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The aim of the investigation was to study the capabilities of thermal imaging to estimate the functional reserves of blood supply of facial
cicatricial tissues used in‘skin grafting.

Materials and Methods. Using an infrared thermal imager Thermo Tracer TH-9100 we examined 37 patients with post-burn scars on
the face-and-anterior surface of the neck (total: 126 scar areas planned for flap dissection) and 4 healthy volunteers. After recording a native
(original)-thermal picture, we carried out a standard local alcohol test with further monitoring of space-time temperature dynamics for 7 min.
To develop a criterion of tissue suitability for skin grafting, we calculated AT=T,,~T;,, where T,,; was the initial temperature before the test, and
T;, — the temperature on the 7™ minute of test recovery.

Results. The obtained data on the thermal reaction dynamics of cicatricial tissues enable to evaluate the capability to use these tissues as
skin grafting material. The criteria are based on thermal imaging findings of the dynamics of initial temperature recovery of healthy and cicatrical
tissues. If the temperature difference by the 7" minute of the examined tissues is below 0.9°C by the end of the alcohol test, the tissues can
be used for skin grafting. The temperature recovery lag by more than 1.9°C indicates inapplicability of cicatricial tissues for skin grafting. The

temperature difference in the range from 0.9 to 1.9°C should be considered risky.
Conclusion. The developed thermal image technique to assess the functional state of facial cicatricial tissue blood supply enables to
determine the criteria of cicatrical tissue availability for minor facioplasty, and differentiate suitable and unsuitable tissues.
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Facial deformity related to scarring in burn patients
causes severe psychological and social problems.
Modern methods of reconstructive and plastic surgery [1,
2, and others] enable to replace extensive scar areas
restoring damaged skin that does not always restore
the patient’s lost appearance [3]. In severe burns the
limitations due to the lack of donor sites make the use
of local skin grafting — one of the main methods of
treatment of facial burns. In these cases, surgeons are
compelled to use cicatricial tissue [4, 5].

Therefore, assessment of the suitability of the
pathologically altered tissue for local skin grafting
remains an urgent task due to poor vascularization of
the mature scars, which can be used for skin grafting.
Being conversant with the functional reserve of their
blood supply is the basis for affirming the prospects for
the use of any scarred skin area in plastic surgery.

Assessment of the microcirculation reserves in burn-
damaged tissue focuses on the search for adequate
assessment methods. Today, laser Doppler flowmetry
(LDF) and polarography are the most common methods
in medical practice to evaluate the blood supply to
cicatricial tissue [6]. The LDF and polarography methods
are limited by measurement locality, i.e. only in the
zone of the sensor setting. With extensive scarred skin
areas, when planning surgical intervention we need

panoramic assessment of the affected area and, above
all, differential assessment of areas with various blood
supply, we believe infrared thermal imaging to be the
best technique for this kind of ‘mapping’ cicatricial
tissue [7].

The validity of the choice of the basic method for the
study in this work is confirmed by international practice
of thermal imaging for the evaluation of post-burn scars.
The first experience of using thermal imaging to solve a
similar problem was reported by Lamberty et al. (1979)
[8], where the authors assessed the condition of the flaps
and predicted their rejection on the ground of thermal
imaging findings. A number of studies have described
the use of thermal imaging for the assessment of post-
burn scarred skin. Thus, surface temperature indices as
indicators of skin blood circulation have been proved to
be valid [9]. In this study [8] the thermal imaging technique
was used to find optimal perforating vessels before
flap dissection, LDF serving as a reference method.
Recent studies have focused on the experience of the
preoperative thermal assessment of perforating vessels
in planned skin flaps [10, 11], including a functional test
implying cool air blow-off of the skin [12].

At the same time we have found no information on
the use of thermal imaging for the assessment of the
functional blood-flow reserve of cicatrical tissue, without
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the knowledge of which this tissue behavior in the
immediate postoperative period is unpredictable.

The aim of the investigation was to study the
capabilities of thermal imaging to estimate the functional
reserves of blood supply to the facial cicatricial tissue
used in skin plastic surgery.

The study was aimed at:

1) investigation of the thermal relief of the face in
patients with post-burn scar deformities in comparison
with those in subjects with healthy skin;

2) development of a stress test, which allows to
evaluate the functional reserve of microcirculation in
various areas of the scarred surface of the face;

3) determine the correlation of thermal parameters
and clinical data on the state of circulation in cicatricial
tissue;

4) assessment of the suitability of the scarred tissue
for local skin grafting taking into account the thermal
imaging and clinical data.

Materials and Methods. The studies were conducted
in the room with the constant temperature of 20-22°C
on the thermal imager Thermo Tracer TN-9100 (NEC,
Japan), operating in the spectral range of 8-14 pm,
having a sensitivity of 0.025-0.03°C with an error of +1%
and the infrared matrix resolution of 320x240 pixels.

Preoperatively, a scheme of the planned cutting
lines to form flaps was applied to the patient’s face with
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the help of a safe marker. The thermal imaging survey
began with registration of the native (initial) heat pattern,
and then a regional alcohol test was conducted [13]
using 70° alcohol sprayed from the distance of 10 cm
onto the studied surface of the face. Recovery dynamics
of the temperature fields was recorded as a thermo-
video of 7 min duration after the refrigerant application.
To develop a suitability criterion for different areas
of the skin for local grafting we calculated AT=T,,,—T;,,
where T,,, was the initial temperature before the test,
T;,» was the temperature in the 7" minute of recovery
after the test.

A total of 37 patients with post-burn scars on the face
and front of the neck (total 126 scar areas planned for
flap dissection), including 26 men and 11 women (mean
age 27 years), were examined. Four experiments on
healthy male volunteers with normal facial skin (mean
age 25 years) were carried out to record the dynamics of
temperature recovery after the alcohol test in 97 areas of
the face and front of the neck (Figure 1).

The study was conducted in accordance with the
Declaration of Helsinki (adopted in June 1964 (Helsinki,
Finland) and revised in October 2000 (Edinburgh,
Scotland)) and approved by the Ethics Committee of the
Privolzhsky Federal Medical Research Center. A written
informed consent was obtained from each patient.

The clinical assessment of the scarred tissue was

Figure 1. Diagram of the measured areas on the thermal maps of the face and neck in a healthy
male subject aged 28: (a) 11 measurement areas on the forehead; (b) 28 areas at full face mapping;
(c) 21 areas on the face on the left (by analogy — symmetrical mapping of 21 areas on the right);
(d) 16 areas on the front of the neck
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based on the Sarygin clinical classification [5], based on
the Vancouver scale [14, 15] and providing criteria for
availability of scars as a plastic material in reconstructive
surgery.

The data analysis was performed on a personal
computer using the software for thermal images
processing Goratec Thermography Studio (GTS
5.1.1.011). According to the results of each functional test
we made up diagrams demonstrating the dependence
of temperature on time and performed a statistical
analysis of the data in the software environment
Statistica 6.1. The differences were considered
statistically significant at p<0.05.

Results and Discussion. During the native thermal
study of the facial tissue we obtained the data, according
to which the use of the known criteria — the temperature
difference between the scarred and adjacent healthy
tissue more than 1°C [16] proved to be problematic.
According to our findings, the scar areas unsuitable for
grafting (over 5 by the clinical assessment scale) had a
temperature gradient with the intact skin in symmetrical
or nearby areas more than 1°C. However, the difference
in temperature by 1°C was observed in clinically suitable
cicatricial tissue as well as in healthy areas of the facial
skin, so this criterion turned out to be insufficient to
assess the suitability/unsuitability of cicatricial tissue
for plastic surgery. Besides, the use of this criterion
presupposes comparing the scar temperature with that
of the surrounding intact skin which is rarely possible in
burns to the face. This is due to the complex relief of the
face and its blood supply.

On the native (initial) thermal maps the healthy facial
skin areas have different thermal characteristics with the
spread between the maximum and minimum temperature
values (with the same adaptation before measurements)
in 7-8°C; temperature drop may reach 2-3°C when
comparing, for example, the area in the projection of the
nasolabial triangle with the area on the cheek being only
0.5 cm apart from it.

Meanwhile, according to the literature data, the facial
areas for large samples are significantly homogeneous
by thermal characteristics and they could, if necessary,
be used as comparison areas. The study [17] shows that
regardless of the unique pattern of subcutaneous blood
flow in every person, there are 7 equithermal areas on
the face — different areas with a relatively homothermal
temperature. However, patients with burns, usually have
both the halves of the face injured, making it impossible
to compare them. It is also necessary to take into
account the established physiological thermoasymmetry
of different areas of the facial skin [18]. However, in case
of an intact symmetric area we cannot always compare
it with the injured one either as the localization on the
different haves of the face reduces the accuracy of such
studies (rotation of the head, and the need to double the
measurement, etc.).

The way out of this situation was the development
of a functional stress test, which enables to identify
not the so-called temperature norm in the facial
thermostopography, but the response norm — typical
dynamics of temperature recovery after application of
the refrigerant to the skin. The obtained thermograms
of response to the alcohol test in 28 areas in the lower
part of the face in the healthy subject (Figure 2) showed
that the thermal response in all the areas of normal skin,
regardless of the initial temperature values is of the same
type, and their fluctuation does not exceed 0.2°C, which
is comparable to instrument error.

The developed method was used to identify problem
areas in cicatricial tissue. On cooling rough scars which
are not suitable as a plastic material, such cicatricial
tissue was not found to restore the initial temperature by
the 7" minute of the study which may indicate blood flow
reduction in them. The study of the rough scar showed
a lag in the recovery of the initial temperature by 3°C by
the 7" minute after the test (Figure 3).

The temperature values (T;,) of the scarred facial
tissues, suitable, by clinical assessment, to be used in

plastic surgery, significantly (p<0.001)

reached the values close to the initial
ones (T, by the 7" minute. The
difference of temperatures was in range

from —0.8 to +0.9°C. The difference of

temperatures unsuitable for grafting

was in the range from 1.9 to 2.5°C.

One subject showed the difference in

temperature of 5.5 and 8°C in the study

of the auricle scars. Their morphological

examination after excision diagnosed

their keloid character. 24 scar areas

1 24 47 70 93 116 139 162 185 208 231 254 277 300 323 346 369 392 415 438 461 484 507

were also identified as suitable by the

Figure 2. Temperature dynamics after the alcohol test in 28 areas on the face in a
healthy subject K., 28 years old. The lower 4 curves are for the nasal area (zones
1—4, See Figure 1), and the rest ones are zones 5-28. The X axis is time (s); the Y

axis is temperature (°C)

122 CTM [ 2015 — vol. 7, No.2

clinical scale, but they could not be
used on the face. AT values in these
areas ranged from 0.9 to 1.9°C when
conducting the test.

Statistical data typical for both
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Figure 3. A characteristic temperature
response to the test in the scar that is
unsuitable for skin grafting (by clinical
signs). The X axis is time (s); the Y axis
is temperature (°C)
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Statistical data on thermal response in the cicatricial tissue

S . Percentile Percentile
Cicatricial tissue AT ey Standard error Median 10,00000 90,00000 p
Suitable for grafting (n=95) -0.337 0.0467 -0.4 -0.9 0.3 <0.001
Unsuitable for grafting(n=31) -1.820 0.2543 -15 -2.3 -1 <0.001

Figure 4. The diagram of the scope for
the groups: Var 1 — cicatricial tissue
suitable for grafting (n=95), Var 2 —
cicatricial tissue, unsuitable for grafting
(n=31). The X-axis is the temperature
difference for AT=T,—T,, for cicatricial
tissue at the end of the alcohol test (°C)

types of scars (clinically suitable and
unsuitable for grafting according to
the thermal imaging findings) are
shown in the Table.

The significance of value differences
obtained for the two groups that differ
in the quality of blood supply to the
skin, is shown in the diagram of
temperature distribution (Figure 4).

The data obtained illustrate the
following clinical observation.

Patient S.: “Post-burn scar deformity
of the right earlobe” is diagnosed.
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Figure 5. The appearance of the affected area (right ear) in patient S. with operational
(a) and thermal marking (b). 7-3 — areas of temperature measurement
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Figure 6. Appearance of the right ear and cicatricial tissue in the parotid region in patient S. during surgery: (a) scar flap mapping
performed; (b)—(c) surgery stages

Clinically — fused earlobe, the skin around the auricular
lobe is scarred. In the parotid area skin fat flap marking with
a proximal base for the formation of the ear lobe was made
(Figure 5 (a)). The planned tissue flap is scarred. Thermal
imaging with a functional test revealed that the difference
in the initial temperature and the temperature by the 7
minute of the cooling test was 0.6°C (proximal region) and
0.8°C (distal region) (Figure 6 (a)—(b)). During surgery the
auricular lobe was formed with the use of the studied flap.
No postoperative ischemic disorders were observed.

The performed studies did not show all the capabilities
of functional thermal imaging. Subtler criteria in
accordance with the histological structure of scars, the
rate and dynamics of blood flow recovery in the tissues
changed by the scarring process are of interest. Intra-
and post-operative monitoring of the blood flow in the
displaced flaps is also promising to assess the efficacy
of the preoperative criteria.

Conclusion. The data on the dynamics of thermal
response in cicatricial tissue, indicative of its functional
state, allow assessing the use of this tissue as a material
for skin grafting. A thermal criterion for assessing the
suitability of cicatricial tissue for local plastic surgery
was developed. If during the alcohol test the difference
between the initial and final temperature achieved
by the 7 ™ minute is less than 0.9°C, such tissue can
be used as a plastic material. The lag in temperature
recovery by more than 1.9°C indicates unsuitability of
the cicatricial tissue for skin grafting. Using skin areas,
having the temperature difference in the range of 0.9°C
to 1.9°C during the alcohol test should be considered
risky, in this case it is advisable either to choose
alternative methods of plastic surgery or use such
cicatricial tissue with the minimum ratio of the length
and width of the skin flap.

Study Funding and Conflict of Interest. The study
was not funded by any sources, and there is no conflict
of interests related to the study.
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