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This report covers the work performed under contract NAS 9-11604,

INTRODUCTION

Mod 6S during the period March 1, 1974 .- Feurxuary 30, 1975, by the

Biostereomecrics Laboratory, Texas Institute for Rehabilitation and

Research, in cooperation with the Food § Nutrition Branch, Biomedical

Research Division, Directorate Life Sciences, L.B. Johnson Manned Space

Center.

The report is divided into four main parts, as follows:

I.

II.

III.

IV.

Effects of Extended Space Flight on Body Form of Skylab
Astronauts Using Biostereometrics.

Comparison of Body Volume Determinaticns Using
Hydrostatic Weighing and Biostereometrics.

First International Symposium on Biostereometrics, Wash-

ington, D.C., September 10-13, 1974,

Training of Technology Inc. technician in Biostereometric:

principles and procedures.
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I. Effects of Extended Space Flight on Body Form of Skylab

Astronauts Using Biostereometrics.

The stereometric measurements of body form first made on the
Apollo 16 crew have now been performed omn all Skylab astronauts. The
same biostereometric principlés were used thoroughout the series, but,
as with all the other missions, the final Skylab flight provided an
opportunity to make further refinements. Specifically, some modifica-
tions in the data reduction procedures were explored and the results are
outlined below. The balance of this section comprises a review of the
data acquisition procedures and an evaluation of the findings for the

three Skylab missions as a whole.

Method

Four stereometric cameras were used, for the data acquisition
(Fig. I-1). The principal axes of the lenses of the two cameras were
parallel, and separated horizontally by 50.8 cm (20 inches). The cameras
were Hasselblad 'C* cameras with 38 mm f 4.5 lenses. The backs of the
cameras had been modified to accept 6.3 cm (2 1/2 inch) square glass
plates, and to put fiducial marks on the plates to facilitate alignment

during the subsequent plotting process. The cameras were mounted on a tri-

pod, and care was taken to insure that the t-o cameras were at the same

height from the floor (90 cm, 35 inches), and that their axes were horizontal.

The photographic plates were 1.83 m. (6 ft) from the plane of the 'controli'
stands to which distance the cameras were focused. The 2 control stands ave
portable structures consisting of a light telescopic stand supporting a’

steel tape measure with inch markings, and 4 pairs of discs which are
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Fig. I-1:

Diagram of Stereometric Apparatus.
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separated by a fixed distance (15.555 cmj 6.124 ins) in the long axis of
the system. The 2 &tands are placed opposite each other with the steel
tapgs about 90 cm (35.4 in) apart, to define a pjl',ane in which the sﬁbject
stands. The subject is nude except for an athletic sﬁppdrtér', and he
wears an elastic skull cap to press his hair down. He sta.n&s on a ‘pa_.ir‘
of ‘fooﬁpi‘ints' to give a reproducible logation for the feet, and l_iolds
his arms straight and a little way away from the body, with the f'ing'ei's '
and thumbs pressed together. Between each pair of cameras was a strobe-
projector in which a 500 joule electronic flash tube projected a pattern
of lines on the subject. The strobe-projector consistéd of tﬁe flaéh tube,
a condenser, a 35 mm t:t:ansp.arency with a pattern of randomly arranged
lines, and a projection lens (36 wmm, £.3.0). The projector was fdcused
at the plane of the control stands. The cameras wére fired remotely by a
solengid, and the strobe projectors were each fired by one of the cameras.
The cameras, wére used at full-aperture (f 4.5), and the shutter speed was
adjusted, uvsing exposure meter readings, to allow the room lighting to
-augment » but not to obliterate, the lighting from the strobes. This was

necessary to visualize the top of the head and the shoulders, which wexe

‘inadequately illuminated by the strobes.

The photographs were taken in black and white on Kokak 'M' plates
(ASA 250) and developed for 8 min. in DK50 developer. The subject was
photographed twice at each session, to allow for equipment malfunction ox

breakage of plates.
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Plotting:

The plates were plotted and digitized in pairs on a Kern PG2
mechanical projection stereoplotter after enlargement to 25.4 cm
using of a precision enlarger. The three-dimensional coordinates of a
series of points were determined in arbitrary scale units and punched on
IBM cards, The first card identified the subject and measurement; the
next 3 cards were 'scale cards', followed by the cocrdinates of all the
points on the body surface, for the front of the subject, then the scale
cards and coordinate data for the back. The zero point of all 3 axes
was taken as the center point of the measuring tape on the control
stand to the subject’s left. The 3 axes were named U(vertical), V(lateral)
and W(front-to-back), using the sign convention shown in Fig. 2.

The scale cards were arranged as follows:

-y

Cols: 1-6 7 8 9-14  15-20  21-26  27-44  45-62.  63-80

No, Man F/B V4 Uy Wy V,ULEW, V,UEW;  V,UEN,

The first 6 columns identify the card deck} column 7 gives the

crewman, as follows: s
1 = Kexrwin 2 = Conrad 3 = Weitz
4 = Bean 5 = Lousma 6 = Garriott
7 = Carr 8 = Gibson 9 = Pogue

The 8th column (F/B) contains 1 for data from the front of the body,
two (2) for the back. Then follow the V,U,&W coordinates of 4 points,
as follows: |

Card 1 = points above and below the center of each tape, separated
by 48 or 60 inches in the W axis.

Cards 2 and 3 = points on the front and back disc of each pair Qf

discs, giving the scale in the Z axis.
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The data cards were arranged as follows:

Cols:

1 2 3-8 9-14 15-20 21-32 33-44 45-56 57-68 69-80

Man F/B U v W VGWZ V&WS V&W4 VGWS V&WG

The format in which the coordinates are punched consists of the sign,
followed by S digits with no decimal point; the first 2 digits are the
whole number, and the last 3 are the decimal places, corresponding to a
Fortran format of F 6.3. Each data card had a single U coordinate, and
from 1 to 6 pairs of V&W; if less than 6 coordinates were punched, the
remainder of the card was blank. The first coordinate plétgéd was a single
point at the top of the head; then followed data for the front, level by
level, working downwards, in the following order: 1) head and trunk,

2) right afm, 3) left arm, 4) right leg, 5) left leg. The spacing between
successive levels was generally 2 inches, but 1 inch spacing was used in
the following areas: chin and upper neck; wrist and hand; ankle and

foot. The top of the head, and the feet at floor level, were plotted

at their éppropriate levels. After the final card for the left foot came
a blank card, then the scale cards for the back,.then the highest level
of the back of the head. The data were then plotted level-by-level and
part-by-part, as for the front, with 2 exceptions: 1) the back was
plotted from the subject's left to his right; 2) a blank card followed
each complete body part, except the last, which was followed by a card

with either -1 or -9 in the first 2 columns.

Data Reduction

1. Production of Levels Data

The raw data are processed by the CUT program, which performs the

following:



1) The scale in the U axis is calculated from the mean distance
between the points plotted along the steel tapes, after deciding whether
the distance between the points is 48 or 60 inches.

2) The scale in the W axis is calculated from the mean distance
between the pairs of discs on thg control stands.

3) The data for the front are multiplied by the two scale factors
to give the coordinates in centimeters. The U scale is used for the V axis.

4) Sets of data cards in which the level in the U axis differs by
less than 0.15 mm are regarded as a single level, and a mean value for U is
calculated.

5) A number from 1-5 is assigned to the block of data to indicate
the body part involved, as follwos: 1 = Head and trumk, 2 - Right arm,

3 = Left arm, 4 = Right leg, and S‘= Left Leg. The change in body paxt
is detected by an increase in the U value by over 0.15 mm. On some

sets of data, the U level does not increase between the left arm and the
right leg - in these céses a 'dummy’ card has to be inserted, with the
coordinates of‘a single point below tﬁe left hand, in order to keep the
body part detection correct. i

6} The progran constantly checks values to determine the maximum
value in fhe V axis, and the minimum in the W axis.

7) The scale factors ave calculated for the data from the back of
the body, and the daté are processed as in 3,4,5;an&_§l*

8) The U levels for both front and back are examined, and the lowest
detected.' Any value within 4.1 mm of‘this‘level iéltakeh as the same lével,

and the mean of these values becomes the foot level. '

I _JF__ gnw.'lnnﬁﬂ;:“¢__J ..A.],w"_vq_”v“lmmnm__,.M_Ju“”_m_ _Hﬂ,}___




'

9) The data are then scanned, level-by-level, and body part-by-

body part, matching fronts and backs: levels within 4.1 nm are taken as the
same, and the mean value taken.

10} The coordinate system is revised from UVW to XYZ as follows:

X - MAXIMUM V - V COORDINATE
Y = U CCORDINATE - FOOT LEVEL
Z = W COORDINATE - Minimum W

This puts the origin of the X, Y, Z system at the level of the
feet, as far to the right as the farthest point of the subject, and as
far forward as the farthest point of the subject; in practice these
points usually corresponded to the right little finger and the tip of
the nose.
The program outputs a printout of the data, and also stores a copy
on magnetic mass storage (file 7). These data are in the format used
in all subsequent operations. The foxmat is as follows:
First card: Format {3Ab): Subject I.D. and measurement.
First card of a level: Format (14F5.2, F6.2, 13, Il); consisting of:
14F5.2:7 pairs of X§Z values s
F6.2:Y valus for level
13: Number of points in level
I1: Body part code (1-5).
Subsequent cards in a level: Format (145F5.2), consisting of 7 pairs
of X&Z values._
The first point of a level is repeated at the end of that level, so

that the section will always form a closed shape.



Because of the difference in spacing between the wrist and hand
(1" between levels) and the body (2 between levels), the output of the
!CUT' program puts the wrists and hand levels in fhe wrong order. A program
called 'SORT' is used to rewrite the"levels' data to mass storage
(filé 7) with all the levels in the correct order.

Subject I.D. and measurement were coded as follows:

CN = Conrad K = Kerwin W = Weitz
B = Bean GR = Garriott L = Lousma
CR = Carr GB = Gibson P = Pogue

Photographs for the 3 missions were taken as follows:

S5L~-2 SL-3 SL-4

s ———

1 16 Apr '73 (F-39) 1 27 Jun '73 (F-31) 1 12 Oct *73 (F-35)

2, 11 May (F-14) 2 14 Jul (F-14) 2 26 Oct (F-21)
3 23 May (F-2) 3023 Jul (E-5) 3 6 Nov (F-10)
4 22 Jun {R+0) 4 26 Sept (R+1) 4 10 Nov (F-6)
5 11 Jul (R+19) 5 26 Oct (R+31) 5 8 Feb '74 (R+0)
6 9 Feb (k+1)
7 12 Feb (R+4)
8 17 Apr (R+68)

No photographs were taken of Lousma on 26 Oct '73, and the first set
of photographs for the final mission (12 Oct. '73) have not been plotted.
2. Troubleshooting

Alprogram called 'PLOT' is used to plot on microfilm the level-by-level
coordinates. Any errors in the data are easily seen on the sectionms, and
the raw data may be examined and the errors corrected. The trans-
formation between the XYZ and UVW coordinates is given on the printout of

the 'CUT' program. Most errors are in the order in which points are
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plotted. Occasionally, a card is obviously'mispunched and the correct
value can be deduced and used to correct the error. Any point which is
obviocusly impossible is removed, although in practice very few such
points have been found.
3. Location of Landmarks : l
A program called 'CF' is used to derive data describing the outline
of the subject, viewed both from in front and from the side. The data
at each Y level are taken and the point-by-point coordinates are smoothed
into a curve (see section 4). The maximum and minimum values of the i
smoothed curve in the X&Z directions are detected, and stoved in mass storage
(file 7), along with the f levels, in the same format as the 'levels!
data. A program 'CC! takes these data and makes a tape for use on a
'Calcomp' plotter, which plots the frontal and lateral views on graph
paper (Fig. 3). The 'CC' program is also able to plot a single cross-
section on paper (Fig. 4).
Landmarks are determined from transparent prints made by a *Thermofax'
copier from the frontal and lateral views. For each subject, the distance

-

between the inner sides of the arms is measured on the frontal view,

at the highest level at which the arms were plotted separately. Whichever

b i

set of data shows the least separation becomes the model for establishing
the arm “cut-off" plane. Vertical lines are drawn on the graph through

these points, and each of the other grasphs is, in turn, superimposed on {__
the.model. The best fit possible with the contour of shoulders, neck
and upper chest is determined, and the overlying graph is then marked
with the ‘cutrqff' lines. Subsequent proceséing regards any pért of the Lff

upper trunk outside these lines as belonging to the appropriate arm.

11
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Five horizontal cut-off planes are determined, using the final
preflight data as the model. The level of the ulnar styloid of each
wrist is determined on the frontal view for the 'model', and the same
position is located by superimposing each of the other graphs. As arm
position varies, it is often necessary to rotate the overlying graph
in order to match the wrists, and to take the value of the Y level in
+the center of the wrist. The erroxr in volume introduced by this
rotation is likely to be very small. On the lateral view, the position

of the sternal notch, the gluteal fold and tﬁe ankle joint are estimated,

and lines drawn across both the frontal and lateral views at these levels.

The other graphs arve then superimposed, in turn, and the positions of
these 3 planes are determined independently on the frontal and lateval
views. Rules have been established for acceptability of the resulting
estimates of level:

1) . If the distance from sternal notch to ankle joint in the graph
under examination exceeds that in the iodel, neither sternal notch-

gluteal fold nor gluteal fold-ankle distance is permitted ot be less

oF

‘than in the model.

2) Conversely if the sternal notch-ankle distance is less than in
the model, neither of its 2 components may exceed the corresponding
distance in the model.

3} If the estimates of thé level of a given landmark from the
laiteral and frontal views differ by 1 cm or less, the mean of the two

is taken.

14
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4) If the estimates differ by more than 1 cm, both are reassessed
in am attempt to move them closer together. This process may be repeated
as many times as necessary until the estimates are within 1 cm, when a
mean is taken. Although this process is entirely empirical, in practice
there is usually no difficulty in determining the position of the
landmarks, and in most cases the estimates from the 2 views are within 2
or 3 millimeters. When a discrepancy does arise, it is usually obvious
that the estimate from one view is much more reliable than the other,
and the latter can readily be changed.

4, Determination of Cross-Sectional Areas

The program 'CA' calculates the area of each cross-section. It
first determines the center point of the section by averaging the X and Z
values, then scans the section in sectors between the plotted coordinates.
The radius to two adjacent points are determined, and the intermediate points
at 0.02 radian angles are interpolated in such a way that the radius
increments smoothly from one cooxdirate to the next along a spiral path.
The area of each incremental arc is determined. there the angle between
points is less than 0.02 radians, or a residual augle isjleft after a
whole number of 0.02 radian sectors, its area is calculated by the sine

formula. In the regiom of the choulders, the program calculates the area

beyond the "arm cutoff! planes, and assigns this area to the appropriate
arm. The output of the program to magnetic storage (file 9) is a

level-by-level listing of format (F6.2, I2, F7.2), comsisting of the
2

Y level, the body part number (1-5) and the area in cm

15



5. Calculation of Volumes

The program "VOL'! is a conversational program which calls for the
body part number and the upper and lower Y levels between which tﬁe
volume is required (format I1, 2F5.0). It then scans the body part

required and fits a smooth curve to each successive cross-sectional area,

generating values for intermediate cross-sectional areas at 1 mm intervals.

The areas are integrated between the upper and lower Y levels to give

the volume of the segment under examination. In order to eliminate dis- .

crepancies in the curve-~fitting around the junction between the body and
the legs, the body is taken as extending down through the first two levels
of the legs (which are added together to give the new 'body'levels}, and
the legs are taken as extending up through the last two levels of the body
(which is divided in the ratio of the areas of the top sections). Where
the gluteal fold comes below the highest plotted section of the legs, an
inaccurate volume determination for the buttocks would result, so that it
is necessaxry to calculate the buttocks volume down to some intermediate
level above the highest leg section, and add to it the voiume of each

leg from that level down to the gluteal fold (Fig. 5). The body segments
examined on the Skylab study are as follows:

1) Upper third of sternal notch-gluteal fold segment (= 'chest'),

2) Middle third of sternal notch-gluteal fold segment (= 'abdomen'}
3) Lower third of sternal motch-gluteal fold segment (= 'buttocks')

4) Upper 40% of gluieal fold-ankle joint (= "thigh'),

5) Lower 60% of gluteal fold-ankle joint (= ‘fcalf')

6) Arm from highest level to wrist (= 'arm'),

7) Truncated total volume (total of 1-5 ahove plus both arms- from
sternal notch level to wrist).

8) Total volume (including head and shoulders, hands and feet).

16
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Evaluation of Findings For All Three Skylab Missions

Table 1 gives the preflight mean volume of the body and its segments
for the 9 Skylab astronauts and the change observed at the first post-
flight measuremént. Body weight is also given. Although all the body
segments examined showed a postflight reduction in volume, the changes
observed in the chest and arms were small, and not statistically
significant. The greatest absclute losses of volume were seen in the
abdomen and thigh, although the loss of volume from the calves was
proportionally greater. The loss in weight exceeded the loss in total
volume by 686 g, but tﬂis difference is not statistically significant,
and probably results from the accumulation of inaccuracies when the
volume of the whole body is calculated. It is hoped to eliminate these
inaccuracies on future studies, and it may one day be possible to
re-analyze the Skylab data, with an improvement in precision.

The rate of recovery of body volume was followed only on the final
Skyiab flight, in which 3 sets of photographs were cbtained in the first
5 days postflight. Table II gives the difference in voiume between

various body ségments and their mean preflight volume, for the 3”pos+?

flight measurements. The abdominal volume varies a great deal, as it is

sensitive to food and drink intake - the recovery-plus-1 day measurements

were made in the middle of the day, whereas the recovery-plus-4 days

measurement was made before breakfast. Nonetheless, a marked increase

.in volume is seen between recovery day and the other 2 measurements.

- Buttock volume increas¢¢ by 200 ml during the postflight period. Bothvthe
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Preflight Postflight Proportional : l_
Mean - Difference Difference .|  Significancer ;
: . Liters Liters Percent :
' " Arms (Both) 6.927 -0.066 -1.0 N.S. s
Chest 13.149 -0.150 -1.1 N.S. {
Abdomen 11.305 -0.541 -4.8 P < 0.001 -
| ‘But:tocks 13.583 -0.393 -2.9 P < 0.005 |
S :
: Thighs (Both) 9.411 ~0.559 -5.9 P < 0.001 L
I Calves (Both) 6.349 -0.472 -7.4 P < 0.001
| Total Body Volume 71.267 -2.342 ~3.3 P < 0.001 _
| - ; Kg Kg |
' Body Weight 71.988 -3.023 4.2 P < 0.001 |
' tPafred t-test - '
.'{; T T§b1e 1. Regional and total body volume, and body weight:
: Difference between mean preflight and first postflight ‘
5 measurements (average for all Skylab crewmen: 9 subjects) o



oz

:VDifferénce'frém Preflight Mean Volume (Litérs)

'Recdvery Recovery Recovery ~ Recovery

R - Day -+ 1 Day 4+ 4 Days + 68 Days
Abdomen ~0.566 +0.186 -0.123 +0,411
__.B.u:fctoéks'.' L -n.042 +0.034 +0.156 +0.845
" Thighs (.éoth) 1 -0.425 -0.323 +0.009 10.776
Calves (:Bjot'h':_) | -0.450 - -0.270 -0.120 +0. 305

Table II. Postflight recovery of volume of body segments
(average for final Skylab crew:

3 subjects)



thighs and the calves show a rapid increase in volume, the rate of
increase being initially greater in the calves, althcugh by R + 4 the
thighs had reached their preflight volume, whereas the calves were still
120 ml deficient.
Discussion

It is unfortunate that the pressures on the time of the astronauts
prevented more photographic sessions being possible, particularly during
the first few days following spiashdown. However, the data collected
does provide some interesting pointers to changes in body composition
resulting from space flight. The rapid increase in volume in the first
5 days postflight clearly results from an increase in body fluid, the
adaptation to zero gravity having caused a reduction in fluid volume,
which is inappropriate for the l-gravity environment. The Tecovery of
volume proceeded faster in the calves than in the thighs, due to their
more dependent position.

All the astronauts showed a rapid increase in weight in the first

few days postflight, but the weight had gemerally leveled out by recovery

‘plus 4 days, suggesting that rehydration was complete. The volume changes

observed in the final crew at that time may be taken to represent the
sum of the in-flight changes in fat and muscle, possibly modified by a
little postflight recoverxy.

The postflight change in volume of the buttocks for the 9 Skylab

astronauts correlates well with the postflight change in weight (correlation

coefficient 0.92), suggesting, as might be expected, that the buttocks
are a'sensitive indicator of body fat. Using the regression equations

from this correlation, and correcting for the effects of dehydration on
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the volume of the buttocks, it may be calculated that around 2.2 Kg of
the postflight weight loss resulted from the combined 1055 of fluid and
muscle, the‘remainder being due to changes in body fat.

The final Skylab créw relaxed their dietary aﬁd exercise regimes
following the flight, and put on weight. The resulting change in volume
of different body parts enables a correction to be made for subcutaneous
fat in the postflight volume changes. With the small numberlof data
points, such calculations must be taken as very approximate, but there
appears to have been a mean loss fqr the final Skylab crew of about 90 g
of muscle £rom each calf, and about 70 g from each thigh. Such losses are
very modest, and are a tribute to the in-flight exercise program. With
even less postflight data points, it is possible only to make very rough
estimates for the first and second Sk;lab crews. The loss of muscle
from the calf appears to be similar from one mission to another, whereas
the loss of thigh muscle apparently decreased with succeeding missions.
This observation fits in weli with the use of the bicycle ergometer
in-flight, which was increased on successive missions, but provides
better exercise for the thigh muscles than for the calf.,

A correlation coefficient of 0.92 has been established between the
change in buttock vélume over the course of the flight-and the in-fligh
caloric intake, expressed per Kg of lean body mass (LBM). A caloric
intske of 49 Kcal/day/kg LBM appears optimal to preserve the fat depots
at their preflight level. Only 1 Skylab crewman exceeded thuis intake,

and he increased his fat reserves. The 2 crewmen losing the most fat in

the course of their flight had intakes of 37 and 41 Kcal/day/kg LBM. The
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remaining crewmen had intakes in the 45-48 Kcal/day/kg LBM range, and all
but 1 lost a little fat.
Conclusions

The 9 Skylab astronauts rveturned from their space flights with
changes in the quantities of fluid, muscle and fat in their bodies.
The change in fluid resulted from the adaptation of the cardiovascular
system to the zero-g environment, and amounted to a deficit of almost
2 liters. It was veplaced in the first 4 days postflight. The losses
of muscle were fairly modest, amounting to about 160 g in each leg on
the final aissibn. Losses were probably a little greater, particularly
in the thighk, on the first 2 flights, and probably reflected the level
of exercise undertaken. Techniques havermot yet been devised te measure
changes in muscle bulk in the upper parﬁ of the body, although no
statistically significant changes in the volume of thevarms or chest
were observed. Changes in body fat were related to caloric intake, an
in-flight intake of 49 Kcal/day/kg lean body mass appearing necessary to
preserve the body fat at its preflight level, a value which was exceeded
in practice by only 1 crewman. |

Biostereometrics is a relatively new science, but it is emerging as
a powverful tool in thé medical and biological sciences. The stereoscopic
photographs of the Skylab astronauts took no more than 5 minutes of
the subtject's time for each measurement, but provide a permanent
detailed record of body form, which may, if necessary, be re-examined at
any future date, either to amswer new questions, or to take advantage of
the increased accuracy resulting from improvements in the analytical

technique.
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1. COMPARISON OF BODY VOLUME DETERMINATIONS USING BYDROSTATIC

WEIGHING AND BIOSTEREOMETRICS

Knowledge of total body volume is essential for estimating gross
body composition in terms of fat content and fet-free weight from body
density based on the simple equation:

mass
density = volume

Water displacement or hydrostatic weighing has been the most
widely used method for dEtermining body volume for many years. In
centers where the necessary equipment--water tank and weighing
apparatus-~is a relatively permanant fixture, the hydrostatic weighing
procedure has proved effective for measuring total body volume in.
healthy subjects. However, the method is unsuitable for use with the
very young, the very old, and seriously ill patients. It's relatiﬁely
low portability and other practical limitations ruled it out for use
in the Skylab biomedical examinations. This situaiion led to fhe ﬁée
of biostereometrics, a more convenient but less well established pro-
cedure, iﬁ the present series of astronaut studies. |

A coincidence led to the companion study described below.

The Biostereometrics Laboratory was engaged in a collaborative study

with the Lovelace Foundation involving stereometric measurements of

ra me ety e

children undergoing treatment at the Lovelace clinic. The attention of . :"

Dr. Ulrich Luft, a longtime member of the Lovelace staff and a NASA .
principal investigator associated with the Skylah Life,Sciencés£p¢og;am; '

was drawn to the biostereometric measurement activities.. As a result,



he suggested that a study of the two methods be undertéken while the

biostereometric equiément was in use at Lovelace. WVe wholeheartedly
approved of this suggestidn and the necessary arrangements were made
with Dr. Luft to take dual measurements on ten adult subjects.

The following description of the coﬁparative study is largeiy
derived from the preliminary report submitted by Dr. Luft. We have
adﬁed further details about the biostereometric-data reduction pro-
cedures and some further comments zimed at helping to interpret the

findings. In general, however, we consider Dr. Luft's conclusions

T o

ot

to be fair and insightful, as we would expect from someone with his

considerable experience in the realm of body composition studies.
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Me'thodolog)’f |

Measurements were made consecutively with both methods on ten

" healthy male volunteers, between 8 and 9 in the morning, in the fasting state.

In two of the. subjects the stereo and H.O measurements were m'Lde two days

2
apart but thelr body m.:.ght had. not cha:nged more than 100g. The

‘biostereometric. photography of the subjects was performed wz_th a. “four- | ' P
camera system w:.th strobe pro;lector on loan for this study from Dr. R.E. |
Herron s:r.mllar to that employed on the astronauts of the SKY LAB |

progra:m (8) ' The photographer had .been. tra:[.ned in the procedure in

the Bn.ostereometncs Laborato:c'y where the photog-raphs were analyzed and

'prooessod
Fo:r: the hydrostat:r.c welghmg the subject is seated in a llght

. metal chalr suspended f:rom a dynamometer balanoe (Chltlllon 31154] of 15 kg

capac:.ty in a stamless steel tank filled wrth water tha.t 1s ma:x.ntalned
' vat Sﬂ-OC. The cha:l.r is 1owered by block and taokle S0 that the subjeot
is 1mmersed up to lu.s ch1n. Immed:.ately before putt:.ng hls head under

watcr 'the subject 15 requa.n:ed to take f:we deep breaths falrly rapldly, - ) - o 1

followed by a ma}o.mal 1nsp1ra.t10r.“_‘ 'I‘hen a mouthp:.ece 1s offered to

. h:Lm by an a.ttendant and he e;dla.les approx:.mately 2/3 of hlS V:Ltal capao:r_ty, S

i .
W

preuously marked on the recordlng drum 1nto a splrometer.:a At thls polnt

r bl

'the operator calls "halt“ ‘the mouthplece :I.S w:.thdrawn and. the subj ect

_.r:...,.;;:submerges hn.s head w:.thout further 1oss or :Lntalce of a.1r (n""_e cl:.p) for

Throe consecut.n. e m

: volume o
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BTPS conditions and subtracted from the subjects's total lung capacity

previously measured in the pulmonary function laboratory by a N, washout

method (4) to obtain the residual volume in the lungs on submerging.
Body volume and density are calculated by the fpllowing equations:

. Ma - (Mw + RV Dw)

VB = Dw {2) and
Ma Dw
D, =Ma - (Mv +V Du) (3),

where ¥, = body volume, Ma = weight in air, Mw = weight under water,

]

RV

residual lung volume, Dy = densitx of water at tank temperature and

1]

D body density. The variation between three measurements of V,, taken
in this manner is less than 0.20 liters (approximately 0.3% V,). The
average of three measurements was taken for each subject.

In order to insure that the gas volume in the sﬁbject's lungs
dﬁring the stereophotography was as close as possible to the RV during
the underwater weighing, the subject took a maximal inspiration and

exhaled slowly to the same volume marked on the spirometer before holding

his breath for the photograph.

Results
Table 1 shows the results for body density (columm 2) and net body
vélume (column 3) 5y the H,0 method. Net body volume is the gross volume
less the lung gas voiume (column 4) and is used to estimate D by equation
3. Since the stereometric method gives gross body volume, the lung gas

volume {(column 4) must be added to the net volume (column 3) by the Hzo method -
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in order to compare the two directly (columns 5 and 6).

Without exception the values with the stereometric method were
higher than with the H,0 procedure. Using a paired comparison, in
which the individual differences were analyzed, the mean difference
(2.191 liters) was statistically highly significant (p. < .0005}, but
the standard error of the mean difference was relatively small (SEM: .273
liters).

The linear regression of the values obtained with the Hzo‘method
{y) and the stereometric method (x) is plotted in Fig. I-6 with the identity
line. The correlation coefficient was quite'high:

r = .996

The regression equation was:

y = 1.008x-2.791
X

SDy at 0.914 liter

The individual points were all close to the regression line (Fig. I-6)..

Discussion

The high correlation coefficient and the tight fit of the data
around the regression line for the two methods implies that both proce-
dures have a high degree of precision. However, the highly significant
differences between th~ mean values raises the question: which of the
two methods is more accurate in estimating the true body volume. A strong
argument in favor of the H,0 method is that the values obtained for body
density give results more compatible with those to be found in the literature

from direct determinations on body tissue for animals (5} and man (3).
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The mean density (D) for the 10 subjects by the H,0 method
was 1.064 (Table 1 column 2) and with the stereo method 1.030. According
to the equation proposed by Keys and Brozek (3) for the fat fraction
of the body (Ff)

4.201
FE= D -3.813

b

the mean D from the Hzo method gives a fat fraction of 13.5%, which is
in good agreement with the mean value of 13.9% reported by the same authors
for a larg?r number of subjects in the same age category. Making the same
calculation with the meﬁn D from the stereometric method results in a
fat fraction of 26.6% indicating considerable obesity. Not one of our
subjects was grossly overweight. Therefore it appears justified to assume
that the results of the H,0 method are closer to the true value. |

In view of the consistency and precision of the stereometric method
and the fact that the discrepancy with the Hy0 method.is apparently not
due to a random error but to a strictly systematic one, it migﬁt be
feasible to utilize the regression established from H O method data to
adjust stereometric values obtained in future studies to correspond with
values that would be found by the H,0 method. With this in nind we have trans-
formed the stereometric data from Table . l, colum 6 to the adjusted body
volume by equation 4. The individual results are shown in Table 1, colum
9 and ave plotted in Fig. I-7,.  All points are now closely clustered around
the identity line and the mean values differ by only 0.016 liters and the
average for body density is identical (Table 1, columns 2 and 11).
Obviously the validity of this type of manipulation of the stereo data
will have to be tested on a much larger number of paired measurements

on subjects of different body types before it can be accepted with confidence.
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ﬁ g Hydrostatic Weighing Stersometric Measurement L
5?§§ | Original Adjusted
| i 2 3 4 5 6 7 8 9 10 11
Subji  Mass o - vol, Vol. Vol. Vol. Vol, b Vol. Vol, | D
Nr. kg. net Lung gross gross net gross net

1.

S T 60,40 1,087 - . 55,566 3,458 59, 024 60,728 57,270 1,055 58,423 54,962 1,099
2. 2.6 77,35 : 1,042 74,232 3,716 77,948 78.729 75,013 1,031 | 76,568 72.854 1,062

£ 4 77,05 | 1,054 73,102 . 3,137 .. 76.239 | 78,073.. 74,936 1,028 | 75.907 72,773 1,059
T 47 71070 7 1.069% 67,072 « 4,172 71,199 | 73,953 69,826 1,027 | 71.954  67.623 1,060
5. 78,65 . 1,042 75,480 5,233 80,713 | 82,085 ° 76.852° 1,023 | -79.951  74.717 1,053
6. 65 |1,068.. 74,579 ~ 3.169. 77,748 | 79.776 76,607 1,040 | 77,623 74,451 1,070
- T 1,084 69,197 - 1,798 70,995 | 73.296. 71,498 1,001 | 71,091  69.292  1.033

48.40 - -'1,085- < 63,041% - 4,721 67.762- | 70.590 - 65,869 1,038 68,364 63.639 1,075
. "'"_;"?‘v\-f’; .t e T e e - . - - . - . A )

977 8385 * 1,068 . 50,140 - 1,665 51,802 | 54,221 52,556 ° 1,019 | 51.864 = 50.195  1.067
o100 C78.10, ¢ 1,090 1 71,6517 4,238 | 75,889 | 79.783 75,545 1,034 | 77.630  73.392 1,064

“1&&a5§,\11,€45‘~ 1,064 67,406 3,526 70,932 | 73,123  69.597 - 1.030 | 70,916 67,390 1,064
e Néli:l:\.?'élﬁ;'n_e is grétss' volume lesgs luﬁzg volume, - D= Mass :
" All'volumes are in Liters, = . Net Volume

- . - .

Table III Gomparative numerical data for Hydrostatic and stereometric body volume measurement.




The éystematic overestimation of body volume by the stereometric
method used here may be due to the lack of coverage of hidden body con-
cavities, for example, in such areas as the armpits, the groin and the
buttocks. However, if it can be shown that this soufce of error is
sufficiently consistent to be amenable to a corréction, as proposed
here, the sterveometric method would be acceptable as a rapid, convenient
and accurate method for estimating body volume.

Additional cameras or other procedural modifications could be used
to achieve’more detailed coverage, but, if further research shows that the
discrepancy between stereometric and hydrostatic is consistent, then a
simple adjustment can be made.

Finally, it is important to recognize that stereometric records
can be analyzed and displayed in various ways to yield body form and
volumetric information not readily available heretofore. The following
series of records for two of the Albuguerque subjecis illustrate this

potential.
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Stercometric Records - Extent and Variety of Coverage

Figures T1,1-13 illustrate the type of data produced by stereometric

analysis on the Albuquerque subjects (two cases are shown} , These

examples demonstrate the extent and variety of body form and volume data

contained in the stereometric records.

Figure

Figure

Figure

Figure

Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure

Figure

I1-1.

II-2.

II-3,

I1-4.

I1-5,
IT-6.

11-7.

I11-8,
11-9.
I1-10.
II-11.
I1I-12.

I1-13.

Subject A
Cross-sectional plots based on polynomial computati n.

Volume distribution curve (VDC)--cross sectional are plotted

against length (distance along verti. al axis from head to foot).

Composite cross sectional (polynomial based) and VDC display--

any point on the curve gives the cross sectional area at the

corresponding level on the body.

Perimeter (girth) distribution curve--the girth at any

horizontal level of the body can be obtained by reading .the

perimeter value at the appropriate level.

Cross sectional plots based on raw coordinate data.

VYolume distribution curve derived from raw coordinate data.

Perimeter distribution curve derived from raw coordinate data.
Subject B

As for II-1.

As for I1-2.

As for II-4.

As for II-5

As for I1I-G.

As for II-7.

The difference between the volume computed using the polynomial and the
volume computed using the raw coordinate data was 0.3%. The corresponding
figure for Subject B was 0.2%. ' :
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First International Symposium on Biostereometrics,
Washington, D.C., September 10-13, 1974
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Biostereometrics

1 k
A review of the presented papers.
I .
Tm INTERNATIONAL SOCIETY OF Photni,r.nm-
metry Commission V Sympaosimm: * Bio-
stereometries "74" held in Washington, D.C,,
September 10-13, L97:4, was hosted hy the
Ameriean Society of Phatogrmnmetry in con-
Junctionwith the NIV International Congress
of Surveyors, The Proceedings published by
the ASP cantain complete manuseripts of all
papers presented at the symposium, except
for a lew which missed the printer’s dead-
line* [n this report T will siummarize the
presentdions, mention some of the high-
lights, and make a fow personal comments.

Forthe heoefit of readers who are unfamil-
fnrwith'the term “hiostereometrics,” perhaps
a definition would he heipful. Biostereomet-
ries is the spatial and spatio-temporal analy-
sis of hiologteat form and function based on
principles of mmhmc. geometry. The primary
tools .ol hinsteretnetrics are stereophotog-
raphy, holograply, interferometry and other
three-dintensional form sensing techniques
which yield signals, imagery, or other data
whith can be readily handled by modern
stereoplotters, anp.lr.llors computers, and
reluted duki processing and display devices,

The nimjor components of the symposium
were seven technical sessions, an informal
forum, und a spuukcr s luncheon,

Session. L an "Bioslereometric Systems™
apened with a series of welcomes from ISV
President, Dr, 8.G, Gamble, Comntission V
oo . I"rusnlunt Dr, llM Karara, andhne Program
i Ch.ummu Dr, R.E, Herron,

In the lmt paper, Dr. Karara, Uuwers:ty of
! ’ *
* Copits are available foin ASP Ilmu qm\rter'v.‘
105 North Virgzinia Avenue; Falls Chureh; firfrinin

22016, USA. The price for ASP meulhe,r:. is 750
: mul For on-members $12 50,

OR.[GH\TAL P
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— XIIT Congress of the
International Society for Photogrammetry
Ielsinki, 1976

Commission V
Invited Paper

11 iy pepes dor 1))
Bagdor Colleges of Medhe e
Honston, TX 77025, USA

74— Repo rt

| |

Illinois, reviewed recent developments in
the design of photogrammettic systems for
use in biostersometrics. He stressed the need
for close cooperation bétween photogram-

metric engineers and hiomedicul SpLC‘i.l“ﬁt‘i,

in order to ensure fuluw expansion of the
field,

L.IRIL Beard of Addenbrooke’s Hospital,
Cambridge, Englund, in a paper co-anthored

by PP, Dale, K.B. Atkinson, ILJ. Law, and

AR Elkington, deseribed the design and use
of u hand-held stercometric camera which
promises to make stereometric anslysis more
widdy accessible for hospitul and other clin-
jcal use,

Professor JLR. Cuvzi, Baylor Cn]!:-;tf- of
Medicine, Houston, USA, outlined wh unto-
muatie system [or stereonetric analysis hased
on the possibility of controlling the ohject,
the photographic conditions and the neces-
sary elements ol orientation,

Dr. W, Faig, University of New Brunswick,
Canada, deseribed an analytical plutter sys-
tem and derivation olthe pertinent equations
for precision .napping ulaclosg-range object.

W.J. Iams of Memorial University ol New-
fonndland, St. Johns, Canada, in a paper co-
suthored by Dr Johin W, Bvans, deseribed
how a photogrannuetric system has been
wsed to monitor interactions oforganisms and
rock substrate over a three-year pennd alonyg
the Barbados coastline.

Col. M. Kurtz, U.5. Army, read  paper an- |

thored by Dr. E.M. Mikhail, Purdue Univer-
sity, USA, cnncemmg.. e the grnwing polentials
of hologrammetry in biostereometrics,
Esamples invalving the useof holograms and
liolographice stereomudc.is were d:.scrsbetl

Faud compated.

..... .__z,__' G. Voss, Jenopt:l\ _]'ena Gm bII Gﬂrm.m
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cureios of the vicdions systems were re-

Democratic Republtc Treviewed recent de- |
velopments in the fena Instrinent System
for biostercometries, Fomphasis was placed
on the cameras, e.g., the UMK 1071318, and |
sugrestions for new applications were given,

Session b, presided over by Profl, ALK, To-
legeind, Royal lastitite of Techuology, Stock-
holi, Sweden, inchuling wo Turther papers
un hiosteicrametrics systems and six papers
on cranio-facial morpholngy,

Dr. J. Hible, Wild EHleerbrugy lnstoments,
N.Y., deseribed how the Wild 231, 1032 and
CA0 cmeras wd widely available aerial
mupping instenments can be used for hios-
tereasteteie purposes. .

1.1 Hupy, Baylor College of Medlcuw,
Houston, USA, vutlined a proceduare for
sinmultuneous recurding of ront and rear
stercopiis ol a standing humian subject and
the associnted use of conventional plotting
techniques, . )

L. Newton, Umvvrs:ty of Newcastle upon
Tyne, Bnglnd, desepibed an investigation of
several different techimigues of posing the
bhead for studies of acial change, The ue-

viewed and compared, .
Ao B Lovesey, Royal Air I‘orce
Farnborangh, England, deseribed the de-

\'ulnpuu nt of u projected grid (h;_.hbslit) §Y8-

tew of photogrammetry for use.in an-

thropentetrie studies such as the measure-
meal of Lacial form.

AL Wright, Hmpﬂ.\l for Sick Clu]dren,
Tovante, Canaiy, in o paper co-nuthoered hy
[LA, Lichteaberyg and R Moore, deseribed
varions wses of stereomelrie data (ineluding
the prodaction of physical maodels) for plan-
ning surgical reconstruction of congenital fa-
etal deformities, ]

K. Atkinsen, University College, Lon-
don, ina paper eo-anthored by L Newlon and
B0 Morgn, examined the rolationships
betwern prosthesis content and volume de-
termination inacase ol breast reconstructive
SUrLeTyY,

LJ. Dyowinan, University Coliege London,
in a paper co-anthored by AR, Elkington,
reported on o feasibility study nwn]vtn[,, the
use ol p!mtm,:.umnehy to measure glavcoma
dc\t‘lnpnwnl in the human retina,

Prol, K. Torlegivd, ‘m}'al Institete of
Technotogy, Slucldm!m, in a paper co-
authored by CL1F. Krakan, compared the use
ol u light-slit mcllmtl witly stereophotogran-
weby formeasuring volume of w nonal optu.
dise,

Session lll with Dr, V.1t Kratky, Natiom 1!
va.mh (.uum.ll ()H.lW’.’l (;.umda ]1rc~.|d—
[ ol
N ]

b —————

l e Ny e ————

“ing, comprised seven further papers on
eranio-fuciul morphology.

" Pr, Bernard Schwartz, Tulls Umwruty
School of Medicine, Boston, USA, it p paper
co-authored by Pr, RIS, Herron and Proll J8,
Cuzzi, deseribed some of the advantages of
using slereomelric paramelers other than
contour maps for quantifying the geometry of
lhe eye and its component structures.

Dr, V.R, Kntky presénted a review paper
on problems associted with the choice of
instrwmentation and analytic methods lor
ophthalmologic applications of phologran-
metry,

Dr. G.L. Partney, University of'Cnhlnrnm,
Davis, USA, described the use of photo-
grammetry for measuring three-dimensgional
changes in the optic nerve hiead cup in nor-
mal and glanconutous eyes.

Dr. B.IE. Cobaw, University of Michigan,
Ann Arbor, USA, described preliminary re-
sults uchieved with a system of inslrumenta-
tion for stereometric analysis in ophthalmol-

. DY,

Dr. WAV, Bowley, University of Connect-
ent, Stowe, USA, in a paper co-nuthored by
rs. C. Burstone, LA, Koenig and R, Siat-
kowski, described the use of a laser holo-
graphic syslem and a Tinite element tech-
nirque for predicting tooth displacement
based on a len-times-sived model.

Dr. J.E. Bergstrom, Roy.\! Institute of
Technology, Stockholmy, in a paper co-

“authored by Carl-Olaf Jonason, reported on

the accuracy of a stereophotogrimmetric
method involving a stereomicroscope for
quantilying gingival toy agraphy in vive,

Dr.R.J. Forstrom, Univarsity of Minuesota,
Minneupolis, USA, in a paper co-authored by
I, Aldgren, F.ID. Doarman, 1], Isaoeson,
TAL Speidel, and A, Erdman, described «
steren movie 53’slum for slereometrie mea-
surement af human jaw molion,

Scession IV was devoted to .sp.ltlu-
temporal-four-dimensional studies in bio-
stercometrics. Dr. FLM., Kara, University
of Illinois, USA, presided.

V.D. Brandow, University of Ulinois, reud
the paper of Dr, ML Bullock, Umversuy of
Queensland, St Lucia, Australia, on the use
of stereophotogrunmietry in a comparative
study of three-dimensional spinal and leg
movements in loot pedal operations.

Pr. F.G. L:pput. Unw(.rsltyulsthnq,tnn
Seattle, USA, in a paper co-authored by Drs,
M. Flussain and 8.A, Veress, evaloated Lwo
photogrammetric approaches, one semi-
analytical, the ather analytival, for three or
fmu-dmwmmnal measurement . ol num:ulu-
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_._skeletal motions, Both medicul und engineer-

5

ing aspects were cousidered.
 Prof. ], Cuzai, Baylor College o Medi-
cine, Houston, presented a paper, co-
athored Ly DV, Gonlel and R, LHerron,
deseribingg how a set of stereometrie Lody
form and Danetion panuneters can bhe derivead
from w digital theee-diviensional deseription
of hnnan body geometey,

5\
. R, Stowe, Argoune National

Lahortories, Clicago, USA, in i paper ce-
anthored by NLAL Friperio el [, Howe,
described the use ol a steremnetric x-ray sys-
tem lor measuring in vivo skeletal motions.

B.G. Trenhaln, Shriners Tospital for

Crippled Chiildren, Winnepeg, Canada, ina

paper co~authored Ly Dr, DAL Winter and
G.1D, Beimer, presented the results of using a
TV.computer approach to the solution of two
spativ-wapordd problems in elinieal medi-
cineg, uee relating to lefrveatrienlar pemmeltry
amd the other o feunan gait Kinematics.

D, H.E. Herron, Baylor College of Medi-
cine, Houston, in @ paper co-authored by Dr.,
Y.L Alwlel-Aziz, described the development
of a simple stereomelrie sensor, the

“contonr-preaph,” for clinical mnensurcment of

stump-socket geometry lor improving the fit
of wtificial limbs, ,
* On Seplember 12, the President of 15P's
Commission V. Dr. 1ML Kararn, and the
Chairman of ASP's Close-Range Photo-
geamnnetry Committee, Mr, RE, MeGivern,
hosted o linchean at the International Cluly
of Washington in hovor of the symposium
speakers, The lancheon was co-sponsored by
the foliowing companies: L Dell Foster
Company, Calileo Corporation ol America,

The KelsliInstrument Division of Danko Ar- |

Hugton, Tue, RKem Instruments, Inc, and
Zena Company, The generous contributiony
of these companies are gralefully acknowl-
edped, We are also indebted to Mr. S, Jack
Friccdiman, Fxecutive Vice President, Q.M.1L
Corporation of America, who was instriinen-
tal in having the club’s excellent stalt and
facilitios pot at our disposal lor this memora-
ble ocension,

Session ¥V, with Professor Hans Greuel,
University of Diisseldorf, Federal Republic
of Germiny, presiding, wus devated to
stereometric x-rays. Prof. Grevel, in the open-
ing paper, reviewed some of the theoretieal
and practical problems associated with
stereometrie x-ruy aualysis ol the relationship
hetween the child's skull and the mother's
pelvie dimensions shodly before delivery,
The localization ol tumors was alse dis-
cussed,

ORIGINAL PAGE
OF POOR QU!

U e

t e e A
Dr. B, Altschuler, Brooks AFB, San An-

touiv, Texas, in a paper co-suthored hy M.
Porry and De MLD. Altschuler, reported on
an improved mathematical lechnigque (nnl-
tianguler huninagraphy) for deriving asial
sections, serial eross-scetions, serind aapitta!

sections, and serial froutal sections of

awlomical struclures,

Prol. T, Oshimg, Tokyvo University, Japan,
presented an overview  of receat de-
velopments in biostercometvics in Japan, in-
chinding w widke range of elinicul, biotogical,
and industrial applications, )
© K. Sveger, Stuttgart University, Federal
Republic of Gennany, in a paper co-anthored
by ML A, deseribed the Peiss ST RO
stercocomparatr fur stereometric x-ray anal-
ysis. The Listorieal hackground of stercomel-
rie x-ray analysis was also briefly reviewed.

C-O Jonason, Boyal Institue of Technol-
ogy, Stockholn, in a paper co-anthnied by

PROL Frykbolm and AL Fryhbohn desceribed

the application of a stereometrie methnd for

three-dirmensional measurement of touth fin-

pressions in eriminological juvestigudions,
I'rol. J. Kobelin, Mimmi-Duce Community

Collewe, USA, outlined a course for the truin-
ing ol photogrammetrie technicians in hio-

stereometries, architecture, transportation,
and other ficlds. :

An informal forum was held on the evening

of September 12, with D, RS Hervan pre-
siding (Figae 1) This very informal happen-
ing consisted ol briel presentations by those
with equipnent, fibms, and slide-tape shows
to displuy, promate, or otherwise take advan-
tage of a willingdy captive audienen, Spnkes-
men and exhithitors included those named u
the compesite photograph which aecom-
panies this report and others who escuped
the attentions of roving photographer John
Hugg, As well as having an opportunity to
sample brain-washing in all its international
variety, the forwm participants generally “let
their bair down' and had a forthright, infor-
mative, and stimulating exchange, which
lasted until the hotel stalfdemanded that the
roum be eleared so that they conld set up the
elairs Jor nest morning's session. .

Session VI, with K.B. Atkiuson, Universily
College Londen, presiding, was devoted to
stilies of body geometry/form, .

J. Deler, National Geographical Institute,
5t. Mande, France, ina paperco-anthored by
¥, Borel, deseribed an aualog photogrammet-
ric method for determining hunan body sur-
face geometry as an aid to radiation dose
planning,

. K.B. Atkinson, University College, Lon-|
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_opan, deseribed his work in omoire inter-
i | v 1

R} - .

— don, read a ]J;[;&;l‘ns.lll)t'l.lil'{t'-;l“ by..:"\ Buydc,

University College Londun, and ILF, Ross
and W.RL Bueknall, Cartoymaphic Engineer-
ing Ltd,, Salisbury, Eagland, Two new
stereametric plotting instrunents desigued
especially for use with scanming electron
micruscopic records weare deseribed.

Dr. S. Cliosh, The Ohio State University,
Colimbus, USA, outlined o new procedure
foranalytical calibration ol the scanning elec-
trou microseope and reported the vesults ol
sample test ot three diltereat magnifieations,

Professor P.IL Birhe, University of Shel-
fickd, Eoglund, described the use of aanod-
ifled doal-"Multiplex” stercometrie camern
inastudy of normal and aboormal Facial mor-
pliology and growth of children, -

Dr, J.P. Duncan, University of British Co-
Tumbiy, ina puperco-anthored by J. Vourtand
S.G. Mair, outlined s new approach to the
physical madeling of human body parts
based on an dfutomatic process catled
“Polyhedrad Machining,” A sillhionette tech-
nigne, using optical or video recording, was
also described.

Prof. Uomorodi, Ceodetic Institule,
Budapest, Hungary, read o paper submitted
by Drs. M. Domokos and B, Kismarlond,
Technical University, Budapest, Huangary,
The paper dealt with the use of a simple
stereometric method of recording faetal mor-
phology, particularly car fone, in a health
survey of mentally handienpped ehildeen.

Dr, V. Kratky, Nativmal Research Couneil,
Ottawa, Cunada, read wpaperanthored Ly D,
GAV.D, Armstrong, Dre 1], Blachnt, and
M.C. van Wijk. The paper deseribed an ap-

plication of analytical photegrunmetry to;

eviluale the performance of a transverse
loading system in surgical correction of
scoliosis,

Session VI, with Dr, RLE, Herron, Bavlor
College of Medicine presiding, included
seven lucther papers on bhody geometryfTorm.

Mrofl ), Anderson, Kings Colleys, London,
inapaper co-anthored by AL Shot, M, Muteh,
andd R, Crover, described the development
and use of a new approach lo stereometric
measurement of body form based on a
pulse-modulated ultra-sonie cunera ‘which
houses the transmitler, receiver, ancd as-
sochted eivenitry,

Dr. MUJ. Whittle, NASA, Houston, in a
paper co-nuthored by De, R, Herron, LR,
Cuzzi, andd ]I, Hope, deseribed recent uses
of the Baylor Biostereometrie System to
ntonitor the effects of extended space Tight
on the body Tonms of Shyl astronants,

D, T Tadasaki, Shizaokas Univer ity Ja-

R O
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studies, Theoretical and practical aspects of
_the method were reviewed,

D . der Hovawesian, Oakland University,
Rocliester, Michigan, in o paper co-authored
by M. Tulvilian deseribed the nse of moind
interferometry in covneal, podiatrie, hio-
mechanical and other human morphological
studlies, .

IV, Pree, Binmingham, Alabama, outlined
further uses ol a moive interferometric
method in biostereometries, with specinl vel
erenee 1o studies olexternal spinal geomelry,

Dr. RE. Hexron, Baylar Colleye of Medi-
cine, THouston, presented au epilogue which
focused on helping the beginoer to under-
stand the proceedings of the Biostereomet-
rics 74 Symposivm and thanking the speak-
ers, exhibitors, and attendees.

Dr. TLM, Kavara, in a brief closing session,
thanked everyone for their fine support, The
first Internuational Symposium on Bios-
tereometries wis then adiowmned.

Itis dilficultto stumnarize i alew lines the
cverell impact of a meeting which ranged so
widely as this oue, The expressed goal ofthe

symposisun was to stimubule improved com-
munications along those already interested
in biostercomatries such as researchers,
clinicians, designers, instrument manufue-
turers, and others. In addition, it was hoped
that newcomners to biostereometries would
findd the presentutions and proceedings nse-
fulas an futroduction to the “state-of-the-act.”

expressed salisluction thal the symposium
had indeed pravided a valuable and al-
togrether too rare opportunity to make [riends
and diseuss mutual interests with tn-flung
colleaguds, Hopelully, many of these con-
tacts will be sustained throagh the medinal
correspondence and exchange ol reprints
until the next symposinm comes around,
The scope and voriety of the presentations
st have been somewhat uverwhelming for
neweomers and even for some of the more
vxperienced purticipants, Yet, the et that
the symposinm did nol represent a very co-
herent whole is not surprising, considering
thatwe are dealing with a new field (althongh
the voots of stercometric unalysis go back al
Jeast live eenturies). New sciences develop
in which theory and teclmology intersoct
wrd, in Lthis instance, new understandings
about the mathemalical atialysis ol organic
form are “intersecting” with advances in
photo-nptics, electronics, and other modern
technologies. "The fusion of havdware, soft-
warre, ] theoretioal insighis from whal have

traditionally been rathier dispavate disci-

|
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Many participants formally and informally |
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_lerometry as related to bhiostercometric!,

BT Uiy Wil % W) S

OF POOR QUALITY,




i
s

¥ b C e e o e

P I T

- plines will tuke time, bhat the futare cours
seews alimost assived (perhaps inevitable).

More specifienlly, the symposium demon-
strated that; ‘

(1) The mathematical stratepy of bio-
stercometries is sound, hut the metheds inust e
fucther refined to wake solutions more elticient
] cost-eflective,

(2) There is no universal “hest™ method of
stereomelrie sensing. The range of potential ap-
phications 1s so broad and the measumement con-
ditious wie so varied that we can espect o soe
many ditlerent teehnignes and inslromentation
systems play ituportant roles in the Gutare,

(3) More objective evaluation of the various
approaches to stereometric sensing is needed,

(1) Nesearch which is aiwed at hetter under-
standingg amd definition of o problem must be
clearly distinguished from the development of
clivical tols (aimed at ilopraving hardware or
soltware desipn), Itis generally inappropriate to
evihiate one type of study by the standands oue
waould apply to the other,

{5) Communicalivns between exponents of
hiostereumietrics, photogrununetric congineers,
physical scientists and manufacturers must be
preatly itmpraved. There is stll oo mneh Vre-
tuventing of the wheel” Instrument manufae-
tucers conld benefit frnn using a wider knowl-
tdpe base Uun in-house and local experts ean
provide,

{6) Mast of us yield too oRten o an unfortunate
cthoo-centricity in atteibuting the sowrces of rel-
evant literntie and ideas, which belies the po-
tential ol modern information retrieval systems
rosuch as are available in libraries avound Uhe
warld. American writers tend to guote other
Aevicans, the British otlier British, the Canadi-
ans other Canadians, the Freneh other Freuch,
the Gueomans other Gernmns, Swedes other
Swedes, wnd s on, In the biomedien] seiences
there shoudd be no sational knowledge bound-
wriey,

This writer will conlinue to do cvury!hing!
swssible to remuoeve such boundaries (inadver-+
I
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“stages of the undertaking, Tt also might help

a1 s — R P

tentorothierwise). By the tioe of the Helsinki
meeting, 1 hape to complete asupplement lo
the biblivgraphy on biostereometrics com-
piled for the 1972 ISP meeling in Ottaa,
Anyone interested ean obtain a copy of the
supplement after the Telsinki mecting by
wriling to the Biostereonwetries Laboratory,
Baylor College of Medieine, 1333 Monrsund
Avenue, Houston, Texas 77025, USA. Cone-
tributions of reprints and other pertinent in-
formation wauld be greally apmeciated and
inchuded in Teture supplewents, )

Before concliding this report, T want {o
express my personal thanks 1o D TLM. Kar-
ara, for his indefatigable and abways timely
contributions as symposivim coordinator; Dr
K. Wonyg, U.S. correspoudent for 18P Com-
mission V, for yeoman service on the program
committee; tlo V.1, Brandow and J.B.
enacho, both from the University o 1l-
linnis, for supervising the registration proce-
dures wnd helping the purticipants in myriad
wiavs with consistent good hmor, and to
Jaime K. Cuzzi, Joln B, Hugy, Sherry Gille-
Yand, Magjorie Gardon, and vther stalfimem-
bers of the Biostercometries Laboratory,
Baylor College of Medicine, [br assistance
too wide-ranging to recount in detail here. |

I have not bueen able to do justice to all the |
planuers, speakers, exhibitors, progeam assis-
tants, and other participants whose contribu- |
tions made the symposium what i was, One
expericnced observer commented that Tt
wis as perleet o syrmposiom as T have ever
experienced.” This remark reflects the un-
usual spirit of cooperation and enthusinsm
which prevailed among those involved at all

to explain why the program clinirman and the
planning connnittee regard their association
with Lhis stimulating event as arare privilege.,

-
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1v, Training of Technician, Technology Inc., in Biostereometricr
Principles and Techniques.

Between mid October and the end of the report period Mr. Cris
Keys from Technology Inc, was given insturction in the areas in-
dicated below. The total time devoted to this effort was 118 man hours.
Time spent by Mr. Keys using the facilities of the Biostereometrics

Laboratory under direct and indirect supervision was 115 hours.

Hours
A, General P~'.ciples of Biostereometrics. 6
B. Photography. 42
1. Setting up equipment. .
2. Picture taking.
3. Handling & process plates.
4, Printing
c. Plotting. ' _ 42
1. Principles involved,
2, Preparation of plotter.
3. Use of digitizer and keypunch.
4. Plotting front and neck of whole body.
5, Sorting and arranging punched IBM cards.
D. Computer Analysis. 20
1., Matrix algebra.
2, Curve fitting principles.
E. Consultation. 8
1. Design ideas for spacelab biostersometric
equipment.

2, Stereometric techniques for analysis of under-
water subjects.
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