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Abstract

Whole-body three-dimensional surface imaging (3DSI) offers the ability to monitor morphologic changes in multiple areas
without the need to individually scan every anatomical region of interest. One area of application is the digital quantification
of leg volume. Certain types of morphology do not permit complete circumferential scan of the leg surface. A workflow
capable of precisely estimating the missing data is therefore required. We thus aimed to describe and apply a novel workflow
to collect bilateral leg volume measurements from whole-body 3D surface scans regardless of leg morphology and to assess
workflow precision. For each study participant, whole-body 3DSI was conducted twice successively in a single session with
subject repositioning between scans. Paired samples of bilateral leg volume were calculated from the 3D surface data, with
workflow variations for complete and limited leg surface visibility. Workflow precision was assessed by calculating the rela-
tive percent differences between repeated leg volumes. A total of 82 subjects were included in this study. The mean relative
differences between paired left and right leg volumes were 0.73 +£0.62% and 0.82 +0.65%. The workflow variations for
completely and partially visible leg surfaces yielded similarly low values. The workflow examined in this study provides a
precise method to digitally monitor leg volume regardless of leg morphology. It could aid in objectively comparing medical
treatment options of the leg in a clinical setting. Whole-body scans acquired using the described 3DSI routine may allow
simultaneous assessment of other changes in body morphology after further validation.

Keywords 3D surface scanner - Leg volumetry - Device validation - Whole-body scan - Leg edema - Structured-light
scanning

Introduction

Three-dimensional surface imaging (3DS]) is increasingly
gaining recognition as a valuable tool for the objective docu-
mentation of volumetric changes in body morphology. The
use of 3D scanning has recently been investigated regarding
its usefulness for the documentation of body shape in bariat-
ric surgery [1]. It is also being used for ever more complex
tasks in maxillofacial surgery [2] and is finding application
for augmented reality and virtual reality [3]. Clinicians of
a growing number of medical disciplines effectively apply
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this radiation-free and cost-efficient technology to monitor
specific anatomical regions, such as the breast [4, 5], face
[6, 7], or leg [7, 8].

However, only those parts of the body that are visible
during the scanning process can be mapped reliably. This is
especially relevant when wanting to assess the lower extrem-
ity, as part of the surface of each leg may be obscured by
the other leg [9].

A variety of investigations have been conducted to iden-
tify an objective, fast, cost-efficient, precise, and non-
invasive method to measure leg volume. Presently used methods
to quantify limb volume changes include standardized tape
measurements to estimate volume, water displacement, per-
ometry, computer tomography (CT), and magnetic resonance
imaging (MRI). Numerous studies have compared these
methods [8, 10—-15]. While they are all routinely applied
in clinical practice, each comes with certain benefits and
limitations. Tape measurements have been shown to be of
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limited reliability [11]. Volume measurements through use
of water displacement represent a cumbersome method that
is unsuited for patients with open skin lesions of the leg [12,
13]. The use of MRI or CT offers the beneficial ability to
monitor the sub-surface morphology. However, these meth-
ods will remain time-consuming or invasive and are thus less
useful for routine monitoring of leg volume.

To find an objective and simple alternative to these meth-
ods, recent studies have examined the use of 3DSI for leg
volume analyses [8, 9, 13, 16, 17]. Clinical application for
the documentation of body morphology is associated with
various benefits. The technology provides a contact- and
radiation-free method to create digital surface maps. As such
it is fast, cheap, and non-invasive when compared to CT and
MRI. 3D scanning can be outsourced to trained personnel
other than the treating physician. It requires less effort than
traditional measurement techniques such as water displace-
ment or when collecting large data samples using a tape
measure or calipers.

By following a standardized whole-body acquisition pro-
cess, the use of 3DSI supplies a digital copy of the visible
surface. This can be analyzed to monitor the shape and size
of the entire human body regarding distances, surface areas,
and total body or segmental volumes [18-21]. This appli-
cation of handheld 3D scanners can allow the assessor to
monitor multiple areas of interest without the need to indi-
vidually scan every anatomical region in question [19, 22]. It
also offers the benefit of simultaneously documenting other
anatomical areas which may prove to be of interest during a
later clinical evaluation.

While various studies have examined the use of 3DSI to
digitally assess leg morphology, it is common practice to
either reposition each leg for individual scanning [8, 9, 17],
or to scan one pose with a defined inter-foot distance [23].
Depending on leg morphology, such a technique may how-
ever still fail to allow visibility of the entire leg circumfer-
ence in subjects with high leg volume. This creates the need
for a standardized pose that allows as much leg visibility
as possible without repositioning and re-scanning multiple
areas. The concept of gathering leg volume measurements
from whole-body 3DSI has been addressed in several stud-
ies [24, 25]. However, there are types of body morphology
that do not allow for full leg visibility with this technique.
In such cases the use of an estimation process is necessary
to fill holes in the 3D leg surface data.

Our solution included the development of a workflow to
acquire a complete set of whole-body 3D surface data dur-
ing a single scanning procedure, i.e., without merging indi-
vidual 3D scans of parts of the body. These data were then
used to precisely quantify bilateral leg volume regardless
of leg shape and volume, while allowing further analysis of
other anatomical regions of interest. To cope with varying
leg morphology, two workflow variations were devised. For
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subjects in which the entire circumference of each leg was
visible in the standard pose, we applied the complete leg
visibility workflow variation. In cases where leg morphol-
ogy caused insufficient exposure of the leg surface, a limited
leg visibility workflow variation was applied to estimate the
missing surface data and thus still enable precise leg volume
quantification. With these workflow variations, we were able
to compare leg volumes for subjects with a wide range of
leg morphologies.

In this study, the authors wanted to investigate the useful-
ness of a 3DSI-based workflow for the objective documen-
tation of leg volume. The aim of this study was to describe
and apply a novel workflow and to assess workflow precision
while comparing two workflow variations. The workflow
variations were compared to assess whether the method can
precisely gauge leg volume regardless of leg morphology.
Our objectives were to collect two repeated samples of bilat-
eral leg volumes from all subjects included in a suitable
study cohort and to calculate the respective mean volumes as
well as the absolute and relative percent differences between
these paired samples of volumetric data.

Patients, Materials, and Methods
Study Population

Patients over the age of 18 years who presented themselves
for medical consultation at our hospital department between
July 2017 and January 2020 were approached for study
enrollment. The subjects were recruited from a sample of
patients receiving body-contouring surgery, patients with
lipedema, as well as other plastic surgical patients without
leg issues, e.g., breast cancer patients. We aimed to recruit
a cohort with a wide body-mass-index (BMI) range, and to
include subjects with diverse leg morphology and varying
degrees of leg volume. Volunteers were excluded if pre-
senting with orthopedic or neurological conditions likely to
intefere with the imaging procedure.

Data Collection and Workflow Protocol

Two sets of whole-body 3D surface data were acquired for
each subject. After a first 3D surface scan, subjects were
allowed to move and were then repositioned in the same
pose for the second scan. We were thus able to examine the
reproducibility of measurements.

By adhering to the following standardized imaging pro-
cedure and two variations of a novel leg volume analysis
workflow, paired bilateral leg volume measurements were
recorded for each participant. Prior to 3DSI, the respec-
tive imaging operator briefed the subject on the imaging
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procedure, obtained written informed consent, and recorded
data regarding age, sex, and BMI.

The handheld and wireless structured-light Thor3D Scan-
ner (Thor3D, Moscow, Russia) was used together with an
automated turntable (Thor3D, Moscow, Russia) as a port-
able consumer grade whole-body imaging system. Technical
details as specified by the manufacturer included a scanning
accuracy of up to 0.2 mm and a resolution of up to 1 mm
with a frame rate of up to 10 per second. The motorized
turntable was capable of a rotational speed of 0.25-6.5 rpm.
It was manually marked with areas for standardized foot
positioning at an inter-foot distance of about 40 cm.

To ensure high scan quality, the subjects were requested
to remove all jewelry and to tie back long hair as well as to
remove all clothing apart from tight fitting undergarments.
3DSI was conducted with the subjects standing freely in an
upright position with arms spread and the hands resting on
the hips. The subjects were instructed to breathe freely for
the duration of 3DSI, while trying to alter their body pose as
little as possible. Subjects were requested to keep their eyes
open, as preliminary tests showed that closed eyes increased
the amount of swaying motion. At a scanning distance of
about 1 m, the imaging operator performed a systematic scan
sequence by moving the imaging focus from the feet toward
the head. While taking advantage of the turntable rotation to
circumferentially map all visible surface areas of the body,
each set of whole-body 3D surface data was acquired in
a single scanning procedure. The mean scan duration was
about 45 s. The resulting raw data were transferred via
USB flash drive to a commercial desktop computer running
Microsoft Windows 10 for data processing.

Using predetermined settings based on those recom-
mended by the manufacturer for whole-body scanning, data
were processed using the Thor3D Windows desktop soft-
ware and subsequently exported into the Geomagic 2014
software (3D Systems, Rock Hill, SC, USA). To allow for
comparison, each resulting set of whole-body 3D surface
data needed to be rotated to a standard orientation. To this
purpose, the visible area of the flat turntable surface from
each scan was aligned with a predefined transverse plane
object at the coordinate system origin. The whole-body 3D
surface data were then axially rotated to correctly face the
frontal plane. The alignment process of the whole-body 3D
surface data is depicted in Fig. 1.

Leg segments were obtained for volumetric analysis by
cropping the 3D surface data above and below transverse
planes at the height of the infragluteal fold and the lateral
malleolus, respectively. The transverse planes were set at
a specific height in millimeters over the point of origin as
defined by the turntable surface. These heights were then
used for each leg of both sets of whole-body 3D surface
scans. Thus, we were able to reproducibly crop the leg seg-
ments for volumetric analysis within the 3D surface data of

the same subject. In cases where the two resulting legs seg-
ments were completely separate, the 3D surface data were
submitted to the complete leg visibility workflow. In cases
where the cropped segments showed fusing of the legs in
the medial thigh area, the 3D surface data were submitted
to the limited leg visibility workflow. This included an extra
step of data processing, in which the computed 3D surface
data were separated in the median sagittal plane between
the fused legs. To estimate the medial boundaries of each
respective leg, the missing 3D surface data were then inter-
polated by applying the flat plane hole-filling algorithm
within the Geomagic 2014 software. An example of a leg
segment from whole-body 3D surface data processed using
the limited leg visibility workflow variation is highlighted
in Fig. 2. Subsequently, the mesh doctor function within the
Geomagic 2014 software was applied for scan cleanup by
means of spike-edge removal and small hole filling, before
saving each separated leg into individual.stl files.

The final leg segments were exported into the Mirror
medical imaging software (Canfield Scientific Inc, Parsip-
pany, NJ, USA). The in-software volume measurement func-
tion was used to quantify the leg segments. The output in
the Mirror analysis log was saved in a .csv file ready for data
transformation.

Study Data Analysis

Data transformation and analysis, as well as scientific writ-
ing and table and graph creation, was conducted using the R
software environment for statistical computing and graphics
(version 4.0.0) [27] with RStudio (Version 1.3.1093) [28],
R Markdown [29], and selected R packages [30-33]. A p
value < 0.05 was considered statistically significant. Sam-
ple normality was analyzed using g-g plots and the Shap-
iro-Wilk test. All analyses were conducted separately for
the left and right leg.

Prior to descriptive and statistical analysis, the collected
leg volume data were combined with the demographic data
of each subject. The demographic data were analyzed for the
entire study cohort, and, for both, the complete and limited
leg visibility workflow subgroups.

The mean value of paired leg volume measurements
from each subject was assessed for the entire study cohort.
By splitting the study cohort into five subgroups based on
the WHO BMI classification [34], a boxplot was created to
graphically analyze the calculated mean volumes in relation
to subject BMI. The BMI subgroups were defined by the
relevant value in kilogram per square meter (kg/m?): normal
weight (18.5-24.9), pre-obesity (25.0-29.9), obesity class I
(30.0-34.9), obesity class II (35.0-39.9), and obesity class
III (above 40).

The difference between the paired absolute leg volume
measurements from each subject was analyzed for the entire
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Fig. 1 Orientation of a whole-
body scan by aligning the flat
turntable surface with a prede-
fined transverse plane object at
the coordinate system origin

study cohort as well as for both the complete and limited Furthermore, the relative differences between each pair of
leg visibility workflow subgroups. Using the paired t-testto ~ repeated measurements were calculated as a percentage of
compare the volume samples, we calculated the mean differ-  the absolute difference between paired leg volumes divided
ences between the samples with 95% confidence intervals. by the mean value of both measurements. By calculating
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Fig.2 Exemplary illustration of
the left leg segment of a whole-
body scan processed using the
limited leg visibility workflow
variation
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these relative differences, we could compare the repeated
measurements regardless of the varying absolute leg vol-
umes of each subject. We deemed lower values of relative
difference between repeated leg volume measurements to
indicate an increasing level of precision.

A boxplot was created to graphically analyze the rela-
tive difference between each pair of repeated measurements
depending on the respective use of workflow. The Wilcoxon
test was used to test for statistical significance between the
scores of both workflow samples for each leg.

Repeated left leg volumes
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Volume 2:
7540 mL

Volume 1:
7580 mL

Mean leg volume: 7560 mL
Absolute difference: 40 mL
Relative difference: 0.13 %

Results
Workflow Application

By applying the described workflow, paired sets of whole-
body 3D surface data were successfully processed and ana-
lyzed for each of the 82 study participants. As illustrated
for a single subject in Fig. 3, the two sets of volumetric
data for each leg were compared. The respective mean

Repeated right leg volumes

f \ .\ ; ;;’ (

Volume 2:
7777 mL

Volume 1:
7821 mL

Mean leg volume: 7799 mL
Absolute difference: 44 mL
Relative difference: 0.14 %

Fig. 3 Individual and mean leg volume assessment and calculation of absolute and relative differences between repeated leg scans of paired
whole-body scans processed using the complete leg visibility workflow variation
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Table 1 Demographic results Cohort

Sex Age BMI

Entire study cohort
Complete leg visibility workflow
Limited leg visibility workflow

64 female, 18 male 41+12 (21to 71)
38+13 (21to71)

44+ 11 (22 to 65)

32.3+9.7 (18.7 to 55.8)
26.4+6.9 (18.7 to 44.6)
36.9+9.2 (21.1 t0 55.8)

27 female, 9 male
37 female, 9 male

All results are given as mean + SD (standard deviation) with range in years for age and kilogram per square

meter (kg/m?) for BMI

values as well as the absolute and relative differences
between repeated leg scans were calculated to gauge work-
flow precision. Based on the leg morphology within the
3D surface data of the subjects enrolled in this study, 36
subjects were included in the complete leg visibility work-
flow subgroup and 46 in the limited leg visibility workflow
subgroup. A detailed overview regarding the demographic
results is listed in Table 1.

Absolute Leg Volume Measurements
The average of the mean repeated leg volumes of the

entire study cohort was 9752 +2784 mL (range 6088 to
18,970 mL) for the left side and 9841 + 2759 mL (range

6194 to 19,690 mL) for the right side. A graphical analysis
of the mean bilateral leg volume measurements in relation
to the defined BMI subgroups can be seen in Fig. 4. In
this graph, there are two outliers of unilateral leg volume
without a corresponding value for the other leg. One is
in the normal weight BMI subgroup at 12,975 mL (right
leg) while the other is in the obesity class I subgroup at
16,070 mL (left leg).

A detailed overview regarding the repeated volume
measurement samples as well as the mean differences and
95% confidence intervals is listed in Table 2.

When examining the entire study cohort, there was
no statistically significant difference in the scores of the
left leg, #(81)= —1.143, p=0.256, and no statistically

| | E left leg
E right leg
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Normal weight (n = 25) Pre-obesity (n = 15)

Obesity class | (n = 13)

Obesity class Il (n = 9) Obesity class IIl (n = 20)

Body mass index subgroup

Fig.4 Boxplot depicting the mean repeated left and right leg volume measurements in relation to the defined BMI subgroups
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Table 2 Leg volume analysis
of repeated whole body surface

images

Cohort Leg Leg volume 1 Leg volume2 Mean dif 95% CI
Entire study cohort Left leg 9746 +2782 9757+2787 —-11.3 -3091t08.3
Entire study cohort Rightleg  9845+2757 9837+2762 7.9 —13.1t028.9
Complete leg visibility workflow  Left leg 7856 +1148 7857+1150 -0.6 —29.210 28.0
Complete leg visibility workflow Rightleg  8015+1212 7993 +1227 21.8 —6.2t049.9
Limited leg visibility workflow  Leftleg  11,225+2794 11,245+2792 -19.6 —47.210 8.0
Limited leg visibility workflow Rightleg 11,277+2787 11,280+2778 -3.0 —33.9t027.8

All results are given as mean =+ SD (standard deviation) in milliliters (mL)

significant difference in the scores of the right leg,
1(81)=0.747, p=0.457.

Furthermore, the analysis for the complete leg visibil-
ity workflow subgroup showed no statistically significant
difference in the scores of the left leg, #(35) = —0.043,
p=0.966, and no statistically significant difference in the
scores of the right leg, #(35)=1.581, p=0.123.

The assessment of the limited leg visibility workflow
subgroup showed no statistically significant difference in
the scores of the left leg, #(45)= —1.433, p=0.159, and
no statistically significant difference in the scores of the
right leg, #(45)= —0.199, p=0.843.

Relative Difference Between Repeated Leg Volume
Measurements

The mean value of relative differences between the
repeated leg volumes of the entire study cohort was
0.73+£0.62% (range 0.00 to 2.60%) for the left side and
0.82+0.65% (range 0.00 to 3.19%) for right side. A graph-
ical analysis of the samples of relative difference between
repeated left and right leg volume measurements acquired
using the complete or limited leg visibility workflow can
be seen in Fig. 5.

When comparing the samples of relative difference
between repeated left leg volume measurements acquired
using the complete or limited leg visibility, there was no
statistically significant difference in the scores; W=_875,
p=0.666. The estimated difference in location of the
medians was 0.056 (95% confidence interval —0.151 to
0.328).

When comparing the samples of relative difference
between repeated right leg volume measurements acquired
using either the complete or the limited leg visibility work-
flow variation, there was no statistically significant dif-
ference in the scores, W=2836.5, p=0.940. The estimated
difference in location of the medians was 0.009 (95% confi-
dence interval 0.268 to 0.263).
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Discussion

In this study, a novel workflow for the measurement of bilat-
eral leg volume from whole-body 3DSI was described and
assessed. The data-processing procedure was specifically
designed to be applicable not only when the predefined leg
positioning allows full visibility of each leg, but also in cases
where subject leg morphology does not allow for complete
circumferential surface scan of both legs.

Following the described method, a mobile 3D imag-
ing system consisting of a structured light scanner and an
automated turntable was used for paired scans of each of
the 82 subjects included in this study. As intended during
study enrollment, the cohort consisted of participants with
a wide BMI and leg volume range. To examine the rela-
tionship between these variables, the mean values of paired
repeated leg volumes were graphically assessed dependent
on the subject BMI subgroup, as is depicted in Fig. 4. While
it is apparent that the subjects included in the obesity class
III subgroup had the widest range of leg volume for both
legs, there were some subjects with the highest BMI values
who nevertheless had similarly low leg volumes to those in
the normal BMI subgroup. This may be explained by the
body composition of the respective subjects, as some par-
ticipants had comparatively slim legs despite a bulky torso
responsible for the high subject BMI value. When further
examining the boxplot, it is of note that there were some
outliers of mean leg volume in the normal or obesity I BMI
subgroup that were only observed in one leg. The two sub-
jects in question presenting themselves with a respective
mean right leg volume of 12,975 mL and mean left leg vol-
ume of 16,070 mL were patients suffering from unilateral
lymphedema. The normal BMI subgroup subject is depicted
in Fig. 6. This observation positively highlights the fact that
the workflow can meaningfully distinguish asymmetries, as
is highly relevant for future clinical application of the pre-
sented workflow.

Because of the increasing need for objective and prefer-
ably digital forms of documentation, gathering precise data
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3.0

2.54

2.01

E Complete leg visibility workflow (n = 36)
B3 Limited leg visibility workflow (n = 46)

Relative difference between
repeated volume measurements [%]

0.54

0.04

left leg

right leg

Workflow subgroup

Fig.5 Boxplot depicting the relative differences between repeated left and right leg volume measurements acquired using the complete or lim-

ited leg visibility workflow variation

regarding the human body is growing ever more important
in the context of evidence based medicine. Thus, a precision
assessment of a novel workflow is an essential step when
the new method is intended to be applied in a clinical set-
ting. It is therefore the subject of various 3DSI validation
studies [16, 35—40]. In this study, precision was examined
by bilaterally comparing the individual volume results of
both repeated whole-body scans and by calculating the abso-
lute differences as well as the relative percent difference.
We found no statistically significant difference between the
paired samples of absolute leg volume results. The estimated
absolute differences were low, and by examining the 95 con-
fidence intervals, these small values were further indica-
tive that the differences in leg volume between repeated
whole-body scans were of minimal clinical significance.
When examining the relative percent differences to assess
the deviation between repeated measures regardless of the
varying individual leg volumes, we found that the mean val-
ues of both legs were below 1%. There were no values above
3.2%. When interpreting these values in a clinical context,
it is important to look at the initially calculated absolute

leg volumes, e.g., a 1% deviation with a mean volume of
9000 mL would result in a deviation of 90 mL. While not
perfect, we deemed these absolute and relative differences
between repeated scans to be negligible. We thus concluded
that the workflow yielded precise results. When further com-
paring the relative differences of the complete and limited
surface visibility cohorts, we found no statistically signifi-
cant differences for either leg. We also found similarly low
values for both workflow subgroups. This is depicted in
Fig. 5. We therefore assumed that both worfklow variations
were of similarly high precision. We thus concluded that the
use of the estimation algorithm applied in the limited leg
visibility workflow yields comparable results to the volume
measurement conducted on completely circumferentially
visible legs. We deemed these results indicative of the use-
fulness of standardized whole-body 3DSI as a tool to gauge
changes in leg volume in clinical practice.

Nonetheless, the use of whole-body 3DSI is associated
with certain drawbacks. Subjects are required to stand in
an upright position with the body weight borne by both
legs. This method is therefore of limited use for subjects
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Mean left leg
volume: - & 7
9855 mL ‘ ‘ \

Mean right leg
volume:

12975 mL

Fig.6 Comparison of the mean left and right leg volume of a
54-year-old female subject with unilateral right-sided lymphedema
whose whole-body scans were processed using the limited leg visibil-
ity workflow variation

receiving reconstructive limb surgery or in the case of limb
amputation. Methods that individually assess each leg may
be more useful in such cases, such as CT, MRI, or a single-
leg 3DSI-based approach [12]. Also, our scanning process
using a handheld scanner takes up to a minute. This requires
subjects to remain standing in a fixed pose on a revolving
turntable for the scan duration. In contrast, a permanently
installed stereo-photogrammetric system is capable of near-
instantaneous scanning. The 3DSI system presented in this
study has the benefit of being a compact and portable setup
and can thus allow bedside imaging. However, it may not
be suitable for subjects who are prone to dizziness or with
an impaired sense of balance. While the scanning duration
and use of a turntable may raise the question of movement
artifacts, the software used for data-processing implements
a registration algorithm to align the individual scan frames.
Together with the subject positioning and the instruction that
patients keep their eyes open, a minimal number of move-
ment artifacts were observed throughout the image acquisi-
tion for our study population. These artefacts were found
in the upper extremity or for the head, but not for the lower
extremity. We thus concluded our scanning workflow to be
a robust tool for volumetric leg assessment.

A strength of this study lies in the relatively large sam-
ple size and morphologic variety of the examined subjects.
While some studies assessing the precision of a workflow
have examined rather small and homogenous cohorts or
make use of an imaging phantom [16, 26, 39], this study
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included over 80 subjects in its analysis. A high number of
subjects were subsequently available for each of the sub-
groups that were further analyzed as part of this study.
Also, this study specifically examined subjects in the tar-
get population for clinical leg volume documentation. As
such, it included patients with varying degrees of uni- or
bilaterally high values of leg volume, and with a range of
BMI values from 18.7 to 55.8 kg/m”. While the study inves-
tigates measurement reproducibility between two separate
scans in a single session, it does not provide information
regarding the precision when more than two scans are con-
ducted in one session, or when the scans are spread out
over an extended period of time. Also, this study did not
include multiple assessments of the same subjects by dif-
ferent assessors, and thus, inter-rater reliability was not
examined. Future studies ought to evaluate reproducibil-
ity by repeatedly examining the same cohort without the
subjects undergoing pronounced morphologic changes in
the meantime. The influence of varying imaging operators
should also be investigated. Finally, future efforts should be
made to automate the data-processing part of the workflow.

Conclusions

The workflow presented in this study to gauge leg vol-
ume from whole-body 3D surface data was successfully
applied in 82 cases. Both the standard and limited leg vis-
ibility workflow variations yielded results for leg volume
quantification that were similarly precise. The workflow
thus provides a precise method to digitally monitor leg
volume regardless of leg morphology and could aid in
objectively comparing medical treatment options of the leg
in a clinical setting. Whole-body scans acquired using the
described 3DSI routine may allow simultaneous assess-
ment of other changes in body morphology after further
validation.
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