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Objectives
•

AIM 1: Determine the optimal performance and space feasibility of 3D
optical cameras to collect views of the body.

•

AIM 2: Explore and identify the accuracy and precision of 3DO derived total
body composition (lean, fat, percent fat, BMD), special regions (visceral fat,
subcutaneous fat, lumbar spine BMD) and automated anthropometry using
pose varied, limited view scanning, analyzed with pose removed, compared
to criterion methods (DXA and high-resolution 3DO).

•

AIM 3: Identify
composition and
acclimation using
(inversion boots),
apex)).

Detail difference between 60k Ganger and 110k Meshcapade registered templates

Methods:
AIM 1: (See Omori Poster, (Simulating Microgravity Effects and
Changes on Body Shape)
AIM 2: We used the existing Shape Up! Adult cohort of healthy adults
whole completed duplicate whole-body 3DO and dual-energy X-ray
absorptiometry (DXA) scans, 470 participants (210 F) at 3 clinical sites.
• Raw 3DO scans were acquired on Fit3D Proscanner (Fit3D Inc., San
Mateo, CA) using “A” frame positioning.
• DXA scans acquired on a Hologic Horizon/A Discovery/A systems
(Hologic, Inc, Malborough, MA)
• 3DO scans were processed two ways to standardize the meshes:
Method 1) Caesar fiducial points with Ganger 60,000 point template
(Univ of WA); Method 2) automated proprietary reposing to “T”
frame, standardized mesh of 110,000 points using Meshcapade
(Meshcapade, GmbH).
• Principal components analysis was used to describe the variance of
body shape for methods 1 and 2. PCA modes were used to estimate
body composition
• Additional poorly posed scans were added into method 1 and 2 to
investigate pose-related error in body composition estimates.

Results:

the accuracy and precision limitations of 3DO body
automated anthropometry due to effects of space
surrogate conditions (poses, postures, inverted gravity
buoyancy (underwater) and microgravity (trampoline

• Figures in the center show the progression of the analysis.
• The T-pose stabilized the body composition values even for grossly off
positioning.
• T-pose test-retest precision was not quite a good has DXA, in some
cases 2 x worse precision compared to DXA (See Table below.)

Background: The long-term goal of Astro3DO is to create a space-feasible
device and method to quantify astronaut fragility and risk of fractures from falls.
This is because long duration space flights and extraterrestrial colonizing
magnify physiological challenges for the voyagers involve (1) including
debilitating loss of muscle and bone mass. The musculoskeletal changed are
primarily from acclimation to a microgravity environment and can cause a loss of
over 30% of muscle mass in < 6 months (2). Whole body and regional body
composition measures, such as appendicular lean mass and percent fat, are shape
inductive and predictive of falls and fragility (3, 4). Muscle and fat qualities also
define body shape and have their own association to frailty and falls including
muscle density (5), visceral adipose tissue (VAT) (6), subcutaneous adipose tissue
(7). However, space based body composition measures are confounded because
lean mass is over 70% water and lower extremity fluid redistributes under
microgravity resulting in a loss of fluid in the legs and bloating in the head/neck
region.
Few body composition measurement technologies are suitable for in-flight use to
capture status and changes in body fat, lean and bone masses. The terrestrial
criterion method is dual-energy X-ray absorptiometry (DXA) – and is currently
used for pre and post flight analysis. However, DXA is not as feasible for long
duration missions (weight, size, power, etc.)
Recently 3D optical (3DO) whole body imaging has been proposed as a novel
technology to estimate both automated digital anthropometry and body
composition values. 3DO is a very rapidly developing technology. Accurate
precise estimates of fat and muscle from 3DO scans have already been
demonstrated for terrestrial systems. Our group has two large on-going NIH
(NIDDK) studies in kids (R01DK111698) and adults (R01DK109008) to relate
health status and body composition to 3DO. It has shown to be very accurate for
fat and lean masses. The accuracy of 3DO body composition in space may be
impacted by fluid redistribution due to microgravity, and to date is unknown.

Average Male and Female in standard A Pose (above), first 3
principal components for +/- 3 standard deviations (below)

Average Male and Female in unposed T-pose (above), first 3
principal components for +/- 3 standard deviations (below)

Body composition predictions of one female and one male in various poses. The far left female and
male scans were taken on the Fit3D according to manufacturer protocol. The subsequent three
female and male scans were taken with varying poses not according to manufacturer protocol.

Discussion:
• Preliminary studies indicate that standardized T-pose analysis
mitigates errors from poor positioning and has a similar precision
to DXA.
• Multiple scans can be used to improve precision. i.e. 4 scans would
improve precision of the mean by 2 times.
• Accuracy of body composition variables predicted from 3DO is
very high no matter if A frame or T-pose is used (not shown).
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