
high paraplegia is associated with a significant malfunction of the
sympathetic pathways (Walter & Krassioukov, 2018). Following
SCI, the afferent pathways from the periphery to the thermoregu-
latory effectors in the hypothalamus are disrupted, accounting for
the abnormal physiological control during physical activities and
exercise (Walter & Krassioukov, 2018). During continuous sub-
maximal exercise in temperate and warm conditions (20-30°C),
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ater heat imbalance due to greater loss of sympathetic nervous
system control (Price & Trbovich, 2018). Despite our growing
knowledge of thermoregulatory capabilities in various popula-
tions, there remains a paucity of information related to athletes
with SCIL. Therefore, the aim of the present review was to examine
the thermoregulatory capabilities following SCI. Thermoregula-
tion is usually described as a mechanism to maintain body tem-
perature homeostasis in the cold/heat and characterized by a core
internal temperature point. In this meta-analysis, the thermore-
gulatory capabilities are quantified by auditory canal, esophageal,
gastrointestinal, oral, or rectal temperature as proxy measures of
core body temperature response to exercise.

Methods
Literature search

An electronic literature search (EndNote, ver. X9, Clariva-
te Analytics, USA) was performed in the PubMed and Web of
Science Core Collection databases from their earliest available
date up to January 2019. A variety of search terms were explo-
red to capture maximal relevant literature. The combination of
final search terms and Boolean connectors used was: (spinal cord
injur* OR paralympic OR wheelchair athlete* OR wheelchair
player* OR paraplegia OR tetraplegia) AND (thermoregulation
OR heat stress OR core body temperature (aural canal tempera-
ture, esophageal temperature, rectal temperature) OR skin tem-
perature OR sweat OR sweating).

Two steps of records filtering were applied. The first step was
based on screening of titles and abstracts, and those that did not
meet the general inclusion criteria were eliminated based on this
alone: English-language, full-length, experimental studies of per-
sons with SCI that involved with an exercise protocol. The se-
cond step focused on the specific inclusion criteria: experimental
protocol must have included a control group without SCI and
the outcomes must have included measures of core body tempe-
rature. Following these records filtering, a forward citation map
based on the references of eligible studies was yielded to identify
any other relevant literature that potentially missed from the key
words search. After these screening processes, thirteen studies
met the inclusion criteria but one study was later excluded due
to insufficient duration and environment to test the thermoregu-
latory capabilities. As a result, a total of twelve studies were inc-
luded in this meta-analysis (Boot, Binkhorst, & Hopman, 2006;
Castellani et al., 2001; Dawson, Bridle, & Lockwood, 1994; Fi-
tzgerald, Sedlock, & Knowlton, 1990; Goosey-Tolfrey, Swainson,
Boyd, Atkinson, & Tolfrey, 2008; Griggs, Havenith, Price, Mason,
& Goosey-Tolfrey, 2017; Price & Campbell, 1997, 1999; Theisen,
Vanlandewijck, Sturbois, & Francaux, 2001; Trbovich, Ortega,
Schroeder, & Fredrickson, 2014; Veltmeijer, Pluim, Thijssen, Ho-
pman, & Eijsvogels, 2014; Zacharakis, Kounalakis, Nassis, & Ge-
ladas, 2013). A flow diagram of the screening process is presented
in Figure 1.

Data extraction

Participants’ demographics, exercise protocols, and core
body temperature profiles during exercise were extracted. Studies
(Boot et al., 2006; Theisen et al., 2001; Trbovich et al., 2014) that
included different lesion levels and reported the outcomes sepa-
rately were extracted as independent data in the meta-analysis;
otherwise, data (Goosey-Tolfrey et al., 2008) were extracted as
a single composite score (Higgins & Green, 2008). As a result,
a total of 16 independent data sets from the 12 included studies

were meta-analyzed. Core body temperatures originally reported
in the graphical form were digitally reconstructed to numeric
values (Photoshop, ver. CC2018, Adobe, USA). When standard
deviations of core body temperatures were not reported directly,
these values were calculated from standard errors and sample si-
zes presented in studies. The risk of bias derived from each study
was evaluated using established procedures, with scores from 0 to
11 possible (Physiotherapy Evidence-Based Database Scale (Mo-
seley, Herbert, Sherrington, & Maher, 2002).

Meta-analysis

Effect size in this meta-analysis was calculated as the raw mean
difference of core body temperature during exercise between per-
sons with and without SCI. Among the included studies, two stu-
dies reported final measurement (cessation of exercise) core body
temperature (Boot et al., 2006; Castellani et al., 2001); four studies
reported change-from-baseline core body temperature (Dawson
et al., 1994; Fitzgerald et al., 1990; Theisen et al., 2001; Zacharakis
et al., 2013); three studies reported both final measurement and
change-from-baseline core body temperature (Goosey-Tolfrey
et al., 2008; Griggs et al., 2017; Trbovich et al., 2014); and three
studies reported change-from-baseline core body temperature di-
rectly and presented figures of core body temperature responses,
allowing indirect data extraction of final measurement core body
temperature and correlation coeflicients of change-from-baseli-
ne core body temperature to be calculated (see below) (Price &
Campbell, 1997, 1999; Veltmeijer et al., 2014). Considering ba-
seline core body temperatures showed difference between expe-
rimental groups, the calculation of raw mean difference in this
meta-analysis was based on change-from-baseline, when both
final measurement and change-from-baseline data are available.

Correlation coeflicients of change-from-baseline standard de-
viations were computed (Fu et al., 2013) for included studies in
the meta-analysis and the results are inconsistent: mean 0.2978,
95% confidence interval (CI) 0.0384 to 0.5572 (range: -1 to 0.98).
Correlations of three studies (Fitzgerald et al., 1990; Theisen et al.,
2001; Zacharakis et al., 2013) cannot be calculated by retrospecti-
ve method and therefore these values were imputed based on the
mean correlation (0.2978) in the meta-analysis.

Two sets of sensitivity analysis were performed. First, the im-
puted correlation coefficient was replaced by 0.0384 and 0.5572
to evaluate the impact of data imputation. Second, although the
difference in core body temperature at the commencement of
exercise favored reporting change-from-baseline core body tem-
perature in several studies, the correlation coefficients are incon-
sistent among the included studies and the overall mean is less
than 0.5, suggesting final measurement may offer more precision.
Therefore, studies reporting both final measurement and chan-
ge-from-baseline core body temperature or allowing indirect data
extraction of final measurement core body temperature were me-
ta-analyzed, utilizing final measurement core body temperature
instead this time.

All statistical analyses were carried out using the Comprehen-
sive Meta-Analysis (ver. 3.3.070, Biostat, USA). The meta-analysis
was based on a random-effects model, accounting for the diffe-
rences in the participants and exercise protocols among studies.
Non-overlapping 95% CI was considered a statistical significan-
ce. Heterogeneity was assessed using Q statistic but no subgroup
or meta-regression analysis could be performed. The publication
bias of included studies was assessed using the Egger’s test (Egger,
Davey Smith, Schneider, & Minder, 1997).



CORE BODY TEMPERATURE FOLLOWING SPINAL CORD INJURY | Y. ZHANG ET AL.

‘(1=u) |enpiAlpul oljod-3sod Buipn|dul > *(| =) UOIIDJeJUI WJS UlRIq PapN|dUl g *(L=U)
abewep aAlau ‘(=) epyiq eulds ‘(|=U) SSUOQ d}1IQ PAPN|DUI B PapN|dUl S| 9ZIs S|dwies ||eJaA0 3y} ‘S|ge|ieAR J0U S| S13[gNS 3y} JO X35 Jo Buiniodas ayy usym, ‘Kinfur pod jeuids ‘DS ‘a|qe|iee
10U BIep ‘Y/N ‘D]eW ‘| 3]ewWaj 4 (S|0JIU0d ‘NOD "UOIIRIASP pJepuels F ueaw se passaidxa aJe eleq "(SPoYIaw Os|e 33s) SaIpN1s Papn|dul Z| JO |10} B WOJ) 39S elep Juspuadapul UsaiXIS :210N

L°8LL ¥'8LL €9L L89 LLe <S'0€ L'8 €9 ueaw pajyybramun

[9AS] [euOleaId9yY  €1-CLL 7'GFEE8L LVF06LL 8'GF898  G/F6'LL EF09¢C L'EFBYC NS WS 7661 “|e 19 uosmeQq

[9AS] [euoleaid9yY  CL10LL 0'8+0°081L 00LFOVLL L'OL¥£8L CTLLFT09 9'G+E'8C €8FELE 9 9 L0OT “[e 32 ussiayL

Aio3s1y bururesy oN S1-6L1 V/N V/N CLFIOY9 697065 LTFIYC 8'€F0'LC 49 49 0661 “|e 12 p|esabziy

Agbnu/jjleqiayseq ‘pauted]  ZL1-/1 V/N V/N V/N V/N 8'0¢ €L€ nwel W9 102 “|2 18 Ya21noqi|

V/N ClLl-/ZL1 0'8+0°081L 09+0°L8L 07L+0'08 0°€LF0'89 0'SF0°€e 0'9F0'6C ol N9 900 “|e 19 1009

aoel peoippeny ‘pauten AlYbIH dLLI-8//1  OFFOLLL 0'8F0°LLL CELFSTCL 8'LLF6'99 0'6F0°€e 0'¥71F09€ NS A1 L00T “|e 12 luej[o1seD

SIUUS] ‘[9AS| [eUONRUWISIU  QTZT/9L V/N V/N V/N V/N V/N V/N 14 4 ¥102 “|e 19 43/1sw|op

[9A3] [eUOIBRII3Y 6.1-G1 0'8+0°081 0£F0°L8L L'0L+£'8L [L0L+0'C8 9'6F€8¢ 0'LFCCe 9 9 L00TZ “[e 33 uasidyL

[9A9] [euolleN  ¥I-v/€L V/N V/N S6FLLL  LTLF6T9 6'LF9°0€ ¥'9F1L°0€ 6 oL £661 ‘|[2qdwe) 1g 3d1d

syods snolieA ‘|aAd| [euolleN  L1-#/€1 V/N V/N CLFEB8L OVLF6'L9 V' LFE0E SPFS'8C Ll 6 6661 ‘||2qdwe) 13 ad1d

Agbnu/jleqiiseq ‘pautes] Gl1-€l V/N V/N V/N V/N 8'0¢ 9'/C W6l NS 10T “[e 3@ Yydlnoqi)

V/N  9l-l1 080081 0'6+0'€81L 0VLF008 0LF0LL 0'SF0°€E 0v+0'LE oL 1414 900¢ “|e 121009

[leq1yseq ‘|A9] [euoneN 91-/D 0'S+0'6LL 0°£F0°081 SSF6eEL  SLLFLCL 8'0F1°0¢ 7'8FYLE W6 N8 €102 “|e 19 spjeseysez

Agbny/|legiayseq ‘pauter  £D-5D V/N V/N V/N V/N 8'0¢ Sve nwel W9 102 “|2 18 Y21noqa |

Agbni‘oAs) jeuoneN  £D-9/$D V/N V/N 8VLFES9 SO0LF¥'89 0'SF0°€C 0'S+0°0€ L oL £10T “[e 19 sbbup

sluusy‘pautes  ez1-7d V/N V/N 00LFES, 6LLFEGY TYFYST 6'9FC LT W. AL/WL 800€ " 12 A31}|0-A3500D)

pUNOIBYEq BUIUIER DS [9A3] DS NOD DS NOD DS NOD DS NOD DS uoneis
o (wd) ybIaH (6) ssew Apog (1K) aby «X9s ‘U o

SAIPNIS PapN[DU| 7| WoJ) SO1sLdIdRIRYD 103(gNS °|L 3jqeL

55

J. Anthr. Sport Phys. Educ. 3 (2019) 4



CORE BODY TEMPERATURE FOLLOWING SPINAL CORD INJURY | Y. ZHANG ET AL.

*1919WO0DI3 J1I_YD|99YM ‘DYFA (SIUUS) J1RYD[93YM ‘LI ‘AgBNnJ Jieydeaym ‘YO ‘[1eqiaxseq 1eydaaym ‘gIA ‘s1iem ‘A ‘ainiesadwal
|e1331 ‘Y1 ‘aunjesadwial [elo ‘YO ‘ainiesadwal [eunsaluloliseb o] einlesadwal jeabeydoss ‘s3] ‘2iniesadwal jeued Aioyipne Dy {Ainful piod jeulds ‘DS {Alpiuuny aAiie|as ‘Hd ‘indino samod
yead HeadQd B|ge|ieAe 10U elep /N ‘9S1249%d 1uldS JUSNIWIRIUIL dS] {S|043U0d ‘NOD 4919w obiIa 3]PAd ‘JIDAD ‘auniesadwal Apoq 240D ‘1 gD ‘ssew Apoq ‘INg DS1219Xa yueid-wie ‘JHV 910N

pscieerg

V/N V/N EDL OA %09-SS “ulW 09 ETTI 6€ %EE Do’ LE ¥661 “|e 18 uosmeq
MOTFLIS  MLLLFSSS ED) "10d %0 ‘Uw 09 saL €z %ES “DoET (Z11-0L1) LOOT “[e 1 uasiay L
MEOTFSST M6 THFLTT LYENT 0N %SS-05 ‘uIw 06 ¥oL sz-€t %TS-8€ ‘DoST-7T 0661 “[e 13 pleabziiy

MSTFLY MYTFES ED) ***10d %0t uIlW Sty ENTI 0S %0L "JoSE (T11-£1) 9007 “|e 1 3009

V/N V/N 9YIM g .Bx-9dueIsisal By £0°0 ‘UIW 07 ERTH o ‘st %99 “DoT'TE 8 %6'8S “DoST LOOT “[e 12 Iue|31se)

V/N V/N 1OMm (s91bus) Aejd sweb ‘uiw g 91 Sz-Le %t 19-8'LS D8YC-T'LT ¥10T “[2 12 Jal1awi|aA
MOTFLIS  MO'LLFO0S ED) "*10d %08 ‘UIw 09 saL €z %ES “DeET (61-G1) LOOZ “[e 19 USsIdY L
AW ZEL W e ED) "9 H %08 ‘UIW 06 JvL 1z %L DuS'LT £661 ‘[2qdwie g 9d1d
AW 207 W L ED) ““CON %09 ‘uiw 09 ovL 1z %Lt DoS'LT 6661 ‘[l2qdwe) 73 91d

MSTFLY MG EFSE ED) **0d %0t ulw S ERTH 0S %0L “JoSE (91-11) 900 “|e 19 100¢
MLULFO8Y  MOTFLLE DYIM “ON%SS ‘uw 09 HoL €2-7¢ %S5-0F "DoET €107 “|e 19 sijeseydez
V/N V/N HDM ‘gDM dS! ‘uiw 09 191 V/N D6ET-1'LT 102 “[2 19 YdIA0QL
M¥£F00T MyF8S1 HOM Aejd sweb ‘uiw zg 191 0z-£1 %L'Sh-L'LE 602181 £10T “|2 13 SBBUD
MSTF6TL MLZFEY  F1DAD/OHIM "*10d %05 "uIw 09 ovL s€ %9°09 “J,8'0€ 800¢ “[e 13 A31|01-A3500D)
zm”_vmo_ wu_ua_.um_m fattepow swiBai sspang 19 opareon ucw_.hcﬂ__.n”w“_.”u? (I9n9] uotssl) uoReEad

S3IPN1S PapN|dU| 7| W04 SOISsLdIdRIRYD 3SIDI9XT T d|qeL

J. Anthr. Sport Phys. Educ. 3 (2019) 4

56



Results

Table 1 presents the participants’ characteristics. A total of
100 persons with SCI and 97 persons without SCI were inc-
luded in the meta-analysis. Three studies reported wheelcha-
ir athletes without SCI as control (Boot et al., 2006; Griggs et
al., 2017; Veltmeijer et al., 2014), and the rest reported heal-
thy persons as control. Eight studies recruited highly trained
athletes with SCI. Table 2 summarizes the exercise protocol.
Most experiments were conducted in thermoneutral and warm

environments with the unweighted means + standard deviati-
ons ambient temperature and heat index being 26.1+5.7°C and
31.5£11.9°C, respectively. Seven studies utilized wheelchair
specific submaximal exercise and five studies utilized upper-
body arm ergometer to simulate wheelchair exercise. The exer-
cise intensity was prescribed based on relative maximal exerci-
se capacity or wheelchair gameplay. The unweighted exercise
duration was 57420 min. The quality scores for these studies
ranged from 9 to 11, qualifying as high quality of design.

Records from electronic searching
n=810

Step 1: general inclusion
criteria applied

y

Step 2: specific inclusion
criteria applied

Studies meeting eligibility criteria
n=13

A 4

Forward citation map
n=89

Repeat steps 1 and 2

y

Studies meeting eligibility criteria
n=0

A 4

Total included studies
n=12

Specific reasons for excluded studies:

No control group n=26
No effect measure n=9
No exercise regime n=6
Unable to extract data n=3
Insufficient heat stress n=1
No spinal cord injury subject n=1

Figure1. Flow diagram of the study selection process

Overall, there was no statistical or biological meaningful
difference in the core body temperature response to exercise
between persons with SCI and without SCI: raw mean diffe-
rence 0.048°C (95% CI: -0.12°C to 0.22°C) (Figure 2). A sensi-
tivity test based on final measurement core body temperature
shifted the overall mean difference to 0.002°C (95% CI: -0.18°C
to 0.19°C) (Figure 2), thus ruled out the possibility of selecti-
ve reporting and analysis on the effect size. By assuming two

different correlation coefficients, the overall meta-analysis did
not shift, confirming minimal impact of data imputation on the
result. Significant heterogeneity was expected as a result of va-
riable sample and experimental design. Due to the variance in
sample population (i.e., mixed lesion levels within and between
studies), no subgroup analysis however can be performed. The
Egger’s test, P = 0.42 (1-tailed), suggested low risk of publica-
tion bias.
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Figure2. Forest plot of core body temperature response to exercise between persons with spinal cord injury and without injury.
Filled circle represents the main meta-analysis and open circle represents sensitivity analysis utilizing final measurement core
body temperature when available (see also Table 1). The solid horizontal line depicts the 95% confidence interval of the main
meta-analysis and the dashed horizontal line depicts the 95% confidence interval of the sensitivity analysis. The circle size was
proportional to the weight of each study in the main random-effects meta-analysis.

Discussion

This is the first meta-analysis investigating the effect of SCI
on thermoregulatory capabilities, quantified by the core body
temperature responses during exercise. Notably, contrary to
the common belief that impaired thermoregulatory mechani-
sms due to disrupted neural thermoregulatory pathways would
increase risks of hyperthermia for athletes with SCI, current
meta-analysis of core body temperature responses found that
the thermoregulatory capabilities during sport-specific experi-
ments do not show synchronized decline. Therefore, this popu-
lation is not at higher risk of experiencing heat illness simply on
the basis of partial disruption of thermoregulatory capabilities
from SCI.

Heat illness occurrences, or life-threatening exertional he-
at stroke in sports, can be attributed to exercise duration and
climatic conditions. In able-bodied athletes, heat illness occurs
most often in marathon and ultra-distance races held in hot
and humid conditions (American College of Sports Medicine
et al., 2007). Considering these factors, athletes with SCI par-
ticipating in marathon (T54 classification) or open field sports

such as tennis lasting over 60 min in hot weather, are more li-
kely to experience heat illness. To the best of knowledge to date,
however, there is an apparent rarity of occurrence of heat illness
in this population. A recent study reporting illness at the 2015
Para Athletic World Championships (venue ambient tempera-
ture 24.6-36.0°C) found only one incident of heat illness as a
direct result of pathological elevation of the core body tempera-
ture (T52 classification, 39.5°C at the cessation of competition)
(Grobler, Derman, Racinais, Ngai, & van de Vliet, 2019). In a
field study exploring the physiological responses of elite wheel-
chair athletes, it has been shown that core body temperature
following a 25-km race was 38.7°C (Edwards et al., 2018), which
is well below the threshold temperature of 40.5°C that could tri-
gger thermoregulatory collapse (Casa et al., 2015). In view of the
available epidemiologic profiles, claims that athletes with SCI
are more susceptible to heat stress than the able-bodied athletes
are unwarranted.

A traditional concept regarding the thermoregulatory pat-
hways following SCI is based on disrupted ascending peripheral
afferent input to the hypothalamus, which could be activated



by the rising temperature of viscera and skin (Price & Trbovi-
ch, 2018; Walter & Krassioukov, 2018). When the peripheral
temperature sensing below the lesion level is malfunctioning,
this could cause delayed activation of thermoregulatory cen-
ter and consequently leads to reduced heat loss response when
overheated (Price & Trbovich, 2018). However, the organiza-
tion of the temperature sensing underlying afferent thermal
pathways involves a complex interaction of multiple sites from
the peripheral and central origins. The functional contribution
of central temperature sensing to the thermoregulatory mecha-
nisms has been reported in a variety of animal species. Classic
experiments have identified that artificial heating of the hypo-
thalamus could directly elicit cutaneous vasodilation (Folkow,
Strom, & Uvnas, 1949), and artificial increase in hypothalamic
temperature triggered comparable heat loss response to spinal
cord temperature (Jessen & Ludwig, 1971). More recent studies
provided additional evidences, showing that the brain tempe-
rature could trigger signaling of neural sensors in the hypot-
halamus, which strongly influences the core body temperatu-
re (Conti et al., 2006; Song et al., 2016). During exercise, the
brain temperature mimics temperature response of the core in
animals and humans (Fuller, Carter, & Mitchell, 1998; Nybo,
Secher, & Nielsen, 2002; Walters, Ryan, Tate, & Mason, 2000).
Considering hypothalamic neurons are sensitive to brain tem-
perature and the set-point thermoregulation is around 37°C
(Boulant, 2006), thermal sensors residing in this region provide
direct and efficient input regarding the state of body temperatu-
re homeostasis to the thermoregulatory center. It is clear, from
the animal model at least, central temperature sensing plays
a significant role in initiating thermoregulatory mechanisms.
It has been suggested that central temperature sensing could
even override lower-priority peripheral temperature sensing
from the skin (Fusco, Hardy, & Hammel, 1961; Shafton, Kitc-
hener, McKinley, & McAllen, 2014). It is possible that, despite
of malfunctioning of peripheral temperature sensing from the
spinal cord, viscera, and skin following SCI, the afferent ther-
mal pathways to the hypothalamus could still function properly
during exercise. The complex organization and coordination of
the ascending thermoregulatory pathways following SCI await
further clarification.

Rising body temperature constitutes an immediate stimulus
for the activation of the heat loss mechanism through dilation
of blood vessels (cutaneous vasodilation) and water evaporati-
on (sweating) in humans. Human lesion studies suggest impai-
red reflex cutaneous vasodilation responses to temperature rise
(Theisen et al., 2001; Van Duijnhoven et al., 2009). However,
current result suggests the functional consequences to global
thermoregulation during exercise seems less than expected. It
remains to be determined the threshold exercise duration and
environmental conditions that may lead to excessive body tem-
perature rise (above 40°C) following partial or complete loss of
spinal reflex below the lesion level.

A limitation to the present meta-analysis should be noted.
Most of the included studies prescribed sport-specific exercise
intensity; as a result, the absolute exercise loading eliciting he-
at production was not accounted for the consequent change in
core body temperature. However, it should be noted that these
experimental protocols attempted to mimic SCI sport-specific
physical demands hence their results should be considered to
be ecologically valid.

In conclusion, the present analysis of core body temperature
responses under SCI sport-specific exercise and environmental

conditions identified that thermoregulatory mechanisms can
be adequately modulated in the presence of SCI, although spe-
cial attention is still needed when adaptive endurance compe-
titions are scheduled in hot and humid environments. Advan-
cing our understanding of the precise physiological and neural
mechanisms of thermoregulation has broad implications for
this population to participate in physical activity and exercise,
which could have enormous health and social benefits.
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