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Objective To investigate changes in the core temperature and body surface temperature in patients with
incomplete spinal cord injuries (SCI). In incomplete SCI, the temperature change is difficult to see compared with
complete spinal cord injuries. The goal of this study was to better understand thermal regulation in patients with
incomplete SCI.

Methods Fifty-six SCI patients were enrolled, and the control group consisted of 20 healthy persons. The spinal
cord injuries were classified according to International Standards for Neurological Classification of Spinal Cord
Injury. The patients were classified into two groups: upper (neurological injury level T6 or above) and lower
(neurological injury level T7 or below) SCIs. Body core temperature was measured using an oral thermometer, and
body surface temperature was measured using digital infrared thermographic imaging.

Results Twenty-nine patients had upper spinal cord injuries, 27 patients had lower SCIs, and 20 persons served as
the normal healthy persons. Comparing the skin temperatures of the three groups, the temperatures at the lower
abdomen, anterior thigh and anterior tibia in the patients with upper SCIs were lower than those of the normal
healthy persons and the patients with lower SCIs. No significant temperature differences were observed between
the normal healthy persons and the patients with lower SClIs.

Conclusion In our study, we found thermal dysregulation in patients with incomplete SCI. In particular, body
surface temperature regulation was worse in upper SCIs than in lower injuries. Moreover, cord injury severity
affected body surface temperature regulation in SCI patients.
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Body Temperature in Incomplete Spinal Cord Injury

INTRODUCTION

Autonomic dysfunction accompanied by spinal cord
injury (SCI) appears in the form of diverse symptoms
such as neurogenic shock, arrhythmia, orthostatic hypo-
tension, autonomic dysreflexia, and thermoregulatory
dysfunction [1]. Because autonomic dysfunction might
threaten life in the early stage of SCI, it needs to be evalu-
ated accurately. Temperature, one of the evaluation in-
dices of autonomic dysfunction, maintains homeostasis
against external environment changes and is relatively
easy to measure. Thus, temperature can be used as a
useful tool for evaluating autonomic nervous system
functioning in the early stage of spinal cord injury. Body
surface temperature is also known to be regulated by the
autonomic nervous system and to have complex inter-
actions with the physical conditions of the surrounding
environment, skin fat and dermis thickness, and internal
heat conduction and convection [2,3]. Regarding body
temperature maintenance, it has been reported that
there is a complex interaction between core temperature
receptors and peripheral skin temperature receptors
[4]. Therefore, in assessing thermoregulatory function
in SCI patients, it would be helpful to evaluate not only
core temperature but also body surface temperature at
the same time. Recently, digital infrared thermographic
imaging (DITI) has been used widely to measure body
surface temperature. DITI can detect infrared radiation
emitted from the body surface for digitization and visual-
ization [2,5,6], and the sympathetic nervous system can
be quantitatively evaluated in a relatively easy and quick
manner.

In the previous studies on changes in core temperature
and body surface temperature of SCI patients, these pa-
tients were reported to show declines in core tempera-
ture and trunk temperature depending on the level of
injury. Most studies have investigated complete SCI, and
as such, there are insufficient studies about patients with
incomplete SCI [4,7-12]. In these patients, the degree
of autonomic nervous system dysfunction is not severe
compared with patients with complete SCI, which might
make it difficult to accurately evaluate the dysfunction
[1,13]. This study aims to measure core temperature and
body surface temperature in normal healthy persons and
in patients with incomplete SCI for comparative analysis
by location and duration of injury and severity. This is

intended to help evaluate thermoregulatory dysfunction
in incomplete SCI patients, which has not been studied
sufficiently to date.

MATERIALS AND METHODS

Subject

This study enrolled SCI patients with body mass index
(BMI) values of 22.0-25.0 kg/m” who had been hospi-
talized in the department of rehabilitation medicine of
our hospital from January 1, 2014 to December 31, 2014.
Among 64 SCI patients, 8 were excluded with autonomic
function disorder, peripheral vascular disorder, periph-
eral nerve disorder, muscular skeletal disease, and skin
lesion. Among the remaining 56 patients, there were 49
men and 7 women with average age of 52.5+12.6 years
old. Among SCI patients who consented to DITI study,
29 patients with neurological injury level at T6 or above
and 27 with injury level at T7 or below participated in this
study according to the International Standards for Neuro-
logical Classification of Spinal Cord Injury classification.
The control group consisted of 20 healthy adults.

Method

Measuring core temperature

Oral thermometers are widely used to measure core tem-
perature. In this study, an oral thermometer was placed
under the tongue for approximately 5 minutes for measure-
ment. Measurements were taken twice so that the median
value could be used.

Measuring body surface temperature

DITI (Iris-XP; Medicore Co. Ltd., Seoul, Korea) was
used to measure body surface temperature. The DITI
device consists of an infrared camera, a computer, and
an LCD monitor. The infrared camera lens measures in-
frared radiation that is emitted from the body’s surface to
show temperature differences by color. The temperature
of the infrared thermographic imaging room was main-
tained at 19°C-20°C, and the humidity was approximately
60%. Light and heat were blocked and indoor airflow
was maintained constantly. Before the thermographic
imaging was measured, the standard guideline of the
American Academy of Thermology that was announced
in 1987 was followed [14]. Patients were asked to stop tak-
ing medications that could have affected the autonomic
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nervous system at least 3 days prior to examination. One
day before examination, patients were also asked to re-
frain from physical therapy, thermotherapy, and electro-
physiologic study. To exclude the effect of the circadian
rhythm of body temperature, measurements were taken
between 8 AM and 9 AM in a fasting state. Subjects were
undressed and acclimated to the examination room
temperature for 20 minutes. Then, DITI was taken at ap-
proximately 1.5 m away from the camera. Body surface
temperature was measured at the anterior thigh, anterior
tibia and lower abdomen. Average value was used after 4
measurements were taken by a single examiner, and me-
dian value was used after both sides were measured.

Statistical analysis

SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL,
USA) was used for the statistical analysis. One-way analy-
sis of variance (ANOVA) was used to compare BMI and
age among the 3 groups. The Kruskal-Wallis test was used
to compare the anterior thigh, anterior tibia, and lower
abdomen temperatures in each of the 3 groups. Then, for
the post hoc test, the Mann-Whitney test with Bonferroni
correction was used to test for statistical significance.

Table 1. Demographic and clinical characteristics

To compare differences between the SCI group at T6 or
above and the group at T7 or below by injury severity
and injury duration, the Mann-Whitney test was used for
statistical significance, and significance was set at below
0.05. With the Mann-Whitney test with Bonferroni cor-
rection, p-value was set below 0.017.

RESULTS

Demographic data

Among the 29 SCI patients who were at T6 or above,
average age was 54.9+10.0 years and average injury dura-
tion was 283 days. The number of acute SCI patients of
less than 7 months’ duration was 16, and that of chronic
patients of more than 6 months was 13. Among the 27
SCI patients who were at T7 or below, average age was
50.5+12.0 years and average injury duration was 354 days.
The number of acute SCI patients of less than 7 months’
duration was 17, and that of chronic patients of more
than 6 months was 10. Among the 20 healthy adults in
the control group, average age was 48.1+4.8 years. Among
the SCI patients at T6 or above, all 29 patients had cervi-
cal injuries; thoracic injury patients were not recruited.

Upper SCI Lower SCI Control group
(n=29) (n=27) (n=20) PRELE
Gender (male:female) 25:4 24:3 17:3 1.000
Age 54.9+10.0 50.5+12.0 48.1+4.8 0.251
Injury level

Cervical 29 0 - -

Thoracic 0 21 - -

Lumbar 0 6 - -
AIS

A 0 0 - -

B 2 2 - -

C 3 4 - -

D 24 21 - -
BMI (kg/mz) 23.020.9 23.1+0.7 22.810.6 0.563
Phase

Acute 16 17 - -

Chronic 13 10 - -
Duration (day) 283+147 354+134 - -

Values are presented as number or meantstandard deviation.
SCI, spinal cord injury; Upper SCI, neurological injury level is T6 or above; Lower SCI, neurological injury level is T7
or below; AIS, American Spinal Injury Association impairment scale; BMI, body mass index.
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Among the SCI patients at T7 or below, there were 21 tho-
racic injury patients and 6 lumbar injury patients. There
were no statistically significant differences among the 3
groups in terms of age or BMI (Table 1).

Body surface temperature distribution by group

Core temperature and body surface temperature were
compared among the healthy adults, the SCI patients at
T6 or above and the SCI patients at T7 or below (Table 2).
The measurement results for the healthy adults were
as follows: core temperature 36.6°C+0.2°C; body sur-
face temperature of anterior thigh 30.0°C+0.5°C; body
surface temperature of anterior tibia 30.0°C+0.6°C; and
body surface temperature of anterior lower abdomen
29.9°C+0.4°C. The differences between maximum and
minimum temperature at each area were 0.21°C+0.17°C
at anterior thigh, 0.21°C+0.15°C at anterior tibia, and
0.24°C+0.13°C at lower abdomen. The measurement
results for the SCI patients at T6 or above were as fol-
lows: core temperature 36.4°C+0.2°C; body surface tem-
perature of anterior thigh 28.8°C+0.9°C; body surface
temperature of anterior tibia 28.5°C+0.9°C; and body
surface temperature of lower abdomen 28.5°C+0.7°C.
The differences between maximum and minimum tem-
perature at each area were 0.21°C+0.11°C at anterior
thigh, 0.26°C+0.15°C at anterior tibia, and 0.20°C+0.16°C
at lower abdomen. The measurement results for the SCI
patients at T7 or below were as follows: core tempera-
ture 36.5°C+0.4°C; body surface temperature of anterior
thigh 29.8°C+0.9°C; body surface temperature of ante-

rior tibia 29.7°C+0.7°C; and body surface temperature of
lower abdomen 29.6°C+0.6°C. The differences between
maximum and minimum temperature at each area were
0.23°C+0.13°C at anterior thigh, 0.25°C+0.16°C at anterior
tibia, and 0.21°C+0.16°C at lower abdomen. There were
no statistically significant differences in the comparisons
of core temperature among the 3 groups.

Comparing body surface temperatures at the anterior
thigh, there was a difference of 1.2°C on average between
the healthy adults and the SCI patients at T6 or above, a
statistically significant difference (p<0.017). There was a
difference of 0.2°C on average between the healthy adults
and the SCI patients at T7 or below, which was not statis-
tically significant. There was a difference of 1.0°C on aver-
age between the SCI patients at T6 or above and those at
T7 or below, which was statistically significant (p<0.017).

Comparing body surface temperatures at the anterior
tibia, there was a difference of 1.5°C on average between
the healthy adults and the SCI patients at T6 or above,
which was statistically significant (p<0.017). There was a
difference of 0.3°C on average between the healthy adults
and the SCI patients at T7 or below, which was not statis-
tically significant. There was a difference of 1.3°C on aver-
age between the SCI patients at T6 or above and those at
T7 or below, which was statistically significant (p<0.017).

Comparing body surface temperatures at the lower
abdomen, there was a difference of 1.4°C on average
between the healthy adults and the SCI patients at T6 or
above, which was statistically significant (p<0.017). There
was a difference of 0.3°C on average between the healthy

Table 2. Comparison of body core temperature and skin temperature among the three groups

Control p-value
Nr
Temperature Upper SCI Lower SCI

o Ll © group ~ UPPerSCI& ., SCI& LowerSCI& UpperSCI&

(c) (n=29) (n=27) _ lower SCI &

(n=20) lower SCI  control group control group
control group

Body core 36.4+0.2 36.5+0.4 36.6+0.2 0.417 0.966 0.988 0.933
Anterior thigh 28.8+0.9 29.8+£0.9 30.0x£0.5 0.000* 0.001? 0.752 0.001"
Anterior tibia 28.5+0.9 29.7+0.7 30.0£0.6 0.000* 0.001” 0.559 0.001”
Lower abdomen  28.5+0.7 29.6x0.6 29.910.4 0.000* 0.001? 0.514 0.001"

SCI, spinal cord injury; Upper SCI, neurological injury level is T6 or above; Lower SCI, neurological injury level is T7

or below.

“Statistically significant (p<0.017) difference between upper SCI and lower SCI by Mann-Whitney test with Bonfer-

roni correction.

PStatistically significant (p<0.017) differences between upper SCI and control group by Mann-Whitney test with Bon-

ferroni correction.
*p<0.05 by Kruskal-Wallis test.
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adults and the SCI patients at T7 or below, which was not
statistically significant. There was a difference of 1.1°C
on average between the SCI patients at T6 or above and
those at T7 or below, which was statistically significant
(p<0.017).

In the SCI T6 and SCI T7 patients, core temperature and
body surface temperature were compared between the
acute SCI patients of less than 7 months and the chronic
SCI patients of more than 6 months (Table 3). The differ-
ences were not significant in the core and body surface
temperatures of the anterior thigh, anterior tibia, and
lower abdomen.

In the SCI patients at T6 or above and those at T7 or
below, core and surface temperatures were compared be-
tween American Spinal Injury Association impairment scale
(AIS) B and C and AIS D patients (Table 4). The measure-
ment results for AIS B and C patients among the SCI pa-
tients at T6 or above were as follows: core temperature
36.5°C+0.2°C; body surface temperature of anterior thigh
28.2°C+1.1°C; body surface temperature of anterior tibia
28.0°C+0.6°C; and body surface temperature of lower ab-

domen 27.8°C+0.6°C. The corresponding measurement
results in the AIS D group were as follows: core tempera-
ture 36.4°C+0.3°C; body surface temperature of anterior
thigh 28.9°C+0.8°C; body surface temperature of anterior
tibia 28.8°C+0.8°C; and body surface temperature of low-
er abdomen 28.7°C+0.9°C. The results showed that the
body surface temperatures of the anterior thigh, anterior
tibia, and lower abdomen were approximately 0.8°C high-
er in the AIS D group, a statistically significant difference
(p<0.05). The measurement results for the AIS B and C
group among SCI patients at T7 or below were as follows:
core temperature 36.5°C+0.2°C; body surface tempera-
ture of anterior thigh 29.0°C+0.8°C; body surface tem-
perature of anterior tibia 29.2°C+0.7°C; and body surface
temperature of lower abdomen 29.3°C+0.5°C. The cor-
responding measurement results in the AIS D group was
as follows: core temperature 36.5°C+0.2°C; body surface
temperature of anterior thigh 29.7°C+0.9°C; body surface
temperature of anterior tibia 29.8°C+0.6°C; and body
surface temperature of lower abdomen 29.9°C+0.6°C. Be-
tween the two groups, the body surface temperatures of

Table 3. Comparison of body core temperature and skin temperature between acute phase and chronic phase SCI

Upper SCI Lower SCI
Temperature (°C)  Acute phase  Chronic phase Acute phase  Chronic phase
(n=16) (n=13) DR (n=17) (n=10) p-value
Body core 36.5+£0.2 36.4+0.3 0.430 36.5+0.2 36.5+0.2 0.840
Anterior thigh 28.6+0.8 29.0+0.9 0.280 29.7£1.0 29.9+1.0 0.600
Anterior tibia 28.7+0.9 28.4+0.7 0.375 29.6+0.6 29.8+0.7 0.206
Lower abdomen 28.5+0.8 28.6+0.7 0.720 29.6x0.7 29.6x0.5 0.657

Values are presented as meantstandard deviation.

SCI, spinal cord injury; Upper SCI, neurological injury level is T6 or above; Lower SCI, neurological injury level is T7

or below.

Table 4. Comparison of body core temperature and skin temperature between AIS B and C and AIS D in SCI

o Upper SCI Lower SCI
Temperature (°C)
AISB,C (n=5) AISD (n=24) p-value AISB,C (n=6) AISD (n=21) p-value
Body core 36.5+0.2 36.4+0.3 0.240 36.5+0.2 36.51+0.2 0.750
Anterior thigh 28.2+1.1 28.9+0.8 0.041? 29.0+£0.8 29.7+0.9 0.036"
Anterior tibia 28.0£0.6 28.8+£0.8 0.033? 29.2+0.7 29.8+0.6 0.040"
Lower abdomen 27.810.6 28.7+0.9 0.010? 29.3+0.5 29.91+0.6 0.021"

Values are presented as meantstandard deviation.

SCI, spinal cord injury; Upper SCI, neurological injury level is T6 or above; Lower SCI, neurological injury level is T7
or below; AIS, American Spinal Injury Association impairment scale.

“Statistically significant (p<0.05) difference between AIS B, C and AIS D in upper SCI by Mann-Whitney test.
P’Statistically significant (p<0.05) difference between AIS B, C and AIS D in lower SCI by Mann-Whitney test.
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the anterior thigh, anterior tibia, and lower abdomen ap-
proximately 0.6°C higher in the AIS D group, a statistically
significant difference (p<0.05).

DISCUSSION

The human body’s temperature is maintained constantly
by a sophisticated thermoregulatory center in the hypo-
thalamus. Heat and cold signals are carried by the affer-
ent nerve to the hypothalamus, which then integrates
this information to regulate thermogenesis by activating
or inhibiting the sympathetic nervous system [15]. Ther-
mal regulation is impaired in patients with SCI. As a re-
sult, they cannot appropriately respond to the changing
temperatures of their surrounding environments. This
phenomenon is called poikilothermia [13]. Constant ex-
posure to low or high temperatures can cause bleeding,
metabolic acidosis, arrhythmia, decline in cardiac con-
tractility, and exercise-induced hyperthermia [10,16-21].
It was reported in preceding studies that this phenom-
enon could happen frequently among patients with SCI,
especially in those with complete lesion at T6 or above
[13]. This is attributable to the loss of supraspinal control
regulated by the hypothalamus and to damage to the af-
ferent and efferent pathways of the sympathetic nervous
system. All of these lead to dysregulation in vasomotor
tone, skeletal muscle shivering and sweating dysfunction
[22].

Skin plays an important role in regulating body temper-
ature as a dynamic membrane that regulates interactions
between surrounding environments and the human body
[23]. Body surface temperature is affected by diverse fac-
tors but is mainly regulated by the sympathetic nervous
system. It is known that there is a complex interaction
among core temperature, body surface blood flow, physi-
cal conditions of the surrounding environment, skin fat
and dermal thickness, internal heat conduction and con-
vection, and body temperature circadian rhythm [2,3,24].
To measure body surface temperature, contact thermog-
raphy and DITI can be used. DITI is being used widely
because it is convenient and can measure changing body
temperatures as accurately as contact thermography [25-
27]. Chun et al. [28] reported that absolute temperature
measured through DITI had low diagnostic efficacy be-
cause of fluctuation. However, in the study of Chun et al.
[28], the severe temperature changes and low diagnostic

efficacy are assumed to have happened because physical
conditions such as the study subjects’ circadian rhythms
and BMIs were not considered. In this study, to exclude
factors that might have affected body surface temperature
changes, examinations were conducted between 8 AM
and 9 AM, and physical environmental conditions were
maintained constantly. In particular, to exclude internal
factors, BMI was considered in selecting the SCI patient
group and the healthy adults. In this study, the differenc-
es between each individual’s minimum and maximum
temperature were found to be more stable than were the
findings from other studies including that of Chun et al.
[28].

Downey et al. [4] confirmed the existence of central
thermoreceptors and peripheral cold receptors in the
skin surface regarding body temperature regulation. With
SCI patients at T6 or above, body temperature is mainly
regulated by central thermoreceptors. Meanwhile, in SCI
patients at T7 or below, both core temperature and body
surface temperature receptors have an effect. It has been
reported that this caused more severe dysfunction in
body temperature regulation against external tempera-
ture change among SCI patients at T6 or above. In this
study, SCI patients at both T6 or above and T7 or below
were exposed to an environment of approximately 20°C.
In the process, this study referred to preceding studies
that used DITI to investigate both healthy people and SCI
patients [11,28]. We observed core temperature decline
among healthy adults, SCI patients at T6 or above or SCI
patients at T7 or below. However, body surface tempera-
ture in SCI patients at T6 or above was lower than that in
SCI patients at T7 or below and in healthy adults. This
confirmed that dysfunction in body surface temperature
regulation was more severe among SCI patients at T6 or
above, which was similar to the results in Downey et al.
[4].

It is known that more severe SCI causes more severe
dysfunction in body temperature regulation [13]. Ac-
cordingly, this study compared core and body surface
temperatures based on the severity of SCI. Because of
the limited number of recruited subjects, this study com-
pared AIS B and C patients with AIS D patients (Table
4). Among SCI patients at T6 or above and those at T7 or
below, core temperature did not show a significant dif-
ference between AIS B and C patients and AIS D patients.
However, in terms of body surface temperature, a signifi-
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cant difference was observed between the AIS B and C
and AIS D groups (p<0.05). This confirmed body surface
temperature regulation dysfunction among AIS B and C
patients compared with AIS D patients with relatively low
degree of injury among incomplete SCI patients.

Some previous studies have investigated changes in
core and body surface temperatures among SCI patients.
Khan et al. [7] studied hypothermia frequency by mea-
suring body temperature in 50 patients who had expe-
rienced their SCIs more than 5 years prior to the study.
Body temperature was measured 867 times, and roughly
63% of participants showed subnormal temperatures
(35°C-36.5°C); roughly 3% showed hypothermia (<35°C).
In the present study, body temperature was measured
26 times among 13 chronic SCI patients who were at T6
or above. The results showed that 57% demonstrated
subnormal temperatures and that hypothermia was not
observed. In the study by Khan et al. [7], most of the 50
patients corresponded to AIS grade A and the study sub-
jects were in the chronic phase of their injuries, that is,
SCI of more than 5 years’ duration. In this study, most of
the cervical injury patients corresponded to AIS grade D,
and the average injury duration among SCI patients at T6
or above was 283%147 days, which was shorter and pre-
sumably led to different study results.

Claus-Walker et al. [12] reported that cold stimuli
among complete SCI patients could cause hypothermia.
It has also been reported that the longer the duration
of SCI, the more body temperature regulation function
could decline. Studies reported that most functions were
recovered in the first 6 months after SCI [29,30]. In this
study, we measured core body temperature and body
surface temperature in incomplete SCI patients to com-
pare thermal regulation function by injury duration. SCI
patients at T6 or above and those at T7 or below were di-
vided into acute and chronic patients, with the cut-off at
6 months. There were no significant temperature differ-
ences by injury duration in any group in core or body sur-
face temperature at the lower abdomen, anterior thigh,
or anterior tibia. Body temperature regulation was main-
tained relatively constantly regardless of injury duration
among incomplete SCI patients compared with complete
SCI patients. Claus-walker et al. [12] studied complete
SCI patients, and average injury duration among them
was 101+45 months. However, we studied incomplete SCI
patients, and the average injury duration of chronic SCI
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patients was 43.8+40.0 months, which presumably is the
reason for the different study results from those of Claus-
walker.

Another factor that might affect body surface tempera-
ture is pain. No correlation between pain and body sur-
face temperature changes has been clearly identified yet
[31]. However, many preceding reports have described
some relationship between skin temperature changes
by DITI and pain from radiculopathy or nerve entrap-
ment syndrome [32-35]. In particular, body temperature
change according to central pain is still controversial in
many studies [9,11,36]. Park et al. [11], on central pain
after SCI, reported that the complete SCI patient group
with central pain showed significantly lower body surface
temperatures as measured through DITI than did the
patient group without central pain. Sherman et al. [9] re-
ported that body surface temperature dropped at the skin
level below the cord injury and that body surface tem-
perature was higher in the area with central pain. In this
study, 26 out of 29 SCI patients at T6 or above complained
of central pain and 25 out of 27 SCI patients at T7 or be-
low did so. Because most patients complained of central
pain, it was impossible to conduct statistical verification
of body surface temperature based on the presence of
central pain. In the future, more advanced studies need
to be carried out by recruiting patient groups based on
the presence of central pain.

With regard to the limitations of this study, the patient
group of T6 or above were all cervical injury patients be-
cause thoracic injury patients were not recruited. Among
the lower cord injury patients, thoracic cord injuries out-
numbered lumbar injuries, which made it impossible to
conduct a comparative analysis by level of injury. Body
surface temperature was measured only at the lower
limbs and lower abdomen, not at the posterior surfaces
of the lower limbs. Separately, the recruited women’s
menstrual cycles were not considered. However, because
women accounted for less than 15% in each group, men-
strual cycle are assumed to have had little effect. Another
limitation is that no comparative analysis was conducted
based on the presence of central pain because most pa-
tients complained of central pain. In the future, these
limitations need to be considered in order to conduct
more studies on core temperature and body surface tem-
perature in spinal cord injury patients.

In SCI patients and healthy adults, core temperature
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was measured along with body surface temperature at
the anterior thigh, anterior tibia, and lower abdomen
using DITI. The aim was to confirm dysfunction in body
surface temperature regulation among incomplete SCI
patients. The body surface temperature regulation dys-
function was especially severe among SCI patients at T6
or above compared with patients at T7 or below. It was
also confirmed that the more severe the cord injury, the
greater the dysfunction in body surface temperature
regulation. Because this study enrolled incomplete SCI
patients, declining core temperature was not observed
compared with preceding studies on complete SCI pa-
tients. However, we observed that body surface tempera-
ture in SCI patients was lower than that among healthy
adults. Body surface temperature declined significantly,
especially among patients at SCI T6 or above compared
with healthy adults and the SCI patient group at T7 or be-
low.
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