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ABSTRACT Reliable and accurate measurement methods are necessary for the clinical assessment of
wounds. Repeated measure of a wound indicates whether its healing is progressing or deteriorating,
and if alternate treatment must be initiated. Many wound measurement techniques lack accuracy and
reliability. Technology: We developed a software prototype that calculates 3-D wound measurements
from 3-D scans. We conducted a study to compare the software prototype to physical and 2-D image
measurement techniques commonly used by clinicians. We compared inter-rater reliability between the
techniques and measurements (i.e., length, width, depth, perimeter, and surface area). Results: Inter-rater
reliability was good or excellent for the physical, image, and software measurement techniques; however,
there were significant differences in measurements between the techniques. For complex measurements
(i.e., perimeter and surface area), the reliability of the software exceeded that of the physical and image
techniques. Conclusion: Although inter-rater reliability was high for all measurement techniques, there
was significant variability between the techniques. The software was overall most reliable, especially for
calculation of complex measurements. Clinical Impact: Reducing the variability of wound measurements
may improve patient outcomes, reduce wound prevalence, and mitigate the associated morbidity, mortality,
and costs of these occurrences.

INDEX TERMS 3-D, 3-D scanning, image, physical, reliability, software, variability, wound measurement.

I. INTRODUCTION

WOUNDS require close monitoring to ensure that treat-
ment is promoting adequate healing. The effective-

ness of wound treatment is often determined by measuring
the dimensions of the wound and assessing whether there
is a reduction in its size over time. A 10%–15% reduc-
tion in wound size per week suggests increased likelihood
of wound closure [1]. When a wound does not respond
to a treatment, a new course of treatment may be initi-
ated. Chronic wounds deviate from the typical progression
of healing and are especially challenging to treat. These non-
healing wounds are associated with increased morbidity and
mortality, and present a financial burden to the healthcare
system [2].
Pressure injuries are a common type of chronic wound [3].

Yearly, over 2.5 million Americans are affected by pressure

injuries [4] and close to U.S. $11 billion is spent in
the United States on prevention and treatment for these
injuries [5]. Despite the magnitude of this healthcare
problem, preventing pressure injuries and implementing
mitigating efforts remain difficult tasks. The Institute for
Healthcare Improvement (IHI) made pressure ulcer pre-
vention a top priority to support through the 5 Million
Lives Campaign, aiming to reduce morbidity and mor-
tality by implementing reliable science-based prevention
measures [6]. More than ten years after the campaign,
and despite being considered a quality-of-care indicator,
pressure injury incidence, prevalence, and elevated asso-
ciated morbidity and mortality remain a top healthcare
concern [7].

As important as identifying the wound history and loca-
tion of the injuries during a physical exam, the physical
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characteristics of the pressure injuries (e.g., length, width,
and depth) need to be accurately assessed and docu-
mented [7]. Several barriers exist in current efforts to
reduce the incidence and prevalence of pressure injuries,
including the absence of a universal classification system
to guide the management of injuries by stages [7] and the
variability in methods to assess and measure the area of
the injury. Several methods or techniques are used to size
the injuries: ruler measuring, wound tracing with graduated
acetate paper, and digital planimetry [8]. With these and other
methods, an overestimation of wound size can occur [8], and
the orientation or angle of the measurement can affect the
accuracy of the sizing [9].

A common wound measurement technique used among
clinicians is the ruler method. In the ruler method, the longest
length (L) and widest width (W) are measured with a ruler,
and the two measurements are multiplied as LxW to calcu-
late the surface area [9]. The depth (D) is often measured by
inserting a Q-tip into the wound and measuring the inserted
segment of the Q-tip with a ruler [9]. The ruler method
has gained prevalence because it is simple and quick, but it
has disadvantages related to accuracy [9]. The LxW surface
area equation measures the area of a rectangle, and since
wounds are usually irregularly shaped, this equation results
in a significant overestimation of about 41% [10]. Some
clinicians alternatively calculate the surface area as the area
of an ellipse [11], but this measurement also assumes that
the shape of the wound is elliptical. Additionally, the direct
contact made with the wound is a possible source of infec-
tion and discomfort for the patient [12]. Several 2-D digital
measurement techniques have been developed to increase
the accuracy of measurements and eliminate physical con-
tact with the wound. In one method, ImageJ [13] software is
used to calculate linear measurements between the specified
points on an image of the wound. While image measure-
ments may be more accurate than ruler measurements, there
are limitations. The angle of the camera may warp the image
and affect the measurements. A 2-D image also does not
account for curvature, which can be problematic if the wound
is located on a curved body part [14], such as the forearm
or heel of the foot.
One alternative approach is to use 3-D measurement

systems. In these systems, measurements are taken on vir-
tual 3-D models that replicate the physical wound, and no
direct contact is made with the wound. 3-D models retain
the surface geometry and color of the wound, and allow for
manipulation, visualization, and enhanced clarity of wound
features that is difficult to achieve in 2-D images [15]. In
many systems, 3-D models are generated using structure
from motion (SfM) photogrammetry [14], [16], [17], [18]
or 3-D scanners [19]. SfM matches features between 2-D
images and combines the data to create a 3-D model. 3-D
scanners generate 3-D models automatically without the need
for 2-D images. 3-D scanners typically produce better quality
3-D models than SfM; however, 3-D scanners can be expen-
sive and SfM is an affordable alternative [20]. 3-D surface

FIGURE 1. (a) Linear measurement of a 3-D wound model. (b) Perimeter
measurement of a 3-D wound model. (c) Surface area of a 3-D wound model calculated
automatically using the perimeter as the wound boundary.

area measurements taken from 3-D models have been shown
to be more sensitive and, thus, better indicators of healing
compared to 2-D measurements [21]. The wound perime-
ter has also been recognized as an important factor in the
prediction of wound healing [22]. 3-D software can facili-
tate the measurement of perimeter as it is often difficult to
calculate the perimeter of irregularly shaped wounds.
We developed a software prototype that calculates 3-D

wound measurements from 3-D scans. The software can
potentially improve clinicians’ wound monitoring, assess-
ment, and documentation in a noncontact method. This
article discusses the development and study of our software
prototype. We address the following research questions.

Q1: Does our 3-D software support greater inter-rater reli-
ability compared to physical and image measurement
techniques?

Q2: Does our 3-D software support greater inter-rater reli-
ability of complex measurements (i.e., perimeter and
surface area) than simple measurements (i.e., length,
width, and depth)?

Q3: Does variability exist between measurements (i.e.,
length, width, depth, perimeter, and surface area)
across different measurement techniques (i.e., physical,
image, and software)?

II. METHODS AND PROCEDURES
A. DEVELOPMENT
1) 3-D WOUND SOFTWARE PROTOTYPE

We developed the 3-D wound software prototype in Unity
3-D [23] using the programming language C#. The soft-
ware takes 3-D scans of the wounds as input and mea-
sures the length, width, depth, perimeter, and surface area
of the wounds in a semi-automatic process. The user indi-
cates the points of measurement by clicking on the 3-D
model, and the software calculates and displays the mea-
surements between those points. Linear measurements are
calculated by applying the Euclidean distance equation in
3-D [24], [25]. The length, width, and depth are calculated
as the distance between the end points indicated by the
user. A linear measurement is shown in Fig. 1(a). Since the
perimeter consists of several points around the wound edge,
the perimeter measurement is calculated as the sum of the
Euclidean distances between every two subsequent points. A
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perimeter measurement is shown in Fig. 1(b). For the sur-
face area calculation, the perimeter points are used to define
the boundary of the wound, and within this boundary, the
software computes the sum of the mesh triangle areas. The
surface area is calculated automatically from the perimeter
points, but the user has the option to refine the measurement
by adding or removing area from the calculation. A surface
area measurement is shown in Fig. 1(c).

2) SYSTEM CALIBRATION

Equipment used in the calibration of the 3-D wound software
was metrologically traceable and calibrated. The calibra-
tion of the software was performed using the Scantech
iReal 2E 3-D scanner [26], Maya [27], and Unity [23].
The 3-D scanner was calibrated according to the manufac-
turer’s guidelines. The room temperature during calibration
of the 3-D scanner was within the range specified by the
manufacturer (5°C–40°C) [26]. After calibration of the 3-D
scanner, four Avkin [28] simulated wounds were 3-D scanned
individually with rulers and reference objects of known mea-
surements placed in the x, y, and z directions. The rulers used
in the 3-D scans were compared with gauge blocks to ensure
correctness of measurements. The 3-D scans were imported
into Maya, and using Maya’s measurement tools, the 3-D
scans were scaled in the x, y, and z dimensions until the
measurements of the reference objects in Maya were con-
sistent with the objects’ known measurements. The scale
factor in Maya was found to be 0.1 in all dimensions. The
mesh of the 3-D models was then trimmed to remove the
reference objects and include only the simulated wounds.
The 3-D models were exported from Maya as OBJ files and
imported into Unity to be incorporated into the software.
Maya and Unity both calculate measurements by applying
the distance formula to two specified vertices, so the cali-
bration of the 3-D models in Maya confirms the calibration
in Unity [25], [29]. We measured the diameter of the 3-D
models in our software to verify that the measurements were
equivalent to the known diameter of the simulated wounds.
This calibration process was performed separately for each
of the four simulated wounds used in this study.

B. PARTICIPANTS
Participation was open to all students, faculty, and staff at
the New Jersey Institute of Technology (NJIT). Participants
were excluded if they were not fluent in English or if they
had vision impairment not corrected by glasses or contact
lenses. Participants were not required to have any prior
knowledge of healthcare or wound measurement, but were
expected to have basic knowledge of measurement and math.
A total of 20 participants were included in the study. The
data of two participants were excluded from analysis due
to incompletion, resulting in the inclusion of 18 partici-
pants’ data. Participants’ ages ranged from 18 to 31 years.
Of the 18 participants, one participant had previous experi-
ence in wound measurement and all others had no previous
experience.

FIGURE 2. (a) Setup of the Avkin simulated wounds for the physical measurement
technique. (b) Setup of the wound images for the image measurement technique, and
setup of the desktop computer for the software technique. The left monitor shows the
view of the webcam recordings for each technique. The software interface is displayed
on the middle monitor.

C. EXPERIMENTAL SETUP
The pilot study was conducted on the campus of NJIT.
The physical and image measurements were taken using
the NEIKO 01407A electronic digital caliper [30] with units
set to millimeters (mm). The digital caliper was calibrated
with gauge blocks to confirm correctness of measurements.
The resolution of the caliper was 0.01 mm. The resolution
of the wound images was 250 × 250 pixels. Based on the
pixel dimensions of the wound images, the resolution of the
image measurements was 0.48 mm. The mesh resolution of
the 3-D scans was 0.5 mm. The mesh resolution is the dis-
tance between the vertices of the mesh and determines the
resolution of the software measurements. For the physical
measurements, we placed four Avkin simulated wounds on
a table, as shown in Fig. 2(a), and provided the caliper and
Q-tips to measure the depth of the wounds. A webcam was
positioned above the table to record participants as they mea-
sured the physical wounds. For the image measurements, we
used color images of the wounds calibrated to account for
camera distortions, and scaled them to their actual size. The
images used for length, width, perimeter, and surface area
were taken from a top-down view, and for depth, we took
three images of each wound showing the inner edge of the
wound from different angles. The images were printed onto
standard white paper and placed on a desk for participants to
measure with the caliper. A webcam was positioned on a tri-
pod facing the desk to record participants as they measured
the wound images. The setup for the image measurements
is shown in Fig. 2(b). For the software measurements, the
setup consisted of a desktop computer, mouse, and speakers.
The software measurements were recorded in centimeters.
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The software setup is shown in Fig. 2(b). The wounds were
positioned in the same orientation and presented in the same
order for all measurement techniques.

D. EXPERIMENT PROCEDURE
The procedure was approved by the NJIT Institutional
Review Board. The study had a within-participant design.
Before conducting the study, we received training from an
expert clinician on the wound measurement techniques. Our
instructions to participants were informed by our training.
Participants were asked to measure the length, width, depth,
perimeter, and surface area of four simulated wounds using
the physical, image, and software measurement techniques.
Participants used the caliper to take the physical and image
measurements. Since the caliper could not be used to directly
measure perimeter and surface area, these measurements
required some calculation. We instructed participants to use
the calculation method they believed was most suitable for
the measurement estimation (e.g., approximating the wound
shape to a simpler geometric shape and applying equations).
Before taking the wound measurements, participants con-
firmed that they understood the measurement technique. As
participants measured the wounds, we watched to ensure
that they were using the instrument correctly. If we noticed
participants incorrectly using the instrument, we corrected
them and ensured that their measurements were ultimately
taken through correct use of the instrument. Participants’
demographic and measurement data were collected through
Google Forms [31]. Participants accessed the online form
on their cellphones using a QR code that we provided.
Each participant submitted one measurement for the length,
width, depth, perimeter, and surface area of each wound in
each measurement technique, but they could take as many
measurements as needed before submitting their final mea-
surements. For all measurement techniques, participants were
instructed to measure the length vertically and the width
horizontally.

1) PHYSICAL MEASUREMENTS

Participants watched as we showed them a live demonstration
of how to use the caliper for measurements and the Q-tip
technique to measure the wound depth. Participants then
proceeded to measure the length, width, depth, perimeter,
and surface area of the physical wounds. Participants entered
their measurements into the online form.

2) IMAGE MEASUREMENTS

Participants watched as we showed them a live demonstra-
tion of how to measure the wound images with the caliper.
For the depth measurement, participants were given three
images depicting the wound depth from different angles. We
instructed participants to choose the image they perceived to
best represent the depth of the wound and measure the wound
depth from that image. Participants then proceeded to mea-
sure the length, width, depth, perimeter, and surface area of
the wound images. Participants entered their measurements
into the online form.

FIGURE 3. (a) Participants’ original length and width measurements recorded for
the software technique. (b) Participants’ length and width measurements for the
software technique after reclassification. Length measurements are shown in green
and width measurements are shown in yellow.

3) SOFTWARE MEASUREMENTS

Participants watched a short prerecorded video that demon-
strated how to use the software to measure the wounds.
The first wound presented in the software was a prac-
tice wound to allow participants to gain familiarity with
the software before measuring the four Avkin wounds. The
practice wound was a physical simulated wound that we
3-D scanned and imported into the software as we did with
the Avkin wounds. Participants measured the length, width,
depth, perimeter, and surface area of the practice wound
and four Avkin wound 3-D scans. Participants entered their
measurements into the online form as they appeared in the
software.

E. STATISTICAL ANALYSIS
During the study, we asked participants to measure the length
vertically and width horizontally. However, many participants
measured the length and width in the reverse or diagonally.
To reduce inconsistency within the data, we defined the
length as the greater measurement and width as the lesser
measurement. We classified the numerical measurements as
length and width according to this definition. Participants’
original length and width measurements for the software
technique are shown in Fig. 3(a), and the reclassified mea-
surements are shown in Fig. 3(b). Before statistical analysis
was performed, we also converted the software measure-
ments from centimeters to millimeters since the physical
and image measurements were recorded in millimeters. From
this data, we analyzed the inter-rater reliability of the mea-
surement techniques and variability between the techniques.
Inter-rater reliability is used to measure agreement between
raters [32]. High agreement between raters indicates that
the measurement technique produces consistent results and
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TABLE 1. Results of the Friedman and Conover tests evaluating variability between physical (P), image (I), and software (S) measurement techniques. Descriptive data include
mean, SE, and SD. Units for length, width, depth, and perimeter are in mm, and units for surface area are in mm2. Statistically significant p-values (p ≤ 0.05) are in bold text.
These results are graphed in Fig. 5.

is thus reliable. We analyzed inter-rater reliability as the
absolute agreement, two-way mixed intraclass correlation
coefficient (ICC) [33]. We analyzed variability between mea-
surement techniques by comparing values of length, width,
depth, perimeter, and surface area for each wound using
the Friedman test and subsequent Conover post hoc tests.
The Friedman test is a nonparametric test equivalent to the
repeated measures ANOVA test [34]. We used a nonparamet-
ric test because the data were not normally distributed and,
therefore, a parametric test is not recommended [35], [36].
Standard error (SE) was calculated as (σ/

√
n), where σ

represents the standard deviation (SD) and n represents the
number of samples (n = 18).

F. RESULTS
Descriptive statistics of the measurement data for the physi-
cal, image, and software measurement techniques are shown
in Table 1. SD was used to evaluate precision of the tech-
niques. The lowest SD in length measurements of wounds
2–4 was observed from the software technique, and of wound
1 from the image technique. The lowest SD in width mea-
surements of wounds 1, 2, and 4 was observed from the
software technique, and of wound 3 from the image tech-
nique. The lowest SD in depth measurements of wound 2
was observed from the software technique, and of wounds
1, 3, and 4 from the image technique. The lowest SD in
perimeter and surface area measurements of all wounds was
observed from the software technique. SE values followed
the same trend reported for SD.
Inter-Rater Reliability: ICC values were greater than 0.8

for length, width, depth, perimeter, and surface area mea-
surements for the physical, image, and software measurement
techniques, indicating high reliability of all three techniques

TABLE 2. Inter-rater reliability of measurement techniques analyzed as ICC values.
All comparisons have a p-value of <.001. These results are depicted as a Kiviat
diagram in Fig. 4.

for all measurements. ICC values greater than 0.9 were
observed for the physical length, width, and depth mea-
surements; for image length, width, perimeter, and surface
area measurements; and for all software measurements. The
highest ICC value observed was 0.99 for software length and
surface area measurements. The lowest ICC values observed
were 0.861, 0.866, and 0.883 for physical surface area, image
depth, and physical perimeter, respectively. The inter-rater
reliability results are shown in Fig. 4 and Table 2.
Length Variability: There were statistically significant

(p < 0.05) differences in length measurements between
the physical, image, and software measurement techniques
for wounds 1–4. Pair-wise comparisons revealed statistically
significant differences between the physical and image tech-
niques for wounds 2–4; between the physical and software
techniques for wound 1; and between the image and soft-
ware techniques for wounds 2 and 4. These results for the
Friedman and Conover tests are shown in Fig. 5(a) and
Table 1.
Width Variability: There were statistically significant dif-

ferences in width measurements between the physical, image,
and software measurement techniques for wounds 1–4.
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FIGURE 4. Inter-rater reliability of measurement techniques analyzed as ICC values.
These data are shown in Table 2.

Pairwise comparisons revealed statistically significant dif-
ferences between the physical and image techniques for
wounds 1–4; between the physical and software techniques
for wounds 2, 3, and 4; and between the image and soft-
ware techniques for wounds 2 and 4. These results for the
Friedman and Conover tests are shown in Fig. 5(b) and
Table 1.
Depth Variability: There were statistically significant dif-

ferences in depth measurements between the physical, image,
and software measurement techniques for wounds 3 and 4.
Pairwise comparisons revealed statistically significant differ-
ences between the physical and image techniques for wounds
3 and 4; between the physical and software techniques for
wound 4; and between the image and software techniques
for wound 3. These results for the Friedman and Conover
tests are shown in Fig. 5(c) and Table 1.
Perimeter Variability: There were statistically significant

differences in perimeter measurements between the physical,
image, and software measurement techniques for wounds 2,
3, and 4. Pairwise comparisons revealed statistically signifi-
cant differences between the physical and image techniques
for wounds 1, 2, 3, and 4; between the physical and software
techniques for wound 2; and between the image and software
techniques for wound 4. These results for the Friedman and
Conover tests are shown in Fig. 5(d) and Table 1.
Surface Area Variability: There were statistically signif-

icant differences in surface area measurements between
the physical, image, and software measurement techniques
for wounds 2–4. Pairwise comparisons revealed statistically
significant differences between the physical and image tech-
niques for wounds 2 and 4; between the physical and
software techniques for wound 1–4; and between the image
and software techniques for wounds 3 and 4. These results
for the Friedman and Conover tests are shown in Fig. 5(c)
and Table 1.

G. DISCUSSION
During our study, many participants misrepresented the
length and width of the wounds despite instructions to mea-
sure the length vertically and width horizontally. Participants’

FIGURE 5. Individual value plots showing the distribution of participants’ physical,
image, and software measurements of each wound for (a) length, (b) width, (c) depth,
(d) perimeter, and (e) surface area. Error bars represent one SE from the mean. These
data are shown in Table 1. (*p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001).

inconsistent classifications of length and width suggest that
measurement error may result from misunderstanding or
lack of clear instruction. It is likely that clinical wound
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measurements are susceptible to the same errors; there-
fore, it is important that visual representations of clinicians’
measurements are documented in patients’ records and that
measurements can be repeated if errors are found. Since
physical measurements are performed directly on the patient,
measurements cannot be repeated at a later point in time
under the same conditions. Clinicians may retain the original
image used for image measurements, but images are inher-
ently prone to distortion and warping and do not accurately
depict curved surfaces [37]. Our 3-D software maintains
3-D models that accurately represent wound surface geom-
etry and color, as well as visual indicators of the measured
distances. The software measurements can also be repeated
on the same 3-D model as needed. In addition to the advan-
tages of visualization and repeatability of measurements, our
results suggest that the software may have greater reliabil-
ity and reduced variability compared to physical and image
measurement techniques.
Inter-Rater Reliability of Measurement Techniques: ICC

values between 0.75 and 0.9 indicate good inter-rater
reliability, and ICC values above 0.9 indicate excellent
reliability [33]. The ICC values for all measurement tech-
niques suggested good and excellent reliability; however, the
reliability of the software technique was consistently excel-
lent for all measurements. Overall, the software supported
greater inter-rater reliability compared to the physical and
image measurement techniques. These results answer our
first research question (Q1).
Inter-Rater Reliability of Simple and Complex

Measurements: Comparison of ICC values between mea-
surements revealed a noticeable trend between simple
measurements (i.e., length, width, and depth) and complex
measurements (i.e., perimeter and surface area). ICC values
for simple measurements were excellent across all tech-
niques except image depth, which yielded an ICC value of
0.866. The lower ICC value for image depth is unsurprising
as depth information is difficult to represent in a 2D
image. The reliability of the physical and image techniques
was decreased for complex measurements compared to
simple measurements, while the reliability of the software
technique was increased for complex measurements com-
pared to simple measurements. In the physical and image
techniques, complex measurements cannot be measured
directly and instead must be calculated through use of a
geometric equation or other methods. Many participants
reported that for the physical and image techniques, they
calculated the perimeter and surface area by applying
equations for circle circumference and area, respectively.
The software, however, did not require any calculation as
the complex measurements were computed automatically
from participants’ inputs. The software reduced variability
in complex measurements compared to the physical and
image techniques by automating the computation. These
results suggest that the software is more reliable than the
physical and image techniques for complex measurements.
These results answer our second research question (Q2).

Variability Between Measurement Techniques:When com-
paring measurement values between techniques, we found
that there were significant differences, primarily between
the physical and image techniques. In the physical tech-
nique, measurements were taken on the actual wounds in
3-D space, while in the image technique, measurements were
taken in flat 2-D space. These results suggest that the loss
of a dimension in 2-D images affects the measurements.
Despite the high inter-rater reliability of the physical and
image measurement techniques, this variability suggests that
the techniques are not equivalent. Inter-rater reliability for
these techniques were likely high because the techniques
were easy to use, but the reliability is not indicative of the
techniques’ accuracy. In fact, the occurrence of both high
inter-rater reliability and variability between the techniques
suggests that the techniques may be inherently susceptible
to error. Since the focus of this study was on reliability,
we have no further analysis on the accuracy of the mea-
surement techniques, but we plan to investigate accuracy
in future studies. Nevertheless, the variability between mea-
surement techniques is concerning, and this variability may
also exist in clinical practice. In clinical practice, physical
and image measurement techniques are frequently used to
monitor wound healing. Depending on which technique is
used, the patient’s healing trajectory may be interpreted dif-
ferently and influence treatment decisions. To ensure that
patients receive the most effective wound care, it is essential
that measurement techniques are consistent. These results
answer our third research question (Q3).
Accurate and consistent measurement of wounds can

facilitate tracking the progress or deterioration of healing,
allowing clinicians to assess the injury and evaluate the
effectiveness of the treatment [9]. Reducing the variabil-
ity in measurements of wound size and characteristics (e.g.,
depth) may improve patient outcomes, reduce the injury’s
prevalence, and mitigate the associated morbidity, mortality,
and costs to these occurrences. The proposed technology has
the potential to benefit patients, their families, and health
systems. Moreover, this proposed technology may facilitate
the recording and exchange of data between members of the
team caring for patients.

III. LIMITATIONS
Our study was limited by three factors. First, the inconsisten-
cies in participants’ classifications of length and width forced
us to define the measurements on different terms. In clinical
practice, the length is defined as the greatest measurement
along the patient’s head-to-toe axis, and the width is the
greatest measurement perpendicular to the length [9]. By
defining the length as the longest vertical measurement and
width as the widest horizontal measurement, our definitions
would have been consistent with those used by clinicians.
Our reclassification of length as the larger measurement and
width as the smaller measurement were still valid definitions
of length and width, though not practiced by clinicians. The
second limitation was that we did not have ground truth
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values to compare participants’ measurements to and as a
result, we were unable to assess the accuracy of the mea-
surement techniques. The simulated wounds used in this
study were handmade without any predefined dimensions.
Any ground-truth values would have been measured using
one of the techniques evaluated in this study and, therefore,
may have biased our results. Although data pertaining to
measurement accuracy may have enhanced our results, the
lack of this data did not affect the findings reported in this
article. Finally, participants of this study were not health-
care professionals and did not have a background in wound
measurement. This was a pilot study intended to test the
capability of the 3-D wound software. We could have asked
participants to measure any objects, but we used simulated
wounds in anticipation of future studies that will involve
healthcare professionals. We plan to compare these results
to those we will obtain from healthcare professionals.

IV. CONCLUSION
In this article, we proposed a safe and reliable software
capable of measuring wounds in 3-D. We compared our 3-D
software to physical and 2-D image measurement techniques
commonly used in clinical practice. Inter-rater reliabil-
ity was high for all techniques; however, measurements
between the techniques differed significantly, indicating that
the techniques did not produce equivalent measurements.
Additionally, the software was more reliable than the phys-
ical and image techniques for computation of complex
measurements. Based on these results, we recommend that
clinicians consider software as an alternative to physical and
image measurement techniques to reduce the variability of
wound measurements and ultimately deliver more effective
wound treatment to patients.
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