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Documentation and analysis of traumatic injuries in clinical forensic medicine involving

structured light three-dimensional surface scanning versus photography

Abstract

Non-contact three-dimensional (3D) surface scanning has been applied in forensic medicine
and has been shown to mitigate shortcoming of traditional documentation methods. The aim
of this paper is to assess the efficiency of structured light 3D surface scanning in recording
traumatic injuries of live cases in clinical forensic medicine. The work was conducted in
Medico-Legal Centre in Benghazi, Libya. A structured light 3D surface scanner and ordinary
digital camera with close-up lens were used to record the injuries and to have 3D and two-
dimensional (2D) documents of the same traumas. Two different types of comparison were
performed. Firstly, the 3D wound documents were compared to 2D documents based on
subjective visual assessment. Additionally, 3D wound measurements were compared to
conventional measurements and this was done to determine whether there was a statistical
significant difference between them. For this, Friedman test was used. The study established
that the 3D wound documents had extra features over the 2D documents. Moreover; the 3D
scanning method was able to overcome the main deficiencies of the digital photography. No
statistically significant difference was found between the 3D and conventional wound
measurements. The Spearman’s correlation established strong, positive correlation between the
3D and conventional measurement methods. Although, the 3D surface scanning of the injuries
of the live subjects faced some difficulties, the 3D results were appreciated, the validity of 3D
measurements based on the structured light 3D scanning was established. Further work will be

achieved in forensic pathology to scan open injuries with depth information.

Keywords
Structured light 3D surface scanner; photography; wound documentation; clinical forensic

medicine.

1. Introduction

Forensic wound documentation is an important task in clinical forensic setting, such
recordings serve many functions including sources of interpretation by examiners, evidences
for written medico-legal reports, sources of measurements (wound dimensions or wound area).

They are also used to match patterned injuries to suspected causative instruments. Ultimately
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such recordings may be used to represent the injuries (which may have since healed) in court.
All these roles assist the examiners and support prosecution and the court in its decision-
making.

Although the digital photography is a common method for wound documentation, it can be
easily affected by certain factors, such as distance and lighting condition. Very close-up
distance causes 3D objects to appear out of focus, proximity effect.! The lighting condition is
also a serious factor, not easy to control during the photography.>”’ Digital photos can also be
featured distortions, noise and technical errors. Such distortions have been categorized by
Evans et al.® into four types: angular distortion and other three types of scale distortions. Noise
is a random signal, destroys some parts of image information. Many different types of the noise
can occur during the imaging steps, and they are very difficult to remove. The noise originates
from different sources, such as Charge Coupled Devices (CCD), inaccurate cameras and
misaligned lenses.” Examples include, photon noise, electronic noise, impulse noise, periodic
noise, quantization noise and coloured noise.”!'? The technical errors may result from improper
camera adjustment of the aperture, shutter speed and white balance which can cause wrong
exposure or distorted colour.?

Forensic wound measurements are important descriptions in the medico-legal reports
particularly for injured live victims. They are a record of wound severity and the degree of the
force used. In addition, the overlay matching depends on the accurate measurements.!! In
clinical forensic medicine, a ruler and measurement method that relies on digital photographs
are commonly used methods.

Although the ruler method is a simple and widely used, it has serious disadvantages
summarized in following points:
elt is a subjective method, limited by inter-observer variability.!?!> Determining the greatest
wound diemensions can be varible from one examiner to another, > especially if the wound is
irregular.'®!”
elt is clearly affected by movements and change in the subject position. '8
eIt overestimates the wound area. Measurement of the wound area by multiplying two
dimensions (the longest length x the widest width) assumes that the wound shape is rectangular

3,7,14,15,17

or square and overestimates the actual area of the wound by 10% - 44%.**7 Thus, an

ellipse formula (length x width x 0.785) is suggested to measure the area®*!’; however, using
this formula assumes that the wound’s shape is ellipse.?’

12,13,21,22

o]t has an uncertain accuracy, especially with larger size and irregular shape wound.>!?

o]t is a contact method, has risk of infection.



o]t has no permanent records. If the wound is healed, the measurements cannot be re-assessed

for the second opinion.

34,14 3,14,

Measurement method that relies on the digital photographs are accurate and reliable™"”;
however, the method has some significant shortages which can limit its accuracy,” these
shortages include:
eldentification of wound border to calculate the area is subjective having a human
contribution.>>3
eThe wound border can be obscured? by a scale, blood stain or an associated injury.
e [t can under or overestimate the wound area. The image should be captured while the optical
axis of the lens is perpendicular to the wound plane to obtain the actual site, size and shape of
the wound.>*?*% Improper angle can have an influence on the wound view causing
underestimation of the wound area by up to 10%-34.8%.%%> The more change of the angle, the
larger measurement error.?> Improper angle can also have an effect on the scale. The scale can
appear larger or smaller according to its position at the photo (below or above the wound). If
the scale appears smaller, the area is possibly overestimated. In the reality, acquiring the image
in the exact recommended angle is unlikely to achieve as the camera is handheld to access the
injuries that can be anywhere on the body.?
eWounds on curved area can cause measurement errors.>>182223 Even if the wound is fully
recorded, the measurements will not be accurate as the optical methods ignore the normal
surface curvature.'®
eResearchers consider that the digital measurement method is contact less, has no risk of
infection.®” However, it has an element of direct contact by placing the scale around the injury.
ePreserving 3D injuries in the 2D photos reduces the 3D injuries into 2D level. >

Therefore, the conventional methods of the wound documentation and measurements are
not satisfied for that reason there are recommendations to record the forensic injuries by non-
contact 3D surface scanning methods.?$>” These methods scan the surface of the injuries and
generate 3D models instead of the 2D images. They compute 3D coordinates (x, y, z) of surface
points®® and create model with 3D surface geometry. There are passive and active 3D surface
scanning. The passive scanning relies on taking series of photographs®' while the active
scanning is based on projection of a laser beam or structured light patterns.*? These methods
have been applied in many applications. In medicine, they have been used, for example, to
record chronic wounds and take wound measurements.”'®33-** In forensic medicine, the active
and passive 3D surface scanning have been applied for different aims, such as scanning of the

injuries or external full-body.?6:-35-38



The structured light 3D surface scanning technique is relied on projection of highly designed
light patterns with coding strategy that allows accurate correspondence between the projected
image and the captured image.’**!***> The structured light 3D surface scanning is based
mainly on analysis of the distortion of the light patterns by the shape of the scanned object.
30.31,36,37.4042:43 While the passive 3D technology such as photogrammetry cannot obtain the
same level of the technical accuracy of the active 3D surfaces scanners.>*”** It does not project
coded light patterns; thus, finding correspondence between photos is more difficult.*> Also, the
lighting condition may have an impact on photos matching.>*> With regard of the human body
surface scanning, hairy and wet areas are difficult to record by the photogrammetry.’”-384
While the structured light 3D surface scanning, the Pico Scan 3D scanner, is able to reconstruct
hairy, wet areas and dark coloured (black) skin.*® Despite of corrections and recent advances
of the passive 3D surface scanning method, their limitations may cause less accurate 3D
results.’ The laser 3D surface scanning is not convenient to scan the live subjects due to the

t*7 and failure to digitise dark coloured surfaces.*’

safety issue,*® slow speed 3D measuremen

Therefore, the aim of this paper is to assess the effectiveness of the structured light 3D
surface scanning in recording the injuries of live cases in clinical forensic medicine. A range
of traumatic injuries were scanned and photographed. Two different types of comparison were
performed; 1) comparison between the 3D results (3D models) and 2D results (2D photos)
based on the subjective visual assessment, and 2) comparison between 3D wound

measurements and conventional measurements to determine whether there was a statistical

significant difference between them.

2. Materials and methods
2.1. Setting of the study, participants and injuries

The work was conducted in the Centre of Clinical Forensic Medicine in Benghazi city, Libya
during April and May 2017. Injured live forensic cases were involved. Selection of participants
was based on a defined set of criteria such as ages (> 18 years). The subjects read a participant
information sheet and signed an informed consent form. The work was conducted during the
medico-legal examination in a private room. The different types of mild to moderate traumatic
forensic injuries were recorded (blunt and sharp force injuries, and firearm injuries). The
injuries of upper limb, lower limb and torso were included. A digital camera and structured
light 3D surface scanner were used to record the same injuries in the same position. All
recorded data were not identified.

2.2. Documentation methods



The structured light 3D surface scanner, the Pico Scan 3D scanner, was used to scan the
injuries and obtain the 3D wound documents and the professional digital camera of Nikon D70
with close-up lens was used to have the 2D wound documents of the same injuries. The Pico
Scan 3D scanner has been used in some forensic works and shown to be effective in scanning
some materials of forensic interest, such as footwear impression, human skeleton remains as
well as bare different areas of the human body of live subjects. **° It has also been used in
non-Forensic work.>
2.2.1. The Pico Scan 3D scanner

It consists of a Pico LCD projector and a canon EOS 1100D camera. The projector has 800
x 600 pixels and the camera has 968 x 644 8bits. In each scan the projector emitted coded
structured light patterns toward a wounded surface where the camera captured 14 images of
the illuminated surface plus one-color textured mapping image (Fig.1), the acquisition speed
was around 20s for each scan. The PicoScan3 software processed the acquired information and
reconstructed a raw 3D data (point cloud) by using a phase measuring profilometry (PMP). The

scale was not required to place around the wounded area during the acquisition time.

Fig. 1. Some captured images by the Pico Scan 3D scanner. The wounded area illuminated

with structured light patterns, pulse a color textured image.



The scanning was preceded by geometric calibration process. The calibration process
determined focal length, distortions of camera and projector lenses, the relative position of the
camera and projector towards each other. The excellent calibration results for the camera,
projector and the system were between 0.2 to 0.5 Pixels Root Mean Square (RMS) errors. The
calibration was achieved with a standard calibration board size, 21x15 squares (25x18 cm).
However, the calibration board can be enlarged or reduced according to the object size. The
calibration and scanning process were conducted while the artificial and natural light were
eliminated.

A separate Mephisto process software was used to clean all the reconstructed data from the
noise, to integrate them into the main data, and to align and post-processing all the data. The
final outcome was a 3D model of the wounded area with recognizable geometry and color
textured information. The Pico scan 3D scanner was able to require the color information

simultaneously. However, the structured light 3D scanners (ATOS II and III)%6-¢

require
placing reference markers around the wounded area to merge a color photo with a 3D geometry,
which is a time-consuming step.*® According to the manufacture specifications of the Pico Scan
3D scanner, the results had a point to point distance of 0.16 mm and a point accuracy of 0.1
mm.

The 3D scanning of the wounded area was conducted by following guidelines that are
recommended in Shamata and Thompson, *® these guidelines are:
e Scanning only the injured surface of the body area in the stable manner was used as a standard
3D scanning technique.
e The number of scans of the relevant surface were more than three. However, only 2 scans
were sufficient for a flat mode visualization.
e Three different scanning approaches were followed to enable the scanner accessing different
areas of the upper limb, lower limb and torso. The participants were aware to maintain the same
position during the scanning.
The final 3D model was visualized in the flat mode in the 3D MeshLab software.
2.2.2. Nikon D70 digital camera

The Nikon D70 has a sensor of 6.24-megapixels and focal length ranged from 18-70 mm.
A close-up lens, Hoya (+4), was screwed over the primary lens to allow the primary lens focus
more closely to the injuries. The manual mode was used to choose an appropriate aperture,

shutter speed and ISO. The used f-stop was between /4 — 1/6.3, the shutter speed was around



1/30s and ISO was 400. Two different focal lengths were used in each photography: one focal
length was around 35 mm and the second one was around 40 mm.

The injuries located on different body areas so that the camera was handheld, ensured to be
at proper angle as much as possible to minimize the angular distortion. The injuries were
captured in the closest distance in which the image was in focus. A rigid straight photographic
scale was placed around the injury. It was placed on the surface of the skin, on the same injury’s
plane. A ring light flash was not used.

2.3. Wound measurements

The recorded injuries that had length dimension, such as superficial incised wounds, stitched
cut wounds, longitudinal abrasions and scratches were used to take measurements for
comparisons. The wound measurements were taken manually and digitally. The manual wound
measurements were taken during the medico-legal examination by using a tape measure. The
digital wound measurements were taken from the 2D photos and the 3D models and called 2D
and 3D measurements. The 2D wound measurements were taken after uploading the 2D photos
into the software Image J, it is free and open source software
(http://rsbweb.nih.gov/ij/download.html). The scale was used to calibrate linear dimensions on
the photo. The 3D wound measurements were taken after importing the 3D model into the 3D
MeshLab software, it is also free and open source software
(http://www.meshlab.net/#download). All measurements were taken from the same starting
point of the recorded dimensions.

2.4. Statistical analysis

The statistical analysis was achieved using IBM SPSS Statistics 23 software. The wound
measurements were statistically analysed by Friedman test to determine whether there was a
statistical significant difference between the mean of the ordinary and 3D wound
measurements. The Friedman test was used instead of One-way repeated measures ANOVA
test because the collected data were not-normally distributed. Spearman’s Rank-Order
Correlation was considered to determine the relationship between the measurement methods.
Intra observer reliability of the 3D and 2D wound measurements was evaluated using intra-
class correlation coefficient test. The test compared two sets each of the 3D and 2D wound
measurements that were taken from the same injuries on two different occasions by one
observer. Two-way mixed model and absolute agreement were selected.

3. Results
Fifty-seven wounded live cases participated. Fifty were males and seven were females.

Different types of forensic injuries were recorded by both methods and tabulated in Table 1.
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Blunt force Sharp force Firearm Unclassified | Swelling

injuries injuries injuries injuries
16 abrasions 11 stitched cut 3 recent & 4 2 1
wounds old.
9 bruises 6 superficial

incised wounds

2 abraded bruises 3 stitched stab

wounds

2 contused

wounds

Table. 1. Types and number of recorded injuries by both methods: Ordinary digital
photography and structured light 3D surface scanning.

3.1. Comparison between the 3D and 2D wound documents

Although the general presentation of both documents on the screen were almost similar, the
3D scanner was able to produce similar results of the photography without using the
magnifying lens. Also, the 3D outcomes of the 3D surface scanning had extra features over the
2D outcomes of the digital photography, these features are illustrated in the following points:
e The 3D surface scanning computed the 3D coordinates (x, y, z) of scanned surface points and
represented the 3D surface geometry of the scanned area; therefore, the shape of the wounded
areas in the 3D documents was closer to the real form. Fig. 2 and Fig. 3 show the same injury
(small ordinary contused wound with swelling) in the 3D and 2D results, the 3D result was
able to represent the 3D surface geometry of the wounded area while the 2D result was flat

image having only two axes (x &y).




Fig.2. Snapped image from 3D model shows small ordinary contused wound with moderate
swelling on the dorsal aspect of the left hand. The 3D result represents the 3D surface geometry

of the wounded area. The 3D model can be found in a video 2 in the supplementary material.

Fig.3. Digital photo of the same injury in the Fig. 2 shows flat 2D image.

eThe 3D documents had unique ability to be manipulated on the monitor (Video 1 and Video
2 in the supplementary material). The manipulation allowed the examiner to do more
visualization, to follow the direction of some injuries, and to pick an exact starting point of the
greatest wound dimensions. While the 2D results were static images could not be manipulated
on the screen.

eThe scanner scanned the area of interest between the determined distance. The minimum
distance was 100 mm and the maximum distance was around 700 mm. Any objects beyond the
maximum distance could be acquired as noise within the 3D data set; however, this kind of
noise were eliminated by using a black screen.*® Any other unwanted, surrounding items within
the determined distance were removed manually before the post-processing. Therefore, the
final 3D image displayed only the injured area without clutters. While the 2D image is usually
crowded as the 2D image has depth of the field. It can expose the interested object with
background and foreground clutters. However, the close-up photography produces an image
with no much depth of the field, especially if it works with longer focal length.

eWhen the injury was distributed on larger surface such as fabricated multiple superficial
incised wounds on the back, the 3D surface scanner was able to reconstruct almost the full
image of the wounded area. Whereas, the close-up digital photography with longer focal length
reduced the total recorded area. Another example was two healed bite marks on the anterior

aspect of the right forearm. The 3D scanner reconstructed the full image of both bite marks in



one 3D model while the close-up digital photography captured each bite mark in a separate 2D
image. It should be mentioned that reconstruction of the full image of the wounded area by the
3D scanner is entirely based on the calibration board size.

oThe 3D results had actual size, did not require placing a scale around the injury. The 3D results
without scale provided extra advantages, such as the 3D documents had no scale distortions,
there was no possibility to obscure findings by the scale, wound measurements were achieved
quickly, and there was no risk of infection. While the 2D results require a scale. The ABFO
No. 2 scale is widely used as a standard reference scale in the forensic digital photography;

I3

however, according to Ferrucci et al.>! ‘a review of commercially available photography scales
shows a lack of consistency in quality and accuracy’.

eFinally, the clarity of the 3D documents was good. The 3D surface scanning was carried out
in the dark room, only the scanner emitted direct structured white light to illuminate the surface
of the wounded area. The shutter speed and ISO were within recommended values. The
aperture opening (f-stop) was decided during the calibration process to avoid under or over
exposure, all these factors contributed to minimize the exposure problems and produce clear
3D results. The clarity of the 3D documents was supportive in the wound interpretation. It was
very useful to interpret the colour change of new bruises. In clinical forensic medicine, the
colour change of the bruise is used roughly to estimate the time of the impact. Fig. 4 shows a
bruise in the 3D result with clear colour change and Fig. 5 the same trauma in the 2D result.
The document clarity was also useful to recognize the older bruise when there were multiple
bruises on different occasions. Moreover, although the cut wounds were stitched, their 3D
outcomes were clear, the wound edges, margins and angles all were clear and interpreted easily.
In Fig. 6 can see clear stitched cut wounds in the 3D models and Fig. 7 shows the same wound
in the digital image. The healing process of a stitched cut wound was also exposed clearly.
While, in the digital photography the ISO, shutter speed and aperture values required more
considerations, the clarity of the 2D results was also based on the photographer skills and
experience. In addition, the close-up photography could produce 2D images with darker
exposure as the intensity of light that reaches the sensor can be reduced,’>* Fig. 5 shows a
trauma in the 2D results with little darker exposure; however, the darker exposure of the close-
up photography can be improved by adding light, using special kind of flashes, or using

exposure adjustment in the Photoshop.
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Fig.4. Snapped image from 3D model shows clear colour change of the bruise on the

posterior aspect of the right arm.

Fig. 5. Digital photo of the same injury in the Fig. 4.

Fig. 6. Snapped image from 3D model shows stitched cut wound, defence wound, in the
palmar aspect of the right hand. The 3D result represents clear stitched cut wound. The 3D

model can be found in a video 1 in the supplementary material.
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Fig. 7. Digital photo of the same injury in the Fig. 6. Very little exposure adjustment in the
Photoshop was done in this photo.

3.2. Comparison between the 3D and conventional wound measurements

Twenty-one wounds were selected and measured using three measurement methods (ruler,
2D and 3D approaches). The recorded dimensions ranged from 10 to = 85 mm (Fig. 8 shows
ruler, 2D and 3D digital wound measurements of the recorded dimensions). Table 2. shows the
mean dimensions of each method. The Friedman test demonstrated that no statistically
significant difference was found between the measurement methods, x? (2) =0.857, p=0.651.
The Spearman’s correlation established strong, positive correlations between the 3D and
conventional measurement methods, which were statistically significant. The correlation
between the ruler and 3D wound measurements was (rs (19) = 0.954, p=0.000), the magnitude
of the relationship was 91%, and the correlation between the 2D and 3D wound measurements
was (rs (19) = 0.992, p=0.000), the magnitude of the relationship was 98 %. The relationship
between the 2D and 3D method was stronger than the relationship between the ruler and 3D
method. The intra-class correlation coefficient was excellent (ICC= 0.999), when the 3D
wound measurements were taken from the same 21 wounds by the same observer on two
different occasions; however, the excellent ICC was also observed with the 2D wound

measurements (ICC=0.991).
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Fig. 8. Ruler, 2D and 3D wound measurements of the same 21 wounds.

Measurements Mean Std. Deviation N.
Ruler measurements. | 43.3333 26.46948 21
2D measurements. 41.2957 25.15682 21
3D measurements. 41.4733 25.72461 21

Table 2. Descriptive statistics of measurement results.

4. Discussion

The importance of the 3D surface scanner is producing 3D models with an extra dimension
(Z-axis) so that scanning of open injuries with depth information (in forensic pathology) is
more valuable than scanning closed injuries, such as abrasion, bruise, stitched wounds (in
clinical forensic medicine). However, both types of the injuries (open and closed) have medico-
legal importance. In the clinical forensic medicine, the examiner writes medico- legal reports
about the injuries, which are mostly closed injuries, explaining, for instance, thy type of the
injury, the expected causative tool, whether the injury will cause permanent infirmity. Also, he
should write about the wound dimensions or wound area. Prosecutors rely on these reports to
categorize the crime into minor or major crime. The importance of these reports was the main
motivation for applying the structured light 3D surface scanning in clinical forensic medicine
and to know how helpful it will be in recording theses injuries.

Although the close-up lens was used with 2D digital photography, the structured light 3D
surface scanner was able to impose its efficiency and generated appreciated 3D documents

without using the magnifying lens. The 3D documents represented the 3D surface geometry of
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the wounded area, had ability to be manipulated on the monitor, displayed only the wounded
area without extra information, had actual size, and scanning did not require a scale, and
reconstructed almost the full image of the wounded area; in addition to the clarity of the 3D
documents. While the 2D results were flat and static, had a photographic scale, could expose
the wanted area with clutters, and could have poor exposure, especially if the photographer has
no enough experience.

From a technical point of view, the structured light 3D method was able to overcome the
main known deficiencies of the digital photography that are related to the lighting condition,
angle of acquisition, and the distance. The scanning was conducted in the room with no
artificial or natural light as stronger lighting condition can compete with the structured light
resulting in poor 3D reconstructed data.>* While the lighting condition is not easy to control
during the ordinary digital photography.>” Three different scanning approaches*® were
followed to access injuries in different areas of the body, these approaches aimed to make the
scanned area facing the scanner (the projector and camera) in the parallel way. However, Casas
et al.’ stated that “3D methods have been developed to obtain more accurate measurements
without the constraint of the view-angle of a device’’. While slight change in the camera
position (the angle of the photography) can have a negative impact on the 2D results.>*?° The
distance was determined in the scanning options of the PicoScan3 software. The scanner
scanned the wanted area between the determined distance. While, the 2D results can be affected
by improper distance.! However, the close-up photography was used in this work, the images
were captured in the closest distance in which the image was in focus.

Moreover, the 3D active surface scanning technique of the Pico Scan is known to be an
accurate and robust. The Pico scan 3D scanner projects structured light patterns with coding
strategy that allows an accurate correspondence between the projected image and captured
image. 3%*13%2 The Pico Scan 3D scanner uses the PMP technique which is an accurate and
robust principle having high speed 3D reconstruction.*'** Moreover, the scanning must be
preceded by the geometric calibration process that uses a very robust and accurate algorithm.*¢-
50

However, the 3D reconstruction process of the injuries of the live subjects faced some
difficulties, for example, slight change of the posture of the scanned area (mainly areas of the
lower limb) caused overlapping artefact in the final 3D result; however, scanning the area more
than three times and post-processing only the scans that had the same posture solved this issue.
Breathing process was another issue.*®* However, very quiet, cooperative volunteers in the

sitting position almost eliminated the negative impacts of the breathing. Scanning only the
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injured surface was used as a standard 3D scanning technique; therefore, an extended injury
that had more than one surface was not reconstructed completely. Wounds those located on
unreachable body sites such as postero-medial surface of the arm were not easily accessed.
Smaller wounds such as inlet of firearm injuries were not clearly reconstructed. The calibration
was achieved with the standard calibration board size (25x18 c¢m), using smaller calibration
board can solve this issue. However, using the calibration board corresponding to each injury
size will not be practical. Therefore, the automatic calibration of hand-held scanner is highly
recommended to be designed.

The cost of the 3D scanner is another limiting factor.*® The Pico Scan structured light 3D
surface scanner costed around £1995.00, which was about 20 times more than the cost of the
used camera (Nikon D70).

3D data size is based on details, size of the scanned area, and the number of the scans. In
some situations, the data may require more than a standard computer for post-processing and
storage.*%37

No statistically significant difference between the 3D wound measurements and
conventional measurements was generally agreed with the result of Villa®$; however, she has
compared ruler and 3D wound measurements that are based on photogrammetry, passive 3D
surface scanning. No statistically significant difference between the 3D and conventional
wound measurements was a primary evidence providing the validity of the 3D wound
measurements. The Spearman’s correlation between the 2D and 3D wound measurements was
stronger than the correlation between the ruler and 3D wound measurements. This is because
the wound measurements of 2D and 3D relied on a computer, the mouse cursor was used to
recognize the exact starting point of the maximum dimension, and the measurements were not
influenced by skin elasticity, movements, or change in subject’s position. For that reason,
wound measurements based on computer have higher level of reliability.'?

Table 3. Shows differentiating features of the ruler, 2D and 3D wound measurement methods.

Depth dimension was not considered in this study, as mentioned earlier the work was
conducted in the clinical forensic medicine, the volunteers were wounded live victims, obtained
medical intervention before the medico-legal examination. Therefore, cut, stab, contused
wounds were stitched, and almost all recorded injuries were closed having length + width
dimensions except the firearm injuries. Therefore, a further study will be conducted in forensic
pathology during external post-mortem examination to scan the open injuries and to evaluate

depth dimensions.
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Feature Ruler measurement 2D measurement 3D measurement
method method method
Risk of Contact method, has Contact method, has risk | Non-contact  method,
infection risk of infection. of infection. has no risk of infection.

Scale required

It requires placing a

scale around the wound

It does not need a scale

during scanning as the

during the photography. | results are actual size.
Permanent It has no permanent | It provides permanent| It provides permanent
records records. records with wound | records with wound 3D
appearance and color. surface geometry and
colored textured
information.
The natural | It considers the body | It does not consider the | It does not consider the
curvature  of | curvature.* A tape | body curvature.'8 body curvature.'®
the body measure can be used
instead of a rigid ruler
for curved area.
Measurement | Linear dimensions linear dimensions and | It can provide more
information (length and width). wound areas. measurement
information, such as
depth and
volume.>7-20:33
Depth Depth is measured by | Depth information | Depth or volume can be
measurements | invasive tools, such as | cannot be obtained from | measured by 3D
an electronic caliber or | 2D flat photos. software.!>?
Q-tip.!5%
Area It can overestimate the | It can underestimate the | It is an effective
measurements | actual area of the | wound area by up 10% | method for measuring
wound by 10% to|to 34.8%,%% or | the surface area.>
44% 347 overestimate the area.?’
Impacting Movements and | Distance,’ lighting | It is developed to be
factors change in subject | condition,”’ angle of | more controlled
position have impacts | acquisition®*2 have | method.’ Lighting
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on the wound | impacts on the | condition, angle of
measurements.'® measurements. acquisition and distance

are under control.

Reliability Subjective  method, | Has low Inter-observer | It has a lowest Inter-

limited by Inter- | variation.>! observer error.!>!8

observer variability.!>
15

Accuracy It has a questionable | It provides accurate | It has greater accuracy
accuracy.!»1321:22 measurements.>*!4 when compared to
conventional
15
methods.

Table 3. The differentiating features of the ruler, 2D and 3D measurement methods.
(2D measurement method relies on the 2D photos, and 3D measurement method relies on the

3D models)

5. Conclusion

The Pico Scan, structured light, 3D surface scanner was appreciated in scanning the forensic
injuries of live cases. The 3D documentation results of the surface scanning had extra features
over the 2D results of the ordinary digital photography. The 3D results represented the 3D
surface geometry of the wounded area, had ability to be manipulated on the monitor, displayed
only the injured area without clutters, had actual size and the scale was not required, recorded
almost the full image of the injured area; in addition to the clarity of the 3D results. These
advantages had significant roles during injury interpretation and will have role during injury
presentation inside the court. While the 2D results were flat and static, had a photographic
scale, could expose the wanted area with the clutters, and could have poor exposure. Moreover,
the 3D scanning method was able to overcome the main deficiencies of the digital photography
that are related to the lighting condition, angle of acquisition, and distance. The study
established the validity of 3D wound measurements that were based on the structure light 3D
surface scanning technique. The next study will be performed in forensic pathology to evaluate
open injuries with depth information. The accuracy of 3D wound measurements, and the

reliability with more than one assessor will be considered.
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