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ABSTRACT

Introduction: In recent years, small and lightweight three-dimensional (3D)
scanners have been used to measure circumference, surface area, and volume of
the body or objects; however, their measurement reliability remains unclear.
Therefore, this study aimed to clarify the reliability of measuring the
circumference, surface area, and volume of a body part or an object using the
handheld 3D scanner.

Methods: Regarding the intra-rater reliability, one examiner measured and
calculated the circumference, surface area, and volume of the upper arm of three
participants. Regarding the inter-rater reliability, three objects were scanned by
three different examiners, and the circumference, surface area, and volume were
calculated. Intra-class correlation coefficients (ICC) were used to evaluate the
reliability of 3D scanner (Artec Eva scanner) in this study. Study 1 investigated the
intra-rater reliability ICC (1, 1), whereas Study 2 investigated the inter-rater
reliability ICC (2, 1).

Results: The intra-rater reliability, surface area 0.98, and volume ICCs are ICC
0.98, 0.98, and 0.99, respectively, whereas the inter-rater reliability, surface area,
and volume ICCs are all 1.00, showing high reliability.

Conclusion: This study suggests that the 3D scanner is a clinically efficient
device for measuring the circumference, surface area, and volume of a body part

or an object.

INTRODUCTION

Postoperative orthopedic, heart, and kidney diseases are the focus
of rehabilitation medicine. Therefore, swelling and edema should
be evaluated quantitatively for the better understanding of disease
progression 2. In general, the method used to measure the

circumference is also used to evaluate swelling and edema.
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However, if the landmark positions varied due to the therapist’s
preference, measurement results may presumably be erroneous;
therefore, obtaining a reliable clinical evaluation index is difficult.
Further, since the circumference measurement is an initial
evaluation, the volume of a pathological condition such as edema

should be evaluated. Conventionally, evaluation methods using
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magnetic resonance imaging have been investigated for volume
measurement; however, this measurement is expensive. Moreover,
preparing a measurement environment is difficult and time-
consuming, and thus, it is rarely used in clinical practice®. Although
other methods such as water replacement are also accepted to
measure volume, they are not widely used in clinical practice
because of the need for measurement technology and due to time-
consuming problems®.

In recent years, volume of 3D objects is evaluated using a 3D
scanner in the industrial field. In addition, this technique is used for
a medical treatment and considered for breast imaging in plastic
surgery”, and therefore, its therapeutic efficacy for chronic subdural
hematoma in neurosurgery® and dermatology as well as in the skin
cancer diagnostic technology is evaluated”?. A 3D scanner is
reported as an excellent method used to measure body shape
changes, particularly for changes of an amputated lower limb in an
obese patient® ¥. Moreover, in recent years, 3D scanners have
become lightweight, and in particular, the Artec Eva-scanner is a
lightweight handheld 3D scanner weighing approximately 900 g
only. Therefore, the volume of edema and situations. However,
there are few studies using 3D scanners for the measurement of
circumference, area, and volume, yet it is not a clinically established
measurement method.

Although volume measurement of the amputated lower limb
using this model was assumed to be highly accurate”, the
circumference, surface area, and volume of the upper limb and
uncut lower limb model were still used by the examiner. However,
its intra- and inter-rater reliability has not yet been verified.
Therefore, verification of intra- and inter-rater reliability of
circumference, surface area, and volume evaluation using a 3D
scanner in this study has been considered to show the possibility of
being used as a new evaluation rehabilitation method. This study
aimed to clarify the reliability of using the Artec Eva scanner in
measuring the circumference, surface area, and volume of the upper

limbs and various objects.

Participants and Materials
For the intra-rater reliability of the 3D scanner (Study 1), three
healthy male participants (Participant A:age, 23 years; height, 170

Open access

cm; weight, 59 kg, and body mass index [BMI], 20.4 kg/m?;
Participant B:28 years, 180 cm, 80 kg, and 24.7 kg/m? and
Participant C:25 years, 172 ¢m, 58 kg, and 19.6 kg/m?) without
cardiac or renal disease expected to cause edema and without
history of orthopedic disease such as upper limb deformity were
recruited.

For the inter-rater reliability of the 3D scanner (Study 2), one
leg of the mannequin (Object A) and two character dolls (Objects
B and C) were used.

This study was approved by the Ethical Review Board of
Hiroshima University Epidemiological (Approval Number: E-210).
All participants were explained of the study protocol and provided

informed consent.

Methods
In this study, the Artec Eva-scanner (Artec 3D Inc., Luxembourg)
was used in both Study 1 and Study 2 (Figure 1-A).

In Study 1, the examiner was a female occupational therapist
who thoroughly practiced 3D scanner measurement before the
actual measurement. After placing the participants in supine
position on the bed, the left shoulder joint was flexed at 90° and the
entire upper left limb was measured using the 3D scanner. The
examiner held the 3D scanner using the dominant hand over the
entire upper limb to be photographed while keeping a distance of
40-60 cm from the measurement target. The measurement was
performed thrice for each participant (Figure 1-B).

Two male physiotherapists (Examiner A, Examiner B) and
one female occupational therapist (Examiner C) performed the 3D
scanning, and each thoroughly practiced before the actual
measurement. Each examiner measured the objects thrice using a

3D scanner.

Data analysis

In Study 1, after measuring the upper limbs with a 3D scanner, the
forearm circumference, forearm surface, and forearm volume were
calculated. The forearm circumference was calculated from the
plane that passes through the olecranon, olecranon fossa, and lateral
epicondyle (Plane 1), and the plane was translated 5 cm distally

(Plane 2). The forearm surface was measured from Plane 2 to a
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plane passing through two points on the palmar wrist crease and
one point on the dorsal wrist crease (Plane 3). The forearm volume
was calculated based on the sites used to calculate the forearm
surface area (Figure 2-A).

In Study 2, after converting the measured Objects A to C into
3D model, the circumference, surface area, and volume were
calculated (Figure 2-B), the circumference of Object A was
measured in Plane 1, and the surface area and volume were
calculated from Planes 1 to 2. The circumference, surface area, and
volume of the entire nose in Object B were calculated in Plane 3.
The circumference of Object C was evaluated in Plane 5, and the

surface area and volume were calculated from Planes 4 to 5. The

objects were converted to 3D using Leios2 (E.G.S.s.t], Inc., Italy),

and the circumference, volume, and surface area were calculated.

Study 1 calculated the standard error of measurement (SEM)
for the results three times for each participant, and Study 2
calculated the SEM for measurement results of 3 examiners for
each object.

Intra-class correlation coefficients (ICC) were used to
evaluate the reliability: ICC (1,1) for intra-rater reliability in Study
1 and ICC (2,1) for inter-rater reliability in Study 2. Furthermore,
ICC criteria are 0.00-0.20 (slight), 0.21-0.40 (fair), 0.41-0.60
(moderate), 0.61-0.80 (substantial), and 0.81-1.00 (almost
perfect)'?. The IMP® version 14 (SAS Institute Inc., Cary, NC,

USA) was used for statistical analysis.

Figure 1
A: The 3D scanner Artec Eva-scanner used in this study (Artec 3D Inc., Luxembourg)

B: Measurement scene in Study 1
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Studyl: Plane 1 (passes through the olecranon, olecranon fossa, and lateral epicondyle), Plane 2 (plane translated from Plane
1 to 5 cm distally), Plane 3 (a plane that passes through two points on the palmar wrist crease and one point on the
dorsal wrist crease)

Study2: Object A (circumference: Plane 1, surface area: from Plane 1 to Plane 2, Volume: from Plane 1 to Plane 2),
Object B (circumference : Plane 3, surface area and volume: from Plane 3 to the entire nose), Object C

(circumference: Plane 5, surface area: from Plane 4 to Plane 5, volume: from Plane 4 to Plane 5)

RESULTS

Both Study 1 and 2 were completed in <1 min using the 3D scanner.
In Study 1, the SEM for each participant was 0.1 cm in

2 and

circumference, with surface area of 3.6, 5.5, and 1.0 cm
volumes of 6.1, 11.6, and 1.1 cm?, respectively. Furthermore, the
intra-rater reliability ICC is 0.98 (95% confidence interval [CI]:
0.89-1.00) for the circumference, 0.98 (95% CI: 0.89—1.00) for the

surface area, and 0.99 (95% CI: 0.94-1.00) for the volume, which

showed high reliability (Table 1).

The SEM for each object in Study 2 was 0.3, 1.9, and 0.2 cm
for the circumference; 0.0, 0.1, and 0.0 cm? for the surface area; and
0.3, 1.7,and 0.1 cm? for the volume, respectively. Furthermore, the
inter-rater reliability was measured once by three investigators. ICC
of the circumference, surface area, and volume is calculated, with
1.00 (95% CI: 0.99-1.00), 1.00 (95% CI: 1.00-1.00), and 1.00 (95%
CI: 1.00-1.00), respectively, which showed high reliability (Table 2).
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Table 1: Intra-rater reliability for 3D scanners

Forearm circumference (cm)

ICC (1,1) Ist 2nd 3rd SEM
Participant A 24.7 245 245 0.1
Participant B 0.98 26.7 26.6 26.5 0.1
Participant C 26.6 26.7 26.3 0.1

Surface area of the forearm (cm?)

Participant A 601.3 590.2 591.0 3.6

Participant B 0.98 646.0 635.6 627.0 55

Participant C 699.2 699.0 696.0 1.0
Forearm volume (cm?)

Participant A 863.7 845.8 845.1 6.1

Participant B 0.99 969.5 950.5 9294 11.6

Participant C 1119.6 1122.5 1118.8 1.1

ICC :Intraclass correlation coefficients (1, 1), SEM: Standard error of measurement

Table 2 : Inter-rater reliability for 3D scanners

Circumference (cm)
ICC(2,1) Examiner A Examiner B Examiner C SEM

Object A 36.3 36.3 36.3 0.0
Object B 1.00 312 31.2 315 0.1
Object C 12.0 12.0 12.0 0.0
Surface area (cm?)
Object A 9557 955.4 955.5 0.1
Object B 1.00 273.9 272.6 277.9 1.6
Object C 66.2 66.3 65.9 0.1
Volume (¢nr’)
Object A 1869.1 1867.9 1868.4 0.3
Object B 1.00 3337 332.1 3379 1.7
Object C 40.6 40.8 403 0.1

ICC : Intraclass correlation coefficients (2, 1), SEM: Standard error of measurement
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DISCUSSION

This study verified the reliability of using a 3D scanner, i.e., the
Artec Eva-scanner, to measure the circumference, surface area, and
volume of the upper limbs and objects. As a result, intra- and
inter-rater reliability were almost perfect in Study 1 and 2. During
rehabilitation, the circumference, surface area, and volume should
be measured accurately. Although volume is a necessary factor to
monitor the body water content, accurate measurement requires a
special equipment and is clinically important. However, its
measurement is costly and requires a special environment.
Therefore, in the current clinical practice, a 3D scanner is used as
an alternative method to evaluate volume by measuring the weight

1,12 However, to measure

and using the lower leg circumference
the circumference, landmarks cannot be accurately determined, and
weight measurement also involves food and water intake.
Therefore, evaluation of edema and swelling remains inaccurate.
Conversely, the 3D scanner used in this study can measure the
volume in <1 min; therefore, a measuring instrument that can easily
evaluate the surface area and volume is suggested. Furthermore,
surface area measurements are of great clinical importance, and the
Burn Index (BI) is used to measure severity in burn patients. BI
was devised to determine burn severity and was calculated as 1/2 x
area of the second-degree burn (%) + area of the third-degree burn
(%). A BI of 10-15 or higher is considered severe'>. However, BI
uses the rule of nines to calculate the burn area, not the actual
measured burn surface area. The rule of nines is a simple method to
evaluate the burned area and express all body compartments in
multiples of 9. It is also mainly used to assess the burn area of adult
patients: the head, 9%; the upper limbs, 9% each; the lower limbs,
18% each; the trunk, 18%; and the pubic area, 1% 9. Therefore, a
more accurate BI can estimated by measuring the burned area with
a 3D scanner. In addition, due to the risk of infection through
physical contact with a burn patient, a non-contact type 3D scanner
can be efficiently used to evaluate the circumference, surface area,
and volume to prevent infection.

In this study, the circumference, surface area, and volume
were measured using the Artec Eva-scanner, which showed high
intra- and inter-rater reliability. Conversely, to verify the intra-rater

reliability, SEM of Participant B was found to show high surface

Open access

area and volume values. SEM is predicted to vary due to different
BMIs of participants. Moreover, only Participant B required higher
measurement costs among the three participants. Conversely,
according to a previous study, a high-performance stationary-type
scanner with 32 cameras and 16 sensors with high measurement
accuracy does not affect the measurement accuracy even if the
waist circumference is high'). Therefore, increasing SEM of the
surface area and volume due to the use of a handheld scanner is
presumed to be an instrumental limit; however, this was not
clarified in this study. Therefore, further research is needed on the
measurement accuracy for participants with high BML

One of the limitations of the present study is that it involved
only healthy subjects and objects. In actual clinical practice,
subcutaneous tumors and swellings are evaluated. Therefore, it is
considered necessary to verify the relationship with more accurate
MRI for actual tumors and swelling in the future.

In conclusion, the Artec Eva scanner used in this study was
highly reliable in measuring the circumference, surface area, and
volume of the body or objects; therefore, it can be considered a

clinically applicable device.
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