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Extraterritorial temperature pain threshold abnormalities in subjects with 
healed thermal injury
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Abstract—Approximately 1.25 million individuals sustain 
burn injuries annually in the United States. Pain is frequent in 
patients with burn injuries and is often refractory to pharmaco-
therapy. We report quantitative sensory data from five subjects 
who sustained external thermal injuries to their limb(s) 8 weeks 
to 11 years previously, demonstrating reduced thermal pain 
thresholds in regions outside the burn injury zone, including 
contralateral limbs. Warm and cold detection thresholds were 
not significantly different from controls. These results comple-
ment data from animal models that demonstrate that allodynia 
can develop contralateral to a focal burn injury as a result of 
changes within the spinal cord and suggest that systemic or 
central mechanisms contribute to pain after burn injury.
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INTRODUCTION

Pain is the most frequent complaint of patients with 
burn injuries, and in many instances it is refractory to 
currently available therapies [1]. Moreover, burn pain is 
often undertreated [2–3], can be chronic [4–5], and has a 
long-term impact on quality of life [6–7]. Although there 
have been some human studies evaluating cutaneous pain 
in burned patients [4–5], the exact nature of and mecha-
nisms contributing to these patients’ chronic pain is not 
fully understood.

Evidence for the extraterritorial spread of pain, i.e., 
enlargement of the area of pain so that pain is felt outside 
of the area corresponding to the initial injury, has been 
described following a unilateral injury in animal models. 
For example, allodynia initially develops in the territory 
innervated by the injured sciatic nerve in a rat model of 
chronic constriction nerve injury but subsequently 
extends to the territory of the uninjured saphenous nerve 
[8]. In an animal model of mild hindpaw thermal injury, 
primary hyperalgesia developed in the region of the 
injury and was accompanied by secondary tactile allo-
dynia in an uninjured area of the paw [9]. Similar find-
ings were seen in a human model of mild, nonblistering 
thermal injury [10].

It has been suggested that burn injury may trigger an 
immune or inflammatory response that contributes to 
hyperalgesia, which can persist after burns are healed 
[11–14]. Activation of p38 mitogen-activated protein 
kinase within spinal microglia has been demonstrated in 
a first-degree burn injury model, and evidence suggests 

Abbreviations: QST = quantitative thermal sensory testing, 
SEM = standard error of the mean, VAS = visual analog scale.
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that these glial cells can contribute to the pathogenesis of 
pain [15]. In a second-degree burn injury model in the 
rat, a unilateral burn injury produced long-lasting allo-
dynia with eventual spread to the contralateral limb [16]. 
These animals also demonstrated a sequential pattern of 
ipsilateral and subsequent contralateral dorsal horn neu-
ron hyperexcitability and microglial activation associated 
with increased phosphorylated-p38 expression [16]. 
These observations suggest that central or systemic 
mechanisms contribute to long-lasting pain following 
peripheral burn injury. We sought to test the hypothesis 
that extraterritorial changes in pain thresholds, including 
contralateral pain-like changes, occur in humans follow-
ing a focal thermal injury.

METHODS

Subjects
We studied five unrelated subjects who had sustained 

a blistering thermal injury and eight age-matched nondis-
abled control volunteers. Subjects with a history of a 
thermal burn on an external body area (limb(s), trunk, 
and/or face) that was completely healed at the time of 
testing were eligible for enrollment into the study. Sub-
jects sustaining internal burn injuries were not eligible. 
Potential subjects were required to be in stable health, 
have intact cognition, and be without any other cause for 
chronic or neuropathic pain. Subjects with average daily 
pain (at time of injury) of at least moderate severity, 
which was defined as 2 on a 0–10 numerical scale on 
which 0 meant “no pain” and 10 meant the “worst pain 
imaginable,” were studied.

Each subject with a thermal injury completed an 
intake questionnaire and filled out a pain map. Sensory 
assessment was carried out at (1) a site located 5 cm 
proximal to the proximal edge of the burned area (Figure 
1); (2) in the same location on the contralateral region in 
the four subjects with unilateral burns or 5 cm proximal 
to the proximal edge of the burn on both sides in the sub-
ject with bilateral burns; and (3) on a third separate body 
area, specifically the dorsum on the foot. None of the 
study subjects were taking any medications targeting any 
form of pain at the time of study.

Sensory Assessment
Each subject completed an intake questionnaire that 

included a description of the location of the injury, how 

the injury was sustained, when pain from the burn began, 
how the pain changed over time, and medications tried for 
pain relief. The severity of the subjects’ pain was also 
assessed using a visual analog scale (VAS); evoked pain 
was assessed using either a foam brush or von Frey fila-
ments. Quantitative thermal sensory testing (QST) was 
evaluated at the described sites using a TSA-II NeuroSen-
sory Analyzer (Medoc, Israel) with a 3.2 × 3.2 cm Peltier 
device thermode that either warms or cools the skin sur-
face. Cutoff temperatures (50 °C or 0 °C for warm and 
cold, respectively) were preset to prevent skin injury. The 
order in which the thermal thresholds were measured was 
cold detection, warm detection, cold pain detection, and 
heat pain detection. The holding temperature for the probe 
was initially set at 32 °C; the temperature change for the 
probe occurred at a linear rate of 1 °C/s. The cutoff tem-
perature was recorded if the temperature reached the cut-
off limit before the subject indicated a threshold level. The 
threshold was determined four times and then averaged 
for each thermal modality at each location [17].

Statistical Analysis
Statistical tests were performed at the -level of signifi-

cance of 0.05 for all analyses using parametric tests, specifi-
cally Student t-tests. Data management and statistical 
analyses were performed using Microsoft Office Excel 
(2003; Redmond, Washington) and plotted as mean ± stand-
ard error of the mean (SEM). All graphs show mean ± SEM.

Figure 1.
Anatomic location of sensory probe for subject 1.
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RESULTS

Subjects
Of the five subjects who sustained a blistering ther-

mal injury, one had bilateral hand injuries, two had a left 
hand injury, one had a right hand injury, and one had a 
right forearm injury. Injuries were sustained 8 weeks to 
11 years prior to enrollment, and subjects rated their pain 
(VAS score) at the time of injury as ranging from 3 (1 
subject) to 10 (4 subjects; mean of 8.6). Baseline sensory 
characteristics and demographics for both the injured and 
control subjects are shown in Table 1. All burns were 
well healed. Three of the subjects had no pain at the time 
of the study. Two subjects, who had sustained burn inju-
ries 3.5 and 11 years previously, described mild, intermit-
tent pain (varying from 0–1 on the VAS) in the burned 
area. The eight nondisabled volunteers had no history of 
a blistering burn injury and were similar in age and sex to 
the burn injury subjects.

Subject 1
The subject is a 26 yr old male Veteran who sustained 

bilateral thermal injuries to his hands, which were 
unshielded, following a roadside bombing about 3.5 yr 
prior to this study. He did not require skin grafting to 
either hand. He described the pain as excruciating (9/10 
on a 0–10 pain scale) in the weeks following the burn 

injury. At the time of the injury, the subject described his 
pain primarily as throbbing, sharp, hot/burning, tender, 
and sickening, and his skin felt “tight” or like his hands 
were in an oven. The subject’s pain improved after 
approximately 100 d, and at the time of study his pain was 
about 0–1 on a 0–10 pain scale. At the time of the study, 
the subject noted that he was continuing to experience 
spontaneous tingling between his thumb and first digit 
(trigger(s) not known). He noted that his hands become 
colder “faster” than prior to the injury. At the time of the 
study, he was not taking any medication for pain.

Subject 2
The subject is a 36 yr old female who sustained a left 

hand injury approximately 10 yr prior to this study after 
bumping against a hot ceramics kiln, causing an extremely 
painful (10/10) second-degree injury. She did not require 
any skin grafting. She described her pain as primarily hot/
burning with a mild component of tenderness lasting sev-
eral days. At the time of the study, the subject was not 
experiencing any pain symptoms from her injury and was 
not taking any medication for pain.

Subject 3
The subject is a 56 yr old female who sustained a 

severe right hand thermal injury approximately 7 yr prior 
to this study. According to the subject, she accidentally 

Table 1.
Demographics for enrolled subjects.

Age (yr) Sex
Location of

Thermal Injury
Time Since 

Injury

Average Pain at 
Time of Injury 

(0–10)

Average Daily
Pain at Enrollment

(0–10)

Allodynia at
Time of Testing

(0–10)
Thermal Subjects

26 Male Bilateral hands 3.5 yr 10 0–1 0
36 Female Left hand 10 yr 10 0 0
56 Female Right hand 7 yr 10 0 0
53 Male Left hand 11 yr 10 0–1 0
37 Female Right forearm 8 wk 3 0 0

Control Subjects
34 Male NA NA NA 0 0
34 Male NA NA NA 0 0
39 Male NA NA NA 0 0
49 Male NA NA NA 0 0
47 Female NA NA NA 0 0
37 Female NA NA NA 0 0
34 Female NA NA NA 0 0
31 Female NA NA NA 0 0

NA = not applicable.
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spilled hot cooking oil on her hand during a kitchen fire. 
She sustained primarily second- and minor third-degree 
burns, requiring some minor skin grafting. Initially she 
did not feel any pain following the injury; however, 1 d 
later she developed excruciating pain that she described 
as throbbing, stabbing, shooting, hot/burning, and tender. 
The subject was not sure how long the pain lasted, but at 
the time of the study did not have any pain symptoms and 
was not taking any medication for pain.

Subject 4
The subject is a 53 yr old male who sustained a 

second-degree burn to the entire left hand about 11 yr 
prior to the study. The subject was attempting to repair an 
oil burner in his home when it ignited and engulfed his 
hand in flame. He initially described the pain as 10/10. 
He described the pain following the injury as shooting, 
stabbing, sharp, and hot/burning. He was not sure when 
the pain began to improve, but noted that, at the time of 
the study, his pain was about 0–1 on a 0–10 pain scale. At 
the time of the study, he was not taking any medication 
for pain.

Subject 5
The subject is a 37 yr old female who sustained a 

right forearm injury approximately 8 weeks prior to this 
study after accidentally bumping into a hot oven tray 
while cooking. She did not require any skin grafting. Ini-
tially, she described the injury as painful (3/10), but this 
only lasted about 1 d. The pain was described as hot/
burning and gnawing. The subject did not have any pain 
symptoms at the time of the study and was not taking any 
medication for pain.

Altered Pain Thresholds Following Burn Injury
All subjects tolerated QST analysis in all three loca-

tions. The mean VAS score at the time of testing was 0 
(out of 10). None of the subjects with thermal injury 
experienced allodynia to brush or von Frey stimulation in 
any of the tested areas.

The burned subjects’ responses to thermal sensory 
thresholds are shown in Table 2. None of the five subjects 
showed a difference for warm detection or cold detection, 

Table 2.
Sensory thresholds at three stimulation sites.

Subject Site Location Cold Pain
Threshold

(°C)

Heat Pain
Threshold

(°C)

Cold Detection
(°C)

Warm Detection
(°C)

1 (bilateral hand injury) Right hand 26.8 38.9 27.5 36.7
Left hand 28.9 37.9 28.5 36.8
Left foot 22.7 45.5 24.2 40.3

2 (left hand injury) Right hand 15.8 38.6 30.8 33.4
Left hand 18.3 36.2 31.3 33.2
Left foot 8.1 46.3 29.7 34.9

3 (right hand injury) Right hand 29.8 34.6 31.0 33.5
Left hand 29.7 33.8 31.0 33.2
Left foot 18.0 44.6 30.5 33.5

4 (left hand injury) Right hand 25.5 38.5 31.0 36.1
Left hand 26.9 34.1 28.8 36.6
Left foot 15.3 45.5 29.2 39.8

5 (right forearm injury) Right forearm 14.6 36.6 31.3 34.6
Left forearm 17.0 38.1 31.2 33.1
Left foot 4.6 44.7 25.1 36.5

Thermal Injury (mean values for 
all enrolled subjects ± SEM)

Burned upper limb 22.4 ± 3.5 37.88 ± 2.8 30.6 ± 0.6 34.2 ± 0.8
Contralateral upper 
limb

22.0 ± 3.4 37.2 ± 1.1 31.0 ± 0.1 34.3 ± 0.7

Dorsum of foot 13.8 ± 3.3 45.32 ± 0.3 27.7 ± 1.3 37.0 ± 1.3
Control (mean values for all 
enrolled subjects ± SEM)

Right hand 8.7 ± 2.5 45.9 ± 1.1 30.3 ± 0.4 35.9 ± 1.2
Left hand 8.6 ± 2.0 47.9 ± 0.7 30.2 ± 0.4 35.9 ± 1.0
Left foot 10.9 ± 2.4 47.0 ± 0.8 27.8 ± 0.5 37.5 ± 1.0

Note: Italics indicate injured limb.
SEM = standard error of mean.
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nor were the mean or median values for cold detection or 
warm detection statistically significant when compared 
with nonburned volunteers for any of the three sites (Fig-
ure 2). However, in the four subjects who sustained a uni-
lateral thermal injury, the heat pain and cold pain 
thresholds in both the injured limb and the contralateral 
uninjured limb differed from the corresponding thresholds 
in the control subjects (Table 2 and Figure 2). For these 
subjects, the mean for heat pain threshold in the burned 
limb was 37.88 ± 2.8 °C compared with 46.9 ± 0.6 °C in 
the control subjects. Furthermore, the mean for cold pain 
threshold in the burned limb was 22.4 ± 3.5 °C compared 
with 8.6 ± 1.5 °C in the control subjects. The mean heat 
pain threshold in the contralateral (uninjured) limb was 

37.2 ± 1.1 °C, while the mean cold pain threshold in the 
contralateral (uninjured) limb was 22.0 ± 3.4 °C.

The heat pain threshold from the dorsum of the foot 
was not different from the control population tested in 
any of the subjects with burn injury. However, while the 
mean for cold pain threshold was not statistically differ-
ent for the dorsum of the foot, two of the subjects with 
unilateral burn injury, including one subject who 
described ongoing, intermittent pain at the burn site, dis-
played differences of >1 standard deviation compared 
with the control population (Table 2).

The subject who had sustained bilateral hand injuries 
and described ongoing intermittent pain in the burned 
areas displayed lowered pain threshold in both of his 

Figure 2. 
Sensory thresholds are altered in injured limb and contralateral uninjured limb. When compared with corresponding sensory thresh-
olds in nondisabled uninjured subjects, (a) cold pain threshold and (b) heat pain threshold were statistically different in both injured 
upper limb and contralateral uninjured upper limb. Neither (c) cold detection nor (d) warm detection showed any statistical signifi-
cance when compared with uninjured subjects at any of recording locations. Graphs show mean ± standard error of mean. *p < 0.05.
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upper limbs (heat pain threshold was 38.9 °C on the right 
limb and 37.9 °C on the left limb; cold pain threshold was 
26.8 °C on the right limb and 28.9 °C on the left limb), 
but while there was no statistical difference from the con-
trol population with respect to the heat pain thresholds 
derived from the dorsum of his foot, a difference was 
seen with respect to cold pain threshold (22.7 °C in bilat-
erally burned patient vs 10.9 ± 2.4 in controls). There-
fore, thresholds for heat pain and cold pain were reduced 
for all subjects in this cohort compared with the controls 
in both the burned and contralateral limb, and in three of 
the subjects, cold pain thresholds were also decreased in 
the foot.

DISCUSSION

Our observations indicate changes in pain threshold 
up to 11 yr following focal burn injury of the upper 
limb(s), i.e., lowered threshold for warm pain and cold 
pain in areas outside the zone of initial injury both proxi-
mal to the healed burn in the injured limb and in the con-
tralateral limb. Three of the five subjects also displayed 
lowered cold pain threshold in their unburned foot.

The presence of long-lasting extraterritorial alter-
ations in pain thresholds in these previously burned sub-
jects may have implications for our understanding of the 
mechanisms contributing to pain after thermal injury. 
Spread of pain to the contralateral limb after a unilateral 
insult suggests a systemic change, for example priming 
of the immune system [14], a central neuropathic mecha-
nism [18], or spinal neuroplasticity. In response to 
peripheral nerve injury or peripheral inflammation, pri-
mary nociceptive neurons can become hyperexcitable so 
that they give rise to abnormal, high-frequency firing 
[19], and they may trigger central sensitization so that 
pain signals are generated or amplified within the central 
nervous system, contributing to chronic hyperalgesia and 
allodynia [20].

Our observations demonstrate contralateral changes 
in pain threshold following burn injury of the hand, with 
a smaller change in pain threshold in the feet in three of 
the five subjects studied. Our observation of contralateral 
reductions in pain thresholds in all subjects suggests that 
the changes underlying extraterritorial pain may be most 
prominent within spinal segments and the corresponding 
dermatomes located closest to the site of injury.

Animal models of neuropathic and inflammatory 
pain demonstrate extraterritorial allodynia [8] and in 
some cases contralateral pain [21] following unilateral 
injury. For example, mirror-image pain occurs in unilat-
eral sciatic inflammatory neuritis [22]. In a rodent model 
of nerve injury using unilateral spinal root ligation, intra-
venous lidocaine was found to reverse ipsilateral, but not 
contralateral, allodynia, suggesting that different mecha-
nisms may contribute to ipsilateral and contralateral pain 
following nerve injury [23]. Potential mechanisms of 
contralateral change that have been suggested include 
putative humoral and neuronal mechanisms [18] and acti-
vation of spinal microglia and proinflammatory cyto-
kines [24]. The development of contralateral changes 
including gene induction in contralateral nerves but not 
in neighboring or remote nerves [25] suggests a spinal 
mechanism. Consistent with this suggestion, develop-
ment of allodynia in the contralateral uninjured limb fol-
lowing a unilateral burn injury in rats is paralleled by 
development of hyperexcitability of dorsal horn neurons 
and activation of microglia on both sides of the spinal 
cord [16]; minocycline, which inhibits microglial activa-
tion, attenuates allodynia on both sides of the body in this 
model [26].

CONCLUSIONS

The mechanisms underlying long-lasting changes in 
pain threshold after burn injury in humans are not yet 
understood. Together with previous studies in animal 
models, our observations suggest the possibility that cen-
tral (e.g., spinal) or systemic mechanisms can trigger 
long-lasting changes in pain sensitivity that can persist 
for years after a burn injury has healed. By understanding 
these mechanisms, it may be possible to target them so as 
to develop more effective approaches to the treatment of 
pain following burn injury.
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