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REVIEW

Volumetric assessment of lower limb oedema using 3D laser scanning
technique: a systematic review

Shayan Bahadori , Tikki Immins and Thomas W. Wainwright

Orthopaedic Research Institute, Bournemouth University, Bournemouth, UK

ABSTRACT
Clinically, oedema is described as an abnormal build-up of interstitial fluid in the body that is
enough to produce palpable swelling. Its assessment offers valuable information to clinicians as
this can inform management interventions; and help monitor adherence to home therapy pro-
grammes and activity levels. The aim of this systematic review is to establish the utility of 3D
scanning technologies in the assessment of lower limb oedema. A computer-based search was
completed in October 2020. Four studies were identified which utilised a 3D scanner to measure
lower limb oedema. A review of the studies found very little evidence to support the efficacy of
3D laser scanning technology, although they show that the use of the technology is feasible.
Current methods of lower leg oedema measurement have issues with reliability, practicability
and time taken. There is a need for future studies to validate new methods of oedema assess-
ment using technologies such as 3D laser scanning.
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1. Introduction

Clinically, oedema is described as an abnormal build-up
of interstitial fluid in the body that is enough to produce
palpable swelling [1]. Oedema occurs mainly in the
lower limb (80% of cases) but can also happen in other
parts of body including trunk, face, arm and external
genitalia [2]. The formation of oedema may have an
impact on overall functionality of an individual including
joint range of motion, soft tissue mobility, function and
strength. Studies [2] have shown that these factors are
associated with longer length of stay, increased number
of outpatient appointments, delay in patient’s recovery
and return to normal activities of daily living. Thus, an
objective assessment of oedema after surgery or trauma
can offer insight to clinicians about the efficiency of
oedema management interventions, compliance to
home therapy programmes and activity levels [3].

Different measures for assessing lower limb oedema
are available for clinical use. The circumferential or fig-
ure of eight method [4] using a tape measure, and
volumetric water displacement (WD) [5], are methods
that have been used since the 1950s. However, their
clinical usage appears to be reducing due to practical
aspects, questions in regards to their accuracy, and

the length of time that is required to carry out the
assessment [6]. An alternative for measuring lower
limb volume is optometry [7]. This technique uses
infra-red rays to measure limb reference points from
which the volume is calculated electronically. The vol-
ume of the reference point can then be calculated to
provide an estimate of limb volume mainly in the side
lying position. Despite a satisfactory level of reproduci-
bility [8], optometry requires reflective markers to
identify reference points which can be time consum-
ing to use and are not always practical in day-to-day
clinical use. Furthermore, measurements are taken in
the side lying position, which is not ideal for deter-
mining the volume of the lower limb with regards to
venous or lymphatic disease.

More recently, three-dimensional (3D) imaging tech-
nology has become available, offering a quick method
for quantifying lower limb volume. An advantage of
3D imaging is that the circumference and volume of
body segments and/or the entire body can be meas-
ured vertically and noninvasively. Whilst this method
is not routinely used by lower limb therapists to meas-
ure oedema, its potential merits a more in depth look
at the various 3D systems that are currently used in
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clinical trials for measuring lower limb oedema.
Therefore, the aim of this systematic review is to
establish the utility of 3D scanning technologies in the
assessment of lower limb oedema.

2. Methods

2.1. Searching strategy

This review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [9]. A computer-based
search was completed in October 2020 using the
mySearch Database (Bournemouth University), which
includes the Cochrane Database of Systematic Reviews
library, CINAHL CompleteVR , Science Citation Index and
MedlineVR . The search was for studies published in the
English language up to October 2020, in an adult

population with lower limb oedema. Search strategy
terms are outlined in Table 1.

One reviewer (SB) read the titles of all citations
retrieved from the electronic database searches and
removed all citations which were not related to the
assessment of lower limb oedema. Abstracts of the
remaining articles were screened to check for eligibil-
ity by two reviewers (SB and TI) until only four papers
remained (see Figure 1 for flowchart). Any disagree-
ments between reviewers were discussed with TW and
resolved by consensus. Full text articles were obtained
for all abstracts meeting the inclusion criteria.

2.2. Data extraction process

SB extracted data to a standardised table, details
found in Table 2.

2.3. Data quality

The Risk Of Bias In Non-randomised Studies of
Interventions (ROBINS-I) [14] tool was used to assess
the risk of bias. ROBINS-I includes seven domains
including confounding, selection of participants into
the study, classification of interventions, deviations
from the intended interventions, missing data, meas-
urement of outcomes, and selection of the reported
result. The categories for risk of bias judgements for

Table 1. Literature search strategy.
Individual Oedema OR Edema OR Swelling OR Fluid build up

AND
Body segment Lower limb OR Lower extremity OR Leg

AND
Device Scan

3D Scan
Device
Imaging
Technology
Technologies

213 title and abstract screened 

Identification 

Screening 

Included 

Eligibility 

251 Records identified through 
database searching 

90 full-text records screened on inclusion 
and exclusion criteria 

4 full-text records selected and analysed 

Records excluded, n= 86 

Not 3D scanner system for 
lower limb, n= 49 

Not measuring oedema, n= 
19 

Protocol study, n= 4 

Not relevant, n=14 

Records excluded n= 123 

Duplicates removed n=38 

Figure 1. PRISMA flowchart of results from the literature search.
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ROBINS-I are “low risk”, “moderate risk”, “serious risk”
and “critical risk” of bias [14].

3. Results

Four studies were identified (see Figure 1 for flow-
chart) which utilised a 3D scanner to measure lower
limb oedema.

A total of 163 participants were included in the
four studies, with sample size ranging from 18 to 90.
Participants had a range of musculoskeletal, post
orthopaedic surgery, venous inefficiency, heart or
obesity conditions. One study [13] used only healthy
female participants when assessing the reliability of
the 3D scanning system.

Two systems for assessing oedema using a 3D scan-
ner were used: platform-based standing and hand-
held. Two studies [11,12] used tape measure, and one
[10] used WD volumetry as a “gold standard method”
for assessing reliability of the 3D scanners.

3.1. Hand-held 3D scanner

Mestre et al. [10] performed 3D laser scanning using a
Handyscan 3D REVscan system. REVscan is a self-posi-
tioning laser scanner with dynamic referencing for
acquisition and real-time 3D reconstruction of the
lower limb volume. Two independent observers per-
formed either one or two laser scans, and results were
tested for intra- and interobserver reproducibility and
compared with WD volumetry. Data showed high
interobserver reproducibility and reliability. However,
the scanner overestimated the volume by 90ml in
contrast to WD. The authors suggested that the main
reason for this may be to do with the different pos-
ture: the patient standing upright for WD measure-
ment whereas being seated for 3D laser scanning.
Mestre et al. [10] commented that one of the main
limitation of this technique was that the scanning
lasted 3–5min, and some participants struggled to
keep perfectly still. Moreover, automatic volume calcu-
lation from 3D laser scanning data failed in one
patient with a large limb (about 7300ml) size. The size
of the limb was not in itself an obstacle for 3D laser
scanning, but its irregular shape required more varied
angles of incidence to avoid local shadowing from
skin folds.

Cau et al. [12] performed 3D laser scanning on a
group of obese females using a Rodin4D O&P scanner.
This is also a self-positioning laser scanner, but it does
not require referencing markers for data acquisition.
The circumferences and volume of the lower limbTa
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were measured using a normal tape and the 3D laser
scanner. Measurements were taken with an interval of
5 cm from the centre of patella. Results showed a stat-
istically significant differences between the two meth-
ods. The investigators suggested that the shape of the
limb was the main cause of the disagreement
between the data. This is because in lean participants
the leg shape is anatomically defined. In the obese
group, the gibbousness and uneven limb shapes can
be overlooked by the tape measurement technique.
Therefore, the 3D laser scanner may be more suitable
than the tape measure for all body shapes as it is bet-
ter at detecting uneven limb shapes.

3.2. Platform-based standing 3D scanner

Hayn et al. [11] introduced a 3D camera-based scan-
ning system to measure leg oedema in patients with
heart failure. 3D images of legs were taken whilst the
participant was in a standing position and geometric
parameters were extracted semi-automatically from
the images. Manual image preparation and marker
selection took less than 15min per image. Intra-sub-
ject variability was evaluated. The study concluded
that the system is reliable and cost effective in detec-
tion of oedema and could be offered as a home moni-
toring system to patients with a heart condition.
However, the study suffered from very complicated
methodology resulting in the authors admitting that
the study data could only be reproduced with limited
reliability.

In Hirai et al.’s [13] study, oedema was evaluated
with a 3D measurement system called GRASP. A four
directional grid pattern of halogen lights scanned calf,
ankle and foot from left, right and top and bottom.
After a 3D image of the superficial configuration of
the leg was built, the circumference and volume of
the leg were calculated automatically using a compu-
terised analysis system. The findings of the study con-
cluded that the scanner is a reliable and useful tool
for evaluating oedema at the calf and ankle.

Despite a brief clarification on the reproducibility of
the methodology, there were many confounding
issues on the foot positioning. The authors reported
that one of the main reasons for poor reproducibility
of the foot results is the anatomy of the foot. They
reported that the project pattern method may not be
best suited for uneven surfaces such as foot which has
superficial veins and wrinkles.

3.3. Risk of bias

The studies were assessed using the ROBINS-I risk of
bias tool. They were all judged to be at serious risk as
there were issues with bias in more than one domain.

4. Discussion

The aim of this systematic review was to establish the
quantity and quality of the evidence on the utilisation
of 3D scanning technology in assessing lower limb
oedema. The systematic search found no suitable
randomised controlled trials, and only four compara-
tive studies that assessed the utility of 3D scanners for
the assessment of lower limb oedema. The studies
were all judged to be at a serious risk of bias.

Despite the lack of consistency in the reported leg
components and positioning used, in general all the
studies proposed that 3D scanning technology may
be a reliable and useful tool for evaluating leg
oedema. However, it appears that handheld laser scan-
ners have poorer reliability compared to the standing
scanners because participants struggle to keep per-
fectly still whilst being scanned. This was one of the
main reasons Mestre et al. [10] reported an overesti-
mation of 90ml for limb volume in contrast to WD.
However, whilst a lightweight and portable version of
the standing 3D scanner exists, the standard version
would require a permanent space in a clinical setting
and costs between £15,000 and £150,000 depending
on the model [15]. The handheld scanners are avail-
able at a much lower cost of between of £1000 and
£10,000 [15], and so in some settings this lower cost
may justify the loss of some accuracy. Therefore, it
remains to be decided whether the cost of equipment
justifies the accuracy offered by the standing 3D scan-
ning system [16,17].

Two of the studies included [11,12] employed
methodologies in which bony landmark reference
points were selected. However, in areas where bony
landmarks do not exist, such as the mid-thigh, identi-
fying an appropriate reference point in the 3D image
may cause inter-user variability, even when reference
points are well documented [10]. In addition, there
was a lack of focus by all of the papers on the timing
of the evaluation. Standardisation of the timing of
measurement is important due to diurnal variation, as
there is a natural increase in leg volume throughout
the day.

The standing laser scanners are reported as requir-
ing 1–3min for an automated scan, whereas the hand-
held device requires 5–20min for a full lower limb
scan and a further 3min for the 3D image to be

4 S. BAHADORI ET AL.



generated. The average time reported for a WD
assessment is around 20–30min and for tape meas-
urement it is 15–20min [16,17]. The standing laser
scanner technique therefore offers the quickest assess-
ment time and is more reliable than the handheld
scanner as it has less movement artefact. The advan-
tage of WD volumetry is the direct measurement of
objects with an irregular form. However, in addition to
being time consuming, this method has potential
logistical and hygiene difficulties, and is not always
suitable for taking measurements in certain clinical
settings and patient groups. For example, measuring
the lower limb volume of patients in the immediate
postoperative period who have restricted mobility
[17]. A limitation of the tape measure technique is
that it does not automatically provide a clinician with
a measurement of limb volume, as measures require
further calculations using a formula such as Frustum
Sign Model [18]. Moreover, there are issues [17] with
the reliability of this technique and it is not recom-
mended for clinical assessment [17]. However, this
method has its advantages because it is much faster
than WD volumetry, and in many cases (such as rou-
tine clinical care) its accuracy may be sufficient.

It is worth noting that none of the studies report
on the economic aspects of using 3D scanning tech-
nology. However, it is evident that a capital cost of 3D
laser scanner is far greater than the cost to complete
measurements using WD or a tape measure.
Therefore, it is necessary to acknowledge that despite
the potential benefits that 3D scanners may provide
(i.e., accuracy), the utilisation of 3D scanning technolo-
gies may be more suited to clinical research settings
where accuracy is a key factor and funding may be
available. Their current cost means that at the present
time, it is unlikely that they will be widely adopted in
health care systems.

Given the acknowledged and prohibitive current
cost of 3D scanning devices, a range of other techni-
ques that can be used to quantify leg oedema have
recently attracted attention. These techniques have
been explored in an effort to more accurately measure
oedema, but do not directly measure limb volume.
Examples include, high frequency ultrasound imaging,
which can be used to produce high resolution images
of the dermis. This permits accurate determination of
changes in oedema by evaluating increases or
decreases in dermal thickness [19]. Also, electrical bio-
impedance measurement has been reported as a reli-
able bedside measure for the evaluation of oedema
[20]. This technique uses a single-frequency, low volt-
age electric current to determine extracellular fluid

volume [20,21]. In contrast to the 3D scanning techni-
ques, it has advantages of not requiring clothing to be
removed; however, there are often reliability issues,
calculations are based on non-clinical patient algo-
rithms, and it does not directly measure limb volume.

In summary, 3D laser scanning technology offers a
solution for visualising and quantifying lower limb vol-
ume, and standing scanners offer advantages over
handheld devices. Studies have reported that 3D scan-
ners are best suited for measuring limbs where there
is swelling, and the shape of the limb is uneven.
Furthermore, in methodologies such as WD volumetry
or tape measure use, the opportunities for observer
bias and human error in measurement are great. In
contrast, 3D laser scanning technology can provide
better reproducibility; however, the comparative cost
of equipment may currently be prohibitive for routine
clinical use.

4.1. Recommendation for future research

As 3D laser scanning technology research for oedema
evolves, the challenges outlined that prevent routine
clinical use need to be addressed before these devices
are broadly adapted as an assessment tool.
Randomised-controlled trials are clearly needed, and
such studies must seek to confirm that devices; offer
an improved accuracy of measurement against rou-
tinely used clinical measures, ensure that measure-
ments are not distorted due to motion, are quick to
use, are cost effective, and have built in software for
quick results and ease of use.

5. Conclusions

3D laser scanning technology offers a quick, efficient
method of visualising and quantifying the lower limb.
However, this review finds very little evidence to con-
firm its efficacy. The small numbers of studies do,
however, show it is feasible, and like most new tech-
nologies it will improve and become more affordable
over time. In addition, current methods of lower leg
oedema measurement have problems in standardising
measurement conditions. There is a need for future
studies to validate new methods of oedema assess-
ment using 3D laser scanning technologies.
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