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Purpose: We aimed to identify distinguishing characteristics in thermographic images of venous
leg ulcer (VLU), for objective evaluation of VLU-related nociceptive pain.

Patients and methods: Secondary analysis was performed, using existing data obtained from
April to November 2010, for patients with VLU. Thermographic images of wounds and their
surrounding area were classified according to the periwound temperature pattern as “normal
temperature” or “high temperature”. These results were compared with the self-reported pain
intensity assessed by the short-form McGill Pain Questionnaire. Cohen’s kappa coefficients
were used to evaluate the interrater reliability for temperature assessment, and Wilcoxon rank
sum test was used to compare pain intensities between the two groups.

Results: Among 39 thermographic examinations in eight patients, 22 were classified into the
high-temperature group and 17 into the normal-temperature group. Kappa coefficients for the
temperature classification were 0.90 between the wound, ostomy, and continence nurse and a
wound care specialist, and 0.90 between the wound, ostomy, and continence nurse and a graduate
student. The pain rating index (Z=—2.981, P=0.003), sensory pain (Z=—3.083, P=0.002), affective
pain (Z=-2.764, P=0.006), and present pain intensity (Z=—2.639, P=0.006) ratings were signifi-
cantly higher in the high-temperature group than in the normal-temperature group, but the visual
analog scale (Z=—0.632, P=0.527) was not significantly different between the two groups.
Conclusion: Thermographic pattern may reflect VLU-related nociceptive pain due to inflam-
mation and has the possibility of being an easy and rapid tool for objective pain evaluation.
Keywords: short-form McGill Pain Questionnaire, temperature, wound assessment

Introduction
Pain is a common problem in patients with wounds. Wound-related pain can be classi-
fied into two types. One is nociceptive pain, defined by the International Association for
the Study of Pain as “Pain that arises from actual or threatened damage to non-neural
tissue and is due to the activation of nociceptors”, while the other is neuropathic pain,
defined as “Pain caused by a lesion or disease of the somatosensory nervous system”.!
Nociceptive pain caused by wound inflammation informs us of the presence of tissue
injury and has a harmful role in that it is associated with, not only decreased quality
of life , but also, with delayed wound healing.>* Moreover, nociceptive pain can lead
to hyperalgesia and/or allodynia that are kinds of neuropathic pain.’ Therefore, rapid
assessment and appropriate care, for prevention and minimization of wound-related
nociceptive pain, are quite important.

Pain is defined by the International Association for the Study of Pain' as “An unpleas-
ant sensory and emotional experience associated with actual or potential tissue damage,
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or described in terms of such damage.” Subjective evaluation
tools, such as the Visual Analog Scale (VAS), Numerical
Rating Scale, or short-form McGill Pain Questionnaire (SF-
MPQ) are regarded as “gold standard” pain assessment tools
because pain is a subjective experience.*” However, these
tools cannot be used for patients with cognitive impairment
or disturbance of consciousness. Several methods that may
be able to evaluate pain objectively have been reported, such
as functional magnetic resonance imaging or brain wave

that visualize brain function,®'?

or alpha-amylase or skin
conductance evaluations of autonomic function,>'* but these
methods cannot be performed rapidly in clinical situations.
One promising objective pain evaluation scale for cognitively
impaired patients is the Abbey Pain Scale, which consists
of subscales for vocalization, facial expression, change in
body language, behavioral change, physiological change, and
physical changes. A Japanese version has been developed but
because of subtle cultural influences on body language, there
have been some difficulties with using this scale in Japan.'®!”
Furthermore, it cannot be used for bedridden individuals who
have total loss of consciousness. A new method is required
for objective pain assessment that is performed rapidly and
easily at the bedside and that can even be used for patients
who cannot communicate.

To address these challenges, we focused on a wound
assessment method using thermography. Our laboratory
has previously reported that thermography can be used
to detect inflammation without clinical manifestations, in
pressure ulcer and calluses with diabetic neuropathy.'®!
Wound temperature increases during inflammatory responses,
including the immune response of inflammatory cytokine-
induced vasodilation, and thus increased tissue metabolism
and wound temperature change are possible indicators of
inflammation. Chronic ulcer is characterized by prolonged
inflammation, defective re-epithelialization, and impaired
matrix remodeling.?’ Therefore, wound temperature can be a
useful indicator of wound-related inflammation and may be
useful for evaluation for wound-related nociceptive pain.

In order to investigate the possibility of thermographic
assessment for wound-related pain, we focused on patients
with venous leg ulcer (VLU) who were experiencing severe
or continuous pain. VLU is almost always caused by chronic
venous insufficiency. In Western adult populations, the
prevalence of VLU is 1%, and the incidence increases with
age.?2 VLU accounts for 50%—-80% of all lower extremity
ulcers.?*?* Importantly, around 80% of patients with VLU
experience pain.?>* VLU-related pain is classified as either
nociceptive pain or neuropathic pain and the nociceptive

pain, which is associated with inflammation, accounts for
nearly 60 % of all ulcer-related pain.? Especially in VLU,
previous studies have suggested that a possible reason for
the prolonged inflammation is that leukocytes are trapped
in limbs with venous insufficiency.? Furthermore, increased
temperature related to skin inflammation is considered a sign
of VLU development.”® We can identify inflammation by
clinical manifestations such as erythema; however, erythema
associated with VLU may be masked by pigmentation. Due to
this, other objective pain-associated parameters are required.
Therefore, wound temperature may be a useful indicator of
wound-related nociceptive pain status.

The aim of this study was to investigate characteristics
of VLU thermographic images, in order to establish a rapid,
easy, and objective evaluation method for VLU-related
nociceptive pain.

Material and methods

Study design

This study was a secondary analysis, using previously col-
lected study data.”’

Patients were recruited between April and November 2010.
The study setting was a general hospital in an urban area
located in Kanagawa, Japan. The inclusion criteria were
adult patients diagnosed with VLU who had treatments
scheduled in the facility. The exclusion criteria were difficulty
in communication; arterial ulcers or mixed ulcers (venous
and arterial), with an Ankle Brachial Pressure Index score
<0.8;% wound infection, by bacteriological culture and/or
appearance; and no previous record of thermographic or SF-
MPQ data. Examinations were performed every 1 or 2 weeks
until wound closure or end of the follow-up period (up to
24 weeks); in some cases, the interval exceeded 2 weeks
because of schedules of care at the clinic. Any analgesic use
was not controlled.

Study protocol

The protocol received approval from the Ethical Committee
of the Graduate School of Medicine, University of Tokyo, and
the Yokohama Minami Kyosai Hospital. Written informed
consent was obtained from the enrolled patients.

Data collection

A wound, ostomy, and continence nurse (WOCN) and a
graduate student in nursing evaluated the patients during their
routine treatments. Demographic data including age, sex, body
mass index (BMI), and Clinical, Etiological, Anatomical, and
Pathophysiological (CEAP) classification®® were obtained from
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medical records. Every evaluation included a thermographic
assessment, photography, and the Japanese version of the
SF-MPQ, which has been shown to have good reliability and
validity.** Thermographic and photographic images included
the wound bed and the periwound skin. The SF-MPQ consists
of 15 descriptors, with the total score for descriptors 1-11
representing the sensory dimension of the pain experience and
the total score for descriptors 12—15 representing the affective
dimension; the total score of all 15 descriptors represents the
pain rating index. Each descriptor is ranked on an intensity
scale of 0= none, 1= mild, 2= moderate, and 3= severe. The
present pain intensity, ranked on an intensity scale of 0=none,
1= mild, 2= discomforting, 3= distressing, 4= horrible, and
5= excruciating, and the 0.0-10.0 cm VAS, anchored with
“none” and “worst imaginable pain”, were also included to
provide the overall intensity score.’

Thermographic assessment

Thermographic images of the wound bed and periwound skin
were obtained using infrared thermography (Thermo Tracer
TH5108ME; Nippon Avionics Co., Ltd., Tokyo, Japan [origi-
nally developed by NEC Sanei Co. Ltd., Tokyo, Japan]). The
measurable range of the device was 0°C—70°C, with an error
range of +0.7°C, and accuracy to 0.1°C. According to the

thermographic data, wound bed temperature was lower than
periwound temperature (Figure 1). This feature was observed
in almost all cases that healed normally, and in some cases, a
temperature increase occurred specifically at the periwound
area (Figure 1B). On the other hand, in cases where epitheli-
alization was occurring within the wound bed, the tempera-
ture of the sites of epithelialization was nearly equal to the
periwound temperature (Figure 2). Due to this, we focused on
graphical assessment instead of the detailed temperature.'® We
classified the thermography results into two groups: “normal
temperature” (uniform periwound skin temperature) (Figure
1A) and “high temperature” (periwound skin temperature
is not uniform, with specifically high temperatures at some
areas of the periwound skin) (Figure 1B). Three research
nurses, including a WOCN with a PhD degree in medicine
(different from the first WOCN who collected data), a wound
care specialist with a PhD degree in nursing, and a graduate
student in nursing (different from the first graduate student
who collected data), classified the thermographic images as
normal temperature or high temperature without receiving any
information regarding pain intensities. Kappa coefficients were
calculated to assess interrater reliability, and if the opinions
were inconsistent, consensus was reached by discussion among

the three nurses.

Figure | Gross appearance and thermography of venous leg ulcers (left, patient number 2; right, patient number ).
Notes: (A) Inner side of the right ankle. The thermography was classified as normal temperature, and pain rating index =4. (B) Lateral side of the left ankle. The thermography
was classified as high temperature and pain rating index =27. White arrow indicates wound bed.
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Figure 2 Gross appearance and thermography of venous leg ulcer in patient
number 3.

Notes: On gross examination, epithelialization was occurring from the inside
of the wound. On thermography, the temperature of the epithelialized area was
higher than that of the nonepithelialized area. This thermography was classified as
high temperature. White arrow indicates the wound bed; arrow head indicates
epithelialized site.

Statistical analysis

Values were presented as median with interquartile range
(IQR) unless otherwise indicated. Cohen’s kappa coefficients
were used to evaluate the interrater reliability for the ther-
mographic temperature assessment. The Wilcoxon rank sum

Table | Patient characteristics

test was used to compare SF-MPQ pain scores between the
high- and normal-temperature groups. A P-value less than
0.05 was regarded as statistically significant. All statistical
analyses were performed using JMP Pro Version 10.0.2 (SAS
Institute Inc., Cary, NC, USA).

Results
The patient characteristics and demographic data are shown
in Table 1. Results from 39 examinations (two results for the
VAS were missing) were available from eight patients, includ-
ing six women and two men. The median (IQR) age was
76.5 (65.8-82.8) years, and body mass index (BMI) was 25.3
(22.1-28.4) kg/m?. The wound age was 15.5 (6.0-23.0) weeks.
A total of 22 thermographic images were classified as high
temperature and 17 as normal temperature. Kappa coefficients
for the interrater reliability of temperature classification were
0.90 between the WOCN and the wound care specialist with
PhD degree, and 0.90 between the WOCN and the graduate
student in nursing. On the SF-MPQ), the intensities scores =1
in over 50% of the responses were for “throbbing” (66.7%),
“aching” (51.3%), and “tender” (82.1%) (Table 2). According
to the comparison of pain intensity between the high- and
normal-temperature groups by Wilcoxon rank sum tests, the
pain rating index (median [IQR]=5.0[2.0-13.0]) (Z=—2.981,
P=0.003), sensory pain (median [IQR] =4.0 [2.0-11.0])
(Z=-3.083, P=0.002), affective pain (median [IQR] =0.0
[0.0-3.0]) (Z=-2.764, P=0.006), and present pain intensity
(median [IQR] =1.0 [1.0-2.0]) (Z=-2.639, P=0.006) were
significantly higher in the high-temperature group than in the
normal-temperature group, but the VAS (median [IQR] =5.0
[3.0-7.3]) (Z=—-0.632, P=0.527) was not significantly different
between the two groups (Figure 3).

Discussion
We investigated whether VLU temperature classification
using thermography could reflect VLU-related pain evaluated

Number Age (years) BMI (kg/m?) Wound age Sex CEAP classification Number
(weeks) C E A P of results

| 79 320 13 F C, Ep As, Ad Pr 6

2 89 25.6 18 F C, Es Ad Pr, Po 7

3 84 17.8 417 F C, Es Ad Pr, Po 10

4 65 29.3 20 F C, Ep As Pr |

5 76 25.0 6 F C, Ep As Pr 5

6 57 21.4 24 M C, Ep As Pr 3

7 68 257 2 M C, Ep As Pr 3

8 77 242 6 F C, Ep As Pr 4

Median (IQR) 76.5 (65.8-82.8) 25.3 (22.1-28.4) 15.5 (6.0-23.0) 4.5 (2.3-6.8)

Notes: According to the CEAP classification: C, = active venous ulcer; Ep = primary (postthrombotic); Es = secondary (postthrombotic); As = superficial veins; Ad = deep

veins; Pr = reflux; and Po = obstruction.

Abbreviations: BMI, Body mass index; CEAP, Clinical, Etiological, Anatomical, Pathophysiological; IQR, interquartile range.

26 submit your manuscript

Dove

Chronic Wound Care Management and Research 2014:|


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Thermographic assessment for venous leg ulcer-related pain

Table 2 Short-form McGill Pain Questionnaire results

SF-MPQ* n=39
Throbbing 1.0 (0.0-2.0)
26.0 (66.7)
Shooting 0.0 (0.0-1.0)
15.0 (38.5)
Stabbing 0.0 (0.0-1.0)
15.0 (38.5)
Sharp 0.0 (0.0-1.0)
15.0 (38.5)
Cramping 0.0 (0.0-1.0)
18.0 (46.2)
Gnawing 0.0 (0.0-0.0)
9.0 (23.1)
Hot-burning 0.0 (0.0-1.0)
10.0 (25.6)
Aching 1.0 (0.0-1.0)
20.0 (51.3)
Heavy 0.0 (0.0-1.0)
15.0 (38.5)
Tender 1.0 (1.0-3.0)
32.0 (82.1)
Splitting 0.0 (0.0-0.0)
9.0 (23.1)
Tiring/exhausting 0.0 (0.0-2.0)
16.0 (41.0)
Sickening 0.0 (0.0-0.0)
4.0 (10.3)
Fearful 0.0 (0.0-1.0)
11.0 (28.2)
Punishing/cruel 0.0 (0.0-1.0)
10.0 (25.6)
PRI 5.0 (2.0-13.0)
Sensory 4.0 (2.0-11.0)
Affective 0.0 (0.0-3.0)
VAS (cm) 5.0 (3.0-7.3)
PPI 1.0 (1.0-2.0)

Notes: *Values are presented as median with interquartile range (top) followed
by number of patients with intensity scores =1, with percentage in parentheses
(n=39). The possible range of values was as follows: |5 descriptors (0-3), PRI (0—45),
Sensory (0-33), Affective (0—12), VAS (0.0-10.0 cm), PPI (0-5).

Abbreviations: PP, present pain intensity; PRI, pain rating index; SF-MPQ, short-
form McGill Pain Questionnaire; VAS, visual analog scale.

by the SF-MPQ. To our knowledge, the results of this study
are the first to suggest that a temperature increase occurring
specifically at the periwound skin is a possible indicator for
VLU-related pain. The kappa coefficients indicating a high
reliability of the thermographic assessment suggest that this
assessment can be performed easily and reliably.

We previously reported a novel method to predict delayed
healing in pressure ulcers, using thermographic assess-
ment, which is easily applied in the clinical setting as it is
noninvasive and takes only a few minutes to perform.'® The
thermographic assessment method used in this study was
similar to the previous method. In the previous study, when
inflammation occurred in a pressure ulcer, the wound bed
temperature was higher than the periwound temperature,

and the temperature difference was associated with delayed
healing. In the present study, we focused on periwound skin
temperature rather than on wound bed temperature, because
in VLU the wound bed temperature may not change according
to the presence of inflammation. Interestingly, in the present
study, thermography indicated that the wound bed tempera-
tures in VLUs were lower than the periwound temperatures,
or of the entire lower extremity. It is conceivable that this
occurred because wounds of VLU are relatively shallow
and wide and produce large amounts of exudate. Moreover,
epithelialization of the VLU may occur, not only from the
wound edge, but also, within the wound bed, and relatively
high temperatures were observed in the epithelialized wound
bed (Figure 2). For these reasons, it is difficult to distinguish
temperature increase due to inflammation from that due
to epithelialization. Thus, we focused on the periwound
temperature in this study and observed a certain level of
reliability of the method.

As shown in Table 2, frequently observed expressions

LEINT3

of pain included “throbbing”, “aching”, and “tender”. In a

CLINT3

previous study, “throbbing”, “burning”,

CEINT3

itchy”, “stinging”,
and “tender” were extracted as specific sensory pain descrip-
tions for VLU, and our result is consistent with that study.’!
This suggested that SF-MPQ was valid for expressing the
pain of VLU in the present study.

In this study, we classified the thermographic images
into two groups and compared pain intensity between the
groups. The high-temperature group showed significantly
higher sensory pain scores (possibly related to inflammatory
pain) and affective pain scores (possibly related to emotional
experience) and a resulting higher pain rating index compared
with the normal-temperature group. This suggests that pain
and temperature increase as symptoms of inflammation occur
at the same time. On the other hand, there was no significant
difference in the results of the VAS between the two groups.
Because VAS 10.0 cm indicates maximum pain that sub-
jects have felt so far, the meaning of the score varies among
patients. Therefore, it is not surprising that the thermographic
assessment did not relate to VAS in the present study.

There may be several reasons for the association of peri-
wound temperature increase in VLU and pain presence. It
is possible that inflammatory responses in the wound affect
the periwound skin temperature. During the acute phase of
wound healing, this may be due to the acute inflammatory
response with the occurrence of ulcer. Previous studies
have suggested that a consistent feature of VLU formation
is chronic inflammation associated with the trapping of
activated leukocytes in limbs with venous insufficiency.? In
addition, it has been shown that chronically inflamed tissues
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Figure 3 Comparison of pain intensity levels between the high- and normal-temperature groups: (A) pain rating index; (B) sensory pain; (C) affective pain; (D) visual analog

scale; and (E) present pain intensity.

Notes: Thirty-nine results were included, but two results for the VAS were missing. The high-temperature group showed significantly higher pain intensity than did the

normal-temperature group, other than for the VAS.

Abbreviations: H, high-temperature group; N, normal-temperature group; PP, present pain intensity; PRI, pain rating index; VAS, visual analog scale.

contain high numbers of activated neutrophils, which release
an excessive quantity of proteases. As a result, tissue destruc-
tion and persistent inflammation can occur. The inflammatory
response is firstly caused by the degranulation of platelets
and chemotaxis of neutrophils.’® Next, increased blood
flow, caused by significant vasodilation, leads to wound bed
temperature increase, and the response spreads to periwound
tissues. The proinflammatory cytokines that cause peripheral
sensitization and pain are mainly released during this phase.
The wound age of the patients in this study was from 2 to
417 weeks, and it is conceivable that the pain of some of the
patients with short duration age of wounds may have been
caused by this mechanism. In addition, in cases with exac-
erbation of edema during the chronic phase, an inflamma-
tory response by similar mechanisms may cause periwound
temperature increase and pain. Extravasation of leukocytes,
caused by edema exacerbation, induces a recurrent inflamma-
tory response, and indeed, some examinations in the current
study showed transient increases of periwound temperature
and pain intensity during the healing process.

There were several limitations of this study. First, the
sample size was limited, and the numbers of results varied in
patients. Due to this small number of patients, it was difficult
to control the intraindividual correlation that might affect the
relationship between wound temperature classification and
pain ratings. To address this limitation, we plotted each result
in Figure 3 and found no particular data that might distort
the their distributions and cause unintentional biases. Second,
there could be several factors affecting VLU-related inflam-
mation, but the thermographic assessment cannot reveal the
causes of inflammation and pain presence. Third, we included
only patients with VLU who were ambulatory and could visit
the clinic by themselves, so generalization of our findings
may be limited to such a population and difficult to extend
to patients with severe pain. Nonetheless, the results of this
study suggest that thermographic assessment may be an
objective indicator of VLU-related pain. It could lead to the
possibility of an assessment tool for those patients who are
not able to complain of pain because of cognitive disorder
or disturbance of consciousness. Furthermore, in a nursing
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practice, early detection of pain can encourage preemptive
measures against, and rapid and appropriate care for, pain-
ful events. Further study, to account for the cause of wound
inflammation, is required to provide specific pain care. Other
wound-related factors should be investigated, such as wound
fluid content as well as the bacteria that can indicate wound
status in detail, to comprehensively assess wound-related
pain in combination with thermography.

Conclusion

Thermographic images reflect VLU-related nociceptive pain
due to inflammation, and its classification method can be a
novel technique for objective pain evaluation.

Disclosure
The authors declare no conflicts of interest regarding
this work.
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