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ABSTRACT

Permanent facial scars cause serious trauma because the person has to live with a scar which s/he cannot easily hide.
Conspicuous scar tissue will have a negative impact on psychology depending on how much importance they give to their
appearance. Because of this reason, it is evaluated as an aggravated form of punishment in Turkish Criminal Law.

In this study, image processing software was used for the quantitative analysis of facial scars. The scar photographs were taken,
and the relative colour difference of the scar region was measured concerning the nearby healthy area. The scar’s physical
properties, such as the length and the surface area, were measured by processing the photographs in software.

An evaluation of 100 cases showed that the relative color difference rate of 15% is critical for deciding the conspicuousness
of permanent facial scar. Above this rate, the facial scar is visible by the naked eye without affecting any factors such as the
physicians’ visual acuity, attention, and experience. Otherwise, the scar’s length and the surface area must also be evaluated

for a correct decision about the conspicuousness of a permanent facial scar.
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INTRODUCTION

hysical injury or a wound has been defined as damage to

any part of the body due to a deliberate or an accidental
application of mechanical force or other traumatic agent
causing serious bodily harm."? Facial scars are considered
aesthetic damage that causes unpleasant modifications in both
the static or dynamic facial expression recognized by everyone
and affect the image of the person.’

It is reported that people who have symmetrical faces
are more attractive to the opposite sex than those with
asymmetrical faces and the social interactions with both sexes
are easier.? It is also known that anxiety and depression caused
by the trauma of the face, increase with the healing process
delay.® It has also been reported that the disfiguration based
on facial trauma makes the person unhappy, socially isolated
and stigmatized.* ® The aesthetic concerns of these patients
lead to multidisciplinary surgical intervention more than once
in many cases.’ It has been reported that facial trauma victims
have more somatoform symptoms, an increased tendency to
substance abuse, and decreased joy of life.®

Each trauma, depending on the level, affects individuals
painfully and destructs them psychologically. Therefore,
Turkish law is seeking a criterion to assess the perpetrator’s
penalty according to the severity of the trauma. In addition,
the law has been concerned with the significance of the
trauma result without being directly related to its level.
A trauma that leads to a permanent and conspicuous facial scar
is also evaluated in this context, and the penalty given to the
perpetrator is more aggravated than the bare form of crime.’
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In a criminal assault case, if the act of the perpetrator causes
a permanent and conspicuous scar on the face of the victim,
according to the criminal law of several countries like
Bangladesh, Italy, Turkey, the punishment will be heavier
than a simple form of offence, and it may also cause indemnity
claims. The decision of the conspicuousness and permanence
of the facial scar is determined by medical doctors at least six
months after the incident via the observation of the victim’s
face from one or two meters away by the naked eye under
adequate light (preferably daylight). However, the decision can
be affected by many factors such as the visual acuity, attention,
mood, sense of aesthetics, and experience of the physicians.
In this study, the relative color changes of the scar region
concerning the nearby healthy region were calculated.
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Furthermore, the surface area and the length of the scar were
measured to facilitate the physician’s final decision on the
significance and permanence of the facial scar with objective
parameters.

MATERIALS AND METHODS

The victims of all cases were selected randomly whom criminal
courts sent to the 2nd Specified Committee of Turkey’s National
Council of Forensic Medicine. This Council is the main
organization in the country which works under the jurisdiction
of the Ministry of Justice. The Council has subunits in all cities
of the country. The Council consists of laboratories that provide
analysis and different specialized committees that give expert
opinions by evaluating the case as a whole with the participation
of experts from different disciplines. There are eight specialized
committees of the Council, which are named with numbers.
The aforementioned 2nd Specified Committee gives an expert
opinion about all kinds of trauma that contain permanent and
significant facial scar evaluation. It consists of board members
from 12 different medical and forensic disciplines such as
forensic medicine specialists, plastic and reconstructive surgery,
general surgery, ear, nose, and throat surgery, ophthalmology,
psychiatry, orthopedics, radiology, etc.

The photographs of the victims were taken by using
Canon 1300D cameras on a tripod. During photograph taking,
different lighting conditions were used. A ring led illuminator
with different colors mounted on the lens and a polarizing filter
(B and B Digital CPL 58mm filter) in front of the lens were
used for lighting.

Image Processing Procedure

Processing the images was performed by using the Imagel

software, a Java-based image processing program developed

by the National Institute of Health of the USA.!°

The photographs were directly used for processing, i.e.,
no filtering or further modifications were applied to the
photographs for analysis. The procedure for the quantitative
analysis of the photographs can be explained as follows:

* Determining the relative color change between the scar
region and the nearby intact area on the face. To obtain this
color difference in the greyscale, the plot profile tool of the
Image] software was used. For this purpose, first, the image

Figure 1: Sample photograph on which the colour profile was shown.
A line was drawn through the healthy and the scar regions on the face,
and a plot of the color values for this profile was given as a subfigure.
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is converted to an 8-bit grayscale image, and then a line that
passes over the healthy part and the scar region was drawn
to draw the colour profile plot through this line as seen
in Figure 1. The relative colour change was calculated by
taking the ratio of the averages of the healthy colour values
and the scar regions on the face. The average colour values
were calculated in the intervals in which the sharp changes,
especially while passing from healthy to scar regions, were
excluded. For example, in Figure 1, the interval 25 to 50
pixels and 65 to 85 pixels were used to calculate the average
color values of the health and the scar regions, respectively.

* The second step of the analysis is selecting the scar
region and then calculating the surface area of this region.
The selection of the scar region is performed by using the
Versatile Wand Tool'! plugin of the ImagelJ software. This
is a powerful tool for selecting the regions automatically.
Some parameters must be adjusted before or during the
selection process in this tool, as seen in Figure 2. The most
important parameter in this tool is the Value Tolerance
which is used to expand the selection to all image points as
long as the difference between the pixel value of the point
clicked and the image point is less than the Value Tolerance.
This parameter is adjusted to be able to select the scar
completely in this study. In addition, the connectedness
was set to “8-connected” and “include holes” was checked.
Other parameters were used as default.

The photograph must be calibrated to obtain a result in SI
units in the measurements and calculations. For calibration,
the scale’s photograph is taken together with the victim’s
photograph and by using the line tool, the value of a selected
length of the pixels can be obtained in SI unit by using this
scale. This value is then entered into the Set Scale tool of the
ImagelJ for calibration.

To simplify the analysis process, a menu that includes
only the required tools was designed using JAVA language as
seen in Figure 3.

RESULTS AND DISCUSSIONS

Some example photographs of the facial scars are represented
in Figure 4. These photographs were taken a minimum of 6
months after the trauma when the healing is completed. It is
easily seen that these scars are visible by the naked eye, and
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Figure 2: The parameters of the Versatile Wand Tool
plugin used in ImageJ.
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they can be assumed as permanent and conspicuous facial
scars.

The photographs were taken under different lighting
conditions to obtain clearer photographs, and some examples
are shown in Figure 5. It is seen that when the polarized filter
and white light illumination are used, the visibility of the scar
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Figure 3: The menu is written in JAVA language, which includes only
the required tools for the analysis
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is better, as shown in Figure 5(a). When other colors are used
for lighting, information in the image is lost partly.

The quantitative analysis of these scars is crucial for
preparing an objective forensic medical report. The first step
of the analysis is determining the relative color change between
the scar region and the nearby intact area on the face. The
Imagel plot profile tool was used to determine the relative
color change as mentioned in the Materials and Methods
section. Here, the most essential point is selecting the point
where the line will be drawn to obtain the relative color change.
The criterion of the selection of this point is maximizing the
relative color change. This can be performed by moving the
line which passes through the scar-healthy region in the “live”
mode of the plot profile tool and deciding a line for which the
contrast between the intact and the scar regions is maximum.
Some example pictures of this procedure are shown in Figure 6
and it is seen that the upper left profile has the maximum
contrast between the scar and nearby healthy regions where
the color values for the scar are higher than the color values
of the healthy part.

After the line decides for plotting the color profile, the
relative color change can easily be calculated by taking the
ratio of the average color values of the scar and the nearby
healthy regions.

The second step of the analysis is the selection and the
calculation of the surface area of the scar region as seen in

Figure 5: The photographs were taken under different
conditions; white light with polarized filter (a), white light
(b), blue light (c), and yellow light (d)
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Figure 6: Different colour profiles through the lines drawn at different points of the scar-nearby healthy region. Here, it is seen that the upper
left profile has the maximum contrast between the scar region and the intact area
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Figure 7. After selecting the scar region, it must be marked
and added as a region of interest. This can be done by using
the region of interest (ROI) tool of the Imagel software. The
selected regions can be added to the ROI list by clicking the
“Add” button in the ROI manager. Sometimes, the scar region
cannot be selected as a single part. Some small regions are
selected to cover the scar completely in these cases, and each
region is added to the ROI manager list. After adding these
selections to the list, they can be combined to obtain one
selection covering the whole scar region. The surface area of
this combined region can automatically be measured by using
the “Measure” tool in the ROI manager.

In quantitative analysis of the photographs, it is expected
that most of the deviation will result from the selection of the
scar region. Here, the tolerance in the Versatile Wand tool
depends on the person who makes this analysis, and the value
of the tolerance will change the value of the surface area of
the scar region. In Figure 8, the variation of the surface area
of the same scar region selected by different people at different
times was shown. From this variation, it was concluded that
the amount of the deviation in the selection of the scar is about
12% and it can be assumed that it does not have a considerable
effect on the results of the analysis.

Many photographs were analyzed successfully by
following the procedures mentioned above. Some example
photographs and analyses were given in the following figures.
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Figure 7: A photograph with a selected scar region and the region of
interest (ROI) tool of Image J

Figure 9: The scar is seen on the neck of the victim. The plot of the
colour change through the line and the selection of the scar was
given in the inset figures
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In Figure 9 the scar region on the neck of the victim was
shown. The relative colour change for this scar is about 16 %
and the surface area of the selected scar region is 266.9 mm?.
In addition to the surface area, the length of the scar was also
measured by using polynomial approximation to 116.7 mm.
The visibility of the scar region by the naked eye is clear and
the decision of the conspicuousness of permanent scar can
easily be given for this victim.

In Figure 10, the scar region is seen on the chin of the
victim. The relative colour change for this scar was found as
20%, which is higher than the relative change obtained for
the victim given in Figure 9 even if the scar region is bigger.
This is probably due to the location of the scar. In Figure 10,
the skin’s surface is covered by the residue beard after
shaving, which darkens the color of the intact region.
Thus, the relative color change is more pronounced for this victim.
The surface area and the length of the selected scar region were
measured as 30.] mm? and 15.5 mm, respectively.

Another example of the scar which is visible with the
naked eye is shown in Figure 11. Here, the visibility of the
scar region differs for different parts of the scar. The bottom
part of the scar is more pronounced than the upper part.
The relative color change analysis of the scar must be
performed as the previous analysis and the maximum change
must be chosen at the end. In addition, a relatively long beard
decreases the visibility of the scar and for correct analysis,
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Figure 8: Variation of the surface area of the same scar region
depending on the selection of the scar region at different times by
different people
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Figure 10: The scar region on the chin of the victim. The plot of the
colour change through the line and the selection of the scar was

given in the inset figures
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it must be shaved before the analysis. The length of the scar
again was calculated by using a polynomial approximation and
found to be 104.7 mm. The surface area of the selected scar
region was calculated as 272.9 mm?.

The conspicuousness of permanent facial scar can easily
be given for the victims given in Figures. 9, 10 and 11 by using
just the relative color changes and with the observation by
the naked eye. However, the scars are given in the following
Figures. 12, 13 and 14 are not visible to the naked eye and the
decision of conspicuousness of permanent facial scar is not
easy to make. In addition to the relative colour change, other
physical properties such as the length and the surface area of
the scar region must also be taken into account before the final
decision for these types of scars.

In Figure 12, the scar on the upper lip was shown. In the
upper inset figure, the plot profile was given and the relative
colour change between the scar region and the intact area was
measured as 8%. In the bottom inset figure, the selection of the
scar region was given and from this selection, the surface area
of the scar region was calculated as 17.8 mm?. The visibility of
the scar region with the naked eye concerning nearby healthy
region is not clear enough so the decision of conspicuousness
of permanent facial scar cannot be made easily for this victim.

In Figure 13, a scar on the temple is shown. As seen in this
figure, the scar is not clear enough to observe by the naked eye.
For this scar, the relative color change was found to be 6%.

Figure 11:The scar on the cheek of the victim. The plot of the colour
change through the line and the selection of the scar was given
in the inset figures

Figure 13: A scar on the temple. The plot of the color
change through the line, and the selection of the scar
was given in the inset figures

The surface area and the length of the scar were measured as
38.1 mm and 160.7 mm”.

Another example of these types of scars is given in Figure 14.
Here, the scar region is fairly visible by the naked eye again,
and the relative color change for this scar was calculated as
9%. The surface area and the length of the scar were measured
as 12.1 mm and 21.2 mm?.

After examining 100 cases in the 2" Specified Committee
of Council of Forensic Medicine, it was concluded that the
final decision of conspicuousness of permanent facial scar
could easily be given under the observation by physicians’
naked eye when the relative color change is bigger than 15%.
Whereas, for the victims with a relative color change smaller
than 15%, the observation by the naked eye is not enough to
give the decision of the conspicuousness of permanent facial
scar objectively. For these cases, the results of the quantitative
measurements given in this study must be used together with
the observation made by the naked eye.

In the photographs given in Figure 15, this situation is
seen clearly. Here, the relative color change of the scars for
the left and right photographs was calculated as 6% and
12%, respectively. Although the relative color change is more
extensive for the victim in Figure 15(b), the conspicuousness
of permanent facial scar decision was made for the victim
in Figure 15(a), not for the victim in Figure 15(b) as a result
of the observation by the physicians’ naked eye. Here only

Figure 12: The scar on the upper lip. The plot of the colour
change through the line and the selection of the scar
was given in the inset figures

Figure 14: The scar at the borderline of the moustache.
The plot of the colour change through the line and the selection of
the scar was given in the inset figures
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Figure 15: Comparison of two critical facial scars. The relative color
change of the scars was calculated as 6% (left) and 12% (right)

Figure 17: The scar regions on the cheek and chin.
These scars are examples of deep scars

one example is given, but it was observed that these kinds
of evaluations that appear contradictory mainly were met
for the victims who have relative color change below 15%.
Therefore, it is recommended that quantitative measurements
for these critical cases must be taken into account before the
final decision, as in this example.

In Figure 16, the scar on the left ear of the victim was
given, and the relative color change, length and the surface
area of the scar region were found as 20%, 7.2 mm, and 7.3
mm?, respectively. This photograph clearly shows that the
image processing-based analysis given in this study can easily
be applied to the photographs taken from any body part. It
means that the technique proposed in this study can easily
be generalized to many forensic applications related to image
processing.

In Figure 17, an example of a deep facial scar was given.
For these types of scars, 3D imaging of the scar region must be
used, and it is more meaningful than the 2D images. Because,
by using the 2D images, only the cross-sectional area can be
calculated, which deviates from the real value of these cases.
Using the 3D images will be possible to obtain the correct
surface area and the volume information of the complete scar.

CONCLUSION

It was shown that the image processing-based analysis
could be used for quantitative measurement of the physical
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A

Figure 16: The scar on the ear. The technique proposed in this study
can be generalized to any part of the body

properties of the facial scars. The analysis gives very precise
results, and these results can be used for the objective
decision of the conspicuousness of the permanent facial
scar.

Although parameters such as the location of the scar tissue,
its dimensions, accompanying age lines, etc. are important,
it is considered that the 15% and/or above relative color
difference for a significant part of the cases will be effective
alone in deciding for the conspicuousness of permanent facial
scar. However, for some exceptional cases, if the physician
gives the opposite opinion despite these relatively high color
changes, this decision should be explained and supported by
some other evidence. One example of this can be the location
of facial scars such as surrounded by beard or moustache. It
should be highlighted that if the surrounding area of the scar is
suntanned; the decision should be postponed until the tanned
skin goes back to its normal color.

As contrarily, a decision for conspicuousness of permanent
facial scar can be given by physician although the relative
colour change of scar is lower than 15%, but this decision
should also be based on the quantitative results such as volume,
square, length and location of scar or explained by physician’s
external observation.

Most errors might occur from the selection of the scar
region because, during the selection, the operator adjusts
the tolerance of the selection, and some fluctuations might
probably arise depending on the operator. Therefore, care
should be given for some border cases with a little less than
15% relative color change because, during the selection
process, the operator’s adjustment to select the value tolerance
may affect the results. However, as it was calculated that the
deviation result from this part is about 12%, and it does not
have a considerable effect on the analysis.
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