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A B S T R A C T

The ability to accurately determine injury dimensions is an essential property of forensic documentation.
The current standard for injury documentation is photography using a scale to approximate the injury
dimensions in the image. The technical qualities of the photograph, such as orthogonality, depth of the
field and sharpness of the desired area, are vital to obtaining a correct measurement. Adequate training of
the forensic staff can reduce technical errors; nonetheless, there will always be some loss of information
when visualizing an injury as a three-dimensional (3D) object on a two-dimensional (2D) photograph.
The shortcomings of 2D photographs can be resolved by using 3D photogrammetry, which allows 3D

documentation of persons and their injuries. A series of photographs has to be acquired and processed in
photogrammetric software to create a photorealistic 3D model.
In a prior study, a mannequin equipped with wound tattoos of known dimensions was documented

with 3D photogrammetry using a multi-camera device. On the created 3D model, the dimensions of the
injuries were then measured and compared to the dimensions approximated from standard forensic
photographs. The results showed that the photogrammetric measurements in 3D are more accurate than
the approximations performed with standard forensic photographs. In this subsequent study, the created
3D model was visualized and surveyed in virtual reality (VR), and the results were compared to the
previous study. Our goal was to establish how accurately injuries can be measured in VR compared to the
standard forensic photo documentation and photogrammetric method that is used on computer screens.
We found that the measurements in VR are more accurate than the approximations from forensic photo
documentation, but slightly less accurate than the photogrammetric measurements performed on a
computer screen in dedicated software.
In conclusion, photogrammetric software and virtual reality tools can both be used to make accurate

size measurements of forensics-relevant injuries. Furthermore, 3D models can be visualized in varying
ways allowing a much better understanding and review of injuries, even after the injury has healed.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

An important part of forensic investigations is documentation.
This includes written documentation of statements, as well as
photographic documentation of evidence [1]. The documentation
procedure is often standardized and can include specific notes,
such as a time stamp or the location [1]. This documentation
procedure is also important during forensic medical examinations
of people; specifically, photographic documentation has a high
importance [1,2]. The gold standard for the forensic documentation
of injuries is that all injuries are drawn on a body diagram,

documented in written form and visually displayed with a
photograph [1,3]. The photo documentation is vital for an
objectively correct representation of the injury for subsequent
examinations [1]. The technical qualities of the photograph are
important to ensure clear interpretation of the injuries. Factors
such as orthogonality, depth of the field and sharpness of the
desired area, as well as the requirement to take a coherent series of
images, including an overview image and detailed view of the
injury, are necessary for a good judgement of the injury [1,2]. Due
to its complex technical requirements, an experienced forensic
staff is required to acquire the photographs. Adequate training of
the forensic staff can reduce technical errors; nonetheless, there
will always be some loss of information when visualizing a three-
dimensional injury in a two-dimensional photograph [1,2]. This is
especially true when the approximation of the injury dimensions
using a scale bar depends highly on the correct depth placement of
the scale in the image [1].
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To overcome these shortcomings of 2D photographs, 3D
photogrammetry can be used. Photogrammetry is a technology
which allows 3D documentation of objects, scenes and persons.
These 3D models can be used to reconstruct crime scenes,
including location, objects and persons, or in forensic medicine
to match injuries with an injury causing object [2,4–8]. To create
a photogrammetric 3D model, a series of overlapping images
from different angles have to be acquired and digitally processed
into a photorealistic and scaled 3D model [4]. Photogrammetry
is routinely used in the forensic surface documentation of
injuries [1,2].

In forensic medicine, this photogrammetric procedure can be
performed manually or with multi-camera systems, such as the
“Photobox” Botscan by Botspot. This device documents the whole
body surface with multiple cameras, which record simultaneously
[9]. Because it only takes a fraction of a second to record the image,
and due to the cameras being in a stable and adjusted system, this
process requires less time than taking photographs with a
handheld camera and reduces issues with object motion. After
post processing the images, the created, fully textured 3D model
gives a good overview of all body parts. Areas of interest can be
zoomed in on, and injuries can be looked at in detail at any time.
However, the person being examined has to be able to stand in an
upright position without assistance in order to perform the
Photobox scanning procedure [9]. Overall, the Photobox allows a
quick recording of a whole body that can then be transformed in a
3D model [9]. Photogrammetry allows a better reconstruction and
visualization of injuries than the standard forensic photography
procedure [5,8,10,11].

A major problem of the 3D models is that looking at them on a
2D hardcopy or screen reduces the 3D information to 2D,
consequently losing the depth information. Hence, 3D visualiza-
tion technologies are required to provide analysis of the injuries in
3D. One technique for 3D visualization are 3D virtual reality head
mounted displays (HMDs) [12]. Virtual reality (VR) is a technology
that allows the user to observe and interact with a virtual 3D
environment. The interaction in VR can vary from looking around
the scene to interactively modifying the environment [13,14].

In forensics, VR has been used to document and reconstruct
crime scenes and traffic accidents [12].

In the field of forensic injury documentation and visualization,
VR has not yet been introduced. In this article, we evaluate whether
injuries can be examined in VR, based on measurements of the
injury dimensions, by comparing them to the standard method of
measuring using photos, as described in Grassberger et al. [1].

2. Materials and methods

In this section we will explain how 3D data acquired with the
Photobox is visualized in VR and how injury measurements are
performed.

2.1. Set of data

Michienzi et al. [11] investigated the accuracy of photogram-
metric measurements using a 3D model of a mannequin. In our
study we used the 3D model created by Michienzi et al. to perform
our measurements and allow for direct comparison to their article.

In the study by Michienzi et al., a mannequin was equipped with
43 wound tattoos on all extremities, the torso and the head. Before
attachment to the mannequin, the flat tattoos were measured to
the maximum extent of the injuries presented on the sticker, as
well as to predefined points marked clearly on the tattoo. These
measurements on the flat tattoos present the reference measure-
ments of the highest quality and were used for subsequent
evaluation of the measurements that were performed in VR.

Parameters for 3D reconstruction and photo documentation
can be found in Michienzi et al. The injuries were documented in
both ways, standard forensic photography and 3D photogramme-
try. For the standard documentation, a single hand-held camera
was used, and the dimensions of the injuries were approximated
based on a scale bar positioned in the image [11]. The 70
photogrammetric images that were acquired with the multi-
camera device Botscan by Botspot [9], each with a resolution of
5184 � 3456 pixels, were used to create a 3D model using the
Agisoft PhotoScan Professional software. For the creation of the
3D model, the software was set to the high-accuracy camera
alignment, with high quality selected for the dense point cloud, as
well as a high number of triangles for the 3D surface mesh. The
texture was created with 16384 �16384 pixels to allow for high
quality representation of the injuries on the 3D surface. All
injuries were then measured on the 3D model in Agisoft
Professional.

2.2. Preparation

To measure the injuries in VR, we had to visualize the 3D model
in a virtual reality scene. We exported the 3D model from Agisoft
PhotoScan Professional (Version 1.2.3.2331, Copyright © 2015,
Agisoft LLC, Saint-Petersburg, Russian Federation) into the Wave-
front .obj file format [15]. Photogrammetric documentation of an
object produces a set of 3D coordinates referred to as a point cloud
[4]. Forming polygons between these points produces a mesh that
approximates the shape of the object. We exported the mesh of our
3D model from Agisoft as an .obj file. The materials were defined in
the material template library (as an .mtl file) and only referenced
the texture file of the 3D model, which was exported as a .jpg file.
These 3 files were then imported into the Unity software (Version
2017.3.0f3 © 2017 Unity Technologies ApS, San Francisco (CA), USA)
to visualize as a 3D model.

Comparing the texture of the 3D model in VR to the texture
visible in Agisoft, we found that the resolution of the injuries was
much lower in VR. This difference was caused by the version of
Unity used, which currently allows a texture of only 4096 � 4096
pixels per object. Thus, we edited the 3D model in Agisoft and
segmented the 3D model in 5 parts (lower leg, upper leg, abdomen,
thorax and shoulder/head). The distribution of the injury tattoos
on the mannequin lead to some difficulties segmenting the 3D
model. We could not cut through injuries because Agisoft was not
able to create faultless textures for parts with split injuries on the
edges. Because we also performed the segmentation manually in
Agisoft, it was necessary to have overlapping parts with no split
injuries on the edges. A texture of 4096 � 4096 pixels was created
for each of the parts. Then, all the parts were reassembled to a
complete model in Unity, resulting in a second model with higher
overall texture resolution than the previously imported model
(Fig. 1). The two models were differentiated as low-resolution and
high-resolution models (Fig. 2A and B ).

The visualization in VR for the head mounted display (HMD) was
performed in Unity using SteamVR (Version 1.2.3, Valve Corporation,
Bellevue (WA), USA). SteamVR provides tools to visualize the VR
scene on the HMD and create a player in the scene. The HMD we used
was the HTC Vive (HTC, Taoyuan, Taiwan) with two controllers. The
controllers can be used to perform actions by clicking on different
buttons. Another SteamVR functionality we used was a horizontal
teleporting function to move around the scene.

We added some missing functionality by writing additional
scripts in C#. The following tools were implemented:

1. A tool for measuring distances in a 3D space.
2. A tool for creating screenshots.
3. A tool to scale and elevate the player.
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To use the distance measuring tool, we implemented a tool in
Unity to mark points in space. A function was implemented that
calculated the distance between two marked points. When
marking points in sequence, the distance between the points
was calculated in a straight line. In body areas with bent surfaces,
the injuries can be measured with multiple points in sequence to
approximate the injury curvature and make the measurement
more accurate. Unity then sums up all the fractions to the total
dimension of the injury. After completion of a measurement, the
measured distance is displayed next to the controller (Fig. 3).

We created a screenshot function to document the measure-
ments and take pictures of the injuries. Without manipulation in
VR, the model appeared to be the same size as in real life when in
front of it.

To be able to view the injuries in detail, a scaling function was
implemented. However, scaling the 3D model would lead to a
change in dimension of the injuries, which would falsify the
measurements. Therefore, we decided to implement the scaling
function on the player’s size rather than on the 3D model’s size.
When downscaling the player in size, the surrounding scene seems
larger to the HMD operator. Because the coordinates of the 3D
model stay the same in this case, the measurements are still true to
scale. Furthermore, physiologically, the upper extremities have a
slight tremor [16]. This leads to vibrations of the controller in the
scene, causing inaccuracies when marking points in the 3D space.
A technical way to reduce these inaccuracies is by scaling the

operator to a smaller size, which minimizes the vibrations relative
to the scene. However, when the player’s size was scaled to down,
it was impossible for the operator to see all the injuries from the
ground of the scene. Thus, a vertical teleporting function was
added to hop to different heights in the scene, making it possible to
view every injury.

2.3. Measurements

Three different measurements were conducted in VR by a
medical student. Both the low- and high-resolution models were
included in the measurements. In the first attempt, the low-
resolution model was measured without scaling the operator, so
that the injuries appeared the same size as they would in reality.
For the low-resolution mannequin, this was sufficient as the
texture did not provide any more detail. The model with the higher
resolution was then measured using the scaling function;
therefore, the injuries appeared larger and it was possible to
examine them in more detail and differentiate an injury from the
surrounding skin.

The third measurement was performed on the high-resolution
model but without using the scaling tool. However, the third
measurement was not evaluated, due to a lack of practical
relevance. In a real-life scenario, either fast low-resolution models
are used, or accurate measurements with scaling will be performed
on high-resolution models.

Measurements were made on the maximum extent of the
injuries, which had to be estimated by the operator. In addition,
point-to-point measurements of length and width were made
using the well-defined spots on the tattoos.

2.4. Statistical analysis

The absolute and relative discrepancies and the standard
deviations of all measurements were determined using the
reference injury measurements made on the flat wound tattoos.
The Shapiro–Wilk test was applied to determine the normal
distribution of the data. The discrepancies between reference and
VR measurements were compared to the forensic photo docu-
mentation and to the photogrammetric measurements made by
Michienzi et al. A Wilcoxon test was performed to test the
significance of the difference between the VR measuring techni-
ques and the reference measurements [17]. Finally, a Bland–
Altman plot was created to visualize the agreement between the
VR measurements and the forensic photo documentation [18]. The
data analysis was conducted in Microsoft Excel (Version
14.0.7208.5000 © 2010 Microsoft Corporation, Redmond (WA),
USA) and IBM SPSS Statistics for Mac (Version 25.0 © 2017 IBM
Corporation, Armonk (NY), USA).

3. Results

To compare the VR measurements to the forensic and photo-
grammetrical measurements, our data was assessed by the mean,
standard deviation and a 95% confidence interval. The mean
discrepancy to the reference measurements was calculated in mm
and is also relative to the reference extent of the injury.

The mean discrepancy of the measurements in defined
dimensions was higher in the low-resolution VR model (5.2%–
9.1%, Table 1) compared to the high-resolution VR model (3.9%–
4.4%, Table 2). Due to a lack of definition in the maximal extent of
the injury, there were very large differences between the measured
maximal extents and the reference measurements of Michienzi
et al. We decided that if the measured distance of an injury was
more than twice the size of the reference measurement, then the
measurement would be considered false and excluded from the

Fig. 1. The low-resolution 3D model in the virtual reality scene, viewed with the
HTC Vive.
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study. Measurements in defined extents were not affected. After
exclusion of the outliers, the number of injuries included in the
calculations ranged between 27 and 42. For the maximal injury
extent, the mean discrepancies then ranged between 7.8% and 18%
(Tables 1 and 2). Due to the lack of definition of the maximal extent
of the injury, it was decided to not further evaluate the maximal
extent measurements. For further comparison, we then only used
the point-to-point measurements, as they are well defined and do
not provide human error by guessing the injury extent. Michienzi
et al. measured point-to-point dimensions both with forensic and
photogrammetrical techniques. They found out that the mean
discrepancies to the reference measurements ranged from

8.4%–11.1% for the forensic technique and 3.4% in both length
and width for the photogrammetrical technique. As shown in
Tables 1 and 2, the VR point-to-point measurements, both with
lower and higher resolution, have smaller mean discrepancies than
the forensic measurements obtained by Michienzi et al. but larger
mean discrepancies than the photogrammetrical measurements
[11]. Thus, both VR measurement techniques are more accurate
than the forensic measurements, but less accurate than the
photogrammetrical measurements made on a computer screen.

A Bland–Altman plot was created to assess the agreement of the
two measurement techniques. To this end, data acquired by
Michienzi et al. was compared to measurements made in this
study. The point-to-point measurements were used to compare
the reference measurements to the forensic measurements and to
the high-resolution VR measurements (Figs. 4 and 5). The high-
resolution VR measurements were then also compared to the
forensic measurements (Fig. 6). For a better comparison, point-to-
point measurements of both length and width were grouped
together for each measurement technique. The X-axis of the Bland-
Altman plot shows the mean value of a certain injury dimension
obtained by the two measurement techniques that are being
compared. The Y-axis shows the difference between the two
measurements. The drawn line in the diagram represents the mean
discrepancy of all measurements, and the dashed lines represent
the 95% confidence interval. Comparing the high-resolution VR
measurements to the forensic measurements, the VR measure-
ments are closer to the reference measurements, with a mean
discrepancy of 0.69 mm compared to 2.75 mm obtained by the
forensic method. The standard deviation of the high-resolution VR
measurements is smaller than the standard deviation of the
forensic measurements (1.37 mm compared to 2.84 mm). Figs. 4
and 6 confirm the assumption of the 95% confidence interval with 4
points (n = 81 and n = 80, respectively) lying outside the 95%
confidence interval, whereas in Fig. 6, there are 6 points (n = 80)
lying outside the assumed 95% confidence interval.

All Bland–Altman diagrams show a regular distribution of dots
on the X-axis, which indicates a wide variety of injury sizes used in
the test. Fig. 4 (forensic vs. reference) shows larger discrepancies

Fig. 2. There is a visible difference of resolution between the low-resolution model (Fig. 2A) and the high-resolution model (Fig. 2B), exemplified with an injury tattoo on the
hip region of the model. The marks are 3D spheres added in VR on the model and show that the resolution is a limitation of the texture of the model and not a limitation of the
rendering.

Fig. 3. After completion of a measurement in the VR scene, the calculated distance
(in metres) is displayed next to the controller.

Table 1
Differences in wound sizes measured on the low-resolution VR model and reference wound sizes.

Maximal length Maximal width Defined length Defined width

N 40 29 42 38
Mean discrepancy 3.6 mm (9.3%) 3.2 mm (16.0%) 1.8 mm (5.2%) 1.9 mm (9.1%)
Standard deviation 3.5 mm 3.3 mm 1.5 mm 1.9 mm
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with increasing injury sizes, whereas Fig. 5 (VR vs. reference)
shows that the discrepancies are evenly distributed on the X-axis.
Thus, the injury size does not influence the accuracy of the high-
resolution VR measurements, whereas the forensic measurements
are more precise with smaller injury sizes.

A Shapiro–Wilk test of the mean discrepancies showed no
normal distribution for all measurements (p < 0.05). The Wilcoxon
tests of both low- and high-resolution point-to-point measure-
ments to the reference measurement showed a significant

difference (p < 0.05). However, the Wilcoxon test between the
low- and the high-resolution point-to-point measurements
showed a p-value of 0.192; therefore, the test shows no significant
difference between the two VR measurement techniques.

4. Discussion

Our goal in this article was to evaluate whether injuries
documented using photogrammetry can be examined and
measured accurately in VR. Low- and high-resolution VR measure-
ments were compared to forensic and photogrammetrical
measurements obtained by Michienzi et al. Using Bland–Altman
plots, we compared the high-resolution VR measurements and the
forensic measurements to the reference measurements. If two
measurement techniques are comparable, both the standard
deviation and mean discrepancy should be small [18]. With
smaller mean discrepancies and smaller standard deviations, we
found that the high-resolution VR measurements are closer and
more comparable to the reference measurements than the forensic
measurements. Mean discrepancies show that both low- and high-
resolution VR measurements are more accurate than the
conventional forensic measurements, but less accurate than the
photogrammetrical measurements.

Photogrammetrical injury documentation has been found as an
accurate alternative to forensic injury documentation that uses a
single hand-held camera [5,8,10,11]. Measurements in VR turned
out to be less accurate than photogrammetric measurements.
However, the operator receives more spatial information when
looking at the injuries in a virtual space compared to looking at the
injuries on a 2D screen. Further research needs to be conducted to
determine to what extent this might influence the operator’s
judgement and interpretation of an injury.

To reach the same level of accuracy as the forensic measure-
ments obtained by Michienzi et al., it was sufficient to measure the
injuries using the low-resolution VR model. By increasing the
texture resolution, we managed to increase the accuracy of the
measurements. However, creating the low-resolution 3D model
with a single 4096 � 4096 pixel texture required considerably less
time than the high-resolution 3D model and; therefore, this
process be easier to integrate into the workflow of forensic injury
documentation.

We found that it is difficult to assess the maximal injury
dimension. Due to the lack of a proper definition, experimenters
chose different orientations for determining length and width and
disagreed on where the injuries started and ended. This disagree-
ment made the comparison of maximal injury sizes to the
reference measurements impossible.

In body areas with curved surfaces, multiple points in
sequence had to be marked to approximate the injury curvature.
The distance between each mark was then summed up to a total
dimension of the injury. Using the scaling function could reduce
vibrations of the controller relative to the scene. Nevertheless,
approximating the injury curvature always leads to some
inaccuracies in the wound dimension. It might therefore be
useful to have a VR function that allows measuring the shortest
distance between two points along the mesh of a 3D model. This
process could reduce the amount of time needed for

Table 2
Differences in wound sizes measured on the high-resolution VR model and reference wound sizes.

Maximal length Maximal width Defined length Defined width

N 40 27 42 38
Mean discrepancy 2.7 mm (7.8%) 3.3 mm (18.0%) 1.7 mm (3.9%) 0.9 mm (4.4%)
Standard deviation 2.5 mm 2.8 mm 1.2 mm 0.9 mm

Fig. 4. Bland-Altman plot of the forensic measurements compared to the reference
measurements.

Fig. 5. Bland–Altman plot of the high-resolution VR measurements compared to
the reference measurements.

Fig. 6. Bland–Altman plot of the high-resolution VR measurements compared to
the forensic measurements.
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measurements on bent surfaces and make the measurements
more accurate, thereby requiring the operator to only mark a
starting and ending point for the measurements. This process
could be improved further by an algorithm detecting the injury
automatically or semi-automatically, thereby requiring even less
input by the operator.

In future studies, it might be beneficial to test measurements in
VR on 3D models of real people. Compared to the injury tattoos on
our mannequin, real injuries have more complex surface
structures. Therefore, the measurement of real people in VR might
differ from the measurement of a mannequin.

5. Conclusion

VR using a low-cost HMD is a suitable tool for the 3D
documentation and measurement of forensics-relevant injuries.

Conflicts of interest

None.

Acknowledgements

The authors express their gratitude to Emma Louise Kessler, MD
for her generous donation to the Zurich Institute of Forensic
Medicine, University of Zurich, Switzerland and to Ramona
Michienzi for provision of her data collection.

References

[1] M. Grassberger, E.E. Türk, K. Yen, Klinisch-Forensische Medizin, (2013) , pp.
113–138.

[2] M. Grassberger, H. Schmid, Todesermittlung, (2009) , pp. 239–245.
[3] V.J. DiMaio, D. DiMaio, Forensic Pathology, Practical Aspects of Criminal and

Forensic Investigations Series, (2001) , pp. 549–551.
[4] T. Luhmann, S. Robson, S. Kyle, J. Boehm, Close-Range Photogrammetry and 3D

Imaging, (2006) .

[5] M.J. Thali, M. Braun, W. Brüschweiler, R. Dirnhofer, Matching tire tracks on the
head using forensic photogrammetry, Forensic Sci. Int. 113 (1) (2000) 281–287
Available from: http://www.sciencedirect.com/science/article/pii/
S0379073800002346.

[6] U. Buck, S. Naether, B. Räss, C. Jackowski, M.J. Thali, Accident or homicide —

virtual crime scene reconstruction using 3D methods, Forensic Sci. Int. 225 (1)
(2013) 75–84 Available from: http://www.sciencedirect.com/science/article/
pii/S0379073812002587.

[7] M.J. Thali, M. Braun, T.H. Markwalder, W. Brueschweiler, U. Zollinger, N.J. Malik, et al.,
Bite mark documentation and analysis: the forensic 3D/CAD supported photogram-
metry approach, Forensic Sci. Int. 135 (2) (2003) 115–121 Available from: http://
www.sciencedirect.com/science/article/pii/S0379073803002056.

[8] M.J. Thali, M. Braun, W. Brueschweiler, R. Dirnhofer, “Morphological imprint”:
determination of the injury-causing weapon from the wound morphology
using forensic 3D/CAD-supported photogrammetry, Forensic Sci. Int. 132 (3)
(2003) 177–181 Available from: http://www.sciencedirect.com/science/arti-
cle/pii/S0379073803000215.

[9] A. Leipner, R. Baumeister, M.J. Thali, M. Braun, E. Dobler, L.C. Ebert, Multi-
camera system for 3D forensic documentation, Forensic Sci. Int. 261 (2016)
123–128, doi:http://dx.doi.org/10.1016/j.forsciint.2016.02.003 Elsevier Ireland
Ltd..

[10] W. Brüschweiler, M. Braun, R. Dirnhofer, M.J. Thali, Analysis of patterned
injuries and injury-causing instruments with forensic 3D/CAD supported
photogrammetry (FPHG): an instruction manual for the documentation
process, Forensic Sci. Int. 132 (2) (2003) 130–138 Available from: http://www.
sciencedirect.com/science/article/pii/S0379073803000069.

[11] R. Michienzi, S. Meier, L.C. Ebert, R. Maria, Comparison of forensic photo-
documentation to a photogrammetric solution using the multi-camera system
“Botscan”, Forensic Sci. Int. 288 (2018) 46–52, doi:http://dx.doi.org/10.1016/j.
forsciint.2018.04.012 Elsevier Ireland Ltd..

[12] L.C. Ebert, T.T. Nguyen, R. Breitbeck, M. Braun, M.J. Thali, S. Ross, The forensic
holodeck: an immersive display for forensic crime scene reconstructions,
Forensic Sci. Med. Pathol. 10 (4) (2014) 623–626, doi:http://dx.doi.org/
10.1007/s12024-014-9605-0.

[13] A.B. Craig, W.R. Sherman, J.D. Will, in: Morgan Kaufmann (Ed.), Developing
Virtual Reality Applications: Foundations of Effective Design, 1st ed., 2009,
pp. 1–3.

[14] S.M. LaValle, Virtual Reality, (2017) .
[15] http://www.martinreddy.net/gfx/3d/OBJ.spec. (23 September 2018).
[16] L.J. Findley, Classification of Tremors, J. Clin. Neurophysiol. 13 (2) (1996)

Available from: https://journals.lww.com/clinicalneurophys/Fulltext/1996/
03000/Classification_of_Tremors.3.aspx.

[17] J. Bortz, C. Schuster, Statistik für Human-und Sozialwissenschaftler, (2010) .
[18] J.M. Bland, D.G. Altman, Statistical methods for assessing agreement between

two methods of clinical measurement, Lancet (1986) 1–9.

S. Koller et al. / Forensic Science International 295 (2019) 30–35 35

http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0005
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0005
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0010
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0020
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0020
http://www.sciencedirect.com/science/article/pii/S0379073800002346
http://www.sciencedirect.com/science/article/pii/S0379073800002346
http://www.sciencedirect.com/science/article/pii/S0379073812002587
http://www.sciencedirect.com/science/article/pii/S0379073812002587
http://www.sciencedirect.com/science/article/pii/S0379073803002056
http://www.sciencedirect.com/science/article/pii/S0379073803002056
http://www.sciencedirect.com/science/article/pii/S0379073803000215
http://www.sciencedirect.com/science/article/pii/S0379073803000215
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0045
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0045
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0045
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0045
http://www.sciencedirect.com/science/article/pii/S0379073803000069
http://www.sciencedirect.com/science/article/pii/S0379073803000069
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0055
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0055
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0055
http://dx.doi.org/10.1016/j.forsciint.2018.04.012
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0060
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0060
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0060
http://dx.doi.org/10.1007/s12024-014-9605-0
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0065
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0065
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0065
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0070
http://www.martinreddy.net/gfx/3d/OBJ.spec
https://journals.lww.com/clinicalneurophys/Fulltext/1996/03000/Classification_of_Tremors.3.aspx
https://journals.lww.com/clinicalneurophys/Fulltext/1996/03000/Classification_of_Tremors.3.aspx
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0085
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0090
http://refhub.elsevier.com/S0379-0738(18)30883-1/sbref0090

	Using virtual reality for forensic examinations of injuries
	1 Introduction
	2 Materials and methods
	2.1 Set of data
	2.2 Preparation
	2.3 Measurements
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Conflicts of interest
	Acknowledgements
	References


