
Luigi LAINO
Aldo DI CARLO

The San Gallicano Dermatological Institute
for Research and Care, IRCCS,
Via Elio Chianesi 53, 00144 Rome, Italy

Reprints: L. Laino
<laino@ifo.it>

Article accepted on 2/11/2009

Telethermography: an objective method
for evaluating patch test reactions

Telethermography (TT) is a non-invasive imaging technique which
can be used to evaluate the body’s thermal gradients. It has recently
been used as a diagnostic tool in many medical fields, especially in the
study of the skin and other external organs. We assessed the applica-
bility of TT in the objective evaluation of patch tests in allergic contact
dermatitis, where clinical assessment is difficult, especially for atopic
or brown-skinned individuals. In 34 individuals with a history of
allergy to nickel sulphate (NiSO4), we applied a patch containing
NiSO4 to the right side of the back and a patch containing 1%
sodium-lauryl-sulphate (SLS) to the left side. As a control, we applied
a patch containing an irritant (1% SLS) in a second group of 30
non-allergic individuals. A peculiar pattern was found for allergic
reactions. This was characterized by a hot area that extended beyond
the borders of the patch site and was oriented towards the nearest
lymph-node(s), spreading as a hyperthermic line or lines. For the
irritant test (SLS), the hot area was limited to the patch area, and the
thermal gradients were lower. Thermography can be considered a
useful complementary method for the evaluation of patch tests.

Key words: thermography, allergic contact dermatitis, irritant contact
dermatitis, patch test

R ecently, thermography (TT) has been found to be
a useful method in diverse medical fields. The
innovative method of thermostimulation has

improved the accuracy of this technique, providing further
possibilities in many clinical and experimental studies,
particularly in allergology and dermatology.
Patch testing is a useful paraclinical method for diagnos-
ing contact allergy [1, 2]. Nonetheless, because its evalu-
ation ultimately depends on visual assessment, it remains
a basically subjective method [3]. To address this prob-
lem, many instrumental methods have been proposed,
such as laser doppler, transepidermal water loss, and
macro-video assessment [4-9]. However, these methods
can be used only to quantify the intensity of the visible
reaction, by measuring, for example, the degree of redness
or blood flowmetry; thus they do not allow an allergic
response to be distinguished from an irritant response in
the evaluation of patch tests. This is a frequent problem in
allergology facilities, and it often constitutes an obstacle
to evaluating patch-test reactions in, for example, atopic
or brown-skinned individuals.
Telethermography (TT) is a new technique that reveals the
body’s caloric emission as infrared radiation and repro-
duces it on a video-monitor as thermal gradients [10, 11].
In the black and white version, the caloric emission appears
as thousands of thermal points whose brightness increases
with emission (i.e., brighter = hotter), whereas in the col-
our version, the caloric emission is seen as 7-10 bands of
different colours, each of which corresponds to a different
isotherm (e.g., white band = hottest, black band = coldest).

The sensitivity of the thermographs varies from 0.1 °C
to > 10 °C. In some studies, the patch area appeared to be
“hot” for positive allergic reactions, with the borders of this
hyperthermic area extending beyond the clinical borders of
the patch. For a positive irritant response, the patch area
appeared less hot and did not extend beyond the clinical
borders [12-15]. To better evaluate the effectiveness and
applicability of this technique in evaluating patch tests,
we compared the results of a nickel sulphate (NiSO4)
patch test (as an allergy test) to those of a sodium lauryl
sulphate (SLS) patch test (as an irritant test).

Materials and methods

We enrolled two groups of individuals. The first group
included 34 Caucasian individuals (19 females and
15 males, aged 23-62 years) who in the period 2005-
2007 had been examined at our allergology facility and
were found to have been allergic to NiSO4 according to
the GIRDCA series patch test. The second group con-
sisted of 30 individuals (16 females and 14 males, aged
21-58 years) who had been seen at our facility in the same
period and who were not allergic to NiSO4 according to
the GIRDCA series patch test. All participants provided
written informed consent. The study was performed
between 2005 and 2008.
In the first group, a standard 5% NiSO4 patch test
(GIRDCA series) was applied to the right side of the
upper back. The next day, a patch containing 1% SLS
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was applied to the left side of the upper back, symmetri-
cally. The two patches were removed at the same time,
so that the NiSO4 patch remained for 48 hours and the
SLS patch for 24 hours. For the second group, a 1% SLS
patch was applied to the left side of the upper back for
24 hours.
The evaluation of patch tests was performed 30 minutes
after patch removal, both clinically and by TT. The clini-
cal evaluation was based on the criteria of the Interna-
tional Contact Dermatitis Research Group (ICDRG) [1,
9]. For the thermographic evaluation, we used, indiffer-
ently, AGEMA Thermovision 880™, AGA Thermovision
660™, or FLIR3000 Thermocam™. To improve the sen-
sitivity of the TT (≥ 0.1 °C), we used the thermostimula-
tion method, in accordance with Ippolito and Di Carlo
[15]. In brief, this method entails evaluating, instead
of the thermal gradients, their corresponding times of
thermal recovery (TRT) after thermal stimulation at
5 °C × 20”, using a special thermal probe. This method

allows difficulties in evaluating very low thermal gradi-
ents (e.g., < 0.01 °C) to be overcome [18-20]. All data
were recorded in a single database.

Results

Allergic response

All 34 individuals belonging to the first group (i.e.,
those with a history of allergy to NiSO4) showed a
positive reaction to NiSO4, with a clinical score that
varied from “+” to “++++” (table 1). In all of these
individuals, TT showed a hot area which extended
beyond the visible borders of the patch site, forming a
sort of hyperthermic “halo”. This was asymmetrically
oriented towards the nearest lymph-node(s), spreading
as one or more hyperthermic lines (figure 1, right;
figure 2). Considering the hottest point of the perile-
sional area, the hyperthermal gradient had a mean Δt of

Table 1. Reaction to allergic patch tests for NiSO4 (n = 34 individuals)

Participant Clinical score (*) Δt (°C) Hyperthermic lymphocentric line Cold centre

1. +++ 2.5 Yes No
2. +++ 3.2 Yes Yes
3. ++ 2.4 Yes No
4. ++ 1.4 Yes No
5. ++++ 2.8 Yes Yes
6. +++ 2.5 Yes No
7. +++ 2.5 Yes No
8. + 1.8 Yes No
9. + 1.6 Yes No
10. ++ 2.4 Yes Yes
11. ++ 2.2 Yes No
12. ++ 1.3 Yes No
13. ++ 1.5 Yes Yes
14. + 1.8 Yes Yes
15. ++ 2.6 Yes No
16. ++ 1.8 Yes No
17. +++ 2.6 Yes No
18. +++ 2.5 Yes Yes
19. + 0.8 Yes No
20. + 1.6 Yes No
21. ++ 1.5 Yes No
22. ++ 1.8 Yes No
23. +++ 2.5 Yes No
24. ++ 1.5 Yes No
25. +++ 1.6 Yes No
26. +++ 2.2 Yes Yes
27. ++++ 2.8 Yes Yes
28. +++ 1.8 Yes No
29. +++ 1.4 Yes Yes
30. +++ 1.8 Yes No
31. ++ 2.5 Yes No
32. ++++ 2.6 Yes No
33. +++ 1.7 Yes No
34. ++ 2.2 Yes No

*Based on the criteria of the International Contact Dermatitis Research Group.
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2.02 °C. In 9 of the 34 individuals, a cold centre
was present at the patch site of the patch, whereas
the perilesional hyperthermia was constantly present
(figure 3).

Irritant response

Upon visual examination, a clinical reaction to 1% SLS was
found for 41 (64%) individuals: 22 (64%) individuals in the
first group and 19 (63%) individuals in the second group
(table 2). Objectively, the patch area was weakly erythema-
tous or vescicular. When performing TT, in many cases the
patch site appeared to be hot, though the hyperthermic gra-
dients were lower (Δt = mean 0.95 °C) than those found for
the NiSO4 patch test (Δt = 2.02 °C) (p < 0.01, Student’s
test). Moreover, in contrast to the pattern observed for the
NiSO4 patch test, in no case did the hyperthermic area
extend beyond the borders (figure 1, left). Furthermore, a
cold centre was observed in 23 (36%) of the 64 individuals,
probably due to an initial blistering in the patch site. This
fact was observed more frequently than for NiSO4 parch
test (9/34, 27%) (figure 4).

Discussion

Because the evaluation of patch tests depends on visual
assessment, it is mainly subjective and easily leads to
“false-positive” or “false-negative” results. Moreover, in
atopic individuals and persons with dark brown skin, an
accurate evaluation can be even more difficult. To address
these pitfalls, we used TT, which allowed us to overcome
the problems inherent to traditional thermometric methods,
which require primary point detection and the reassem-
bling and composing of a “thermal map”. TT simulta-
neously detects thousands of thermal points of the caloric
source (in this case the human body) and instantly trans-
forms them into punti-form video-signals (pixels), which
form a characteristic picture on the monitor in either grey
tones or colour (the “infrared man”). Thus TT has the
advantages of both immediately identifying “hot” or
“cold” spots and revealing patterns that are specific to the
two types of reactions (i.e., allergic versus irritant) [16, 17].
TT could be applied in the study of not only skin but also

Figure 1. Participant 4. Double patch test in a person allergic
to NiSO4; left side: irritant (SLS); right side allergen
(NiSO4). Note, thermographically, on the right side, the
hyperthermal halo and its lymphocentric pseudopod.

Figure 2. Participant 8. Thermography of an allergic patch
test to NiSO4.
Note the presence of halo and of the lymphocentric stria.

Figure 3. Participant 10. Telethermography of an allergic
patch test to NiSO4. Initial blistering inside the patch area.
Note the persistence of the “halo”.
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Table 2. Reaction to irritant patch tests for SLS (n = 64 individuals)

Participant Clinical score* Δt (°C) Hyperthermic lymphocentric line Cold centre

Study group (history of allergy to NiSO4)
1. + 1.2 No No
2. + 0.6 No No
3. + 0 No Yes
4. + 0 No Yes
5. + 0.5 No No
6. + 0.5 No No
7. + 0.8 No Yes
8. + 0 No No
9. + 1.1 No No
10. + 2.2 No No
11. + 1.3 No No
12. + 0.5 No No
13. +++ 0 No Yes
14. +++ 0 No Yes
15. ++ 0 No Yes
16. ++ 0 No Yes
17. +++ 0.6 No No
18. +++ 0.8 No No
19. +++ 1.0 No No
20. + 0 No Yes
21. + 1.8 No No
22. ++ 2.0 No No
23. ++ 1.5 No No
24. ++ 0.6 No No
25. ++ 0.1 No No
26. + 2.0 No Yes
27. ++ 0 No Yes
28. + 0 No Yes
29. + 0 No Yes
30. ++ 0.5 No No
31. + 0.6 No Yes
32. ++ 0.7 No Yes
33. ++ 2.2 No Yes
34. + 0.3 No No
Control group (no history of allergy to NiSO4)
35. + 0.6 No No
36. + 0.4 No No
37. + 0.8 No No
38. + 0.5 No No
39. ++ 0- No Yes
40. +++ 0- No Yes
41. ++ 2.2 No Yes
42. ++ 0.3 No Yes
43. + 0.4 No No
44. + 0.8 No No
45. + 0.5 No No
46. + 1.2 No No
47. +++ 0 No Yes
48. +++ 0 No Yes
49. + 0.3 No No
50. + 0.8 No No
51. + 0.8 No No
52. + 0.5 No No
53. + 0.6 No No

(continued)
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the mammary organ, the osteo-articular apparatus, the
peripheral nervous system, external genitalia, and superfi-
cial vessels. Finally, to better evaluate thermal gradients in
the dermatological field and in the study of patch testing,
we used the thermal stimulation technique, which allows
the problem of weak positive reactions (Δt < 0.1 °C) to be
overcome [13, 14].

Conclusion

TTcan be considered as an objective, reproducible and non-
invasive method for evaluating patch tests, allowing for the
definition of a thermographic pattern of allergic contact
hypersensitivity, which can be distinguished from the pat-
tern of irritant hypersensitivity, as indicated by Baillie,
who first applied this technique and defined the pattern of
allergic tests [14]. This method is also rapid and easy to
perform and could be of great use not only in allergology
but also in other areas of dermatology [15].
We are currently planning a study to better understand the
mechanisms that could explain the asymmetric perile-
sional hyperthermia of the allergic patch and its spreading

along lymph-centric line(s). We originally believed that
this simply could have been a “thermal flame” or a “chim-
ney”, yet we realised that this is not very plausible
because the hyperthermic line is clearly directed toward
the nearest lymphnode(s) and does not follow a gravita-
tional pathway. Similar hyperthermic lines or striae have
been observed in cases of nodular melanoma [15]. We
believe that the hyperthermia of these striae is correlated
with an immuno-mechanism, as supposed by Baillie [14,
15]. In this regard, it will be necessary to study the cellu-
lar immunocompetent populations in the patch area (e.g.,
CD4+, CD8+ lymphocytes, Langerhans cells) and related
oxidative reactions [21-25]. To confirm this, an extensive
immunohistochemical study needs to be performed. ■
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