A Reproduced Copy

OF

* N7Y1-18434

Reproduced for NASA
by the
NASA scientific and Technical Information Facility

REPRODUCED BY
NATIONAL TECHNICAL 1
INFORMATION SERVICE :

U. 8. DEPARTMENT OF COMMERCE
. . SPRINGFIELD, VA. 22161

FFNo 672 Aug 65



i

B D bt A S S A L,

et 1] ® 0
bt AT g s i taaz,

e

|
: @;&g&m—u’m s e

AP

3

BONE DENSITY STUDIES OF BED REST SUBJECTS

AT THE PUBLIC HEALTH SERVICE HOSPITAL
IN SAN FRANCISCO, BY THE TEXAS WOMAN'S
UNEVERSITY RADIOGRAPHIC METHOD

Under the Sponsorship of the
National Aeronautics and Space Administration
G
Contract No. NAS 9427

Final Report

TEXAS WOMAN'S UNIVERSITY
DENTON, TEXAS

"

MIrsggg———
(ACCESSION NUMBER) Q(THRU]
.Y

il
Qg\q\,,'ﬁﬂgq &Y 5

SA CR OK TMX OR AD NUMBER) (T:ATEG&%Y) ,

-

.
»

FACILITY FORM 602 »




STAFE

Pauline Beery Mack, Ph.D., Principal Investigator
Raiph E. Pyke, Ph.D., Chemist

Walter W. Gilchrist, M.S., Physiologist

Betiy B. A]Fora, Ph.D., Biochemist

Alice N, Milner, Ph.D., Biochemist

Fred B. Vogt, M. D., Medical Director

Bill J: Stover, X-Ray Technologist
Larreil Rike, X~Ray Technologist

Jassie Ashby, Statistician

Reba L. Fry, Statistician

Lenoir N, O'Rear, Assistant Statistician
Eloise Jackson, Secretary

Martin L, Cudd, Assistant Secretary



BONE DENSITY STUDIES OF BED REST SUBJECTS

AT THE PUBLIC HEALTH SERVICE HOSPITAL

1IN SAN FRANCISCO, BY THE TEXAS WOMAN'S

UNIVERSITY RADIOGRAPHIC METHOD

Under the Sponsorship of the National
" Beronautics and Space Administration
| Contract No. NAS 9/427
The Director of the Texas Woman's University 'Research Institute
and an Assistant .travelled to San Francisco once a month for the purpose
of measuring chaﬁges in bone density in subjects who were participating
in a bed rest-phosphate study at the Y. 5. Public Health Hospital in that
city. The radiographic bone density method developed by staff members
of the Texas Woman's University Research Institute was used in this study:
BRill J. S;:crver; )‘{-Ray Technologist, and Walter W, Gilchrist, Research
Associate, alterné; ted in accompanying the Director of the T.W.U. Research

Institute for the purpose of taking the x-rays during each trip.

The first trip on this contract was made on Ianua-ry 31, 1969, with
X-rays taken on the early morning of February 1, using a selected x-ray
machine at the Hospital, together with special x-ray films which they took

with them from T.W.,U. The left foot in lateral aspect and the left hand in



anterior-postericor position were x~m@myed in the same positions and with the

same exposure energy (167 milliroentgens) as in the case of the astronauts.
The subjects x-raved on this first trip included the following:

1. Randall Robinson;
2., Alfred Diaz:

3. Fred Bratcher;

4. Fred Xolb; and

5. George McNiel,

The left hand of George McNiel had been amputated, and hence his

right hand was used for his series of x-rays.

‘When we returned to our own laboratories, analyses of the films
began. The analysis of each set of films for one subject included the fol-

lowing:

(). Two preliminary scans on the foot, one of the central
section of the os calcis and one of the central section
of'the talus. See Appendix of this Report if vou are not
familiar with the T.W.U. method of taking and develop-

ing x-rays.

{b). Multiple sections of the os calcis, consisting of scans
1 millimeter apart, covering approximately 60 per cent

of the os calcis or large heel bone, where there is no



ove;rlapping of other bones. Usually 41-44 scans are
required to cover this area of the heel bone in a mature

man, depending on the size of the foot.

{c}. The following sections of the hand and wrist are
scanned--

{1} HMand phalanx 5/2 (about 17-19
sections scanned);

(2) Hand phalanx 4/2 (about 24-28
sections are scanned);

(3} One scan across the capitate,
a wrist carpal; and

(4) One scan each across the distal
ends of the radius and of the
ulna,
Therefore, from 87 to 956 sections in the hand and foot are measured

for bone density in an adult male, giving results for the various types of

bone from lacy trabecular to dense cortical skeletal tissue.

See Ap'pendix for illustrations of the sections which are scanned on

the radiographs of the hand and foot of this study.

Second Trip on this Project

During the second monthly trip on the U, S. Public Health Hospital
project in San Francisco, we went to San Francisco on March 27, 1969,
Radiographs were taken on the early morning of March 28th., An early hour

{between 6:30 and 7:00 A.M.} was selected for taking this series of x-rays



so that the x-ray machine which we had selected for our precise work

would not be tied up after the busy day at the hospital had begun.

The same men -were radiographed which had been included during
the first test, including a new man named Bly who appeared for x-rays who
did not continue past this date. Upon our retum to the T.W .U, Iabora-
tories , after each trip, work on the development and evaluation of the films
\s carried out. The x-ray films, which are a special type, could not be
developed at the Hospital, which has an automatic dévelopment system
which causes the emulsion on the films to be scratched. Moreover, the
temperature of the processing solutions must be precisely standardized,

as well as the _timing .

Third Trip on thig Project

The third trip for obtaining radiographs for this studv occcurred on
May 6th to 9th, 1970, and the fourth was made on June 2nd and 3rd, 1970,

The same men were radiographed as in the earlier reports.

-~

Using the central os calcis section as a preliminary method of find-
ing changes in bone mass of the heel bone, since this represents a very
sensitive part of the trabecular tissue in this part of the skeletal anatomy,
changes were inve.:stiga ted in the five men who .had takén part in the study -

to this point.
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FIRST GROUP OF SUBJECTS

Changes in Multiple Sections of the Os Calcis

in Terms of Integrator Counts during the First

Bed Rest Phase of the Project, with and |

without Exercise

Tables I and IT which folloew give the data on muliiple sections of
the os calcis during bed rest without exercise for the two men who carried
on through this phase of the project.  This part of the project was effectu-
ated during the period from January 27 to April 21, 1970, with the x-rays
taken on February 1 (1), March 28 (B}, and again through Ma‘_,; 7 (C) repre-

senting this time.as nearly as possible,

During the first 12 weeks of the study, two of the men, Robinson
and Kolb, remained in bed with limited activity. The other three, Bratcher,
Diaz, -and McNeil, on the other hand, exercised while 1yiing down, using

an Exer-Genie.

The radiographs made during this period were those taken on 2/1/69
3/28/69, and 5/7/59. The radiographs made on 6/3/69 were those which
followed the bed rest period by Robinson and Kolb, but which were made
8 fter these two men had begun a phase of the study during which phosphate
was used as a daily dietary supplement. This second part of the investiga-

tion extended from April 21 through July 14,
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CHANGES 1N MULTIPLE SECTIONS OF YHE 0% CALCIS IN Thpus

SUBJECT: RANDALL ROBINSON

IABLE

L

—
=

DURING THE BED REST PHASE OF THE PrnifCE

Regular| Reguiar| Regular | Regular! Regular | Regular| Regular| Requ’
Position Tracing| Tracing] Tracing| Tracing| Tracing | Tracing| Tracing| Jraci
of A B T C D E F G H
Section 2/1/69| 3/28/69{ 5/7/69| 6/3/69] 7/14/63| B8/8/69] 9/15/69| i0/i*
2 mn_up 16459 9913 10060 $693 10517 qhch 9107 as
o lmm ouo 1 10666 10048 10157 9734 10837 9bh7 9245 G-
COMVENT | OMAL
TRACE 10606 10010 10104 9459 10891 9512 9233 aa
1 am down | 10217 9634 9783 glkg | 10191 9042 8691 G
2_mm_doyn 10016 9567 9539 2971 10040 8925 8636 o
3_mm_gown 989L | " 9hf3 Qg 1 8939 9573 BoR2 8482 Qe
L om down 9793 9352 Q342 8333 9509 8693 8399 or
5 _wni_down 9687 918] 9184 8695 9669 8502 8239 £
6_am _down_ 95568 9107 g101 1. B85hk 9613 8L36 5048 gos
7 ma_dovn 9453 3869 8554 a6y 9412 8229 7545 &
8 mm down 9350 8807 8936 8235 9347 8201 7843 Bi "
9 mm_down 9087 8674 87eh 8229 3156 1975 7692 b2s
10_wm_down 2982 8582 8626 8097 5004 7931 7518 $2:
11omam dowm | 8831 8437 8h36 7915 87385 7801 7405, &
12 mm_dawn 8601 218e 8275 7722 8aky 7h66 7165 772
13 _gm_down 8405 7944 2050 b3k 8291 7297 9ok 767
15 mm_down 2169 7691 7777 7268 | 8016 7039 6736 73
15 mm_down, 7856 741k 7525 7018 7602 6754 6497 6
16 mim_down 7427 6595 7152 6809 7357 6526 6028 K71
17 _mm_down 2199 6780 £845 6426 7073 6163 c8s1 [
18 mm_down 6991 6565 6601 6161 6812 5685 5641 615
19 _mm_down 6726 6384 £363 5983 6626 5757 5432 go!
20 _mm_down 5458 6116 6130 5727 1 6299 52l 5229 [
21 _mm_down 6363 59565 5888 5543 G157 5308 Lohg Lo
22 mm_down 6253 5340 £735 Ghbz 1 6009 5129 Lggo i _ 537
23 mm_dawn 6064 5672 5576 5255 5843 5034 Lghkr 52¢
24 s down 5944 5hsh 542 5139 5707 L8866 L7086 5iz
25 mm_down 5804 5376 5297 1999 5669 1818 L6453 kor
26 mm_down 5736 | 530] 5176 1935 5517 4700 L4536 bz
27 mm_dowmn 5713 5208 5134 (933 5593 U681 4619 Loz
28 mm_down 524 £109 tnib ICH 5598 33 L6210 LAE
29 wm_dovin gi2g 5057 Lg22 L7279 5hhg 4616 Lugl L5
30 mm_down 313 L3381 L8gc L6727 5334 L5L8 4370 Iise
31 mm_down c203 4837 LE38 L4537 5184 1453 L8 Ll
32 mm_doun o118 4661 Logy | 57 5140 h357 L260 1L
33 mp_down 4943 4550 Lhip] 4385 5972 0176 Lool uey
| 34 mm_down L748 43k L7292 Lang 4756 Loolk L0GG Lt
35 mm_down 4267 Log? 3957 3932 L4118 3732 3653 37
36 mm dovin 3885 5L 2097 2400 3861 3463 2988 3%
37 _mm_down 3342 2970 3001 2042 3235 2906 2867 2%
38 nm_down 2537 2350 2335 2353 2446 2275 2294 231
Total - |296,877 {278,932 {279,149 [26k,859 (254,859 [257,128 [247,919 [265,8C
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;ﬁﬂ;LLELg._££Jujhi_.ﬂE THE Q§.£1M4&LS I TERpS OF INTEGRATOR COUNTS:

DURINC _BF BED REST PHASE: OF THE P RQJECE

.gular { Regular{ Regular| Regular| Regular| Regular Per Cent Change Between Tests
acing | Tracing | Tracing| Tracing| Tracing{ Tracing

€ D E F G H AtoC| CtoE| Eto F{ F toH
f7/691 6/3/651 /147691 678769 9/15/691 10/1h/69

08560 6693 10617 | ohal 9107 9807 ~3.8] +5 54 | ~10,58 +3.30
0157 9735 10837 9hb7 9246 9971 4,77 +6.69 | -12.6%4 +5.32
0] 9558 10891 9517 9233 9478 -5,09 +7.79 | -12.66 +1,90
978 G14S 10191 9042 8691 _ohay -4 25 +4.17 1 ~11,27 +i, 0L
9539 -1 8971 10040 8925 8634 9211 -L, 76 +5.25 | -11.10 +3, 54
qi18 8930 9573 /52 8187 9050 -4, 81 +4,.83 | -12,.37 +i, 60
342 8235 9803 8693 8399 9019 <L, 6] +5.00 | =11.38 +3,75
g184 8595 9669 8502 8239 8848 -5, 19 3528 | ~12.07 +1, 07
S10L 8ok 9613 8436 Bo6R 8856 -4, 78 +5.63 -12.24 +h, 98
8954 ah&7 gL12 8229 7545 8616 =5.33 5, 11 | -12.57 +4.70
8936 8235 9347 8201 7843 850k ~ly, 13 +L.60 | -12.26 +3.69
B75h 8229 9159 7975 1692 8335 ~3.66 +, 63 |_~12.93 +h, 51
8626 8097 9004 7931 7518 8258 -3.96 | +4.38 | -11.92 4,12 .
8h36 . 79 1L 8785 7801 7Lot 20bL7 -L, L7 -+ 1h  -11.,20 +3.15
8275 7722 8548 7h66 7166 7825 ~3.79 +3.30 | -12,66 +4, 81
3050 7hat 8291 7297 5994 7628 -L. 10 +2.87 ] ~11.99 +b, 5h
1771 7268 8016 7039_ 6736 7347 -4, 80 +3.07 | ~12,19 +4,38
7525 7018 7602 754 6497 6307 “h.2) +1,02 | -11.15 7. 27
7152 5409 7357 6525 5028 6724 -3.70 +2.87 1 ~11.30 +3.03
£OLE 5426 7073 6163 586! 6h16 ~L, 90 +3.32 | -12,87 +4,10
5601 6151 6812 5985 564 6146 -6.58 | +3,20 | -12.1h | +2.68
5363 5483 6626 5757 5432 5940 =g, 40 | _+h 13 1 ~13.12 3,18
5130 5777 56299 55254 5279 5685 -5 08 42,761 ~12.30 +2,91
ER3E 5643 6157 5308 50k 5525 -7 68 | b 62 | -13.79.1 +4.09
735 gidg £009 5129 4999 5304 ~-8.28 +4 78 | -4 64 |- +3. 41
5576 5255 5843 5034 L8lLo 5258 -8.05 | +h.79 | -13.85 A, g
5L0? 5139 5707 4865 L1704 5121 - 79.12 +5.65 1 -1, 74 +5.24
92'{‘ 4999 | 5969 4818 L6143 4950 “8. 78 | +7.02 | ~15.01 +2. 74
51 7h L5339 5517 4700 L5346 1,829 -9.76 | +8.52 | ~16,32 2,74
3k 41933 5593 4581 L619 4831 -10.13 +8.94 | ~16.3] +3.20
5016 491 5598 L68Y L6320 L£99 -10.81 | +11.,60 | ~16.38 40.38
1922 L7129 5hig L6116 Lugh L612 -9.49 | +10.7] ~i5.29 =0.09 -
885 4672 5334 L5548 4370 14593 ~8.06 9,19 | _~ik. 74 +0.99
1638 4537 5184 Li53 LagY 448 ) -10.86 | +11.77. 1 -13.91 +30, 4O
1607 1 hhs7 5140 4357 L4260 L2 -9.98 | +11.67 1 ~15.23 +2.64
561 4385 4972 4176 Lookh L2790 ~7.73 +9.01 ~16.0] 47,25
H73 4205 4756 Look 40600 4032 ~5.81 +65.35 | ~15.81 +0, 70
3957 3932 48 3732 3653 3786 ~9.3¢ | +11.65 1 ~15.53 | +1.45
R127 3400 3861 34673 3288 3376 ~-11.81 +12.66 | -10.31 ~2.51
k001 2042 3235 2906 2867 2883 -10.20 +7.80 | -1G,17 ~0.79
2375 2352 2hh6 2275 2294 2311, -7.96 +4. 75 -6.99 +1. 58

: :
r]h9 264,859 [2¢4,859 {257,128 [247,919 [265,888 ~5.97 +5.63 | ~i2.80 +3.41
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CHANGES [N MULTIPLE SECTIONS OF THE 0S CALCLS it

COUNTS, DURING THE BED REST PHASE OF :

SUBJECT: FRED KOLB
Regular | Regular | Reqular | Reguliar | Regular | Regular § Re.
Position Tracing { Tracing { Tracing | Tracing | Tracing | Tracing | Tr-
of A B C D E . F
Section 2/1/69 | 3/28/69 | 5/7/69 ¢ 5/3/091 7/14/69 | 8/8/69 ] of
2 mm up 9352 9528 9355 8absg 8954 9652
| _mm up 9366, Q567 9362 8850 8930 55572
CONVENT |ONAL
TRACE 9383 9333 9in2 . 8agn? 9063, 9621
1_mm_down 9306 9547 9602-l S ONAS) 9371 ©360
2_nm down 9256 92113 9025 | 301 G088 [ ..9052 1
3 om down 8767 9132 gngé 934 9G18 8280
L wm down 8510 £919 875k 8863 89412 8505
5 _mm_down 8492 | - 8862 8725 L. Bh32 8870 300
6_mm_down 8L65 8715 8415 1. . 8364 8730 861k
7 _wm _doun 8264 85L7 BLhe 2109 8328 82c9
8 mm_doun 8125 3468 82772 807 8171 8166
9 mm_down 7894 8299 8084 | 7993 8281 821l
10_mm_down 1743 8009 7906 7725 8529 7982
11 mm_down 7608 7828 7519 Wi 7826 7714
{12 mm_down 1524 7643 7399 F2L6 7300 72186
13 _mm_down 7334 7495 7127 7069 7123 7118
14 mm_doun 7195 ] Zhs0 I £99] 6940 6973 6529
15 _mm_down 7039 5999 ogh? | 5773 65254 6761
16_mm_down 6815 6713 6530 6631 6775 6495 _
17 mm_down £5688 6133 6266 £356 6588 6252
18_mm down 651k 6351 H085 bash 5443 6097
19 mm_down 6533 6207 G| 592 6357 5999
20 _mm_down HLEL 6059 5599 5875 6031 580k
21 mm_dowp 6314 5808 LY 5739 5867 5617
22 mm_cdown 6160 oblid L85 CLAN 6806 S A N
23 mm_dovin 6057 5518 5492 5271 5508 5347 ;
2L mm_down £Q3L 537G 5318 Lok 5398 Laz3 :
25 mm_dorn 5785 G141 gns2 5932 £Qo0o Lo785 :
26 _mm_dovin 5596 4898 4321 5563 L80k L766 |_ -
27 _om_dovin 5370 L7i8 Léoh LLLE Lo7h Lhog :
| 28 mm_down 5126- Lbny Liny | L3p7 L4021 365
2S _mm_down hato 4212 hazg {1151 h223 Latl -
30 mm_down L7557 Loisg Loh3 | Lo7s 4177 L1108 :
31 _mm down L5800 3855 3547 3768 3951 3887 L
32_mn_dowin Lign 3694 35882 2331 3505 3456 -
33 mm_cdown 4398 36h9 3410 EANA 3544 3395 :
3k em_doun 4158 3468 3455 3Hi 2487 324y ;
35 mm_dowm LoLt, 3406 3345 1 3101 3312 32685 -
36 mm _down 3791 3224 32672 2953 3226 3149 K
37 mm down 3277 2074 2655 b 2064 2861 2788 .
38 mm_down 2632 2358 2270 2009 228] 21391
39 pm_down 1910 1572 1541 | 1545 1645 1585
Total 272,130 | 263,343 { 258,579 [ 251,347 { 260,167 | 256,911 | 261,
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&LthoNs OF THE ¢S CALE!S Lﬂ.IEEﬁ__Q,.Uiﬁlﬁﬂxﬂli

QQUNI DURING THE BED REST PHASE OF Iﬂ_ PROJEC]

Regular | Regular | Regular | Regular | Regular | Regular

Tracing | Tracing | Tracing | Tracing | Tracing| Tracing Per Centl Change between Tests
¢ D . E- F - G- ) ]

5/7/69 | 6/3/691.7/14/69 ) 8/8/6919/15/69110/14/69 | A to C | C1o E} E to F{ F Lo H’

9355 895 8355 9552 . 959/ 93L5 +0_, 0t -y 29 +7.78 ~3.18
9367 5850 8930 9632 896729 9hlyy -0, 04 -~ 6] +7.86 =1.92
9102 8a82 9063 6621 9600 9528 ~2.99 -0, 13 +6,16 -0.97.
9502 Q076 9371 9360 ali3l 9330 2,11 -1.38 -0.12 -0, 32

— SO £ o1k | 9058 QL2 9204 9174 -2, 46 +0, 33 ~0.07 +1,35
.5 £a3a 9G18 5oR0 9171 9091 3. 11 ~0.53 ~0,42 +], 24
875L b 863 8942 3905 9048 8889 +1.67 +2,.15 -0,4] -0,.18
8725 242 8870 3800 8955 8799 +2.7h +1,66 -0,79 -0.01
85615 §36h 8730 B364LL 8826 8660 +1.80 +1.30 -0.98 4+, 18
8468 1 109 8328 82r9 8658 8581 42,47 -1.65 -0,83 +3,90
8272 8ol 8177 8166 8505 8419 +].81 -1,15 -0.13 +3.10
808¢ 7993 828) 821k 8303 8263 INE +2 L1 ) 40,23
7906 7725 8520 7982 8035 8170 +2.10 +7.88 -G, bl +2 35
7610 7h61 782 2714 7834 7920 +0,03 +2.. 84 =143 +2,67
7399 F2L6 7300 7216 7h7h 1752 ~1.66 -1.34 -1,15 703
7127 7069 7123 7118 7333 7504 -2.82 -0, 06 -0,07 5. L2
699] A9L6 6973 6929 7080 7342 -2 .86 ~0.26 ~0,63 15,96
6942 ! 6773 6821 6761 6818 7115 ~1,38 ~1.70 t0.92 | 45 gk
£530 £5631 6775 6Lgn 65701- 6970 ~ly 20 +3.75 -4 13 +7.31
6265 £3%6 6588 6252 6317 6735 ~6.31 5, 1h -5.10 +7.72
L08R 6055 Hlhy3 6097 6168 6545 -8.00 +5. 88 -5.32 +7.35
5981 ¢ 5927 6357 5999 6062 6482 -8 L5 16,29 -5.63 +3,05
£999 5875 6031 80k 5895 6193 =7.19 +0.53 -3.75 +6,70
£857. 5709 5967 5617 L6451 5066 -7, 24 +1.88 -5.86 +5,20
5585 5417 5805 L1y 5435 5805 -9.33 +3.96 -6, 70 +7, 10
sLG2 €271 5508 5347 536k 5698 -9.33 40,29 -2 .92 +6.56
5315 504L 5398 5023 5132 5Ltz | -10.45 +1.56 ~6.95 8, Ll
Y 4932 5000 4975 5036 5369 1 ~12.50 -1,22 ~0.50 +7,72
L3721 $563 L8ok 4766 4oLy 5100 { ~13.85 ~0.35 ~0.79 +7.01

j_ ELLe Lo7h hhgg h608 L8co 1 -13,26 1. ~1.80 -1.64 +7.85

- 4307 L2 L35s 6L h601 14,14 +0, 48 ~1.49 15,65
11237 £151 4223 4211 Liby h3ho | -13,71 -0.33 -0, 28 +3,06
ko3t Lg5yo L4177 4108 3914 4092 | ~14 9Q +3.19 -1.65 ~0,39
3842 | 3768 3951 3887 3724 3932 1 =16, 11 +2., 84 -1.62 +1 16
3684 3331 3506 3456 3608 3823 | ~17.86 | - -4 96 21,40 § +10.62
3810 L 3\ 3544 - 3395 3609 3744 | =17.92 -1.83 -4 20 | +10,28
shgs b 311 3482 3244 3b75 3578 | ~16.67 +0. 49 | -6,83 | +10.30
3345 ¢ 3101 3312 3268 3338 3358 | ~17.28 ~C.99 ~1.33 +2.75
32062 & 2563 3226 3149 3193 324 =15.54 40, 75 =2,39 +2.92
2655 | 2064 2851 2788 2900 2960 -9,52 -3 .84 -2, 21 +5.17
2270 L 2509 2281 2139 2393 2532 | -13.75 +0. 481 -6,22 | 418.3
1541 | 1564 1645 1585 1769 17391 ~14.08 +0. 20 ~3.6% 49,72
I .
258,579 ’25%,3&7 260,167 | 256,911 | 261,126 | 266,419 ~L.g4 +0,58 -1.25 43.70



http:BLj36.41

The two men who did not have the exercise experience (Robinson
and Kolb) showed slight losses in bone density of the central os calcis,
-5.97 per cent for the first man and -4.94 per cent for the second, with
slight gains in this anatomic site in the three men who underwent daily ex-
arcise in bed (Bratcher, +2.33, Diaz, +2.10, and McNeil, +7.10 per cent)

during the first 12 weeks of the first bed rest. See Tables III, IV, and V.

Importance of Exercisée during Recumbency

.Any favorable change from exercise during recumbency may be un-~

derstood better from the following information.

Trueta , Nuffield Professor Emeritus of Orthopedic Surgery at the

University of Oxford, in his classical treatise on Studies of the Develop-

1

ment and Decay of the Human Irame™ has stated: "The ability of the osteo-

blast {in the bone} to synthesize the required protein for its matrix depends
on the availability of amino acids and other constituents needed for the
synthesis. It has long beeﬂ known that immobilization, bed rest, and lack
of muscle activity are all factors contributing to osteoporosis, a condition
of decn;ased skeletal mass associated with increased porosity. Why this
{s so has not yet been fully explained, but that the ostéoblast-osteocyte

syncytium appears to be adversely affected by lack of activity is unques-

tionable., "
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LHANGES 1N MULTIPLE SECTIONS OF IHE 05 (/1.
£XHAHJ;_ DURING THE. BER REST. pacs ¢

SUBJELT: [ERED BRATCHER

Regular| Regular | Regular | Regular | Reqular {:
Position Tracing] Tracing | Tracing | Tracing | Tracing | ;
of A B C D E
Section 2/1/69] 3/28/69 5/7/69 | 6/3/69 | 7/14/69
2 mm up Libhi 11906 1147] [RRWA 1HIED
L mooup 11134 11826 11432 11224 INREE
COMYERTIOMAL
____TRACE 11089 11811 11465 12227 12180 |
| mm-down 102 10772 11368 11030 1108
2 _mm_dowvn 10788 107581 11.068 1103¢ 1025
2 _mm_dovin 10637 10833 18910 10650 10627
L wom down 10491 10525 1074] 10486 10482
5 oy down 10066 10597 10673 10383 10258
6_mm_down 10297 1QL75 10527 10154 10019
7 tm_down 10206 10408 10423 10072 9923
8 mm_down 9948 10024 10174 10065 9363
9 mm_down 9853 9914 10035 9951 9918
10 mm_down 9769 9838 9926 9828 9719
11 mg_down 9582 gh55 9634 9hL&8 9478
12 _mm down 9212 9298 9283 9254 9123 1 .
13_mm._down 3062 ] 9128 9178 q1L0 9004
14 may_dovn 861 8683 8631 8616 8790
15 mm down 7938 7928 8109 8037 8134
16 mm_down £8985 6911 6994 7955 6853
17 mn_down 6374 6426 6457 6h13 626
18 mm_down 67178 5831 5976 5887 5830
19 _mm_down K519 5694 5621 5017 ELREL
20 . dowm LOoh 5120k 5137 5071 5061
|21 mm down | 481k 4890 4872 L810 L76L
22 mm_dowin 4507 Lok 4593 4579 Lugh
23 mm_down L7250 h313 5336 430] L2582
24 mm down 4102 4151 Lihh 4123 4132
25 sm_down L1007 LO56 4045 4095 5053
26 mn_down 3852 3808 3909 3887 2825
27 mm down 2816 3904 3837 3834 3800 1
28 mm _down 3720 3799 3733 3763 1687
29 mm _down 3523 3526 356] 3519 3503
30 mm_cdown 33646 3375 337% 3318 2317 L
31 mm_down 276Y 2776 2816 2848 2779
32 mm_down 2182 2183 2196 2175 2169 .
Total 254,731| 259,963 1 260,664 259,051 | 256,918 | Z




RED BRATCHER

LABLE

L

l

L

98

LHAN¢£§HLE ﬁHLIJfLE.MEQ_iQN§.QE.IhE.Q;.&ALﬁlﬁ.lﬂ.IﬁBﬂi QE.iﬁIlﬁBAI_R

SJHJKL_ RURIKG JHE BER REST PHASE OF THE EROJECT

Regular| Regular | Regular |Regular | Regular | Regular
] Tracing| Tracing | Tracing | Tracing [ Tracing | Tracing | Per Cent Change between Tests
A B C D E F :
2/1/69) 3/28/691 5/7/69 | 6/3/69 | 7/14/69 | 8/8/69 A to C C to E E to F
11]41 11806 11471} 11171 111560 11428 +2.,96 ~2.80 +2. 49
11134 11826 11422 1 11224 11189 11386 12 68 -2.12 +},76
AL - .
N 11089 11811 11465 12227 12180 12031 +3 .39 +6, 24 ~1,22
m 10021 10772 11368 11030 11408 11782 +3.15 +0,35 +3.28
m 10788 10751 11068 11039 11026 11465 +2.,.59 -0,38 +3.98
n 10637 10833 10910 10650 10623 10964 12,57 -2,63 43,21
m 10591 10525 10741 10486 10482 10874 +2,38 =241 +3.7h
0 10466 10597 10673 10383 10258 10750 +1,98 -3.89 +4, 89
m 102971 10475 10527 10154 10019 10671 42,23, -4 82 46,5]
m 10206 164068 10433 10072 9923 9997 +2.22 -4, 89 10,74
1 9948 10024 10172 10065 9953 9970 42,27 -2,07 10,07
0 9858 a9l 10035 9951 9218 9935 +1,.80 =116 +0,17
m 9749 9830 9926 9828 9719 9885 +1.61 -2.08 +1, 71
m 9552 9655 9634 9568 9478 9689 +0, 54 -1.62 42,23
1 0 9212 9298 9283 925k 912 glah 40,77 ~1.72 43,30
n 9062 9128 9178 G140 9005 9213 +1.28 -1.88 42,31
mn 8611 8683 8431 8616 8790 8809 - 40,23 +1.84 +0,22
n_ 7938 7928 8109 8037 8134 824l +2. .15 +0. 31 +1.35
n €898 6911 699l 7955 £893 714} +1,39 -1 bl +3,60
mn 637k 6426 6457 6413 6426 6607 +1.30 -0 .48 42 .82
0 5718 5831 5976 5887 5830 5886 +3.43 -2, 44 +0,96
i) 5519 5694 5621 5577 5555 _G6eh +]. 85 ~1.17 +1.96
m £00h 5124 5137 5071 5061 5075 +2 66 -1.48 +0.28
In L4814 5890 L4872 4810 L764 L837 +1.20 -2.22 +1.53
n Leoy hoho 4593 4579 Ligh LEGs +1.91 ~2.37 +, 0k
4 4250 43313 4336 4301 4252 Lhglk +2,02 ~1.94 33,57
m__| L1nz Llst LiLL 4123 4132 Lokl +1.02 ~0,29 42,71
511._‘ L0o7 4056 Lohs 4095 1053 4198 40,95 +0,20 +3.58
M. 3852 3898 3909 3887 3825 3987 _H1L 48 ~2.15 +h 23
in 2816 3904 3837 3834 3300 3836 +0, 55 -0,96 +0.95
13} 3720 3799 3733 3763 3687 3772 +0, 35 -1.23 +2.30
0 3523 3526 3561 3519 3503 3662 +1,08 -1.63 +h, ok
i 33664 3375 3379 3319 3317 3387 10,39 ~1.83 +2.,.11
i 2769 2776 2816 28L8 27379 2819 +1, 70 -1.31 +1, 44
m 2182 2183 2196 2175 2169 2181 +0, bl -1.23 +0, 55
254,731} 259,963 | 260,664 {259,051 { 256,918 | 262,882 +2,3% ~1. 44 +2.32
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S LABLE LV
CHANGES. [N MULTIPLE SECTIONS OF THE 0S CALCIS IN

e L e U TR T

‘L:o\l

COUNTS DURING THE RBED REST PFHASE OF 7Tur:

i

SUBJECT: ALFREDO BIAZ ’

Regutar | Regular |Regutar | Reguiar | Regular| Regulut

Position Tracing | Tracing { Tracing | Tracing | Tracing} Tracicy

of A B C D E F

Section 2/1/69 1 3/28/69 | 5/7/691 6/3/69 1 7/14/6 B/R71x
2_mmoun 8218 7678 8198 8074 6543 RE

| mm up 8236 1765 8213 8077 6571 Bex

COMVENT |ONAL -

TRACE 8210 7735 8219 7979 6546 g

1 . dosn £0a3 7500 8071 7869 bhlb 85
2w dJovm 7875 7384 7899 77236 6258 g1x

1 o down 7515 7053 7541 7346 6961 80
4 mm down 7291 68712 7485 7104 5806 1ol
5 om down 7128 6721 7302 6948 5766 FEX
6 mn down 70271 (605 7252 68L0 5639 75:
7.7 _down 8933 6R33 7049 6715 5546 13-
8 mm down 5516 56518 6952 65h6 5397 71"
9w down H58k 6356 6778 6391 534L7 655
19 mm_down 6508 5221 6688 6246ﬁ 5122 67
11 mm__dowm 6314 5934 6416 6006 Looi Gl
12_mm_down 6o05 5743 62010 5731 4708 51~
13 mm down 5737 oo} £80h 5459 4516 83:
Ve mm down 38 5209 5501 5087 4345 Rkt
15 _=m.Jdown L2312 Lorg 5350 L8o L 4101 ol
16 mm_down, 907 LIsk, 5137 4ok 3956 ho!
17 _mm down L6869 4530 912 4363 3769 LG:
18_mu_dovin 1578 4430 4712 4164 3632 L3y
19 _mm_dovin Llo7 4300 Le6) 3903 3564 Lg®
20 _mm_down L2143 Lk L3723 3765 3428 Lo
21 _mn doupn L10o3 3944 4213 3606 3269 35
22_wm_down 39656 3839 £030 34391 3154 37
23 _mam_down 3866 3715 3957 3316 309) 35
24 am_dovn 3259 365 3858 3252 302] 3L
25 mm_down 355] 3576 3737 3106 7931 33
26 wm_down 3516 3541 3640 3014 2908 A2
27 _mm _dovn 3423 3427 3557 ylsliy] 2788 3
28 _mm_dowun 3366 3358 3492 2835 2718 30
29 om_dovin 326h 3282 3370 2767 2662 25
30_wm_doun 3193 3206 3252 2686 2595 27
31 _mm down 3082 3058 3167 2652 2516 237
32 _mm_doun 2852 2814 2938 2838 2202 27
33 mam down 2513 _ 2h93 2667 2121 2087 2z
H_?h o dovin 1855 2068 2069 1591 16091 1=
Total 194,483 1 186,628 | 198,562 } 181,557 155,539 196,¢




ILABLE LV

JO—43

CHANGES 1N MULTIPLE SECTIONS OF THE 0S GALCIS IN TERMS OF [NTEGRATOR.

-

LOUNTS DURING JHE BED REST PHASE QF THE PROJECT
REDQ DIAZ - :
Regular | Regular |Regular | Regular | Regular} Regular
Tracingi Tracing { Tracing | Tracing | Tracing| Tracing | Per Cent Change between Tests
A B C D E F
271469 3/28/69 | 5/7/69 1 6/3/69 | 7/14/6a) 8/8/69 A _to C C to E F 1o F
8218 7678 8198 g074 6543 8848 ~0, 24 -20.19 +35,23
8236 7765 8211 8077 6571 8867 ~0.30 -19.97 +34, 94
5210 7735 8219 7979 6546 8819 +0. 11 -20.36 +34, 72
1“38 7500 8071 7869 616 8610 -0, 33 ~20,50 +34,20
| WA 7394 7899 7736 6258 8363 +0.30 | =20.77 133,64
a 7515 7053 7541 7346 5961 8092 +0. 34 -20.95 +35,75
7281} 6872 7483 7104 5806 7843 +2.63 -22 .1l +35.08
7128 6721 7302 6948 5756 7735 42, Lb ~21,03 34,15
027 6605 7252 6840 5639 7541 +3.20 -22.24 +33,73
6933 6533 7049 6715 5546 7373 +1.67 ~21,32 +32,94
6816 6518 6952 6546 5397 7171 +2,.00 -22.37 +32,87
HABL 63686 6778 6391 5347 6956 +1, 41 ~22.59 +32,57
6508 6221 6688 6246 5122 5758 +2.77 =23, 41 +3]1..94
6314 5994 6416 6006 4991 6L81 +1.62 -22.21 +29,85
5005 5763 6204 1 - 5731 4708 6160 +3.3] =25, 11 +30,84
5721 549 5805 5459 Lel16 5780 +1.20 -20.50 +26,22
5438 4 5209 5501 5087 L3hg 5490 +1,16 -21,01 +26.35
5212 4956 5350 485l 4101 5117 +2.65 -22.34L +24 77
L907 hsh 5137 Lok 3956 4921 +. 69 -27.99 +24,39
L6569 4590 Lo12 [ 4363 3769 L5365 +5, 20 -23.27 34,56
L5778 h430 L4712 Li6h 3632 4365 +2.93 -22.92 +20,18
L7 4300 456 ] 3203 3554 1237 +3,03 -22.08 +19,22
L4 Liblk L4373 3765, 3428 4069 +2. 94 ~21.61 +15,78
4103 3941 4213 3606 3299 3830 +2, 68 ~21,69 +16.10
3966 1839 4030 3419 3154 3712 +1,61 ~21. 74 +17.69
3865 3775 3957 3316 309] 3558 42,35 -21.88 +15,.01
3759 3455 3858 3252 3021 3560 42,63 ~21.69 +14, 53
2561 3576 3737 2106 2931 3311 +2.36 ~21.57 +12,96
16 3541 3640 3014 2908 3203 +3, 53 -20.11 132,03
n23 3427 3557 2942 2788 3065 +3,.91 -21.,62 +9,94
3366 3358 3497 72835 2718 3021 +3. 74 -22.16 +11.15
3264 3282 3370 2767 2662 2946 +3.25 ~21.01 +10.67
3193 3206 3252 2686 2595 2832 +],85 ~20,20 +9., 13
3082 3058 3167 2652 2516 2735 +2,76 ~20.55 +3,70
2652 2814 2938 2438 2242 2521 +3,02 ~23.69 +12 4h
2513 2493 2667 2121 2087 2251 +65.13 -21.93 +7,86
1855 2068 2059 1591 1609 1823 +11.54 ~22.23 +13,86
194,483 | 186,628 [ 198,562 | 181,557 155,539} 196,505 +2.,10 ~21.67 426,34




SUBJECT: GEORGE McMEIL

.

IABLE ¥
CHANGES IM MULTIPLE SECTIONS OF THE 0S CALCIS 1
COUNTS DURING THE BERD REST PHASE QF T

Regular }Regular |Regular | Regular | Regular | Reur
Position Tracing | Tracing | Tracing | Tracing | Tracing | Trac”
of A B c D E F
Section - 2/1/69 13/28/68 | 5/7/69 1 6/3/69 | 7/1k/69 | 8/t
2 g ub 12532 13157 13343 130561 13017 1k=
1 m_up 12443 13285 13293 12943 12551 125
CONVENT 1ONAL .
TRACE 11818 12379 12772 12049 11986 12=
1 _mm_dowmn 11794 11656 125240 124563 12404 125,
2 mm_down 11679 11456 12133 11947 11856 bis
3 mpdown, 11312 11727 11934 11864 11759 1 317
4 mm dowp 10988 11896 11830 11713 11564 1:7
S run_dowq 10784 F137] 11402 11344 11299 Tle
6_mat_dovin, 10628 11370 11940 11172 11142 11z
7 mm_dovn 10576 11306 11447 11165 11165 N
8 am_doun 16516 11268 11777 11045 11005 1137
9 _mm_down 10649 11015 11104 10943 10935 113"
16_mm_down 10539 10819 1 10856 16651 10639 107
11 _mm_down 10557 10615 10753 10517 10322 165-
12 _mm_down 10411 10271 10605 10459 10225 107-
13_nup_down 10253 10897 10937 10533 10432 105°
1h rm down 10683 10585 10753 10458 10393 165
15_mm_down 9740 10000 10328 10189 10068 101
16, om_down 9427 10332 10502 9961 9817 10i=
17 mm _ down 8861 asLy 10006 9717 562 Gz
18 mm_down 8452 8913 9h13 9287 8350 9c”
19 mm _down, 7838 BL26 9115 8996 85bs &7z
20_mm cdown 7Lgs 8286 8531 8504 8347 flLr
21 mm down 7151 3038 8108 7942 772 7%z
22_mm_down 6722 7478 7678 7626 7472 |, 768
23_jom_dovin 6L22 7019 7431 7233 7009 [
24 mm_down 5118 6519 6833 £593 6579 685,
25 sm down 5879 602 204 £052 £997 605
26_mn_down 5625 LAOL 5781 LEAZ 5558 562
27 _mm_down 5400 5451 5521 5418 5225 537
28 ma down 5211 5279 5319 £0L2 Loct ST
29 ma down. 500k 5003 5N05 L838 L675 iy
30_mm_down L4778 L79L | - LB10 L5687 4566 L6z
1 31 om down_ 1583, 4595 Lbh] LL93 L6 Ll7
|[—32_mm_down Lool h54g 4507 4407 4313 ol
33 _mm_down Ligg Lo 4561 L372 4362 Llet”
34 mm_doun L3786 Li22 LLG? L2135 4228 L27
35 mn_dowin 4157 Lalih 4325 4100 4015 holo
35 _mm_down 3793 3846 3855 1788 3643 365°
37 pn_down 3278 3324 3372 3235 3198 3175
38 mm_down 2537 2865 2949 27271 2684 275
Total 329,583 |344,64h {352,996 | 343,528 338,566 | 345,58




ITABLE X

/-2

CHAMGES o MUHLTIPLE SECTIONS OF THE 0S CALCIS IN TERMS OF INTLGRATOR

GOUNTS DURING THE BED REST PHASE OF THE PROJECT

ORGE MocEIL
Regular {Regular | Regular | Regular | Regular [ Regular
Tracing {1 Tracing | Tracing | Tracing | Tracing | Tracing Per Cent Change between Tests
A B C D E F :
2/1/69 §3/28/69 | 5/7/69( 6/3/69 ) 7/1L4/69 | 8/8/69 A to C C to E E to F
12532 13157 13343 13061 13017 13350 +6,63 -2,59 4256
2043 13255 13293 12943 12551 12673 16,83 -5.58 +0,97
[ .
11818 12379 12772 12049 11286 12379 8. 07 -6,15 +3..28
B WAl 11656 12520 12453 12404 12640 +6,15 =-0.93 +1.,90
qfﬁq 11455 12133 11947 11856 11955 +3.89 -2.28 40,83
1312 117277 11934 11864 11759 11852 +5.50 -1.47 +0.79
10988 11&a6 11930 11713 11564 11762 +8.57 -3.07 +1.71
10784 11371 _11402 11344 11299 11965 +5 .73 ~0.90 +5..89
10628 1 - 11370 11940 11172 11142 11232 +12.34 -5 68 +0, 81
10575 11305 11447 11165 11105 11470 +8,23 -2.99 43,29
106156 11288 117277 11046 11005 11363 +10.94 ~6,55 +3,25
10649 ¢ 11015 11104 10943 10935 11109 .27 -1.52 +1,59
10539 10219 | 10856 10651 10639 10842 +3.0] -2.00 +1.9]
10557 10615 167534 10517 10322 10651 +1..86 =L 01 +3.19
10411 10271 10605 10459 10225 10759 +1,86 =3.58 45,32
10253 10897 10037 10539 10432 10615 +5,67 ~b 62 +1.75
10043 10565 10753 10458 10393 410434 { _ +6.86 =335 +0,. 39
G740 10000 10328 10189 10068 10105, 16,04 ~2.52 +0.37
" 9427 10332 losp2 | 9961 9817 10156 +11. 00 “6.52 13,45
8861 o543 | 10606 9717 9562 9723 +12.92 -l bl +] .68
8483 8913 9413 9287 2950 9082 +10,96 4,92 1,47
7935 8426 9115 8336 8545 8763 +14,87 ~6,25 42,55
7495 8286 8631 850k 83L2 8486 +15,16 ~3.35 +1,.23
2151 8038 8108 7942 7723 7920 +13.38 ~h 75 42,55
6722 5 7478 7678 7626 7h72 1. 7603 +14.22 -2.68 41,75
6422 ¢ 019 7431 7233 7009 7051, +15.71 ~5,68 40,60
6118 1 6519 6833 6693 6579 6892 1 - 41169 ~3, 72 +h, 76
5879 6031 6204 6052 5997 6050 45,53 ~3.34 +0 . 88
4 625 5505 5781 5oR2 5658 5636 +2.70 -3.86 -+], 40
‘00 5491 5521 5Lhi18 5225 5359 2,25k -5.36 +2, 56
5211 5279 5319 5042 Laoo 5022 +2.07 -6, 84 +1..35
500k 1 - 5og3 5004 L8381 L675 L749 +0,02 -6.59 +1.58
4778 4794 4810 L6871 4566 4681 +0, 67 ~5,07 +2, 52
L5873 L4556 L4641 Lig3 Lihb L1478 +1,26 -4 20 +0,.72
Look hshi LEn7 4107 4313 Ly 12,29 -6.38 -+2.97
LLcg LLaf 4561 L3772 L3672 < Lo +2.29 -4 36 +1.10 |
N b375. Ly22 L4832 L7235 4228 L258 +7. Ll ~5.67 +0. 71
k157 Lhobl 43245 L1900 Loisg hols +h 0l -2.17 +0.90
3793 3845 3855 3788 3643 3688 41,63 -5.50 +1.23
3278 3324 3372 3235 3198 3175 +2,87 -5, 16 -0,.72
2537 2865 2949 2727 2684 2744 +16, 24 -8,99 +2.23
1 329,583 344,644 352,996 | 343,528 338,566 | 345,584 +7.10 -4, 09 +2.07
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observations concerning this study were given by Trueta? at the Conference

on Bone Biodynamics at the Ford Hospifal , Detroit in 1964.

In this study, adult mongrel dogs were used. The effect of muscle
contraction on the blood supply of the adjacent bone was investigated by
determinations of the intra-osseous pressure in the tibia of the dog during

varying conditions of muscle activity.

They found that muscular contraction seems to influence th‘.e blood
flow in bone in two ways: f{g@) by the occlu;ion of the venous outflow,
which leads to an increase in intramedullary pressure; and (b) by the rapid
emptying of. the intra -osseous venous system following muscle relaxation,

which causes the intra ~osseous pressure to fall,

Subsequent Trips on this Project

Followi.ng the third trip by the T.W.U. team to San Francisco o
take radiographs of men engaged in bed rest projects at the U. 8. Public
Health Service Hospital, nine additional trips were made. The dates on
which all 12 sets of x-rays were exposed were the following: 2/1/69;
3/28/69; 5/7/69; 6/3/69; 7/14/69; 8/8/69; ¢/15/69; 10/14/69;
11/26/69; 12/17/69; 2/9/70; and 3/18/70. Two groups of men partici-
pated in the study through the yea;" 69‘- 70, with the fo_llowing phafes of
the étudy covered: two 12-week bed rests, one six-week bed rest, an

initial ambulatory pericd for three men, and a final ambulatory perieod,
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Second Twelve Weeks of the Investigation

of the First Group of Men~- Os Calcis

During the second 12-week bed rest period, Robinson and Kolb
continued with bed rest, but with 1.4 grams of phosphate a day added as
a dietary supplement. During this same period, Bratcl-rler, Diaz, and Mc-
Neil also (_:ontinued with bed rest, but without thé phosphate supplementa -
iion. Tables I, II, 1II, IV, and V continue with the data on bone density
of the multiple os calcis sections, with the second bed rest period which

extended from April 21 through July 14, as has been noted.

As is characteristic of subjects in a study of this t'y'pe , bast dietary
history and other background féctors lead to different responses to the
same treatment. Robinson, for example, increased in bone density in
every section of the os calcis which was scanned during the bed rest under
consideration (Table I, C to E). Kolb, on the other hand, altemated throug}
out the 42 sections scanned in hié os calcis between positive and negative
changes in bone density , with an overall value of +0.58 per cent change

fi {

during the 12-week period, in contrast with Robinson's +5 .63 per cent.

Bratcher, with nc phosphate supple;lmentation during the second bed
rest (Table III, ‘C to E) showed 5 positive and 30 negative bone density
changes in the 35 se\ctions scannad across the os calcis, with an overall
change of -1.44 per cent.. Diaz, also with no p‘hosphate supplementation

during this bed rest period, showed an overall bone density change in the
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sections across the os calcis of ~21.67 per cent. See Table IV, McNeil,

during the same period, exhibited an overall bone density change of -4,09

per cent in his multiple sections of the os calcis. See Table V,

Final Portion of the Study Involving the -

First Group of Subjects~- Os Calcis

Af-ter the first two bed rest pericds had been completed, only three
of the first group of men continued with an additional 6-week bed rest peri-
od. These were Robinszon, Kolb, and 'McNeil . Of these, the first two had
no exercise or phosphate supplementation and the third (McNeil) had phos-
phate. A short period of ambulation closed the project for T.W.U. for all

five of these men,

Bone Density Changes

Table Subject _ _Third Bed Final
" Rest Ambulation
I Robingon ~12,80 +3.41
0 Kolb ‘ -1.25 +3.70 .
I  Bratcher | X +2.32

v Diaz X +26.34

Vv MeNeil +2.07 X
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Changes in First Group of Subjects -~

Hand and Wrist

Hand Phalaz}x 4/2 . First Bed Rest. Of the two men who engaged in

horizontal bed rest without exercise, both lost in bone density in hand

phalanx 4/2 during the first 12 weeks of the ipvesti;;ation . On the other
hand, the three men who engaged in bed rest with exercise all gained in
bone density in this finger area. The following gives more explicil find-

ings concerning this aspect of the study.

Bone Density Engaged
Table Subject Change in
(per cent) Exercise?

X - Robinson -3.53 No

X Folb -10.78 . No
X1 Bratcher +9.00 : Yes
X1I Diaz +9,73 Yes
XIII °  McNeil +9,28 . Yes

Ha n‘c{ Phalanx 4/2, Second Bed Rest. The data for bone dens ity

changes in hand phalanx 4/2 during the second 12~week bed rest may be

summarized as follows:



Table

XII

X1II

Subject
Robinson
Kolb

Bratcher
Diaz

McNeil

Bone Density Changes
during Second
12-week Bed Rest

17

Dietary Supplement

or
Exercise

+0.17
+9.91

-24,38
-20.03

-12.86

Phosphate
No Exercise

Phosphate
No Exercise

Neither
Neither

Neither

Hand Phalanx 4/2, Third Bed Rest. Of the first group of men, as

has been noted, only Robinson, Kolb and McNeil took part in the third bed

rest, during which neither exercise nor phosphate supplementation was re-

quired of anyone except McNeil, who was given the extra phosphate.

The findings from the third bed rest and the subsequent final ambu-

latory period related to the behavior of hand phalanx 4/2 were as follows:

Table

XI
XII

XII1

Subject

Robinson

Kolb

Bratcher

Diaz

McNeil

Bone Density Change

Thirg Treatment Final

Bed during Ambulatory
Rast Bed Rest Period
+0,71 None +4 .57
~7.06 None +9.71
X None +18.43
X None +24,34
No final

~0.12 Phosphate ambulatory

period



)&=

IABILE L X
CHANGES, LN MULTIPLE SECTIONS OF HAN

B
[ Sl

INTEGRATOR COUNTS QURING THE BED REST |

SUBJECT: RANDALL RQBIMSOM

Position
of A B c . D E F
Section 2/1/69 | 3/28/69 | 5/7/69 6/3/69 7/14/68 | 8/8/69 | &
Proximal End
of the
Phalanx 1500 1516 15457 13292 1463 149
Lomm_up 1350 1451 1319 1221 1306 1306
2 _mm up 1207 1278 1193 1112 1141 1206
3 mm_up 1143 1214 1132 1065 1111 1131
L mm oup 1119 1171 1100 1339 1095 1088
L mm_up 1061 1109 1059 288 1038 1038
6_mm up 1056 1104 1071 993 102} 1048
7 mpmoup 1095 1134 1050 1017 1073 1061
8 mm_un 1109 1351 1095 | 1042 1092 10854
9 mm_up 1123 1167 1116 1036 1096 1079
10_mm _up 1113 1179 1108 1055 1017 1069
V1 mar_up 1099 1171 1093 1029 1015 1107
12 mm_us 1130 1156 1073 1017 1088 1089
13 am up 1094 11273 1030 979 1055 1072
4 mm_ up 1054 1090 997 950 1025 1032
15 mm_up 1021 1o45 969 Q20 983 1003
16 mm_u» 993 1930 953 893 9h2 968
17 mm_up 9790 001l "~ 918 8985 930 14
18 mm_up 968 997 Q07 899 928 959
19 mm_up 1014 991 918 §e5 921 ah?
20 _mm_up 1001 1015 953 92% 930 385
21 m@_up 988 1015 939 881 958 952
22 _mm _un 979 1003 949 883 932 30
23 mm _up 974 999 925 856 932 67
24 mm up 97k 9G3 924 869 950 ool
25 mm_up 992 998 938 890 958 962
26_mm_up 957 981 902 863 932 905
27 mm _un 900 826 807 824 873 Bl |
Total 29,984 30,916 | 28,925 § 27,455 28,9751 29,181 Z




TABLE LX
ANGES I MULTIPLE SECTIONS OF HAND PHALANX L-2 |N TERMS OF
NTEGRATOR COUMTS DURIWG THE BED REST PHASE OF THE PROJECT

)8-8

Per Cent Change between Tests

‘4 D E F .6 H

5/% €/3/69 1 7/1L/69 | 8/8/69 | 9/15/69110/14/68} A to C | Cto E| Eto F| F to H
1457 1392 1463 tuho 1463 1477 ~2.87 +0, 41 -0,96 +1,93
1319 1221 1306 1305 1410 1431 ~2.,30 -0, 98 0,00 +9,57
1193 1112, 1141 1206 1257 1985 -1.16 - 36 +5.70 46,55
1132 1065 P11 1131 1183 1247 ~1,96 -1.86 +1.80 | _+10,26
1100 1039 1095 1088 1131 1198 -1.70 =045 -0.648 I _+1¢,.11
10h9 588 1038 1038 1065 1058 -1.13 ~1,05 0,00 +1.93
1071 993 102] 1048 1066 1085 +1. 42 -h 67 42, 6h 13,53
1090 1017 1073 1061 1092 1164 -0, 46 -1.56 -1,12 49,71
1095 1042 10972 1084 1108 1161 -1,26 -0.2 -0 73 +7.10
1116 1036 1096 1079 1115 1175 -0, 62 ~1.7% ~1.55 -+8,%0
1108 1055 1017 10569 1125 1142 -0. b5 -8.21 15,11 +6.83
1093 1029 1015 1107 1125 1193 -0.55 ML +9,06 +7.71

. 1073 1017 1088 1089 1097 1123 -5.04 +1. 40 +0,.09 +3,12
1030 979 10551 1072 107 1099 ~5 85 +2. 143 1,61 +2.52
i 997 95G 1025 1032 ] 1032 1057 -5, U] +2_ 81 40,568 +2 h2
969 Q20 983 1003 1021 1042 -5 09 +1 4k +2,03 +3.89.

953 898 957 968 97 992 -1, 03 ~0,.10 +1.68 +7 L8

918 898, 930 955 976 983 -5 36 +],3] +2.,69 +2.93

907 899 928 959 260 969 ~6.30 | 42,32 +3.3h | +1,0b

al8 895 g2 g42 958 983 -9, L7 +0,33 12,28 +h, 35
1 929 930 985 990 989 -4 89 -2 .41 +5.91 +0, L1
9 881 958 952 980 984 -4, 96 +2,02 ~0,63 43,36

9Lg 8838 932 931 959, 967 -3.06 ~1.79 -0, 11 +3,87

925 866 932 967 956, 962 -5.03 40,76 +3,76 ~0,52
924 869 Q50 95] 962 957 =5.13 12,81 +0, 1 40,63
938 | 890 958 962 970 975 -5 Lh +2,13 +0, b2 41,35

902 263 932 905 931 919 -5,75 +3.32 -2.90 +1,55
807 824 873 8h2 870 899.f -10.33 ] 48,18 -3.55 +©.71
28,925 | 27,455 | " 28,975 29,181 29,855 30,516} -3.53 | +0.17 | +0.7 +h.57
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LABLE &
CHANGES. N MULTIPLE SECTIONS QOF HAND PHALAMX k-2
INTEGRATOR COUNTS DURING THE BED REST PHASE OF :

LY

SUBJECT: IRED KOLB =

Position
of A B c D E F 6
Section 2/1/69 | 3/28/69 | 5/7/69 1 6/3/69 | 7/14/69 8/8/63 | 9/15/68}i¢
Proximal End
of the .
Phalanx 1401 1340 1255 1265 1350 1331 1321
1_mm_up 1313 1209 1165 1168 1318 1085 1186
2_mm_up 1111 1947 1046 1053 1088 979 1091
| 3 mm_up 1083 1036 1022 1026 1059 964 082
L mm_up 1077 1000 994 1000 1033 968 971
£ _mm_up 1073 1003 911 1011 016 299 995
6 mm up 1110 1059 953 1023 1063 1012 . 1038
7_mm_un 1113 1078 983 1057 1095 1602 tol2
8 mm_up 1129 1058 g46¢ 1062 1116 1025 1037
9 _ma_up 1121 1065 a78 1066 1103 1062 1041
10 mm_wp 1110 1055 agl 1068 107 1016 1022
11 mm_up 1085 1046 qrg 1038 1066 1013 1011
12 mm_up 1030 13385 aly 1039 1042 1004 1080
13 mm_up 1054 996 alg 1000 1006 95§ 9La
1L mm up 1011 982 9256 891 1043 939 a7
15 min_up 10600 963 807 963 984 913 923
16 mm up 997 951 808 952 958 908 aLg
17 _ma_up 964 233 875 931 952 g02 923
18 mm up L8 831 aghs 1 910 8l 858 S04
12 mm_up 943 894 842 908 gh2 871 852
20 mm_ up q03 886 810 882 209 855 874
21 _mm_up 918 875 821 871 910 819 065
22 mm un 890 867 798 855 880 842 8L
23 _mm _up 915 892 825 886 ghs 876 862
2L wm up 912 292 827 879 909 840 880
25 mm_up 296 859 801 842 889 807 831
26 mm_up 713 700 623 663 749 55L 660
Total 27,870 26,662 | 24,864 } 26,409 27,358 25,399 26,077
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ﬁiﬁﬁﬁﬂl@ﬁ.&gﬂﬂlﬁ.Eﬂﬁiﬂﬁjlﬂﬁ BED REST PHASE OF THE PROJECT

]
H

. LABLE X
'agﬁfg iﬂ_MULTl?zE SECTIONS OF HAND PHALABX 4-2 (N TERMS OF

. %*?—-Ei

e D £ E G " - Per Cant Change between Tests

5/7/69 | 6/3/69 7/14/69 8/8/69 | 9/15/69({10/14/6% | A Lo C C to E E to F i to H
tzn6 L1265 1350 1331 1321 1426 1 -10.35 +7,.48 - +7, 1k
1163 1148 1318 1085 1186 1281 | -11,27 1 +13,13 | ~17.68 | +18.06
1046 1053 1088 979 1001 1134 =5 .85 + 01 | ~10,02 | +15,83
1022 1026 105 364 982 1069 -5 .63 +3,62 -8.97 | +10,89
99k 1000 1033 968 977 1071 -7.7] 43,92 -6.29 | +]10.64
91i 1011 1016 999 995 1oht 1 ~15 10 { 411,52 -1.67 +4 20
953 1023 1063 1012 1038 1065 | ~14.14 | 411,54 =L, 80 +5, 24
9383 1057 1095 1002 1042 1093 1 -11.68 | +11.39 -8 .49 +9, 08
969 1062 1115 1025 1037 1122 | =1h. 17 | +15.07 ~8.07 49, b6
978 1066 1103 1062 1041 11hy | -12,76 | +12.78 ~3.72 +7.72
_ahh 1068 1079 1016 1022 D4 -13,15 1 411,93 -5.84 | +12,30
959 1038 1066 1013 1011 1107 | ~11,61 | 411,16 =4 97 +9,28
Ly | 1039 1042 1004 1080 1093 1 12,31 | +10.03 ~3,65 +8.86
aig 1000 1006 955 95% 1063 ] -12.81 +9, 47 ~5, 07 4 +11.31
926 991 1003 939 ag7 1033 -8 41 +8,31 -6.38 |_+10,01

G507 963 985 913 923 993 -9,30 +8, 60 -7.3] +3.756_]
893 952 958 908 gLe 980 ~9,93 +6.68 ~5,22 +7,93
815 93] 952 902 923 969 -9,23 +3, 80 ~5,25 +7.43
ahy 910 8ok 858 905 95] ~10.86 +5.80 -4, 03 1 +10.84
842 908 942 871 882 935 | ~10.7% i +11.88 -7.54 +7.35
[ 810 882 909 855 874 897 | ~10.30 1 -K12.22 -5, 94 +h, 91
871 871 910 819 965 894 1-10,57 1 +i0.84 1 -10.00 49,16
] 748 855 880 842 848 878 1 -10,3k | +10,28 -4 32 +i, 27
P 886 ghs 876 862 894 ~9.84 | 41bL, 5k ~7.30 +2_.05
879 909 840 880 926 -9.32 49,91 -7.59 1 +10.24
o 8L2 889 807 831 881 | ~10,60 |_+10,99 -9,22 48,17
e 023 663 749 5ok 660 785 1 -12.62 | 420,22 | -26.03 | +4i.70
24,864 | 26,409 } 27,358| 25,399 | 26,077} 27,866 | -10.78 | 49.91 | -7.06 | 9.7
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" CHANGES. IN MULTIPLE SECTIONS OF THE HAND PHALAMX f-:

T

20-HA

' COUNTS DURING JHE RED REST PHASE OF ¥

TABLLE

p

SUBJECT: FRED BRATGHER
Posé;’on A B c D E F
Section 2/1/69 { 3/28/69 | 5/71/69 | 6/3/69 | 7/14/69 | 8/8.
Proximal End
of the
Phalanx 1620 1.5h6 1608 1487 1267 i
| _mm up 1518 1 1450 1627 1448 1176 ;.
2 MR up 1322 H 1299 1423 1279 1047 Az
3 _mm up 1224 # 1251 1339 1192 981 i:
L m oup 1184 | Li8] 1287 1195 962 13
5 _m_up 1180 1168 1274 1152 95l 13
5 mm_up 1164 1169 1269 1144 948 11
7_mm_up 1176 1184 1283 1178 959 i
8 mm _up 116k 174 1265 1163 ghL7 i
9_mm_up 115] 1159 125] 1158 9h8 13
10 _mm up 1145 1132 1222 1125 930 if
1l _mm un 1107 111 1184 1091 829 i€
1Z_mm up 1080 1070 1135 1072 890 14
13_mm_up 1020 1037 115 1027 851 <
i mm up 1000 993 1072 948 831 c
15 mm un 969 965 1060 963 808 <
16 mm_un 968 976 1064 982 815 <
17 mm un 259 964 1070 980 802 <
18 mm_up ‘9ol g6l 1103 997 833 el
19 _mm_uo 1001 89n 1108 994 824 g
20 mm_up FCOL 988 1125 1009 846 <
21 _mm_up 1045 1017 1164 1032 861 T
22 mp_up 1026 1031 1168 1039 857 e
23 mm_up 1004 1029 1148 1002 852 kS
2L mm _up 939 1034 1023 949 793 !
25 mm_up 848 306 9i9 853 713 £
26 _mm_up 803 8Ly 869 806 684 o
27 mm_up 688 801 741 _138 616 .
Total 30,203 | 30,450 | 32,922 (30,051 | 24 894 | 29,&




TABILE XL

S0 B

CHANGES. 11l MULTIPLE SECTIONS OF IHE.H&Nﬂ.EHAL&NA.E;Z.lﬂ.Iﬁﬁﬂﬁ.QE.Ulﬂﬂﬂﬂiﬂﬂi
LOUNTS DUBING THE BED REST BHASE OF THE PROJECT

:£D. BRATCHER

: Fer Cent Change

A ) B ¢ b E F between Tests

2/1/69 ‘3/28/69 5/7/69 | 6/3/69 | 7/14/69 | 8/8/69 A to C ¢ to E E to F
'Id . ]
!

1520 1549 1608 1h87 1267 1472 +5.79 =21.21 -1 416,18
i518 45D 1627 1548 1176 1474 +7.18 ~21.72 +25,34
1322 B 1299 1423 1270 1047 1343 +7 . 6h 26 42 128,27
224 {0 qa5) 1339 1192 981 12L2 9 L0 -26, 74 +26.60
i184 | 118] 1287 1195 962 1136 48,70 ~25,25 +18.09
1180 1 1168 1274 1152 ghh 1120 +7.97 =25,12 +17. 40
1164 1169 1269 1144 9hL8 1123 19,02 ~25.29 +18,46
1176 1184 1283 1178 959 1110 +3,10 -25.,25 +15. 74
1164 1174 1265 1163 by 1139 +8.68 -25.1h 420,27
1151 1152 1261 1158 948 1125 19,21 ~2L o8 +18.67
1145 1132 1222 1125 930 1096 6,72 -23.89 +17.85
. 1107 1117 1184 109} 899 1051 +6.95 ~24.07 +16.91
: 1030 10870 1135 1072 820 1018 +5 .09 ~21.58 14,38
» 1020 1037 1115 1027 851 987 49,31 -23.68 +15,98
) 1000 993 1072 998 831 969 +7.20 ~22.48 +16.61
) 969 958 1060 968 808 933 49,39 ~23.77 +15, 47
) o683 976 1064 a2 815 930 49,92 -23 .40 +15 .11
3 G59 i 1070 980 802 925 +]11.57 ~25.08 +15.34
3 99k 964 1103 997 833 949 +10,96 ~2hL L8 +13,92
3 1001 995 1108 996 824 983 +10,69 ~25.63 +19.30
3 1C04 88 1125 1009 846 985 +12.05 ~-24,80 +16. 43
3 1045 1017 1164 1032 861 1005 +11.39 ~26.03 +16.72
5 1026 103} 1168 1039 857 1019 +13.84 ~26,63 +18,90
3 1604 1029 1148 1002 852 985 +14,. 3k -25.78 +15.61
3 939 1034 1023 949 793 9542 +8,94 ~22,48 +18.79
9 843 906 919 853 713 843 +8.37 ~22 bl +18.23
D 803 gl 869 806 684 810 +8,22 -21,29 +18, 42
o 688 801 741 738 616 767 +7.70 -16.87 +24h.5]
30,203 | 30,450 | 32,922 }30,051 | 24,894 | 29,481 49,00 -2L,.38 +18.43
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TABLE X L]

LHANGES IN MULTLIRLE SECTLONS OF IHE:HANQ.EHALASK.&:Z AN TERMS OF INTEGRATOR
COUNTS DURING THE BED REST PHASE OF THE PROJECT

SUBJECT: ALFREDQ DIAZ '

Position . Per Cent Change
of A B ¢ . D E F between Tests
section 2/1/69 | 3/28/69 | 5/7/69 | 6/3/69 | 7/14/69 | 8/8/69 | A to C | CtoE| EtoF
Proximal End

of the )

Phalanx 1135 1218 1275 1214 1016 1183 +12. 42 ~20,.38 +16, Lh
I_mm up 98¢ 1064 1148 1071 848 1122 +16.55 -26,13 +32 .31
‘2.mm_up 855 965 1032 94k 787 951 +20,70 ~23.74 +20,84
3 mm up. 792 912 931 905 758 §98 +17.55 -i8,58 +18, 47
L mm up 822 890 878 875 702 S0l +6.8] -20, 04 +28.34
5 _mm_up 213 268 872 870 722 871 +7,.265 ~17.20 +20, 64
6_mm_up 831 893 895 874 728 889 +7.70 -18.66 +22 .12
L.mm. up 8345 883 902 899 738 918 +5.02 -18.18 424, 39
8 mm up 839 79 910 890 761 g28 +8, L6 ~16,37 +21,94
9 mm yp 8L2 882 g0k 888 756, 922 +7.36 -16.37 +21,96
10 mm_up 847 865 910 880¢ 761 928 +7, 44 16,37 +2].,94
L1 _pmm_un 842 888 920 889 787 930 49,26 ~14 L6 +18,17
12 mm_up 8hn 888 907 887 768 q2l +7.34 -15.32 420,121
13 _mm_up 822 8cs 911 874 768 914 +10.83 -15.70 +19,0]1
FL mm_uip 800 839 871 849 696 882 +9,62 -20,64 +26,72
15 mm_up 790 822 367 831 687 868 +9,758 =20, 76 +26,736
16_mm_up 798 813 868 823 689 879 +8.77 =20.62 427, 58
17 _mp_up 756 818 367 832 708 88h +8,92 18 34 +24, 86
18 mm_up 782 837 882 847 710 89l +12,79 ~19.,50 +25.91
19 _mm up 787 875 872 860 68] 868 +10.80 -21.90 +27,46
20 mm_un 825 842 879 843 663 882 46, 54 ~24,57 1 7+33.03
21 mm up 817 843 878 8§27 664 858 +7.47 ~2l 37 +29,22
22_mm_up 797 828 867 818 678_| 866 +8.78 -21.80 +27.73
23 mm up 812 845 869 792 655 861 +7.02 ~24 63 +31 45
2L mn_up 780 816 Bh& 772 651 829 +8, 46 -23,08 +27, 34
23 mm _up 740 771 766 704 598 749 +3,51 ~21.93 425,25
Total 21,629 22,. 23,734 | 22,7581 18,980 | 23,599 +9.73 bzo.o3 124, 3k
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o TaRBLE X1 1L
CHANGES IN MULTIPLE SECTIONS OF IHE HAND PHALANX %-=2, IN TERMS OF INTEGRATOR
COUNTS DURING YHE BED REST PHASE QF THE PROJECT

SUBJECT: GEORGE McNELL

Position Per Cent Change
of A B C D E F between Tests
Section 2/1/69] 3/28/69| 5/7/691 6/3/69] 7/14/69 | 8/8/69 | A to C | ctoE Etof
Proximal End 1 N ' '

of the .

Phalanx 177 1830 1882 1811 1669 1625 +5.97 ~11.32 -2.64
1 _om_up 1583 1636 1716, 1540 1458 1432 +8., 40 -15.03 =1.79
2 mm _up 1318 1449 1477 1404 1332 1345 +12,06 .79.82 | +1,05
3 mm_up. 1222 1375 1382 13151~ 1272 1257 +13,09 ~-7.96 -1.18
L mm up 1224 1321 1314 1294 1249 1215 +7,35 -l 95 ~2,72
.5 _mm up 1174 1314 1320 1299 1248 1214 +12, 4l -5, 45 -2.72
6_mm_up 1257 1314 130] 1264 1251 1190 +3,50 -3.84 -1, 88
7 mm_up 1262 1287 1316 1265 1195 1168 4 28 -9.19 -2 .26
8 mm_up 1200 1229 1281 1236 1158 1137 +6,75 -9.50 -1.8]
9 mm_up 1181 1203 1237 1225 1088 1105 +h, 74 -12,.04 41,56
1G mm _up 1144 1184 1212 1197 1053 1 109] +5,94 -13.,12 +3.6]
11 _ma up 1113 1147 1187 1154 1040 1059 46,65 -12.38 +0,96
12 mm_up 1105 1117 1151 1154 1011 103L + 16 -12.16 +2.27
13 mm up L lodi 1130 1127 1124 1097 1105 +4. 26 -2 66 1 +0.73
14 mm_up io4L 1094 1089 1094 1077 1088 b3 -1.10 +1,02
15 mm_up 1014 1059 1082 1082 940 985 | +6.71 -13,.12 +4 .79
16 @mm _up 1022 1043 1080 1055 961 qlb +5, 68 =11..02 ~1.56
17_mom_up _1o20 1039 1074 1057 935 943 "1 48,29 -12,94 +0,86
18 mm_up 1021 1043 1073 1053 936 gh7 +5,09 i -12,77 +1,18
19 _mm_up 100] 1030 1067 1035 959 938 +£, 55 ~-10,12 -2, 19
20 mm up 987 1016 1047 1037 913 938 +6. 08 -12,80 +2, 74
21 mm_up 687 1021 1048 1095 932 933 +6,18 -11.07 +0,11
22 mm_up 1033 1067 1150 1122 980 97] +11.33 =14,78 ~0,92
23 mm up 1098 1095 1238 1147 1009 987 +12,75 -18,50 =2,18
24 mm up 1124 1130 1269 1207 1039 1085 +12,90 -18.12 b, b3
25 om up 1067 1131 1327 1159 1028 1068 424,37 ~22.53 +3.89
26 mm up 1096 1084 1481 1068 963 966 +35.13 -34.98 0,31
27 mm_up 1030 923 1244 912 855 848 +20,78 -3},27 -0.82
Tozal 32,1844 33,311 35,172 33,L0o5| 30,648 | 30,612 49,28 -12.86 ~0.12
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Hand Phalanx 5/2, First Bed Rest, During; the first12-week bed

rest by the first group of participants, the bone densi;cy changes in hand

phalanx 5/2 were the following:

. Change in
Table Subject Extercise . Bone Density
(per cent)
XVII Robi]]son......lﬂ no L T IR B R NN B IR N +5¢66
AVIII Kol e h s nenones TIO sonesasseeres T3.32
XIX ' Bratcher . ,.eeees Y85 L ceeonoasesasr +5.92
po & DIi2Z scvevoeases VYES vavosncorscass ~2.73
XX - McNeil ...... e VES ... e -6.33

As iI':l other cases with which we hav; worked , the second phalanx
of the fifth finger has not been increased with the use of the Ixer-Genie,
probably becaus;a this finger is not involved with thé use of this exerciser.
'The subjects appear to follow individual characteristics rather than muscle

pull in the finger causing bone density increase,

Hand-Phalanx $/2, Second Bed Rest, During the sggond 12-week

bed rest, the hand phalanx 5/2 bone density changes are given helow,
The phosphate supplementation appeared to have improved the bone density

of the hand phalanx under consideration.
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Chan‘ge in
Table Subject Phosphate Bone Density

(per cent)
XVII ROPINSON s ecessee VBB vovesncencres T8.64
-X-VIII KO]-b.'tlvli’Ul‘. ‘yes.lll...lclﬁﬁo +6l63
XX Bratcher....venee N0 ovvevasesess ~10.61
}O( ’ Diazﬂl..l’lll.'.' no " ® 4 P & & eSS 8 P -9l26
mI MCNeil T+t 8 b v e o no ¢ » 4" P g vt o F R —3545

Hand Phalanx 5/2, Third Bed Rest. As in the case of other bones

which were evaluated, only three men participated in the third bed rest, as

noted below. These were Robinson, Kolb, and McNeil.

) Change in

Table Subject Phosphate Bone Density
{per cent)

%{VII RObinsontzcconin no EF CC® *A S E P Er *3695
XVIII Kolboconcool.o-o no R EEEREE XN NI -14549
XD(‘ BIatCher.ﬂtlt.OOO X ® 40 d BB RCEER X‘
m ) Diazﬂl‘..QniﬁlO.I X - s * P 48 0 &3 0y X
xx1 MONEIL vvvrrenes YES vanernrnonnn 4,11

Hand Phalanx 5/2, Final Ambulatory Period. The performance of
hand phalanx 5/2 during the final ambulatory periods of the men of this
first group is given below. All of the men did not begin their final ambu-

latory periods at the same time. Robinson began his ambulation on 8/25/69,
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with radiographs taken by T.W.U. on 8/8/69, 9/15/69, and 10/14/69.
The last date was his final radiograph. Folb's pattern was exactly like that
of Robinson. The final ambulation periods of Bratcher and Diaz began on

July 14th and continued until August 8th.

Change in Bone Density

Table Subject . during last Ambulatory
T - Period
(per cent)
XVIiI RODINSON 4 i vevnrersnesses ¥14.25
XVIIL Kolb i veveieeeresseneenees T6.50
XIX Bratcher.....ocaveveeness. T4.67
ol DAAZ e e vessererarannens .. #11.57
.XXI MCNeil-..-n-ooo---:;--.. None

As noted, McNeil left the study unexpectedly on the day when
his last radiograph was to be given, and his last short ambulatory period

could not be ;:ompleted.



TABILE XVil

CHANGES IN MULTIPLE SECTIONS OF THE HAND PHALANX 5-2 IN JERMS QF INTEGRATOR
COUNTS DURING THE BED REST PHASE OF THE PROJECT

SUBJECT: RANDALL ROBINSON

Position Per Cent Change between Tests
of A B C D E F G H
Section 2/1/65 | 3/28/69 | 5/7/69 | 6/3/691 7/1L4/69 | 8/8/69} 8/15/69 {10/14/69 1A toC| CtoE] E to F| F to
Proximal End
of the
Phalanx 1083 1]35 1124 1189 1266 AR 1087 1247 43,79 | +12.63 1 =12, 01 ] =11,
] mm up 895 955 950 999 1025 101 9]0 1213 +6.15 +7.89 -1.37.1 %19,
2_mm_up 788 847 338 906 936 890 813 1076 +6.35 | +11.69 -4.9] €20,
3 mym_up 754 808 792 868 910 823 780 987 +5,04 } +14,90 9. 686 1 ¥19,
4 mm_up 710 768 783 833 888 789 745 907 410,28 | 13,40 1 ~11,15 1 «14,
5_mm up 704 757 748 794 782 798 730 909 +6.25 44 56 +2,05 1 +13,
& _mm _up 706 750 757 4 - 799 794 772 722 865 +7.22 +4, 89 ~2,72.1 %12,
7 MM up 695 733 729 793 750 710 725 872 +4, 89 +2,88 +2,67 | ¥13,
8 man up 704 739 728 764 749 754 698 837 +3,. 41 +2,88 +0,67 | _*11,
9 mm up 206 724 730 742 745 746 £81 828 +3.,.40 +2,08 +0,. 13 1 10,
10 _mm _up 672 713 684 718 756 733 5L ] 835 +1,79 | +10,53 w304 1 213,
1] mm up 643 671 _670 700 741 703 526 799 +,20 ¢ +10.60 -5 13 4 ¥13,
12 _mm_up_ . 630 655 £59 675 730 690 613 839 w4 66 1 +10,77 -6, L8} 421,
13 mm_up 616 645 - bhb A5l 725 681 602 755 4l 87 | +12,23 =607 1 *10.
Y4 mm up 604 647 - 647 657 713 630 505 754 +7.12 1 +10.20 4 63 1 *10,
15 mm_up 572 6LE 642 665 688 681 502 756 +12,24 +7.17 -1 02 1 #11,
16_mm up. 627 674 678 703 701 702 508 786 49,00 +3.39 «0. 0141 *11,
17 _mm_up 655 702 £95 718 758 733 631 820 +H, 11 +9,06 =330 0 #11.
18 mp_up 689 7hhy 734 762 792 768 676 211 +6,53 +7..90 ~kL 29 5,
19, mmup. 708 765 729 767 807 186 700 9k3 42,97 +10.70 ~2.50 +19,
Total 14,161 1538 14,963 { 15,7061 16,256 | 15,614} 14,199 1‘839 +5,66 +8.64 “3.95§ tl4,
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SUBJECT: FRED KOLB

CHANGES IN MULTIPLE SECTIONS OF HAND. PHALANX 5=2 IN TERMS OF INTEGRATOR
Qﬂﬁﬂli DURING THE BED REST BHASE QF'THE PROJECT

<,

LARLE

%y

1

_Position A B C D E F G H Per Cent Change between Tests
of .
Section 2/1/69 |- 3/28/69 | 5/7/69 | 6/3/69 1 7/14/691 8/8/69 | 9/15/69110/14/69|:A to C | C to E} E toc F | F to H
Proximal End ’ ' :

of the ‘ . .

Phalanx 1053 1018 1045 1087 1089 985 387 105] -0.76 +4,2] =955 16,70,
s _up 919 960 o5l 943 959 868 849 893 +3, 48" +0_84 ~g L9 +2.88
2 om_up 780 818 809 818 £96 720 587 117 +3.72 1 +10.751  =19.64 +7.92
3D 752 772 768 80] 874 675 665 759 +2.13 1 +13.801 =~-22 77 +12 ., 4l
L o up 753 767 766 798 783 " 688 703 751 . +1.73 +2.22] -12.13 49,16
S Mo UR 745 769 758 779 797 681 684 760 +1. 74 +5. 151 ~-14.66 | +11.60
6 mm_up 738 738 759 792 800 689 679 743 +2. 84 +5 401 -13.88 +7.84
7 qm up 716 732 753 791 802 674 684 741 +5,17 +6.511 =15,96 9,94
8 mm_up 700 719 741 753 785 666 651 7]0 +5.86 +5,944  ~15,16 +6.61
9 mm up 677 687 695 726 794 638 6321 . B84 +2.66 | #1421 -19 65 7,21
10 _mm _up 666 681 687 715 770 637 415 £66 +3.15 L +12,08] =-17.27 +4,55
11 _mm up 669 669 682 710 274 831 612 657 +1.94 | +13,.491 -18,48 +y 12
12 _mm_up 651 664 668 693 670 623 612 646 +2.,61, +0,301  _=7.01 3,69 .1
1.3_mm.up 628 652 651 674 658 630 f05 - 620 43,66 +1.08 -4, 26 -1.59. ]
T4 mm_up 592 619 £33 656 688 579 585 606 6,93 +8,.69] -15.84 i, 66
15 mm_up 610 627 ‘648 676 696 £83 588 £20 46,23 +7, 411 -16.24 +5,35
16_mm_up 6631 . 65k 685 715 738 617 629 658 +3.32 +7. 741 ~16,40 48,27
17_mm un AL 705 733 762 790 666 566 719 +2.66 +7, 784 _~15.70 | +7.9
18 om up 673 684 i722 712 730 654 6772 674 +7.28 +1, 11 ~10. 14 +2, 74
Total 13,699 13,935 | 14,154 1 14,601 15,093 { 12,906 12,705 | 13,745 +3.32 +6.63 1 -1h.49 +6,50

- - ' - ' i .-



TARLE

Aol

CHANGES [N MULTIPLE SECTIONS QF HAND PHALANX 5-2 N IEBMS OF INTEGRATOR
LOUNTS DURING THE BRD REST PHASE QF JHE. PROJECT

7

SUBJECT: [FRED BRATCHER

Per Cent Change
Position A B c D. E F betwsen Tests
of
Section 2/1/69 | 3/28/69 |5/7/69 | 6/3/69 | 7/14/69 ] §/8/69 A to C C to E E to F
Proximal! End
of the ,
Phalanx 1098 1169 L1587 1098 1007 1076 45,37 =-12.96 +6, 85
1 om up 958 10301 1617 390 4906 ahl +5 . 6L -10. 47 +4 19
2 mmoup v 925 .926 892 829 868 +3.69 | _~10,48 +4, 70
3nmoupn 837 864 875 840 801 826 +h Bl -8 L6 +3. 12
b mm up 78k 819 849 748 7537 792 +6.93 | ~10.8Lk +4,.62
o.m.up 780 821 838 788 760 287 +7.,. 4k s G B +3.55
6 mp_up 775 817 811 782 759 778 +7.2%3 -8 .66 +2.50 |
__7.mm_up 763 802 812 774 745 774 +,42 | _-~8.25 +3.89,
8 mm up 736 791 786 741 724 736 +,79 1 _-7.89 +1.66
S _mm._up 718 747 767 713 699 718 +6.82 -8.87 +2.,.72
10 mm up 713 137 766 682 644 705 +7.403 ~13.32 +6,17 |
11 mm up 710 723 750 682 643 704 +5.63 ~14.27 +9., 49
12 mm_yp 704 716 736 639 624 689 A4, 55 | ~15.22 +10,42
13 mm_up 698 24 732 668 667 689 +4,87 ~8.88 +3..30
14 mm up 689 721 748 672 667 691 8,561 -10.83 +3.60
15 mp up 690 734 746 688 686 682 +8,.12 -8.04 -0.58
16 _mm. up 705 746 784 671 684 714 +11,2V 4 ~12,.76 +4,39
V7 _mmoup 730 763 798 655 630 732 .32 ~14,79 +7.65
18 om up 700 762 768 628 682 725 9711 ~11.20 +6,30
18 mo_up 660 725 679 55h 634 672 +2.88 -6.63 +5.99
20 mm_yp 560 653 579 L3g 523 546 +3..39 -9, 67 +4. 40
] Total 15,870 16,809 116,939 | 15,396 15,141 | 15,848 +5,92 1 ~10.61 +4,67




SUBJECT: ALFREDO DIAZ

LABLE XX

CHANGES JN MULTIPLE SECTIONS OF HAND PHALANX 522 N JERMS QF INTEGRATOR
COUNTS DURING THE BED REST PHASE OF THE DROJECT

) Per Cent Change
Position A B C (] E F between Tests
of
Section 2/1/69 } 3/28/69 1 5/7/62 1 6&/3/69 7/14/69 | 8/8/69 AtoC C to E E to F
Proximal End
of the .
Phalanx 832 B17 805 751 689 741, ~3.25 ~14. 4] +7,55
1 mm up 822 8L3 801 76 1. 689 836 =2 CG ~-13_98 21,34
2.mn up 710 73] (92 6Lk 592 694 -2,5h4 ~14, 45 +17.23
3_mm_up 642 658 Bl 574 540 Bl +0,31 -15.53 +17.83
4 mm up 612 613 596 531 519 587 -2 61 =12.92 +13,10
5_mm_up 562 559 564 518 508 £62 +0.36 ~9.93 #1063
6_am_up obL4 581 564 513 510 563 10.00 ~9.57 11,37
7.mm.up 568 o9k 564 517 516 570 ~0,.70 -8.51 <10 47
8 _my up ik K85 LLs gk 51) £80 ~5.,08 -6, 24 +13,50
9 mm_up 553, 584 538 507 510 558 271 ~5.20 5.4
— 10 mm_up 535 556 £23 502 L3S g47 T -2 24 -6.6% +12.09
11 mm up 523 556 518 486 481 537 -0.96 ~7. 15k +11,.64
12_mm_up 528 549 52k L85 b71 527 -0,76 10,1t +11,89
13 mm_up 517 shly 530 L6g 470 £30 +2 L6 -11.32 +12.77
Lo 1h om up SLb 588 538 505, 53] 535 ol IS Y ~1.30 +0.75
15 mm. up 573 616 n7h 510 559 Lol +0, 17 ~2.6] -0,89
L 16 mm up 613 f03 1. L7k 498 48 55] -22.68 +1.48 | +14 55
Total 10,274 10,577t 9,994 9,294 9,0691 10,118 ~2.73 -9 ,26 +11.57




TABLE XX

CHANGES 1IN MULTIPLE SECTIONS OF H&NQ.PHAPANX"S;Z 1N TERMS OF INTEGRATOR-
COUNTS DURING THE BED REST PHASE OF THE PROJECT

SUBJECT: GEORGE McNEIL

Per Cent Change
Position A - B C D . F between Tests
of .
Section 2/V/691 3/28/69 1 &5/7/69 | 6/3/69% 7/1L4/69 | B/8/69 A to C C to E E to F
Proximal End
" of the
L Phalanx 1199 1192 1199 1042 1108 i1lo $0.00 ~7.59 +0,18
1 om up 1207 1236 1034 1285 1033 1083 -14,33 -0,.10 +4, 84
2 _mm_yp 981 999 927 110] 907 1005 -5,50 2,16 +10.80
3 mm_up 912 906 841 g6l 836 907 -7.79 -0.59 +8 49
4 mm up 865 856 813 916 781 825 -6.0) ~3.94 +5.63
5 mm up 829 830 790 864 735 780 -4 70 -6 46 +5,58
6_mm up 795 792 755 814 719 765 ~5.03 -4, 77 +6 40
7 mm_up 756 761 _728 760 692 709 -3.70 ~4,95 +2, b
8 mm_up 751 746 709 76] 678 689 -5.59 -L.37 +1,62
9 mm_up 733 7291 - 695 748 £59 638 -5.18 -5.18 -3.19
10 mm up 727 704 673 717 669 690 -7. b3 -0.59 +3, 140
11 _mm_up . 688 680 - 632 697 621 652 -8 14 -1, 74 +4 .99
12 mm_up 680 665 635 698 635 665 -6.,52 10,00 +4, 72
13 _mm_up 657 6L7 609 675 £99 615 -7.13 ~1,64 +2 .67
14 mm_up 661 651 613 660 593 620 -7.26 -3.26 +4,55
15 _mm_up 669 649 622 669 £92 582 ~7.0% - ~4,82 ~1.,69
16 _mm _up 723 689 662 729 620 65k -8 L4h -6.34 +5 L3
17 mm_up 765 738 713 743 692 720 -6,80 ~2,95 +4, 08
18 mm up 772 752 734k 743 719 736 =4 g2 -2,04 +2,36
19 mm_up 711 717 679 666 652 697 -l 50 -3.98 +5,90
Total 16,0811 15,939 15,063 | 16,252 1ih,54k 1 15,142 -6.33 ~3.45 +h, 11
- -

0
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Bone Density Changes in Bones

of the Wrist

The h;ones of the wrist which were radiographed along with the hand
®-rays and which were evaluated for bone density included a section across
the distal end of the radius, one across the distal end of the ulna, as well
as a diagonal section across the capitale. The bone density changes which
toak p_art in ’chesé bones were evaluated along with thal of other bone arcas
which have been considered. Table XXV includes the basic data for these

bone secticons.

Bone Density Changes in the Distal Radius throughout the Study of

the First Group of Participants, First 12-Week Bed Rest. During the first

bed rest, when two of the subjecis did not exercise while three of them
exercised ,_using the Exer-Genie, the following bone density changes icok
place in the section which was evaluated across the distal end of the radi-

us:

Bone Density Change

S_ub‘ject Exercise {per cent)
Robir;son no -4.88
Kolb no .-8.78
Bratcher _ yés ' +5,97
Diaz - . yves +6.48
+2.,12

McNeil yes
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Distal Section of Radius, Second 12-Week Bed Rest. During the

sacond bed rest when phoaphatie supplementation was offered to some of the
gexperimental subjects , some of the men gained and seme lost in bone den-

sity; whether or not they reczaivad the extra phosphate. The data on this

bed rest follows:

’ Bone Density Change
Subject Phosphate {per cent)

Robinson . yes . *+4.86
Kolb Cves ~7.33
Bratcher no - -6.01
Diaz no -8.74
McNeil no- +3.60

Distal Section of Padius, Six ~-Week Bed Rest. Three of the five

subjects of this siudy tock part in a six-week bed rest which followed the
second 12-week bed rest., Of.the three subjects, oniy one received any
E’hosphe;te supplement, with no exsercise being added to any of the programs.
The treatment given 1o the men is shown in the following outline, Eogether

with the change in bone density.



Phospha te

Bone Density Change

Subject (per cent)
Robinscn ‘no -2,14
Kolb no -8.98
Bratcher X X
Diaz X X
McNe-il

33

ves - i2.88

There appeared to be a difference between the negative and positive
changes in bone density of the distal mdius whether phosphate was pro-
vided or not, with the positive change in behalf of the one subject who re-

ceived the phosphate.

Distal Section of Radius, Final Ambulatory Period. The following

data show that the bone density of the distal end of the radius tended to
show some increase during ambulation, with the exception of one man. It
should be noted, however, that the ambulation periods_were of relatively
short duration, since the T.W.,U'. g.roup did faot make trips to San Francisce
for the purpose of part-icipating in this study except in conneciion with cb~
taining bed rest data. Securing x-rays from men who had reambulated was
incidental., Hence the bed rest periods covered usually were not as long

as those recorded by the Iaboratory at the Hospital.
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Change in Bone Density

Subject during Last Ambulatory

Period

(per cent)

Robinson -+3 .25
Kolb - 43,83
Bratcher +3.27
Diaz +1.43
McHNeil No ambulation data

Bone Density Changes in the Distal Ulna throughout the First Group

.of Participants, First 12-Wezek Bed Rest, As in the case of the section

across the distal end of the radius, the corresponding section across the

-

uina lost bone density to a minor extent in the men who did not exercise and

gained in those who did,

Bone Density Change

Subject Exercise ' (per cent)
Robinsc:n no ‘_ 1,49
Kolb ' ‘ no ~4,34
'Bratcher _yes | +5.79
Diaz ‘ yes 48,07
McNeil ' yes +2,00

Distal Section of Ulna, Second 12-Week Bed Rest. As in the situ-

ation with the distal radius, the distal ulna was not uniform with respect t¢
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the changes in bone density with the subjecis with and without phosphate
supplementation. One subject who receivad exira phosphate had an in-
crease and one had a decrease in bone densily, with two decreases and one
increase .among the three men who were not given extra phosphate. See the
following summary:

- Bone Density Change
Subject Phosphate © {per cent)

Robinson ves ‘ +3.64
Kolb ves -6.74
Brat;:her no . ~6.61
Diaz no +5.61

McNeil no -1.82

Distal Section of Ulna, Six-Week Eed Rest., As with other bone
areas evaluated during the only six-week bed rest of this series, only three
men took part in this section of‘the study as shown in the summary below,
The men who received no phosphate were negative with respect to the bone
density change of the distal section of the ulna, while the subject who

received phosphate made a modest gain, This is outlined below.
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Bone Den'sity Change

Subject Phosphate {per cent)
- Robinson no ' ~-3.61
I<£olb no. -8.20
Bratcher X . X
Diaz X _ -4
McNeil yes +2.26

Distal Section of the Ulna, Final Ambulatory Pericd. During the

final ambulatory period for these subjects, all of the men except one made

some gains in bone density during ambulation as shown below:

Change in Bone Density
during Iast Ambulatory

Subject Period covered by
Radiographs
{per cent)

Robinson +5.54

Kolb ' +5.08
Bratcher +3.18

Diaz . - +7.22
McNeil "No ambulation data

Bone Density Changes in the Capitate, First 12-Week Bed Rest.

Those who exercised during the first 12-week bed rest of this part of the

study gained to different de'grees in bone density of the diagonal section of
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the capitate, while those who did not exercise experienced minor losses,

See below,

Subject
Robinson
Kolb
Bratcher
Diaz

McNeil

Exercise

no

nG

ves

yes

yes

Bone Density Change
(per cent)

-1.24

—6061

+5.27

+8.57

- +1,12

Section of the Capitate, Second 12-Week Bed Rest. During the sec

ond 12-week bed rest when extra phosphate was fed io the first two men

and no phosphate to the remaining three subjects, the men were not uniforr

as to the bone density changes.

One man receiving phosphate supplement

tion gained and the other lost in bone density. Of the three who received

no phosphate supplementation, one gained and two became lower in bone

density. See the summary below:

Subject

Robinson
Kolb
Bratcher
Diaz

McNeil

Phosphate

yes

ves

no

no

no -

Bone Deénsity Change
(per cent)

]

+2.92
-5.27
-7.31
-9.67

+5.95
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Section of Capilate, Third Bed Rest, Six Weeks, Phosphate ap-~

peared to have had no effect upon bone density in this short bed rest, with
all three subjects who participated becoming lower in this respect, whether

they received the phosphate supplement or not.

Bone Densgity Change

Subject Phosphate (per cent)
Robkinson no - -3.93
Kolb no -6.59
Bratcher ) X X
Diaz X X
McNeil yes -4.69

Section of Capitate, Final Ambulatory Period, During the final am-

bulatory pericd, all subjects except one gained in bone density during the
short period covered. An exception was found in McNeil who left immedi-

ately before he was to have given his final radiograph.

Change in Bone Density

Subject during last Ambulatory
Period
(per cent)
Robinson +5.21
Kolb +7.32
Bratcher +2.39
3 Diaz +8.19

McNeil

No a mb'ulation data
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ITABLE

A XY

CHAMGES N SECTLONS OF THE DISTAL RAD{US, DISTAL 1

iNIEﬁB&IQ&.QQHﬂIi PURING EXPERIMENTAL pic
SUBJECT: RAMDALL ROBINSOMN - ' .
Position A B c D E F
of
Section 2/1/69 | 3/28/62 | 5/7/69 | 6/3/69 7/14/691 8/8/69 &
Distal Radius Lol8 5 L8277 01 47070 50050 Lo36 04 4830.0
Distal Ulna 2178.5 2064,51 1853, 5 | 2202.0 1921,01 18h0.5 |
Capltate 2396.,0 2525 0| 20000 | 2436.5 2058.51 18775
SUBJECT: FRED XOLB '
Distal Radius 3774.0 3170.0 | 3452 5 | 2793.5 3190.0] 2903.5
Distal Ulpa 1681.5 1521,01) 1608.5 | 1565.5 1500.01 1377.0
Capitate 2255.5 2187,01.21¢5,.5 | 2078.5 1995.5]1 1864 0
SUBJECT: JRED BRATCHER
- Bed Rest- Re- °
Bed Rest with Exercise o Exercise ambulate
Distal Radius L2780 L322.04 B533,5 ; 4313,5 4261.0) B£Lo0,5
Distal Ulna 1959.0 2056.01 20725 |.1905.0 1935.5 1 19970
Capitate 2749 5 20405 | 288k 5 | 2716.5 268301 27170
SUBJEGT: ALFREDO DIAZ
Distal Radius 3195.0 32L2 51 26Lp2,.0 1 3185,0 3104.5 0 31h9.0
Distal Ulna 1493 .0 1605.5 ] 1613.5 | 1619.5 1704,01 1827.0
Capitate 2304, 5 2523 0 ) 2502.0 | 2284.5 2260.0 | 2L4s 0

SUBJECT: GEORGE McNELL

Right Wrist and Lower Arm;

Left Arm Amputated

Distal Radius LL8s 0 L5631 0l LoBo 0 1 Lhibf © hybs 01 LB8Y 5
Distal Ulna 220k .5 2407, 5 1 2248 5 | zoob b 2207.51 2267 .8 1 .
Capitate 2778.0 2809,0 | 2856 .5 2976.0 I

27517.0

2836.5



ITABLE XXV

39-8

_*QILQMM.QE._JE.DL;RL,_ébiu_. DLSTAL kLh& AND CAPITﬂTE iJ.IEBH_.Qi

NIEQB&*QE.QQHJIW DURING EXPERIMENTAL PHASES OF THE ERQJECT

i

C D E F G H- Per Cent Change between Tests
¢ |.E/7/69 | 6/3/69 | 7/1L/691 8/8/69 | 9/15/69 [ 10/14/69] A to C C to E E to F F to H ]
0 4707.0 1 5005.0 4936, 0 £830.0 L702 o | 4987 0 ~-L 88 + 86 -2 th +3.25
ol 1852.5 | 2202.0 1921, 01 1840.5 1920.5 | 19415 -1,49 +3, 64 -3.61 +5 Gl
G12000,0 § 2036, 5 2058 .51 18775 2034 01 2080.5 -1.24 +2.92 ~3.93 +5.21
. H ;

®
01 34425 1 2793.5_1 3190.01 2903.5 3189.0 1 _1323%5.5 ~8.78 ~7..33 -8.98 49,83
01 1608.5 | 1565.5 1500.01 1377.0 1385.5 1 14k7 0 -4 34 -6 74L -8 20 +5 08
g12105,5 1 2078.5 1995.51 1864, 0 2220.0! 20005 -6,61 -5 .27 -6.59 +7.32

Bed Rest- Re-
Exercise No Exercise ambulate
O k533,83 b313,5 L261.01) bhoo, g X X +5.97 ~6.01 +3 .27 X
01 2072.5 119050 1935.51 1937.0 X X +5.79 ~6.61 +3.18 X
5.1 289k, ¢ 2716.5 2683,01 27470 X X +5.27 -7.31 +2.39 %
i

L5 13L02.0 1 3185.0 3104.5 1 3142.0 X % +6, 48 -8.74 +1 L3 X
5] 1613.5 | 1619,58 1704,01 1827.0 X X +8,07 45,61 +7.22 X
0l 2502.0 | 228k .5 2260,.01 2bL4c 0 X X +8,57 -9,67 18,19 X
d L Arm; Left Arm Amputated
3—‘0.0 Ll 5 LyLt 0| LB8Y & X X +2,12 +3, 60 12,88 X
51 2288 5 ) Zgoh b 2207.5] 2257.5 X X +2.,.00 -1.82 42,26 X

2809.0 | 2856.5 | 2976.0 X X +1.12 +5.95 -4, 69 X |

=0

2836.5
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SECOND GROUP OF SUBJECTS

Changes in Bone Density

A new man, Robie Wilson, entered the study on May 7th, 1969,
but he was not immediztely placed in a test category. On June 16th he

began to be fed a phosphate supplement while at bed rest, with this test

continuing until September 8th.

Two other men entered this part of the study, and were radiographed
for the firs‘;“ time by us on July l4th, 1969. These men were R-oger Gieck
and John Graham. They were placed on the phosphate test on August 25th
and were continued with this daily dietary supplementation while at bed
rest until No';rember 10th, At the conclusion of the phosphate test, each of
these three men continued with bed rest without any dietary supplementa -

tion, except that which was in their regular diet.

In summary, the plans for these three subjects, and the ouicomes
of their parts of the study are shown in short summaries and in the text

material which follows through this part of the Report,
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Changes in Multiple Sections of the Cs Caleis

in Terms of Integrator Counts during the First

Bed Rest for the Second Group of Subjects,

With and Without Phosphate Supplementation

Tables VI, VII, and VIII, which follow, give the data on multipie
sections of.the os calecis during a 12-week bed rest during which a phos-

phate supplement was fed to all three of the subjects under discussion.,

Wilson recelived his initial radiographs for this bed rest on 6/3/69,
with the bed rest beginning 6/16/69. His final radiograph of this period

wasg on 9/15/68, with the bed rest closing on 3/8/69.

Gieck and Graham had their first radiographs made on 7/14/69.
Their first bed rest extended from August 25, 1969 to November 10, 1969.
The fzearest times for x-rays which were available were August 8 and No-

vember 26, 1869.

Os Calcis, Initial Period. It was fortunate for the study that this
second gl;oup of men each had an initial period of time for equilibration.
Wilson had from 5/7/69 to 6/3/69, and the oﬂ;er iwo from 7/14/69. to
8/8/69. During this period, they showed the following changes in total

bone density of the multiple sections of the os calcis:



. Tnitial
Table Subject Bone Density
AtoB Change
(per cent)
VI Wilson +3.71
VIT Gieck +4.,04

VITI Craham +13.72

The gain during this period indicates improvement in the experimental diet

in comparison with their previous diet,

Os Caleis, First Bed Rest for the Second Group of Participants.

During the first bed rest in which the second group of men took part, they
received the phosphate supplement throughout. The following summary
shows the source of the data on this portion of the investigation, and the

outcome in terms of per cent change in bone density during the period.

Bone Density

‘Ta ble Subject Phosphate . Change
) (per cent)
VI Wilson ) ves . +5,53
VII Gieck . yes _ -1.53
VIII Graham . ves _ +8.86

Os Calcis, Second Bed Rest for the Second Group of Participants.
During the second bed rest for the second group of experimental subjects,
the plan for this part of the investigation was to withhold the phosphate

supplementation for all three men so that comparisons could be made at
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ciose intervals of time, The difference in the bone density of the os caleis
between the bed rest when the phosphate supplement was fed and that dur-

ing which it was not provided is illusirated by the following brief summary:

- Bone Density
Table Subject Phosphate Change

(per cent)
VI Wilson ) no : ~7.63
VII Gieck no -5.985

ViII Graham no -16.55

Os Calcis, Final Portion of Study Involving the Second Group of

Subjecis., The portion of ambulation of the three men under discussion
which was covered by radiographs was of very short duration-- from

11/26/69 to 12/17/69. The data are summarized briefly as follows:

Change in Bone Density

Table Subject during the Specified Period
: of Final Ambulation
—_— (per cent})
VI Wilson : -0.99 -
VI Gieck +18.11

VIIL Graham - 413,50



SUBJECT: ROBIE WILSON

A AH

LABLE ¥
CHANGES IN MULTIPLE SEGTIONS OF THE QS g£&°

SOUNTS DUBJNG EXPERIMENTAL Pia:

¥

Regular { Regular | Regular { Regular ; Regular{ Regular
Position Tracing { Tracing | Tracing | Tracing] Tracing; Tracing
of A B C )] E F
Section 5/7/68 | 6/3/69 | 7/14/69 | 8/8/651 9/15/69(10/1k/6g}
2 am_up 2783 9432 9883 10691 9977 9970}
1_mam_un 9437 961, 9804 | 107221 1001L] 10003l
CONVENTIONAL
TRACE 9537 9738 9784 9872 Q933 9616
1 _mm down 90Es G147 Q508 g82h 9824 9678
2 _mm_down 8882 8839 3237 98671 30k 9632
3 down 8619 3527 8643 olg 979L qL7Lg
4 mm_down 8361 8Lyl 8322 Loz 9537 Qlih |
5 mm down 8353 8336 8597 Q2it 9345 9196
6 _ram_down 807 8206 | __ 8523 5;0] 9178 8819
7.mm_down 804 8062 8352 RE88 | 8956 85130
8 mm_down 7854 7922 8738 8795 8842 8L83
9 mm_down 7712 7752 2108 8478 8678 82432
10_mm_down 7584 1662 7951 817 845k AR
11 _ma_ down 7450 7554 7794 8100 8166 28651
1Z_mm _dowin 7275 J4i3 7568 7951 2995 7707
i3 mm down 7020 7186 7461 75451 7600 7480
14 mm down 5823 7017 7217 7259 7324 7182
15 mia_down 6636 £81% 59h5 7002 7146 6929
16 mm _down 6378 6584 6750 1 £8iL 7023 6687
17 _mm down 6339 6RLG 6665 H759 6861 GLES
i8 mr _down 6051 6395 | 6508 65 6640 638L
13_am_down 5876 6306 . 5405 6385 6457 £209
20 mm_down 5787 6219 63401 6233 6221 5013
21 _mm_down 5623 5313 61100 - 6ins 6160 5875
22 _mim_down 5613 6002 SOLE 5628 6043 686
23 wm _down 5637 5oL R3h3 5894 Lolly L8191
zh mm down _sLL2 £822 ekl 5767 L84LE 5402}
© |25 mn_down 5303 5679 5589 5697 5128 5328
26_mm_down 5025 1. 5572 1 5453 5497 5575 5181
27 mm _down 022 ch36 L7268 5450 5502 Lo8i 1
28 mm_down 1936 5369 5166 £k 5402 LgBa
29 mm_down £797 5361 5106 520 5328 L8631
30 mam_down 4746 5143, 4698 AG87 5185 L78L
31 wmr_down LL38 503z | 490] b573 LQ65 LEER L
32 mm_down 4356 k798 Lyokh 11863 14877 ik
33_min_down 4250 UTYA IR 10 Y LE18 4636 L1372
3% mm_down 4036 230 140 L8k} L2391 Lot
35 mm_down 3L78 3721 E AL 3751 3755 3572
36 _mm_down 2939 2927, 2921 1 2974 2943 28801
l il o S
Total 252,179 261,541 | 255,451 | 274,299 ¢ 275,999 261;,36{_5J




iN MUTIPLE SECTIONS OF THE OS CALCIS IM TERMS OF INTEGRATOR

LOUNTS

IABLE Y1

[}
)
i

DUBJNG EXPERIMENTAL PHASES OF THE PROJECT

Hef -8

gular | Regular }{ Regular| Regular | Regular} Regular
acing | Tracing} Tracing] Tracing{ Tracing| Tracing Per Cent Change between Tests
C D E F G H
/6o | 8/8/631 9/15/69110/14/69 (11/26/69{12/17/6%9 | A to B| B toE | E to G| G to H
_9883 1 10691 9977 9970 9351 9299 +1.60 +5,78 -6.27 -0, 56
a8k 10732 1001L 16003, 9k17 9387 +2,16 +3,87 -5.96 ~0,37
_97 9872 9933 9616 9367 9210 +2.11 +2. 00 -5.70 -1,68
g 3320 agab 9678 920 9146 +0,90 +7. 40 -5.31 -0,63
_9237 08367 g304 9632 9141 9074 -0, L8| 416,92 =6 76 =073
5943 aLg 979k gh7l 9089 8926 -1,07 1 +14.86 -7.20 -1.79
8822 abb71 . 9537 qlhh 866¢ 8638 | +1.31 4 412,58} -9,201 =0.25
8567 9245 | 93L5 9196 8h3s5 8Lin +0.28 1 #1144 | -9.20 -0.12
_Br2a 5301 9178 8819 836 8355 +1.98 | +11,8L -8.85% ~0,13
8352 8888 8956 8539 8232 8231 +0,16 1 11,09 -8.08 -0, 01 |
82:8 8795 8842 8483 8091 8094 | 40,86 | +11,61 -8, Lg 40,04
2105 878 8678 gz2Ll2 7976 7883 +.5% 1 +11.93 -8.09 ~1.16
LA951. 31751 ghash 8114 7855 7774 +0.90 | +10,34 -7.09 -1,03
179k ging 8166 7365 7654 7652 +1,40 +8,10 ~6.27 -0.03 |
7568 7951 7995 7707 7L69 7419 41,90 +7,85 1 " -6.58 ~0.67
7461 7E25 7600 7483 7272 7187 +2.,36 +5,76 -4,32 -1,17
723747259 7320 7182 | - 70h6 696 +2 8L +4.37 -3,80 -1,21
5965 7002 7146 6929 6846 6672 +2 .70 +4 86 ~4.20 -2 .G4L
6750 1 £2ih 7023 6687 65630 GLL8 +1. 64 +6,67 -5.60 -2, 7k
6664 6789 6861 666 6L6b 6299 +3,17 +4.91 -7.2] -2.58
_ 6508 539 6640 6384 62LL 6168 +5,73 +3,78 -5.96 -1.22
_6lgs 6385 6457 6209 6113 6029 +7.32 +2 .39 -5.33 ~1.37
6340 1 6213 622] 6013 5977 5883 +7 46 +0, 03 -5.53 -1.57
_&110 615 6160 5875 5777 5725 +8.7] +0.77 =6.22 ~0.90
5946 5528 6043 5686 5578 5511 +6,93 +0,68 ~7.69 -1.20
naks 58gh coll £519 5523 5514 +6,34h +0, 05 -7.08 ~0.16
£ 7kl 5787 c8LS £L03 5331 5356 +6.98 +0 b5 -8.84 0. b7 |
_5 5697 5728 5328 5178 5193 +7.09 40,86 -9..60 +0,29
g 5hay 5575 518} 50l3 c066 | +10.83 1 +0.05 | _-9.5h | +0.U6
__5268 5450 5502 4981 4850 4890 +8,2h +1,21 1 -11.85 +0, 82
c166 o2k 5h(2 L88g 4728 L7k +8.77 +0.61 | ~12 48 40,27
__5106 5120 5328 486 4628 4607 | +10,5] +0,51 1 =13.14 1 -0.45
4938 S037. 518¢ L7884 Lohy Ll +8.36 +0. 82 -12.30 -2.33
4901 Lo7z 5065, 1663 4342 1335 | 412,02 | +0.66 [ -14.27 | -0.18
. h7on 1863 L877 Ll 4295 4122 | +10.15 +1.65 [ -11,93 ~4,03
__Lnzy Lo 8T 4636 4132 Ln76 3971 18,92 +0,15 { =-12,08 -2.,58 |
h1ko mghi 4239 Lo6 5, 390 3731 | +5.03 <0,00 | _~10.14 -4, 585
3720 37518 3755 3572 344) 3226 | 46,99 1. $0.9] -8,36 | 76,25
2928 4 297ki 2943 2880 2756 2787 -0, Ll +0.58 ~6,35 +1,12
55,451 27&,299% 275,9991 264,3911% 254,953 252,420 +3.71 +5.53 ~7.63 -0.99
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CHANGES N MULTIRLE SECTIONS OF THE 08 CALCET

COUNTS BURING THE BED REST PHASE ¢

i

SUBJECT: ROGER GILECK ;
Regular }Regular | Regular| Regular: Regular| Regular | Rez
Position Tracing {Tracing } Tracing| Tracing | Tracing| Tracing{ Trz
of A B C D E F
Section 7/14/69 8/8/69 | 9/15/65110/14/69 111/26/6% (12/17/69 27
2_mm_up 9900 gho 3450 oL78 9hi6 9155
| _fm_up 9903 gL487 ghL88 Qi 7 4399 915t
CONVENTIONAL
TRACE 9872 5641 9748 9678 95h3 oLgs
1 _mm_down 9230 38039 9069 8963 3811 85l2
2 _mm_down 8847 8869 8366 8712 8599 8h27
3 _mm_down 7943 8771 8811 8516 8504 8311
4 mm_dovmn 7924 8671 8700 8c79 8375 81839
5 _mm_down 7803 8oh1 8443 8411 8343 8099
6_mm_down 7711 8316 82339 8175 8122 7862
7_mm._down 7542 8062 8015 8002 7938 7825
8 mm_down 7217 1769 7677 7606 76354 7518
9 mm_down 6953 - 7810 7374 7381 7310 7065
10 mm down YT 6954 6967 6922 i 6903 6751
11 _mm_down 6372 | 6695 6654 6660 6618 6440
12 _mm_down 6057 6280 633] 6282 £26] 6078
13 _mm_down CL18 5856 5897 5860 c3hh 5779
14 mm_dovn 5297 5681 5690 569h 1 5622 5607
15 _mm_down 5005 5L63 5323 5398 5374 5&31
16 _mm_down Logs 5182 5219 514g 5129 5288
17 mm_down 4753 _5067 5183 £029 Logl 5099
18 mm _down 4699 L3889 4911 La1B | L850 La37
19 mm_down 4587 4781 4331 L738 L6990 L784
20 mm_down Liog L688 Lok2 4752 L603 L7gh
2] mm_down ULy Lobl L4658 4636 Lehké L4658
22 _mm down 4311 Lo)2 LchQ L508 Lich 4600
23 _mm_down L4263 Lbg7 Lol 1188 Lk L2k
2L mm_down L202 43 h7 4359 L3117 L2813 Lh3lh
25 mm_down Ly L 4236 4326 h2ag Laglk Lhoy
26_mm_down 3993 L1422 L166 Lig7 L1c8 4296
27 mm_down 3953 L037 4030 Locy L0226 L4234
28 mm_down 3714 3897 3942 3896 3876 LokLs
29 mm_down 3696 3762 3853 3723 2717 3870
30 mm_down 3517 3676 3656 3693 3538 3784
31 _mm _down 3493 3605 3568 3577 3chLy 31689
32 ma_down 3234 3477 471 3435 .. 3372 345k -
33 _mm_down 3012 3287 328] 3258 3201 3337
34 mm_down 72819 2967 3006 2957 2935 3023
.35 mm _down 2486 2562 2581 2519 Ly 2508
Total 21k, k57 1223 121 | 223,866 | 222,061 1 215,704} 219,516 | 205




L5 -8

JH MULTIPLE SECTONS QOF THE 0S CALCIS IN TERMS DE INTEGRATOR
COQUNTS DURING THE BED REST PHASE QF TIHE PROJECT
i -
i

2gular| Regular | Regular | Regular | Regular | Regular

racing| Tracing | Tracing| Tracing { Tracing | Tracing Per Cent Change between Tests
£ b E F G H

/15/6910/14/6G 111/26/69112/17/68 1 2/9/70 [ 3/18/70 -|A to B | B toE] E to G| G to H
gh50 oh78 shié 9155 90h7 10129 ~L ok -0.37 =3,92 | _+11,96
9L88 9422 5399 9155 9115 1014] =4 20 -0.93 ~3.02 1 +11.26

9 0678 9rh3 9486 qL§] 10121 | -2,34L -1,02 -0, 86 +6.98
’ 8993 8811 8542 8780 9619 -2.07 -2,52 ~0,35 9,56
9566 8712 8599 8427 8413 _934g +0,25 -3.04 -2.16 1 +11.08
8811 8616 850k 8311 8374 9284 | +10, 42 -3,0L 1,531 +10.87
8700 8579 8375 8189 8080 9172 19,43 -3.41 -3.52 | #i3.51
8hl3 811t 8343 8099 8008 8982 | .49 46 -2.32 -4, 02 | +12.16
8239 8178 8122 7862 7824 8863 +7.,85 -2.33 -3.67 1 +13.28 | -
8015 8002 7938 2825 7988 8739 +6,89 -1,5h +0,63 +9. ko
7677 7606 7634 7518 7699 8458 +7.65 ~1.74 +0, 85 19,86
7374 7381 7310 7066 7112 8062 +5.57 -1.35 -2,71 +13.36
6967 6922 6903 6761 6636 7562 +h 63 ~0.73 -3.87.| _+13.95
6654 6660 6618 644G 6399 7192 +5,07 -1,15 -3 31| 12,39
6231 6282 6261 6078 £928 6845 +3.68 -0,30 ~5.32 | 415 L7
5897 5860 | £84LL 5279 5658 6450 +8.,08 ~0,20 ~3, 18 | +14,17
5690 5694 | 5622 5607 5357 6156 +7.,25 -1.04 =4 711 41k 92
5393 5398 | 53720 5531 5063 Lobh +9,.15 ~1.70 -5.72 1 +17.80

__E219 c1hg i 5129 5288 L7370 5838 43,95 -1.02 ~7.00 ] +22.39
5183 5029 Logh 5099 AN 5650 +6. 61 -1.44 -8,57 | 423,74
L9t} 4918 L850 4937 4360 5L99 -+, 0l ~0,59 | -10,291 +26,12
Lzl 4738 4599 L78L L9683 5356 +4, 23 -1.90 -9 00 | 425 45
Lol 4752 1603 L70L Li17 5304 |, +4, 20 ~1,8] -10,56 1 +28.83
LE58 L6326 LGhh LE58 LokL7 5234 +2 Lo ~0.391 -10.98 1 +29.33
Lok Load Lhol 4500 3907 5237 +h 66 ~1.28 ~12.28 +3h ok
Lo3h LLEB | Ll Loob | 3847 5131 +5 L9 ~1.24 ] -13,38 ] 433.38
4359 L3117 4283 Lhzh 3709 5041 +3 . 45 1,471 =13.40 | +35.91
b L2730 Lol Lhoy 3679 Lgs7 42 .22 -0.28) =-12.901 +35 0}

Lig7 L4108 4296 3584 L78] +3.73 0,821 -12,.76 1 +33.40

~ k030 Losd § bo26 4234 3421 4715 +2.12 0,271 -15,03 | 437,82
3947 3836 3876 Loh6 3310 L5oh ' 93 -0, 5L} -14,60 ] +37.64
3853 3723 3717 3870 3221 L3377 +1.78 =1.,201 ~13.34 | 435,89
3656 3693 3638 3784 3191 Lo5] +4 52 -1.03 1 =-12,29 | +33.22
3568 3677 35hh 3689 3099 Lotg +3,21 -1,69 ) -12,56| +29.56
3471 3435 3372 3454 2980 | _ 3747 1 47 6} -3.021 -11.62 | 25,74
3281 3258 3201 3337 2814 3505 +9.13 =2 621 =12 09| +24L &5
3006 2957 2935 3023 2605 1 3199 +5.25 -~1,081 -~11.244 +22.80
2581 2510 245 ] 2508 2193 2563 1| _+2.65 -3,961 -10.531 +16.87

23,866 1 222,061 | 219,704 |.219,516 | 206,630 | 254,060 -+, 04 -1.53 -5, 95| +18.11
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TABLE v _1

LL

CHANGES L) MULTIPLE SECTIONS OF IHE 0S CALElS
COUNTS DURIKG THE BED REST PHASE ¢

SUBJECT: JOHN GRAHAM
Regular Regular]_Regular Regular! Regular| Regular | Resg
Position Tracing] Tracing | Tracing{ Tracing| Tracing| Tracing | Tra:
of A B C D E F !
Section ?2/14/69) 8/8/69 | 9/15/6810/14/69 {11/26/69812/17/69 | 2/
2 _mm_un 7983 G565 o51h 10008 9689 3300 :
1_mm up 8022 9589 9636 10001 9463 9294 2
CONVENT { ONAL )
_TRACE 9640 9980 9920 10001 9293 9265 C
1_mm_down 7500 8960 8900 G238 Q170 8596
2_mm_down 720k 8741 8603 2948 sS40 8284 -
3 _mm_down 7109 8L83 8411 £795 9153 _799¢ .
L mm_down 703} 8378 8300 8678 902 7932 -
5 mm_dowmn 6912 8270 5037 §hag 8838 7800 =
5 mm_down 6783 8068 012 8288 864k 7716 7
7 _om_down 6745 7972 8002 2199 _ 8639 7593 .
8 _mm_dovin 6573 7828 7842 gosh 8415 7065 <
9_mm down 6438 7559 7627 7896 8233 7221 :
10 mm_down 6258 7389 7295 7561 799 6907 £
11 _mm_dovn 5963 6989 6974 7295 750 BL61 £
12_mm_down 5640 6670 5559 309 7084 5818 s
12 _mm_down 5265 6150 616 6299 | 6586 5531 E
VL mm dovin L8156 5483 5578 5763 5939 5028 -
15 mm down, 4596 c1h3 5202 5420 5618 4700 L
16_min_down 437k 919 5039 211 5355 Likg -
17 mm _dowvn Lok} L6563 4829 4olL3 5157 Lol L
18 mm_down Losh Loi6 L5588 4730 Lapg 3991 L
19_mm_down 3785} - L2720 4321 4390 L626 3684 =
20 mm_down 3531 3872 LoL2 L4133 L3l 3435 2
21 mm_down 3393 3723 3847 3884 gk 3240 3
22 mm down 3327 3614 3718 3728 Lpty 3214 ki
23 _mm down 3276 3522 3563 _3687 33909 3139 2
2L mm down 3235 3L67 3510 3626 3892 3078 2
25 mm_down 3181 3406 3404 3536 3785 2937 z
25 mm _down 3109 3289 3340 3474 3734 2828 z
27 _mm_down 3058 3165 3251 3363 3624 2692 Z
28 mm_down 2978 31071 3200 3229 3564 2631 3
29 pm.down 2945 306 3113 322k 3481 2559 Z
30 _mm down 2827 2892 3035 3074 3365 24ba |2
31 mm _down 2662 2823 2863 2920 2134 2361 Z
32 mm_down 2372 2534 2560 2576 2837 2062 i
33 mm_down 188 2082 1998 2131 2349 1682 1
Total 178,826} 203,370 204,819] 211,550] 221,383| 187,635 | 18%,




SN MULTLPLE SEGTIONS QF THE QS GALGCLS IN TERMS OF INTEGRATOR
- ] -

TABLE

VoL

_‘1 COUNTS. DURLMG THE BED REST PHASE OF THE PROJECT

Lb-B

RBegular| Regulari Regular| Regular | Regular | Regular . :
Tracing| Tracing| Tracing] Tracing { Tracing| Tracing Per Cent Change between Tests
c - D E ‘ F G H )
9/15/69{10/14/69|11/26/69}12/17/69 | 2/9/70{ 3/18/70 |A to B | B to E F to G G to H
o5tk 16008 9589 9300 91231 10009 { +19.82 +1.30 ~5.84 +9,71
96356 10001 9L63 9294 9257 9976 1 +19.53 -1.3] ~2.18 +7,77
__Qg 10601 9293 9z65 9319 9990 +3,53 ~6,88 +0,26 +7.20
0 9238 9170 8595 8L0o6 9QB2 | 19 b7 +2 34 -8.33 +8, 0k
8603 8948 9407 8284 8131 8ohg | 419 .84 +7,.62 -13. 561 +10,02
8411 8795 9153 7996 7878 8753 | +19.33 +7.90 1 -13.93 1 +11,23
8300 8678 9025 7932 7787 8605 | +19.16 +7.72 | -13,72 | +10.50 |
8037 8493 8838 7800 7613 8Lsh | 419 65 +6.87 | =-13,52 | +10,61 ]
5012 8258 8oLt 7716 7480 8315 | +18_ 84 +7, 014 1 -13.46 +11.16
8002 3]99 8639 7593 7392 8216 | +18.19 +8. 37 1 =14 &3 1 +11,15
7842 8054 8415 7h65 720L 8022 | +19,09 +7,50 | =1k 391 411,35
7627 7896 8233 7221 _698L 7840 | #1741 +8,92 1 -15.17 ] #12.26
7295 7561 790 6507 6781 7513 +18,07 +6,96 1 -1h 701 +11.45_
6974 7225 7505 6L61 6409 7054 | +17.21 +7,38 1 -1L.60 ] +10.06
6559 6809 7084 5818 Lo8L 6607 | +18 26 +£,21 | -15,53 | +10.4!
61516 6299 6586 553) 5584 6188 | +16.79 +7,09 | -15,181 +10.78..
£578 576% 5939 5028 4596 5605 | 413.38 +8.32 1 -15.881 +12.19
5202 5420 _EE18 4700 4506 5219 | _+11.90 +9.24 | -19,79 1 +15.82
5039 5211 5356 Lihg L318 5060 | 12 45 +8.86 | -19.361 +17.18._
L8279 Lok3 | 5157 Looh | 4215 L887 +9.71 | +10,83 ] -18.27 | +15.94
L588 4730 49gsg 3991 Lok “he16 | 411,40 +8,61 ~17.96 1 +1k. 71
632] £39Q L6256 3684 3693 L2271 | +11,49 +9.62 1 =20.17.1_ +14.30
Lolz 133 Ligh 3k3g 3LLG 3891 49 66 1 +12.71 =20.99 1 +12 8%
_3847 3884 Lish 3290 3273 3816 +9.72 { +11.58 1 ~21.21 | +16.59
3718 3728 hog7| 3214 3150 3710 +8.63 | +12.26 | -22.36 1 +17.78
3563 3587 3909 3139 3076 3672 +7.51 1 _+10,99 1 -21.31 | +19,38
0 3626 3892 3078 3027 3670 +7.17 | _+12.26 | -22.22 | +21,24
___ﬁ 3536 3785 2937 2940 3548 +7,07. L +11,13 | =22.32 | +20.68
0 3474 3734 2828 2753 3heh | 5,79 | +13.53 | -26.27 ) +25.83
3251 3363 3624 2692 2688 3389 +3.17 | +14,86 | -25,83 | +26.08
3200 3229 3564 2631 2538 3370 +4.33 | 414 71 -28,.79 | +32.78
3113 3226 3481 2559 2484 3250 +2 43 | +1h 281 -28 64| +30.84
3035 3074 _3365 2442 2359 3088 +2.30 1 +16,35 | -29.90 | +30,90
2863 2920 3134 2361 2274 2903 +6.05 | #1102+ =27 hh | +27.66
2560 2576 2837 2062 - 1997 2597 +6.83 1 +11.96 |_~29.61 +30,04
1998 2131 2349 1682 1668 2137 | +10.57 | +12.82 1 -28. 99 [ +28 12
204 819} 211,550 221,383 187,635 | 184,751 | 209,693 +13.72 +8,86 -16.55

+13.50
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Changes in Second Group of Subjects -~

Hand and Wrist

Hand Phalanx 4/2, Initial Period. During the first period of the in-

ve.stigation when no experimenial program had been‘ undertaken by these
three men, their hand phalanges 4/2 showed a considerable gain in bone
density. It is not known by the authors of this report whether they exer-
cised while standing, by the use of the Exer-Genie, or whether they_exer—
cised in any other manner. In any case, through this ambulatory.lperi_od

they gained in bone density of phalanx as follows:

Bone Density Change

Table : Subject in Multiple Sections
' of Hand Phalanx 4/2
_— (per cent)
XV _ Wilson . - ¥11.58
XV Gieck © o 47.56
XVi Graham +13.,26

Hand Phalanx 4/2, First Bed Rest, During the first 12-week bed

rest for these subjects, when pho-sphate supplementation was fed, hand

phalanx 4/2 showed some increase in each of the men, as shown below:

Bone Density Change

Table Sub jéct Phosphate (per cent)
XIV Wilson ves +13,51
pA's Gieck ) yes +15.14

XVI Craham yes +15.80
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Hand Phalanx 4/2, Second Bed Rest. During the second 12-week
bed rest, when no extra phosphate was provided, the bone density change
was in thg opposite direction {from that of the first bed rest when phosphate
was fed,- as was found with respect to the os calcis. The -findings for this

phalanx were the following:

Bone Density Change

Table Subject Phosphate {per cent)
XV Wilson no -8.34
XV Gieck no -10.03

XVI Graham no . -8.44

Hand Phalanx 4/2, Final Portion of Study Invoiving the Second

Group of Sufajects . As mentionad above, the portion of the final ambulation
period C{;vered by radiographs was of very short duration. The bone density
performance of the hand phalanx 4/2 was very irreg-;ular_ with respec’é to the
three subjects, as might ‘be expected , because the a;ctivity involving the’
hand in which each eélgaged was not recorded, The bone density changes

of hand phalanx 4/2 are shown below:

Bone Density Change
in Hand Phalanx 4/2

Table Subject during Portion of Final
’ Ambulatory Period
i {(per cent}
X1V Wilson . +1.,B60

XV Gieck +14.42

XVI Graham . +8.58



TABLE XLV

CHANGES, IN MULTIPLE SECTIONS OF THE HAND PHALANX E:Z AN TERMS QF INTEGRATOR
LOUNTS DURING THE BED REST PHASE OF THE PROJECLT

SUBJECT: ROBLE WILSON o

Position Per Cent Change between Tests
of A 8 c D E F G H
Section 5/7/69 | 6/3/69| 7/14/69 | 8/8/69| 9/15/69{10/14/69{11/26/69112/17/69 | A to B | B to E| Eto G| G to H
Proximal End
of the ’
Phalanx 860 961 1002 1051 1069 1016 10161 1025 +1. 70 | 11,24 -4 96 | _+0.89
| _mm_up yn 811 911 905 QL2 891 881 890 +9.00 | +16.15 ~6 48 | +1,02
2 mm_un 732 805 833 867 880 85l 836 852 +9,97 +9,32 =L 77 +1.9]1
3 mm up 6oL 757 768 812 820 811 786 795 +14,01 +&.32 -4 15 4] 1h
4 mm up 665 738 785 790 775 774 7721 786 . +10,98 +5 0l -0,39 |- +1,8t
5 mm_ub 651 739 768 799 791 779 771 750 +13.52 +7, Ok -2.53 [ 2. L6
6_mm_up 656 734 768 787 805 779 765 770 +11,89 +9,67 -,97 | _+0.65
7 mm_up 65 737 759 805 820 788 775 789 +12,.86 | +11,26 ~c b9 | 41,81
8 mm up Gl 729 745 774 817 772 763 778 +13,20 | +12.07 ~6.61 | +1.96
9 mm_up 630 721 757 177 805 763 74 752 +1h 4l | 111,65 -7.95 t +] 48
10 mm _up 619 693 711 762 803 782 731 750 +11,95 1 +15,.87 -8.97 1_+2,60
11 _mm_up 609 673 707 753 802 760 712 705 +10,51 + #1917 | =t1.22 1 -0,98,
12 _mm_up £80 674 704 733 776 Y 680 692 £16.21 F +15,13 | =12,371 41,76
13 _mm_up 577 658 677 723 749 7254 676 689 +14,04 | +13.83 =9.75 1 1,92
1L mm up 576 638 582 715 729 720 664 673 +10,76 +14, 26 -8,92 +1.36
15 mm up 577 636 571 699 734 706 644 682 +10.22 1 +15 41 | -12 .26 | +5,90
16 mm_uo 569 636 668 704 733 718% . 653 668 +11,78 1 +15,25 | -10,91 | +2.30
17 mm up 592 664 673 722 765 732 £71 £89 +12, 16 1 +15.36 | =12 4o | 42 68
18 mm_up 600 663 674 723’ 791 762 673 678 +10.50 1 +19.31 | -t4,92 | +0 74
19 _mm_up 590 660 682 725 776 747 670 574 +11.86 1 +17.58 | -13.66 | +0. 60
20 mm _up 602 676 . 686 728 761 737 673 635 +12,29 | 12,57+ =11.661 +1,78
21 mm_up 583 655 687 720 L6 729 659 660 +12.351 +13.89 | =11,661 +0.15
22 mn_up £90 643’ 630 712 742 722 677 688 +3.08 | +15.40 -8. 76| +1.62
23 mm_un L6g Lo 583 588 603 597 556 567 +0,86 1 +28.57 7. 791 41 98
| Total 15,028y 16,770} 17,581 18,3741 19,035] 18,412| 17,447 17,727 1 11059 | +13.51 -8.34 +1,60

R
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TABLE XV
CHANGES IN MULTIPLE SECTIONS OF THE HAND PHALANX 4-2 IN TERMS OF INTEGRATOR
COUNTS DURING THE BED REST PHASE OF THE PROJECT

SUBJECT: ROGER GIECK

Position : Per Cent Change betwsen Tests
of A B C D E F G H
Section | | 7/1L4/63 | 8/8/69 | 9/15/69 [10/14/69111/26/69{12/17/69 | 2/9/70 {3/18/70| A to B | B toE| E to G| G to H
Proximal End '
of the . .
Phalanx |- 922 9356 1082 1087 1143 1076 1062 1196 +1.52 | 422 1 -7.09 | +12.62
1 _mm_up 752 848 937 921 984 977 889 1032 | +12.76 | .+16.04 ~9.065 | +16,08
2_mm_up £87 755 808 852 883 834 7hly 921 | _+10. 04 +16.80 | =15 74 | +23.79
3 moup 666 683 742 gok 835 788 718 883 +2,. 55 1 422,26 | =14 01 | 422 98
L mm_up 647 488 754 793 769 746 674 833 +6.34 | 411,771 =12,35 ] +23,.59
5._mm_up 652 682 755 798 784 740 700 840 +4 60 | +14,96 | ~10.71 1 +20.00
6 _mm_up 673 163 784 832 828 771 726 8L6 | +13.37 +8,52 1 ~12.32 1 +16,53
| 7 mm up 685 761 791 842 8Lo 775 7549 853! +11,09.{ +10,381°-10,83 1} +13.88
8 mm up 687 750 782 860 842 784 763 879 +9 171 +12,27 ~9.38 | +15.20
9 mm_up 722 761 794 863 863 . B03 788 881 +5. 40 | +13.40 -8.69 1 +11,80
10 _mm up 707 745 798 850, 847 795 775 872 +5.372.) 13,69 -3,50 1 +12.52
11 mm up 680 757 790 823 824 787 768 86 +14, 70 +8.85 -6.80 1 +13,02
12 _om_up 652 683 753 805 810 769 . Th0 806 +4 75 | +18.59 -8 64 +8,92
13 mm up 638 667 749 792, 802 749 725 825 +4,.54 ) +20,.24 -9.60 ) +13.79
14 mm_up 626 692 752 802 807 .75} 736 8321 410,54 ) 416,62 ~3.80 1 +13,04
15 mm_up 673 697 742 815 782 754 731 843 +3.657 0 412,20 “6.62 | 415 32
16 _mm_up 672 727 7hl 819 819 767 764 833 +8.18 1__+12.65 ~6, 711 49,0
17 _mm_up 671 728 768 806 878 764 761 8o 8. 09 1 413,74 -8, 091 +10,38
18_mm_up 627 63l 773 803 845 776, 765 8521 +10,69 1 +21.76 ~9 b7 b 411,37
19 mm up 645 702 753 _770 803 756 745 828 +8 841 414,39 =722 4 11,14
20 _om_up 637 719 743 787 853 sl 730 8301 +12.87 1 +18. 641 =-ib b2 | +13. 70
21 _mn_up 626 705 745 778 8Lk 727 722 8L8 | 12,62 | +19.72 1 -th Lo § +17.45
22 mm_up 689 701 729 736 780 678 698 797 +1.78 40 +11,27 1 -lo,6¢ 1 +th 18
23 mm uo 687 690 700 721 775 666 691 746 +0. 441 +12.32 | ~10.84 +7.96
‘Totel 16,303 17,53&8,759 19,759 20,190 18,765 | 18,164 20,. +7.56 1 #1514 1 ~10,03 | +14, 42



TABLE

Y

CHANGES IN MULTIPLE SECTIONS OF THE HAND PHALANX 4-2 IN TERMS OF INTEGRATOR
LOUNTS DURING THE BED REST PHASE OF THE PROJECT

SUBJECT: JOHN GRAHAM
Position . Fer Cent Change between Tests
of A B C D E F G H
Section 7/14/69 | 8/8/691 9/15/69 |10/14/69111/26/69112/17/691 2/9/701 3/18/70] A toB| B to E | E to G| G to H
Proximal End .
of Lhe .
Phalanx 943 1036 1105 1155 1192 1122 1037 1202 +9.86 | +15,06 | -13.00! +15,9]
1 mm up 827 903, 979 1068 1063 1010 936 1075 9,19 | _+17,72. 1 -11.95 | +14 8¢
2 mm up 737 833 890 981 980 927 858 968 | +13,02 | +17.65 1 -12 451 +12.82
3 mm_up 701 795 852 935 942 871 820 gi4 | +13.41 | 418,49 | -12,95 1§ +11.46
4 mm_up 693 799 825 927 930 849 8L6 G163 15,30 [ +16,40 -9.03 8,27
oMM up 685 189 831 912 916 855 845 918 ) +]15,18 1 +16,10 -7.75 3. 64
6. mm_up 710 825 860 922 935 876 866 942 | 416,341 +13,33 -7.38 +8.78
7_mm "\p 713 830 840 92 940 885 867 ob7 | +16.41 | +13.25 -7.76 49,23
8 mm. up 7204 827 870 919 92] 889 97] QL8 | #1747 | +11,37 -5.43 +8 .84
9 mm_up 741 828 877 923 952 884 8933 b2 {411,744 +14,98 -5,20 +5 . 49
10 mm up 73) 832 868 915 953 882 883 946 | +13,82 1 +14 gl ~7.34 +7,13
11 mm_up 720 80] 856 893 910 843 851 913 | +11.251 +13.61 -6, 48 +7.28
12_mm_up 715 783 853 899 912 852 855 901 +9.61 | +16,.48 -6,25 +5.38
13 mm up 703 782 840 871 896 | 836 - 839 893 | 411,241 +1bL 568 -6,36 +6, Ll
14 mm vp 709 804 838 8ol 906 82g 825 907 ] _+13.40 ] +12 .89 ~8,94 9,94
15 mm_ uo 713 791 860 9051 904 824 864 8961 +10.94 1 +14,92 -4,95 +3,70
16_mm_up 719 179 844 891 921 821 869 . 912 9,72 1 +18.23 -5,65 4 96 |
17 mm_un 206 770 841 887 904 824 804 897 .06 1 +17.40 1 ~11,061 +11.57
18 mm. up 667 747 811 888 902 813 B B892 | 411,991 +20.75 1 -10,09 +9.99
19 mm.up 639 742 769 Bh6 863 766 784 839 +16,12 1 6,3] =9, 15 +7.01
20 mm_up 595 713 773 84 835 747 7175 816 | +19.83 1 .+17.11 1 -10,78 +9.53
21 mm up 567 683 721 791 788 692 759 780 4 +20.46 1 415,37 ~3,68 +2,77
.22 mo_up 867 652 709 117 773 695 723, 7571 414,099 1 418,96 LY/ +4, 70
Total 16,196 | 18,344 ,5121 20,921 21,243 19,608 | 19,451 21,12& +13,26] +15.80 -8.44 +8.58
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Multiple Sections of Hand Phalanx 5/2

for the Second Group of Men

in the Investigation

The second group o-f men taking part in the study which is being re -
ported had a short initial period befors they were placed on a test. There
were minor ¢hanges in some of the bone density values during this period.

" The values in the initial pre-testing period are shown below for the hand

phalanx 5/2.

Hand Phalanx 5/2, Initial Ambualatorv Period. For the short intervaI-

of the initial period, changes in bone density were minor with the second
group of men in the study. The following represents the bone dens'ity

changes in phalanx 5/2, the second phalanx in the little finger:

Bone Density Change

Table " Subject " {per cent)
XX1II Wilson . -=5.57
posin Giei:k. : +6.89
XXV ' Grahe m +1.16

Hand Phalanx 5/2, First 12-Week Bed Rest. During the first 12-

week bed rest, all three men of chis second group of subjects were given
a phosphate supplement. In spite of the favorable bone density response

to this treatment which was noted in certain other anatomic areas, the hand
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phalanx 5/2 was i;:regular in the direction of the bone density changes in

the three men of this group as shown belows:

Bone Density Change

_T_l::z__lg}s_a_ Subject Phosphate (per cent)
po il Wilson yes ~-1.22
XXI Gieck ves -2.88%
XRIV Gra_ha m . ves +2.16

Hand Phalanx 5/2, Secornd 12-Week Bed Rest. Again phalanx 5/2

showed no conformity in the way in which it performed with respect to bone
density change-during thé sécond- bed rest, when no chosphate supplemen-
tation and no exercise was included in the program. As has been empha-
sized, this bone site differs according tc numerous factors related to its
behavior, with differences in the diet or the type of aciivity for which each

subject is responsible. The bone density changes in this case have been

the following:

. . Bone Density Change
Table Subject Prhosphate (per cent)

¥ Wilson ne +1.95
XKIIL Gieck © no ' +2.12
XXV Graham ~ no -14.68

Hand Phalanx 5/2, Finzl Measured Results during Ambulation.,

¥fhen the portion of reambulstion was measurad radiographically following



the last bed rest for this second experimenial group, again there was no
conformity among the men, either concerning direction or amount of bone

density change in this particular bone, as shown in this brief summary;

Charnge in Bone Density
Table Subject during the Iast Measured
Ambulatory Period
lper cent)

e e rr—r——————

XXI1 Wilson . +0.70
I ' Cieck +2.16

XTIV Grahem +10.10



SUBJECT: ROBIE WILSON

CHANGES AN MULTIPLE SECTIONS OF HAND PHALANX 5-2 N TERM3 OF INTEGRATOR

ITABLE

XX L1

COUNTS DURING THE BED REST PHASE OF IHE PROJECT

Position Per Cent Change between Tests
of . A B C D £ F G H
Section 5/7/69 | 6/3/691 7/14/69 | 8/8/69 | 9/15/6910/14/69|11/26/69]112/17/69| A to B| B tc E] E to Gl G to H
Proximal End
of the .
Phalanx 8L6 803 819 806 791 819 805 818 -5.08 ~1.49 +1.77 1 +1,61
l_mm_up 731 617 666 690 705 705 675 694 ~7,39 S 1L -l 26 | _+2,81
2 mm up 651 607 _G62 628 616 631 583% cg? =5, 76 +1 48 -5 36 -0.17
3 mm_up 60k 557 536 571 536 589 562] 562 -2.78 1 =3,77 | .85} o, oo
L mm_up 593 543 545 579 531 576 562 571 -8 43 -2,21 +5.84 | +1.60
5 _mm_up 564 528 St 546 526 570 sh2'  Log ~6,38 -0,.38 +3,041 -9,59
6 _mm_up 521 507 521 529 Li5 539 512 ko3 ~-2,69 +1.58 -0,58 1 =3.71
7 mm_ UuD 501 L85 503 51} 476 51] Loz Lgg -3..19 ~1.86 +3,36 | +0,81
8 mm_upn L8O Lga 461 50) L6 L74 L6 L&0 -4,38 +0 hY 41,52 | ~1,7]
9 mm_up X! L39 437 L67 427 L6 6 Lol Ly -5.18 ~2.73 +6,32 1 -2.86
10 mm_up LLg L2g L2t Log Lk 456 437 490 -l 45 =-1.17 +3,07 | +12.13
11l mm uo Lsh Lok Lek 479 450 L88 Lo 476 -0, b4 ~0 88 +2 22 | +3_ 48
12 mm_uo 501 479 482 525 468 523 L5 488 -l 39 -2.30 -3 .63 | 48,20
13_mm o 538 502 508 530 480 542 500 535 ~6,69 ~4,38 +, 17§ +7.00
12 mm uo 566 5Ly Slly 568 533 583 531 568 -4 06 ~1.84 -0.38 | +6.97
15 mm up 569 552 570 £89 colh g2 L) 480 -2,99 ~-5.07 46,11 §F=13.67
16 _mm_up 463 403 Lo 438 295 Lo5 Li L5o -12.96 -1.99 | _+11.,651 +2 0k
Total 9,496 8,967 9,030 [- 9,416 8,858 9,485 9,031 9,094 ~5.57 -1.22 +1.95 +0.70




SUBJECT: ROGER GLECK

CHANGES AN MULTIPLE SECTIQNS OF HAND PHALANX 52 IN TERM3 OF INTEGRATOR

T AR L

E XX

]

i

COUNTS DURING THE BED REST PHASE OF THE PROJECT

Position ‘ Per Cent Change between Tests
of A B c D E F G H :
Section 7/14/60 t 8/8/69 1 9/15/69(10/14/69 [11/26/60112/17/69 1 2/9/70 |3/18/70 (A 1o B} BtoE| Eto G| G toH
Proximal End
of the
Phalanx 847 935 983 938 856 91l 888 838 | +11.051 -8.u5 | 3,741 *o.00
1 om_up 670 758 870 739 686 722 117 724 | +13,13 ~9,50 +lt, 52 +0,98
2 oy up 559 621 736 657 518 627 583 638 | +11,09 =0, 48 -5 66 9. 43
3 mm_up 529 580 695 605 553 579 576 596 +9,64 -4 66 +4 16 +3, L7
4 mm_up. 529 582 6714 593 592 586 567 613 | +10,02 +1.,72 -4, 22 +3,.11
S_mm_up 548 587 678 596 580 598 576 615 +7,12 -1.19 -0.69 0,77
6 _mm up 577 61] 700 612 £37 604 . 605 £28 +5_,89 -3.,93 +3.07 +3, 80
7.mm up 584 605 721 620 59k 598 609 61) +3,60 1 -1,82 +2,53 +0,33
8 mm up R80 601 7720 636 607 609 624 637 +3,62 +1,.00 +2.80 +2,08
9. mm_up 581 607 735 625 587 595 603 630 +4, 48 ~3.29 +2,73 i, U8
10 oo up 573 597 722 619 517 £81 587 616 +4,19 -3.35 +1,73 +h4, gk
1] _mm up ShLy £75 710 608 570 598 £78 606 +5.,70 -0.87 +1, 40 +h 84
© 12 mm_up 568 603 678 613 579 581 555 586 .1 +6.16 -3.98 =i, 15 +6, 1]
13 mm_up £53 £03 L66 625 586 609 595 611 +10,13 -3.78 +1. 54 +2.,69
14 om up 592 623 £82 641 612 635 618 631 +5, 24 -1.77 +0,98 +2.10
15 _@m_up 599 622 699 €85 610 6Lk 626 620 +5,68 -3,.63 +2,62 ~0.96...
16_mm_uyo 617 646 698 683 632 647 710 663 +4, 70 =2 171 +12,34 -6,62
17 _mm up 620 627 668 629 638 Bl7 682 631, +1.13 +],75 +6,90 -7.48
_ Total 10,6051 11,400 | 13,038) 11,72&¢ 11,064 11,377 11,299 11,543 +6.,89 ~2,95 +2.12 +2.16
U\



TABLE : X X1V
CHANGES: N MULTIPLE SECTIONS OF HAND PHALANX S=2 IN TERMS OF INTEGRATOR
COUNTS DURING THE BED REST EHA§£.QE:IH£ BROJECT

SUBJECT: JOHN GRAHAM

Position ' -Per Cent Change between Tests
of A B C D E F G H -
Section 7/14/69 { 8/8/69| 9/15/69110/14/69111/26/69{12/17/6% | 2/9/7013/18/70 | A to B| B toE} EtoG | G to H
Proximal End ~
of the )
Phalanx 783 801 809 81) 821 785 690 78] +2.30 +2,50 1 -15,66 | +13.19
I _mm_up 714 746 750 751 766 739 633 754 +4 34 +2 821 ~17.36 +19, 12
2_mm_up 643 677 661 658 673 637 538 656 +5,29 0,591 =20,06 | +21,93
3. mm_up 6512 626 623 625 61 618 523 579 +2.,29 -1 48 -15.24 | +10,71
L oo up 611 617 612 613 623 604 521 552 +0,98 +0,97.1 ~16,37 +5.95
5 _mm up 604 589 583 096 610 600 527 5685 -2.48 +3, 561 -13.6] +7.,21
& mm_up £01 587 596 602 615 612 532 550 =2,33 +,77 1 ~13,50 13,38
7_mm_up 612 g2 5ok 602 626 602 531 570 -3.27 +5. 741 ~15 18 +7,34
8 mm_up 613 550 591 598 622 588 533 565 -3.75 +5,.42 | =14 3] +6, 00
9 mm_up 592 580 £85 595 608 578 520 556 -2,03 +4.83 1 ~14 47 +6.92
10 _mm_up 572 576 583 589 582 558 513 556 +0, 70 +]1,041 -11.86 +8, 38
11 mm_up SL7 578 573 563 586 567 525 574 +5.67 +1 .38 -10. 4l +9,33
12_am_up 542 563 566 554 583 541 Lg 554 +3,87 +3,55 1 15,09 | 11,92
13 mm _up 550 560 582 566 542 539 480 542 | 41,82 +0.36 4 -4, 59 | +12,92
14 mm up 547 562 586 563 568 556 493 537, +2, 74 +1.07 4 =13.,20 +8.92
15 mm up 571 581 590 578 578 564 496 538 +1,75 -0,52 1 -l4 19 B L7
16 mm_up 536 545 5L2 5Lib 553 £33 488 522 +],68 +1,471 -11.75 +6,97
Total 16,250 10,369} 10,426 10,410| 10,593] 10,221 9,038 9,951 +].16 +2.,16 | ~14,68 | +10.10

19
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Section of the Distal Radius

for the Second Group

of Men in the Investigation

Section of Distal End of Radius , Initial Ambulatory Period. For all
the second group of experimenial subjects , gains were made in the bone
density of the distal end cf the radiﬁs while they were ambulatory, hefore
the first bed rest began. The foliowing summary shows the changes in

the three men:

Rone Density Change

Table ‘ Subject {(per cent)
HVI Wilson +4,33
XKVI Gieck +8.64

XXVI Craham +5.13

Secti‘on at Distal End of Racdius, First 12-Week Bed Rest. The one

section which was evalusted across the distal end of the radius did not
show consistent changes in bone density during the first 12-week bed-

rest of the second group of three alen, as follows:

Bene Density Change .

Table Subject Phosphate {per cent)
XXVI Wilson yes ' ) +3.,30
XXVI Gieck yes -1.97

XXVI Graham yes -9.73
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Seciion of Distal End of Radius, Second 12-Week Bed Rest. A3 in

the case of the first bed rest of this series when phosphate supplementa -
tion was nol given, the bene density of a section which was scanned

across the soecond 12-week bed rest of the series was not consistent in

bone density changes as seen belows

Bone Density Change

Table, Subject Phoaphate (per cent)
KHVE Wilson no -6.32
®AvI Gieck .m? -1.24
YXV] Graham no T-2.07

Sectlon of Distal End cf Radius, Final Ambulatory Period. Ambula

tion frequenily is not conducive tc increases in bone density in the distal
end c->f the radius. Our studies show that exercise of a type which effectl
ates muscular pull on the specific hone in question is the chief method
of increasing bone density, as was shown In the work of Truetal 2 and

associates, See summary which follows:

Change in Bone Density
During the Final Ambulatory

Table Subject Period
o o {per cent)
xxXV1 Wilscn +7,62
XXVI " Gieck +7,07

peatit Gralam " 4+13.66
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Section of the Distal Ulha

for the Second Group

of Men in the Investigation

Section of Distal End of Ulna, Initial Ambulatory Pericd. The

brief summary which follows shows that all thres men in this part of the
study gained to some extent in bene density of a section in the distal end
of the 1;11r1a during the initial period, before the three men of this part of
the study engaged in their %irst bed rest, This is shown in the following

brief summary:

Bone Density Change

Table Subject {per cent}
XXVI ' Wilson ) +4.50
XXVI Gieck +10.24
XXVI CGra Lam 1. 0-9

Section of Distal End of Ulns , First 12-Week Bed Rest. The data

given below concerning the changes in bone density during this bed rest
illustrate the fact that the lower arm makes no consistent gains or losses
in bone density when a subject is ambulatory, unless he is exercising

his lower arms in & consistent manner,
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Bone Density Change

Table Subject Phosphate (per cent)
XXVI Wilson ves -3.17
XXVI Gieck yes. +1.70
. XHVI Graham ves -10.33

Section of Distal End of Ulna, Secend 12-Week Bed Rest. During

the second 12-week bed rest, when neither fhosphate supplementation
nor exercise were included in the bed rest program, the bone density
changes in the distal end of the ulna showed extreme inconsistency, as

in the case with the distal radius., See bhelow,

Bonz Density Change

Table Subject Phosphate {per cent)
XEVI Wilson 1o -6.32
XKXVI Gieck  no 4,15

XXVI Graham no -2.29

Section of Distal End of Ulna, Final Ambulatory Period, Undoubt-

edly none of the threes subjects of this part of the investigation used his
arms in a consistent manner throughout the study, or bone density changes
would have been made ina -c.onsistent manner. Even when the men were
no longer at bed rest, the lqwér ulpa Jost small amounts of bone density
in two men, and gained appreciabiy in the third. See the following sum-

mary:
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Change in Bone Dupgity
During the Final Ambilatory

Table Subject - Period
- . (per cent)

XXV Wilson . +9.03

XXVI Gieck +3.64

XXVI . Graham _ +6.25

Changes in the Capitate for the Second

Group of Men in the Investigation

Throughout most of the radiographic measurements made iy the
bones of the hands and wrists of the men in this investigation, Lhare was
little consistency in the behavior of the bone density in the respsective
bo.nes which were investigated., It is unfortunate that a record vz not
maintained for the motions of various parts of the body during bed rest
and for the arm and hand activity, and the amount of walking duriag ambu

lation. )

The bone density changes in the capitate during bed rest and am-
bulation are summarized briefly below, This matter will be consgjdered

further in the discussion which follows this section of the report,

Section of Capitate, Initial Ambulatory Period. Note: Al] of the

following data come from Table XXVI,



Initi1} Ambulatory Period

Subject
Wilson
Gieck

Graham

First 12 -Week Bed Rest

Subject
Wilson
Gieck

* Graham

Second 12-Week Bed Rest

Subject
Wilson
Gieck

.Graham

Final Ambulatory Period

Subject

Wilson

Gieck

Graham

Phosphate
yes
ves

yes

Phosphate

no
no

no

‘Bone Density Change
{per cent)

-0.18
'["8‘.36

+15.56

Bone Density Change
(per cent)

+7 .34
-6.56

~13.,04

Bone Density Chaiyc
(per cent)

-8,54
"1 983

C-2.41

Change in Bone Density
During the Final Ambulatory
Period
{per cent}

+10,33

+6,20

+13.16
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IABLE XXy

CHANGES 1N SECTIONS QF THE DISTAL RADIUS, DISTAL {

ANTEGRATOR COUNTS DURIMG EXPERIMENTAL g-

SUBJECT: ROBIE WILSON

Position ’
of A B C [ E F
Section 5/7/69 6/3/62 7/14/68 | 8/8/69 9/15/69 [10/157501 :
Distal Radius 3209.5 1 3348 ¢ 33265,51 3234.0 3469, 01 32655 1
Distal Ulpa 1478 5 1545.0 192 0 1482 O 1ha6, 01 15170
Czpitate 2312.0 2308. 5 2370.01 2342 0 2L78. 014 2387 §

SUBJECT: ROGER GIECK

Position
of A B8 C DT E F
Section 7714769 | 8/8/69 | 9715769 \o/1k/69111/26769 [12/17765
_ Distal Radius 266L. 5 200,5 | 3073.51 3206.0 3157.014 31L1.5 1
Distal Ulna 1270.5 | 1409.5 1395.51 1461.0 1433,51 1328.¢C
Capitate 1913,5 1 2073.5 1905, 51 2605.0 1937.51 1929.5

SUSJECT: JOHM GRAHAM

Distal Radius 3136.5 13297.51 3214 51 3172.5 1 2975,5) 2546 5
Distal Ulpa 1518.0 | 15245 153801 1492 0 1376.01 1357.01

Capitate 1941,0 I2243.01 2065.50 203151 1950.5( 1919.01 .
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LABLE XXM

LA
k¥
i
..-{
o
e
A

S OF THE DISTAL BACJUS, DISTAL ULNA, AND CAPIYATE IN TERMS OF

— -

{MIECRATSR COUNTS DURING EXPERIMENTAL PHASES OF THE PROJECT

Per Cent Change between Tests

¢ D CE F

G , :
b7/ ik/6g | 8/8/69 | 9/15/69 [10/147581 11/25/69112/17/69 | A to B B to E E to G 5 to H

e

-

I

{ H :
;

|

LLORA2GI5 1 3238.0 3459.014 3266.5 | 32405 ¢ 3487.° .33 +3.30 -6,32 +7,62

Ao 1592,01 1482.0 1496, 01 1517.0 ihOLLiwiqL528.0 +4 50 ~3.17 -6.32 +3.03
=47..2370.01 2342 .0 2478,01 2357 5 | 2266.5 1 2501.0 =0.19 +7,34 -8, 54 +10,35
q“ﬁ}_ Per Cent Change betwesen Tests

c D E ) F G H
9/15/68 10714769 11/26/63 [12/17/65) 2/9/70 | 3/18/7G) A to B B to E E to G G to H

3073.51 3206.,0 3157.04 3141.5 | 2118.0 3338.5 +8.64 ~1.97 -1.24 +7.07
1395,5) 1461.9 1433.61 1328.0 | _1374.0 T2l o} +10.94 +1.70 ~4.15 43,654

1905.51 2005.0 1937.51 1929,5 | 1902.0 | ,.2020.0 48,36 -6,56 ~1.83 6,20

-321h. 51 3172.5 2976 .51 2046 5 1 2915.0 | 3322.0 45,13 -9.73 ~2.07 +13.96

i538.0! 1492.0 1376,01 1357.0 | 134k, 5 | 1428 5 +1,09 ~10.33 -2.29 +5.25

2065.51 2031, 1950.5 | 1919.0 1 1903.5 [ 2154.0 +15.56 ~13.04 r2. k] +]3.16

a
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DISCUSSION AND SUMMARY

It has been noted that, beqause of the fact that men taking part in
“this project ¢nrered at different times , ind because of the further fact
that the TWU team radicgraphed all of the men who were _er-igaged.in any
‘aspect of the jnvestigation each -tir_ne they went to San Francisco, the be-
ginning and the end of different aspects cf bed rest units sometimes did
not coincide with the first and last »-ray which is listed as marking the

exient of ceriain bed rest veriods .

SUMMARY [ -

Diagram I and the succeeding Diagrams show the times when the
radiographs were taken for the dezignated men in reference to the Bed Rest
Periods in which they engaged, together with their changes in bone den-

sity.

Changes in Bone Density of Multiple Sections

of the Os Calcis Resulting from Exercise

A. CGroup with an Exercise Program during a Iong Bed Rest, Only

three men engaged in programmed exercise during a 12-week Bed Rest.
In this situatlon outlined in Summary I, all three participants experienced

modest gaing {n the total sections of the os calcis, ranging from +2.10

to +7.10 per gent,
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B, Group which did not Exercise. When the same men did not -

perform exercise while they were recumbent in a Bed Rest of the same
duration, they lost in bons density in percentages covering a relatively

large range (from -1.44 to -21.67). See Summary I,

Changes in Bene Density of Multiple Sections

of the Os Calcis from Addition of a Phosphate

Supplement to the Diet

C. Group Receiving a Phosphate Supplement during a Bed Rest

Period. Five men received a phosphate supplement during a 12-week
Bed Rest, while one received this éupplement during a périod of cne~half
the dwration. Four of the men experienced gains in the multiple se;:tion
of the os calcis in percentage changes in the bone under discussion
ranging from 40,58 to +8,86., One man recéiving this phosphate supple-

ment during the longer pericd had a low negative bone density change of

=1.53 per cent,

The one man who received a phosphate supplement during the

shorter Bed Rest.Period had a positive os calcis bone density change of

+2.07 per cent,

D. Same Group as C who did not Receive a Phosphate Supple-

mént. The same men as in Section C took part in this phase of the study
with no phosphate supplement, merely continuing with the Bed Rest. The

Ped Rest itself was the overriding factor, with negative changes in bone
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density throughout, The changes ranged from -4,94 to -16.55 per cent for
‘the five men on thét longer Bed Reét Periods, with the one man on the shorte
éed Res-t losing 4.09 per cent. It must be remembered that the changes in
bone density mgntioned in Diagram I and Summary I, as in the remaining
Diagrams and Summaries, relate to Wha1; happened from the beginning to

the close of the Bed Rest Period under consideration,

E. Changes in Bone Density of Multiple Sections

of the Os Calcis from Ambulation

A few of the subjects who took part in this stud'y ambulated a short
time before they Went‘ into a Bed Rest; but after they had received their
first x-ray . There were three men in this category, as well as eight who
had short périods of ambulatio-n after the close of their last Bed Rest, with

at least one radiograph made afier they had re-ambulated.

Of the three men who had had a brief initial period of ambulation,

all made small bone density gainé (from 3,71 to 13,72 per cent).

Of the eigiqt men who had at least a short period of final ambula -
tion, gains in bone density of the overall multiple sections of the os cal-
cis ranged from ~0,99 to +26.34 per cent gain in comparisc?n with the last
radiograph made after their final Bed Rest Expex.'ience . See Diagrams ] -

1,2,3,4,5,6,7, 8 for Bone Density Graphs.



A.

B.

C.

SUMMARY L

EFFECT OF EXERCISE AND PHOSPHAYE DURING BED REST ON

BONE DENSITY OF MULTIPLE 0S CALCIS SECTIONS

Exercise
Change i?
Bone Density
{(Per Ceni)
Bratcher (1st 12-week Bed Rest,.A S o3 B +2.33
Diaz {lst 12~week Bed Rest, A ~ C} ...... P +2.10
McNeil (Ist 12-week Bed Rest, A =€) ............ +7.10
Ho Exercise
Bratcher (2nd 12-week Bed Rest, C = E) .......... -1.44
Diaz (2nd 12-veek Bed Rest, C = E)} ...... eeeeens -21.67
McNeil (2nd 12-week Bed Rest, € ~E) .vvv.uuens .o ~L,09
Phosphate Supplement
Robinson (2nd 12-week Bed Rest, € = E} vviievennn +5.63
Kolb {2nd 12-week Bed Rest, € = E) ..... eesevena -+0,58
Wilson (1st 12-week Bed Rest, B - E) trevuninanns +5.53
Gieck (1st 12-week Bed Rest, B - Ej ceeevearerees -1.53
“Graham (1st 12-week Bed Rest, B = E) ............ +8.86

McNeil (Only 6-week Bed Rest with .
Phosphate, E = F) tiivieircneersrnacecssa +2,07 -

G6¢



SUMMARY L, CONTINUED
EEFECT OF EXERCISE AND PHOSPHATE DURING BED REST ON
S0NE. DENSITY OF MULTIPLE 0S CALCIS SECTIONS

0. No Phosphate Supplement

Change in
Bone Density

{Per Cent).
Robinson (}st 12-week Bed Rest, A - C) .......... ~5.97
Kolb (Ist IZ"Wéek Bed Rest, A = C) cv.ivvvrnrunnn, ~k.9hL
Wilson (2nd IZ“Qeek Bed Rest, £ = 6) ...... . ' ~7.63
Gieck {2nd 12-week Bed Rest, E = G) ..vvvevennn.. ~5.95
Graham (2nd 12-week Bed Rest, E =~ G) e ' -16.55
McNeil (Same as B.above) ........................ -5, 09

E. mb ] ‘

Wilson klnitial Ambulation, A = B) .............. +3.71
Gieck {(initial Ambulation, A = B) .s.eiveneenennnns +1, Okt
Graham {Initial Ambulation, A - 33 . ;13.72
Robinson (Final Ambu1ation,‘F = H) ... SR . +3.41
Kolb (Final Ambulation, F = H) ...eeevevnnuiic... 13.70
Brateher (Final Ambulation, E = F) +.eiveeinennnn . +2,32
Diaz (éina] Ambulation, E = F) tuivivrnreineanns. +26.34
McNeil (N& Final Ambulation) ........... Ceeeeaas X
Wilson (F{nal Ambulation, G " HY suieivivnnennnn. '6.99
Gieck (Final Ambulation, G ~ H) e Ceaceceaans . +18,11

Graham (Final Ambulation, & - H)} ....... freeaeaa +13.50
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PER CENT CHANGE FROM LAST TEST

RANDALL ROBINSON

Multiple Sections
+ 35k Of Os Calers -~

+30

+20r
+ | 5
+10p
+ BF

- 10 .
- 5
- 20

- 25 BED REST
j<————— BED REST————%s——-—BED REST WITH NO EXERCISE AMBULATORY ~—+
-30F HO EXERCISE PHOSPHATE SUPPLEMENT OR SUPPLEMENT

-35‘

2-1-62 328-69 5769 6-3-69 7-14-69 88-69 9-15-65 10 1469

Diagram | = 1
Changes in Bone Density of the Multiple 0s Calcis Sections of
Robinson throughout his Participation in the Investigation,
Per Cent Differences in Tables are Calculated from the Be-

-~ ginning to the Close of a Bed Rest or other Period.
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FRED KOQLB
Mulhiple Sections

I +35F Of Os Calcrs
g +30
E +25}
< +20
4 + 15
g + | OF
& -+ 5"
W op
D
=z - S'W
< of
Q i 5k
5 _20-
[

-25l
;:) ) BED REST
w 30 8ED REST BED REST WiTH | MOEXERCISE AHBULATORY
o. -3s} NO EXERCISE FHOSP HATE SUPPLEMENT OR

) SUPPLEMENT
2-1-69 3-28-69 5768 6369 7-1-3-69 8-8-69 9-15-69 1014-66
A B C ] E F G H

Diagram [ ~ 2
Changes in Bone Density of the Multiple 0s Calcis Sections of
Kolb throughout his Participation in the Investigation,
Per Cent Differences in Tables‘are Calculated from the Be-

__ginning to the Close of a Bed Rest or other Period,
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FRED BRATCHER

Multiple Sections
+35F Of Os Calcis
+30F
b+ 28
e 20
- L
2 I 5
L= 1 Cr
st
O e _./’_,.a
o
w - 5}
L
g - i0r
% - |5
x - 20
- =25
.z
w-3G BED REST BED REST AMBUL ATORY
U -35L WITH EXERCISE NO EXERCISE
a -
L
o
2-1760 32866 5760 6360 460 5660 §15-69 10469
A B C D E F

Diagram | = 3
Changes in Bone Density of the Multiple Os Calcis Sections of
Bratcher throughout his Participation in the Investigation.
Per Cent Differences in Tables are'CaIculated from the Be-

ginning to the Close of a Bed Rest or other Period,
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+ 35
£ +30
+25

~

+20

Qf Os Caleis

ALLFREDO DIAZ
Multiple Sections

10

20
- 25
-30

1

" BED REST

BED REST AMBULATORY

- 35

PER CENT CHANGE FROM LAST TE

- WiTH EXCRCISE

NO EXERCISE

i 1 1 1

s

-69 32869,

L 1
5769 6-3-69 7-14-69 8-8-69 9-15-69 i0-14-69

Diagram | = &

Changes in Bone Density of the Multiple 0Os Calcis Sections of

Diaz throughout his Participation in the Investigation.

Per Cent Differences in Tables are Calculated from the Be™

___ginning to the Close of a Bed Rest or other Period.
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GE FRO!A LAS™ TEST

PER CEIIT CHA

GEORGE MeMEIL
Multiple Seciions

Of Os Ceales
+35r
4+ 307
+ 250
1 20r

1O
15¢
20

- 25; BED REST

1

BED REST

BED REST

AMBULATORY

WITH EXERCISE
- 30r .

_:35.

NO CXERCISE

WiTH
PHOSPHATE
SUPPLEMENT

2-1-69 328-69

57-69 6-3-69

7-14-69 88-69

9-i5-69 1014-69

C D

Diagram | = &5

Changes in Bone Density of the Hultiple Os Calcis Sections of

McNeil throughout his Participation in the {nvestigation,

Per Cent Differences in Tables are-Calculated from the Be-

"7 ginning to the Close of a Bed Rest or other Per}od.
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ROBIE WILSON
Multiple Sections
Of Os Calcis

[}
2

v
N
O

. INITIAL BED REST WITH BED REST AUBULATORY,
| PERIOD PHOSPHATE SUPPLEMENT NO PHOSPHATE SUPPLEMENT

i
W
O

PER CENT CHANGE FRO
o b
G el

5169 6-3-68 469 8-8-69 9-15-69 1044-62 1+26-69 12£7-69

Diagram | - 6
Changes in Bone Density of the Multiple Os Calcis Sections of
Wilson throughout his Participation in the Investigation,
Per Cent Differences in Tables are Calculated from the Be-

ginning to the Close of a Bed Rest or other Period.
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ROGER GIECK |
iMultiple Sections
+ 350 Of Os Calcis
th + 30
- 25
5 2%
S+ e
- ~
8 + 5 . _—
L w
©- 5
4- 10
I 5
- 15
- - 20
Z 24l
- 23f, wamiaL BED REST WITH BED REST AMEULATORY
o _ 30_ PERIOD PHOSPHATE SUPPLEMENT 't o FHOSPHATE SUPPLEMENT
%
W 35
o 35
7-14-69 8-869 91569 1014-69 H-26-69 12-47-69 2-9-70 3-187G
A B c D E F G H

Diagram 1 =~ 7
Changes in Bone Density of the Multiple Os Calci§ Sections of
Gieck throughout his Participation in the Investigation,
Per Cent Differences in Tables are (alculated from the Be-

ginning to the Close of a Bed Rest or other Period.
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JOHN GRAHAM
Multiple Sections
+35) Of Os Calas
l;, + 30
wt 25k
F . 200
E + 15
MERNe
=+ 5
o]
o
(T
wo
2-10
< - gl
T I5
Vo220
-
Z -25r miTiaL BED REST WITH BED REST AMBULATORY
6 _ 302‘_ FERIOD PHOSPRATE SUPPLEMENT N0 PHOSPHATE SUPPLEMENT)
o _ L
Y 35
o
7-14-89 8869 9-15-69 104469 [}-26-69 {2-17-69 2-9-70 34870
A B C D £ F G H

Diagram | = 8

Changes in Bone Density of the Multiple 0s Calcis Sections of

Graham throughout h:s Participation in the Investigation.

Per Cent D fferences in Tables are Calculated from the Be-

. - ginning to the Close of.a-Bed Rest or other Period,
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SUMMARY II

—

Changes in Bone Density of Multiple Sections

of Phalanx 4/2 Resulting from Exercise

A, Group with Exercise Program during a Bed Rest Period. As

ncted under Summary I, only three men took part in a 12-week Bed Rest
who exercised while recumbent. In this Bed Rest all three participants
gained in bone density, with changes of +9.00, +9.28, and +9.73 per
cent. It has been shown in T.W,U. Bed Rest studies that hand phalanx
4/2 tends to be actively involved in the use of the Exer-Genie, the exer-
ciser used in this Project, if the ex.ercise is carried out according to the

T.W.,UC. program, Sese Disgrams II - 1 to 8. I

B. Same Greup as A who did nof Exercise. When the men in

Group A did not engage in an exercise orogram, all had negative changes
in bone density in a 12 -weak Bed Rest, when little or no muscular pull or
this bone took place, The bone density changes, all negative, ranged

from ~12,86 to -24.38 per cent,

Changes in Bene Density of Multiple Sections

of Phalanx 4/2 Resulting from Addition

of a Phosphate Supplement to the Diet

-~

- C. Group Receiving A Thosphate _S_gpplement during a Bed Rest

Period, Summary I has given *he names of the four men who took part in
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the longer Bed Rest when a phosphate supplement was included in the
diet. One of the men gained less than one per cent in the multiple sec-
tions of hand phalanx 4/2, while others gained from +9.91 to +15,80

per cent,

The one man who received phosphate in the shorter Bed Rest lost

less than one per cent during this period.

D, Same Group as C who did not Receive a Phosphate Supple -
ment. The same men c'ontinued with another 12-week Bed Rest, with no
phosphate supplement and no exercise. All subjects experienced further
decreases in bone density in hand I-Jhalanx 4/2, with values rang‘;ing from

~3.53to -10.78 per cent.

E. Changes in Multiple Sections of Hand Phalanx 4/2

from Ambulation

As mentioned in the previous Summary, three men engaged in a
" short period of ambulation before they took-part in the investigation proper.
These men increased somewhat in bone density of the second phalanx in
the fourth finger (from +7.56 to +13.26 per cent). The seven men who re-
ambulated with a final radiograph afte_r their period of ambulation gained
in bone density in this bone in percentages ranging from +1.60 per c:ent.
to +24.34 per cent, Unfortunately the exercise in the fingers dur':l‘ng this

period was not recorded.
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C.
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One man, who left on the date when he was bocked to take a final
x-ray, made it impossible to compute the change he had made in his final

ambulation.

SUMMARY 1.1
.EFFECT OF EXERCISE AND PHOSPHATE DURING BED REST ON

BONE DENSITY OF MULTIPLE SECTIONS OF PHALANA 4/2

cis
Change in
Bone Density
(Per_Cent)
Bratcher (Ist 12-week Bed Rest, A =~ C) .v..... .o +9.00
Diaz (1st 12-week Bed Rest, A = €} ....ouovnn.. . +3.73
McNeil (1st 12-week Bed Rest, A = C} .......... . +9.28
No Exercise
Bratchgr (2nd 12-week Bed Rest, € " E) .vuinnnen -24,38
Diaz (2nd 12-week Bed Rest, € = E) .....cavuns.s -20.03
McNeil (2nd 12-week Bed Rest, € = E) ....c.oueen -12.86
Phosphgte Supplement
_Robinson {2nd 12-week Bed Rest, € - E) Ceeraeane +0,17
Kolb (an 12-vieek Bed Rest, C = E) ..eveerrenenn ;9.9]
Wilson (1st 12-week Bed Rest, B “ F} ..veuvenn . +13.51
Gieck (ist 12-week Bed Rest, B - E) veverennnnnn +15,14
Graham (1st 12 week Bed Rest, B-" E) ieinnanes +15.80

McNeil (Only 6-week Bed Rest with
Phosphate, E = F) ..uvreveinreronnnanens ~0.12



D.

E.

SUMMARY | CONTINUED
EFFECT OF EXERCISE AND PHOSPHATE BURING BED REST ON
BONE. DENSITY OF MULTIPLE SECTIONS OF PHALANX h/2
Ko Phesphate Supplement
Change in
Bone Density
{Per_Cept)
Robinson (Ist 12-week Bed Rest, A - C) .......... ~3.53
Kolb {1st 12-week Bed Rest, A -~ C) .... ........... -10,78
Wilson (2nd 12-week Bed Rest, E = 6) .eceevacaons -8,34
Gieck (2nd 12-week Bed Rest, £ = 6) ...vivivrvene -10,03
Graham (2nd 12-week Bed Rest, £ = G) .eeviuvennns -8, 4k
McNeil (Same as B above) vovvriivveeeneerencnnees -12.86
Ambulation
Hilsoé (lnitial Ambulation, A = B) ...cc.c.... cen +11.59
Gieck (Initial! Ambulation, A ~B) ...:.... Cereaae 17.56
G;aham (Initial Ambulation, A = B) ...eueenrennn. +13,26 -
Robinson (Final Ambulation, F - H) e +,57
Koib (Final Ambulation, F ' H) ......... Ceremeann +9.71
Bratcher (Final Ambulation, E * F) t.iveerinvueenn +18.43
Diaz (Final Ambulation, € = F) ...\ .cierenvennn . +24, 34
Mcleil (Mo Final Ambulation) ......ivieiiesuneons X
Wilson {(Final Amgulation, G *H) tererrrirnrninn . +1,60
Gieck (Final Ambulation, G " H) sueiiivrererarnnns +i4,42
Graham (Final Ambu]at}on, G = H) verreaiaean +8.58
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SUMMARY 1III

Changes in Bone Density of Multiple Sections

of Phalanx 5/2 Resulting from Exercise

A. GCroup with Exercise Program during a Bed Rest Period. As wit

c-ather paris of the anatomy, only three men exercised during a 12-week
Bed Rest Period, as shown in Summary I. It has been seen in T.W.U..
Exercise Programs conducted during Bed Rest Periods, that hand phalanx
4/2 usually changes in bone density favorably, whereas this favorable
response dogs not always appear universally in phalanx 5/2. Trials with
the exerciser have shown that the second phalanx in the small finger is
not involvea in the exercise activity to the extent that is true of phalanx
4/2, and hence the muscle pull on the two bones is not similar. This is
sh‘own in the outcome of this trial, in which two men.had negative (-2,73
and -6.33 per cent) ancf; one had a positive change (+5.92 per cent) in

bone density of this bone.

B. Same Group as those who Exercised in Group A, did not Exer-

cise in Group B, Whereas they had mixed bone density results during

the exercise period, they had uniform negative results rangirig from ~3.4

to ~10,61 per cent when not exercising.
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Changés in Bone Density of Multiple Sec’c'ions

of Phalanx 5/2 Resulting from the Addition

.of a Phosphate Supplement to the Diet

C. Group Receiving a Phosphate Supplement during a Bed Rest

Period. I is shown in Summary III that five men received the phosphate
supplement during a 12-week Bed Rest, with one éul:;ject receiving it
during the shorter Bed Rest. Of the five receiving this supplement during"
the 1ongér Bed Rest Period, four gained in bone density {(+8.64, +6.63,
+2.16, and +1,22 per cent), whereas the one on the shorter Bed Rest.

gained +4.,11 per cent,

D. Same Group as those who Received a Phosphate Supplemeﬁt

in Group C, did not get a Phosphate Supplement in Group D. With no

phosphate supplement during this 12-week Bed Rest, four of the men ex-
perienced positive bone density changes ranging from +1.95 to +5.66 per
cent in phalanx 5/2. One of these men had a change in the opposite

direction {-14.68).

The one man on the shorter Bed Rest made a bone density change

of -3.45 iaer cent during this period with no phosphate supplement,
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E. Changes in Multiple Sections of Hand Phalanx 5/2

during Ambulation

According to Summary III, 10 men had participated in ambulation,
three initial'ly before the Bed Rest Periods began, and seven {inally.
when the T.W,U, team was able to take an initial and final radiograph.
Mc;st of the ambulation periocds were short iaecause . és has bheen stated,
we did not travel to t.he Hospital in San Francisco except when subjects
participating in Bed Rest projects wers to be radiographed, never solely

for subjects who were ambulating.

Of the three men who underwent brief preliminary periods before
they were placed in a Bed Rest, one chanﬂc;:ed +1,16 per cent in hand
phzalanx, cne changed +6.8% per cent, and the third changed -5.57 per

cent before they began participation in a bed rest,

Of the seven subjects who re-ambulated to a certain extent after
their final bed rest, all gained in bone aensity by values which rangad
from +0,70 to +14.25 per cent. See Diagrams II -1, 2, 3,4, 5, 6, 7,

8.



SUMMARY i)

EFFECT OF EXERCISE AND PHOSPHATE DURING BED REST ON

BONE DENSITY OF MULTIPLE SECTIONS OF PHALANX 5/Z

A. Exercisze
Change in
Bone Density
{Per Cent)
Bratcher (1st 12-weak Bed Rest, A = €} ........ e +5.92
Diaz (1st 12-week Bed Rest, A = €} tevrrecevacnon -2.73
MeNeil (1st 12-week Bed Rest, A * €) ..vievveennn 6,33
B. No Exercise
Bratcher {2nd 12-wezk Bed Rest, € = E) ..vuvvrue. ~10,61
Diaz (2nd 12-week Bed Rest, € = E) veveeuurenssn . ;9.26

McNeil (2nd 12-week Baed Rest, € = E} .vvvvenrunrns -3.45

C. Phosphafe Supolement

Robinson (2nd 12-week Bad Rest, € = E) +...... e +8.6h
Kolb {(2nd 12-week Bed Rest,-c “E) teiiieianan .. 46.63
Wilson {1st 12-week Bed Rest, B = E) ...cuvennns . +1.,22.
Gieck (st 12-weck Bed Rest, B“ Eeuune. e . -2.95
Graham {1st 12-week Bed Rest, B ~E) ....veuvennn 42,16

McNeil (Only 6-week Bad Rest with
Phosphate. E “ F) .vvivnennnnn Cetavaearas +Hi, 1]



e S UMHMARY 111, CONTINUED
EFFECT OF EXERC]JSE AND PHOSPHATE DURING BED REST ON
BOME. DENSITY QF MULTIPLE SECTIONS O PHALANX 5/2

D. No Phosphate Supplement

Change in
Bone Density
![g Eent!
Robinson {1st 12-week Bed Rest, A - C) ......... . +5,66
Kolb (1st 12-week Bed Rest, A = C) ....vvvvnnn. .. +3,32
Wilson (2nd 12-week Bed Rest, E “ G) s..vuvvnnn.s +1.95
Gieck (2nd 12-week Bed Rest, € = G) ............. S 42,12
Graham (2nd 12-week Bed Rest, E = G) J..vvevunrunn ~14,.68
McNeil (Same as B above) .......eue... Ceeens Ceren -3.45
E. Ambulation

Wilso? (initial Ambulation, A-B) teiiiiiia., -5.57
Gieck (Initial Ambulation, A ~B) ............... + .89

_ Graham (!nitiai Ambulation, A = B) ........... e +1.16
Robinsen (Final Ambulation, F = H)............... +14, 25
Kolb (Fing] Ambulation, F - H) ..........: ....... +65.50
Bratcher (Final Ambulation, £ = F). ... cuuruno. .. + 67

"Diaz (Final Ambulation, £ = F) ..uverinvnnrnnennn +11,57
McNeil (No Final Ambulation } ...vevivrennrnnnen. X
Wilson (Final Ambulation, G - H)} ....... e .. +0.70
Gieck {Final Ambulation, G = H) ....vvivruren.... +2.16

Graham (Final Ambulation, G " H) ........... e +10.10
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PER CENT CHANGE FROM LAST TEST

RANDALL ROBINSON
Multiple Sections

+3 5r Of Phalanges 4-2and 5-2

w30

+2 Ak

+20r

+] 5t

+1 0

0
...‘ 5l w
=10k
- 15
..20.
-2 5r BED REST BED REST WITH BED REST AMBULATORY
_30_ NO EXERCISE FHOSPHATE SUPPLEMENT NO EXERCISE
OR SUPPLEMCNT
_35.
2-1-69 3-28-69 5-7-69 6-3-69 7-14-69 8-8-69 9-15-59 10-14-70
A B C D E F G H

Diagram 1l -1

Changes in Bone Density of the Multiple Hand Phalanges 4-2 and

5-2 Sections of Robinson., As in the Case of the 0s Calcis

Sections, Per Cent Differences In Tables are Calculated from

the Beginning to the Close of a Bed Rest or other Period.
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FRED KOLB

Multiple Sections
+35L01 Phalanges 4-2and 5-2
- -
o 301
= s 25
& 20
R IR
2o 10 S )
8 + oF «’/_/\\5—2
.
L © <
O - 5F ’ 4{2
T - IoF
I . =
5 - I8
= - 20 -
4 - 25k BED REST BED REST WITH BED REST AMBUL ATORY
vJ NO EXERCISE FHOSPHATE SUPPLEMENT | NO EXERCISE
e T30 . OR
L . 35l : SUPPLEMENT
W . 35 ’ PPLEMEN
2-1-69 ’ 32868 5769 63-69 7-14-69 8-869 9-15-69 10-14-69
A - . B cC D E F G H
f
Diagram Il - 2

Change§ in Bone Density of the Multiple Hand Phalanges &4-2 and
5-2 Sections of Kolb, As in the Case of the 0s Calcis Sec-
tions, Per Cent Differences in Tables are Calculated from

“the beginning to the Close of & Bed Rest or other Period,
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5 FRED BRATCHER
* Multiple Secitons
5 #30F Of Phalanges 4-2and 5-2
i +25) T
}J; 12 0
< + | 5F
-3
E + lo}‘
8 + 5t raz
b O &
S
‘(3 - 5 7 R >
% - 10f : I
=z - B
5 15
= -20F
- 25r
O
e 30 r BED REST ___DEDREST_ AMBULATORY
3-35- WITH EXERCISE NO EXERCISE .
2-1-6¢ 32867 5-7-62 6-3-69 T-14-69 8-8-69 C9-15-69 101460
A ) B C D £ F
Diagram {1 —- 3

}:hanges in Bone Density of the Multiple Hand Phalanges 4~2 and
5-2 Sections of Bratcher. As in the Case of the 0s Caicis
Sections, Per Cent Differences in Tables are Calculated from

the Beginning to the Close of a Bed Rest or other Period.
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PER CENT CHANGE FROM LAST TEST

+35

ALFREDO DIAZ
Multiple Sections
FOf Phalanges 4-2and 5-2

2]

+ 207
+ 1 5r

<32

=K

BED REST wWITH
NO EXERCISE

BED REST
WiTH EXERCISE

AMBUL ATORY

2-1-69 32869 57769 6-3-69 71469 8-8-69

9-15-69 101469

Diagram 11 = 4
Changes in Bone Density of the Multiple Hand Phalanges 42 and
5~2 Sections of Diaz, As in the Case of the 0s Calcis Sec~

tions, Per Cent Differences in Tables are Calculated from

the Beginning to the Close of a Bed Rest or other Period.
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GEORGE MeNEIL
Mul tiple Sections
- +35F Of Phalanges 4-2and 5-2
v + 30F
L
b~ * 250
= + 20
()]
< + | 5F
S+ 1o
O . 5f 4.2
m r
‘(;31“ St . (o
p [OF
T - |5
O
=" 20'
bZJ -25- BED REST BED REST BED REST AMBUL ATORY
O WITH EXERCISE - ‘NO EXERCISE WITH
o 301 : PHOSPHATE
w - 35- SUPPLEMENT
a -
2-1-68 3-28-69 5-7-69 6-3-69 7-14-69 8-8-69 O-i5-60 10-14-69
A B C D E F

Diagram Il - 5
Changes in Bone Density of the Multipie Hand Phalanges -2 and
5-2 Sections of McNeil. As in the Case of the 0s Calcis
Sections, Per Cent Differences in Tables are Catculated from

the Beginning to the Close of a Bed Rest or other Period, -



PER CEMT CHANGE FROM LAST TEST

ROBIE WILSOMN
Mul trple Sections
| Of Phalonges 4-2 and 5-2

-25F mimiaL BED REST WITH BED NEST . AMBULATORY
.30k PEROD PHOSPHATE SUPPLEMENT NO PHOSPHATE SUPPLEMENT
- 35..
5769 6369 7-14-69 8-8-6G9 9-15-69 10-14-69 -26-69 121769
A B e D E F G H
N Diagram 11 - 6

Changes in Bone Density of the Multiple Hand Phalanges L=2 and
5-2 Sections of Wilson., As in the Case of the 0s Calcis
Sections, Per Cent Differences in Tables are Calculated from

the Beginning to the Close of a Bed Rest or other Period.



93

PER CENT CHANGE FROM LAST TEST

ROGER GIECK

+35} Multiple Sections

+30F
+25F
+20
<[5
+10
+ 5

Of Phalanges 4-2and 52

-t 2-‘

1s-2

- 10
- 15
- 20
~25
~30r  INITIAL

Li

BED REST WITH

BED REST

AMBULATORY

-35+ PERIOD

PHROSPHATE SUPPLEMENT

.}

HO PHOSPHATE SUPPLEMERT

T14-69 8-8-69

g9-1569 10-4-69

i (]
1126-6812-I7-69

L i1
2-8-70 3-18-70

A B

Diagram [] = 7

Changes in Bone Density of the Multiple Hand Fhalanges L-2 and

5-2 Sections of Gieck.

As

in the Case of the 0s Calcis

Sections, Per Cent Differences in Tables are Calculated from

the Beginning to the Close of a Bed Rest or other Period.
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JOHN GRAHAM
Muliipie Seclions
Of Phalanges4-2 and 5-2

& I
w ©
O - 5 ’ /
=
< - 10F
5-15)
'-Z— ~-20-
ld -25F waTiaL BED REST WITH BED REST AMBULATORY
-3¢} PERIOD PHOSPHATE SUPPLEMENT | NO PHOSPHATE SUPPLEMENT
x
W35k
7-14-6% 8-869 - g-15-89 10-14-69 11-26-6912-17-69 2-9-70 3-18-70
A B C D E F G H

Diagram !l ~ 8
Changes in Bone Density of the Multiple Hand Phalanges 4-2 and
5-2 Sections of Graham. As in the Case of the 65 Calcis
Sections, Per Cent Differences in Tables are Calculated from

the Beginning to the Close of a Bed Rest or other Period.
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SUMMARY 1V -

Changes in Bone Density of a Section

at the Distal End of the Radius Resulling

from Exercise and a Dietary Supplement

A. Group following an Exercise Program during a Iong Bed Rest.

The three men who exercised during a 12-week Bed Rest Pericd all made
positive changes in a section across the distal end of the radius, as fol-

lows: +2,12; +5.,97: +6.48 per cent,.

B. Same Subjects as in Group A, who did not Engage in Exercise.

The same men who had taken part in the exercise program of Group A
changed ;co no exercise in a Bed Rest of the s5ame duration. Two of the
men lost in bone density, as would be expected (-6.01 and -8.74 per
cent}, while one made a slight gain (+3.60 per cent) in a section across

the distal en_d- of the radius.

C. Group receiving a Phosphate Supplement during Bed Rest.

Five men took part in a 12-week Bed Rest during which a phosphate sup-

plement was supplied in the daily diet.

One man received the phosphate suprlement during the shorter

_Bed Rest,.
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The men consuming the exira phosphate in the 19nger‘ Bed Rest
variéd. in the directicn of the bone dansity change, with %;wo increasing
in bc.me densit;_;' (+3,30, and +4.86 ver cent}, and three decre;sing (—l-.9?,
~-7,33, and ;9°?3 ber cent), .The man on the shorter Bed Rest made a

minor bone density gain (+2 .88 per cent),

D. Same Men as in Group C, whe dié not receive the Phosphate

Suppiement, The same men as in Group C who did not receive phosphate
supplementation were uniform ir. chauging in bone density of the distal
radius in the negative direction. The extent of the changes were the fol-

lowing: -1.24; -2.07; ~-4.88; -6.32; and -8.78 per cent, respectively.

The one subject in the shorter Bed Rest made a minor gain in bone

density during the "no Phosphate" pericd of +3.60 per cant.

E. Changes in Secticn in the Distal Radius during Ambulation,

Summary IV shows that 10 subjecis received adequate radiographs to have
sections of the distal radius computed with reference to possible bone

density changes in the distal ends of the radius,

A1l 10 men except one who left the study before the final x-ray
was taken made positive changes in bone density in percentages ranging

from +1,43.to +#13.96 per cent.
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SUMMARY LV

EEFECT OF EXERCISE AND PHOSPHATE DURING BED REST ON

BONE DENSITY. OF

Exercise

DISTAL RADIUS

Bratcher {1st [2-week Bed Rest, A = C) .........

Diaz (1st 12~week Bed Rest, A

McNeil {lst 12-wieek Bed Rest,

No Exercise

%3 S

Bratcher (2nd 12~week Bed Rest, C = E) .........

Diaz (2nd 12~week Bed Rest, C

McNeil (2nd 12-week Bed Rest,

Phosphate Supplement:

Robinson {Znd l2Z-week Bed Rest, C ~ E) .........

Kolb (2nd 12-week Bed Rest, C

Wilson {1st 12-week Bed Rest,

B " E) veviiinnan,

Gieck {1st 12-week Bed Rest, B " E) ...evvvevane

.Graham (1st 12-week Bed Rest,

B = E) vvvivnnnnn.

McNeil (Only 6-week Bed Rest with

Phosphate, E = F) ....

cccccccccccccccccc

Change in
Bone Density

{Per_Cent)
+5.97
+6. 48

+2.12

-6,01
~8.7h4
+3;60

+h. 86
~7.33
+3.30
-1.97
=9.73

+2,88

a7
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SUMMARY IV, CONTINUED

EFFECT OF EXERCISE AND PHOSPHATE DURING BED REST ON
BONE. DENSITY QF DISTAL RADIUS

Ho Phosphate Supplement

Change in
Bone Density
{Per_Cent)
Robinson (1st 12-week Bed Rest, A - t) ..... cene -1, 88
Kolb {1st 12-week Bed Rest, A = C) ......ovvuuns -8.78
Wilson (2nd 12-week Bed Rest, E = G} .o.ovvvnnnn. -6,32
Gieck (2nd 12-week Bed Rest, E = G) ............ -1.24
Graham {2nd 12-week Bed Rest, E ~G) .......... . -2.07
McNeil (Same as B above) v.vvvervivieinrannnnens +3,60
bulatio
Wilson (tnitial Ambulation, A = B} ...c.vveen.nn +:.33
Gieck (initial Ambulation, A “B) ...veevvuurnnn 13, 64
' Graham (Initial Ambulation, A.“ B) i, +5.13
-Robinson (Final Ambulation,  F = H) .....vevinn.. +3,25
Koib (Final Ambulation, F = H} .....cceiivnnn.n, 49,83
Bratcher, (Finat Ambulation, E = F) ......ve.v... +3.27
Diaz, (Final Ambulation, E = F) ....uviverinnnns ;l.hs
McNeil (No Final Ambulation) .........veenin.n. . X
Wilson {Final Ambulation, 6 = H) ......cuovv.... +7.62
Gieck (Final Ambulation, G = H)} .........c..... . +7.07

Graham {Final Ambulation, 6 = H) .....oo0vvun. e +13.96

98
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SUMMARY V

Changes in Bone Density of a 8ection

of the Distal End of the Ulna , Resulting

from Exercise and a Dietary Supplement .

A. Group following an Exercise Pr‘ograrn during a Long Bed Rest.
The three men who exercisad durim-g the 12-w.eek Bed E‘Qest during which
exercise was taken while they were recumbent all gained in bone density
during the Period, as was the case with the distal radius, The changes

in bone density were: +2.00; +5.79; and +8.07 per cent, respectively.

B. Same Subjecis as in Grouwp A, who did not engage in Exercise.

Two of the men made negative changes in bone density in a section of
the distal ulna whgn the exercise was changed to no exercise, -1.82
and -6,61, respectively. One man gained in bone density in this ana-

tomic site during this no-exercise period (+5.61 per cent).

C. Group receiving a Phosphate Supplement during Bed Rest. As

in other cases, in which various bones were evaluated, five men took
part in a 12-week Bed Rest during which a phosphate supplement was pro-

vided.

One man received _the phosphate supplement during the shorter
Bed Rest, The bone evaluated for skeletal density changes in Summary V

Was a section in the distal ulna.,



100

-In the case of the five men on the longer Bed Rest, three experi-
enced reductions in bone density ranging from -3,17 to -10,33 per cent.,
Two increased in this factor by minor amounts, +2.26 and +3,64 per-

ceniages,

P. Bame Men as in Group C, who received no Phosphate Supple-
ment. The same participants who were in the previous group, but who re-
ceived no phosphate supplemeniations, universally éxperienced reductions

in bone density in amounts ranging from -1.49 to -6,.32 per cent.

E. Changes in a Section of the Disial Ulna during Ambulation,

Three men who had a brief initial period of ambulation before their first
Bed Rest Period began increased in bone density of the distal uina by -

values of +1,09, +4,50, and +10.34 per cent.

The seven subjects who had a final ambulation period which was
evaluated radiographically increased to different amounts ranging from

+3.18 to +9,03 per cent,
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SUMMARY ¥

EFFECT OF EXERC|SE AND PHOSPHATE DURING BED REST OM

BONE DENSITY OF DISTAL ULNA

A X is
Change in
Bong Density
(Per Cent)
Bratcher {lst 12-week Bed Rest, A = L) .....vvenen +5.79
Diaz {1st 12-week éed ReST, A ~C) weveverrrnennas +3.07.
McNeil (lst 12-week Bed Rest, A = C)} ..vvevevennnn. +2.00
B. MNo Exercise
Bratcher (2nd 12-week Bed Re;t, C = E) cvvevenenns 6,61
Diaz (2nd 12-week Bed Rest, C =~ E) ...uvuennn.. ‘... +5,61
McNe{t (2nd 12-week Bed Rest, C - E} ..... ceeeenan -1.82
C. Phosphate Supplement
Robinson (2nd 12-week Bed Rest, C - E) ........... 43,64
Kolb (2nd 12-week Bed Rest, £ = E) vuuivuivuennnnn. . ~6. 74
Wilson (1st 12-week Bed Rest, B = E) ....ovvuuun-. . ~3.17
Gieck (Ist 12~week Bed Rest, B “E) ............. . +1.70
Graham (1st 12-week Bed Rest, B = E} ............. ~10.33

McNeil (Only 6-week Bed Rest with
Phosphate, E = F) tevrriivienaranennnens . +2.26
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E.

SUHHKMARY Y,

CONT LNUED

EFFECT OF EXERCISE AND PHOSPHATE DURING BED REST ON

BONE DENSI|TY QF DISTAL ULNA

No Phosphate Supplement

Wilson (Final Ambulation, G - H)
Gieck (Final Ambulation, G = H)

Graham (Final Ambulation, G = H)

Robinson (lst 12-week Bed Rest, & = C) ..........
Kolb {lst 12-week Bed Rest, A = C) .t.vvivrcnene--
Wilson (2nd 12-week Bed Rest, E = G) .....ue.enuun
Gieck (2nd 12-week Bed Rest, E = G) +vuuvvunen. ..
Graham {2nd 12-week Bed Rest, £ = G) +vvvviven-rn-
McNeil (Same as B aboVe) c.vuieeiirerernnnnnronnns
Ambulation
) Wilson {Initial Ambulation, A = B) ....... creenen
Gieck (Initial Ambulation, A = B) .......c.u... ..
Graham (initial 5mb;1ation, A =B) ceiiriiinnn,
Robiéson (Final Ambulation, F “H) ...cveennn...
Kolb {Final Ambulation, F = H) ...ccveenina... een
Bratcher {Final Ambulation, E = F) ..veruivnnrnns
Diaz (Final Ambulation, E = F} +.ververneecannnnn
HMcNeil (Mo Final Ambulation) ....eveveinrocnnrons

oooooooooooooooo

-----------------

oooooooooooooooo

Change in
Bone Density
(Per Cent)

~1.4g
-h.34
-6.32
-L.15
—2l29

-1.82

=
e
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SUMMARY VI

Changes in Bone Density of a Section

across the Capitate Resulting from

Exercise and a Dietary Supplement

A. Croup following an Exercise Program during a Long Bed Rest.

The only three subjects who exercised during a long Bed Rest gained by
relatively small amounts in the diagonal section across the capitate.
The changes in the bone density of this bone for the three men were

+1.12, +5.27, and 8.57 per cent, respectively.-

B. Same Subjects as in Group A who did not engage 1n Exercise

in this Bed Rest. Two of the men in this non-exercise group experienced -

negative bone density changes, -7.31 and -9.67 per cent, respectively.
One man, who must have been flexing his wrist unduly, gained in bone

density (+5.95 per cent),

C. Phosphate Supplement Provided., The phosphaie supplement

provided for this group during this Bed Rest was received by five men
during a 12-week and by one in a shorter Bed Rest. Of the five men, two

made positive (+2.92 and +7.34 per cent), while three made negative

changes in bone density (-5.27, -6.56, and -13.04 per cent).
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The one man in ithe shorter Bed Rest while receiving the phosphate

supplement changed in bone density to the extent of -4.69 per cent,

D. Same Men as in Group C, who did not receive the Phosphate
Supplement. The same five men as in Group C who did not receive the
phosphate supplement made negative changes in bone density in the sec-
tion of the capitate which was evaluated in all cases , with values ranging
from -1.24 to -8.,54 per cent., The one man who took part in the shorter

Bed Rest made a gain in bone density of the capitate section of +5.95 per

cent when no extra phosphate was providead,

E. Changes in Section of the Capitate during Ambulation. Sum-

mary VI shows that three subjects had brief initial ambulatory periods,
with changes in bone density of a section of the capitate made by these
me.n of -0.18, +8.36, and j!~15 .56, respectively. Seven men'had brief
final amiaulatory tests compuied, while one left the ;;tudy before taking a
final x-ray on the day when he was leaving the investigation. Of the par-
ticipants who had calculations made on their fina-l ambulation periods for
which radiographs were availgble for computations, all bone density
changes were positive, with the seven men having changes in bone.den—

sity ranging from +2.39 to +13.16 per cent.
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SUMMARY M I

EFFECT QOF EXERCISE AND PHOSPHATE DURING BED REST ON

BONE DENSITY OF CAPITATE

A, Exercise
Change in
Bone Density
(Per Cent)
Bratcher {lst 12-week Bed Rest, A = C) .......... +5.27
Diaz (ist 12-week Bed Rest, A =€) oo uieinn.o.... +8.57
McNeil (1st 12-week Bed Rest, A = C) ............ +1.12
B. MNo Exeycise
Bratcher (2nd 12-week Bed ReSt, C = E) vvicvaveo. =7.31
Diaz (2nd 12-week Bed Rest, C = E) +vurrnrerunnns ~9.67
McNeil (2nd 12-week Bed Rest, € = E) ovurevnnn... +5.95
C. FPhosphate Supplement,
Robinson (2nd 12-week Bed Rest, C = E) ........ 2,92
Kolb (2nd 12-week Bed Rest, C = E) ............. . 5.27
Wilson {Ist 12-week Bed Rest, B -~ E} ....... e +7.34
Gieck (1st 12-week Bed Rest, B = E),uuueurunnn. .o -6.56
Graham {1st 12-week Bed Rest, B " E) ..vvevnuensn -13,04

McNeil (Only 6-week Bed Rest with
Phosphate, E = F) vevernrerronnnrrnnnness -4, 69
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SUMMARY VM 1, CONTINUED
EFFECT OF EXERCISE AND PHOSPHATE DURIJNG BED REST OK
BONE DENSITY OF CAPITATE

D. No Phosphate Supplement

Change in
Bone Density

(Per Cent)

Robinson (1st 12-week Bed Rest, A - C) ..... ceaee =1.24"
Kolb (1st 12-week Bed Rest, A =€) ......... e ~6.61
Wilson (2nd 12-week Bed Rest, E = G) vo.vvivunnn. -8.54
Gieck (2nd 12-week Bed Rest, E - 8) ....vevvununn -1.83
Graham (2nd 12-week Bed Rest, E - G)‘ ............ -2,
McNeil (Same as B above) v..cvvivenienevanann. .o +5.95.

E. Ambulation
- Wilssn (Initial Ambulation, A = B) ...cvevvenurn. . -0.19
Gieck'(lnitial Ambulation, A ~ B) ..:..a.. ..... . +8.36
Graham {lnitial Ambulation, A = B) ........... ere +15.56
Robinson (Final Ambulation, F = H) .....eccuv... +5.21
Kolb (Final Ambulation, F " H) .tivviiirennrnenns . +7.32
Bratcher (Final Ambulation, € ~ F} .......e.v... . +2.39
Diaz {Final Ambulation, E = F} .....ev.un... fvaee +8.19
HeNeil (No Final AmbUlation) «...e.eeeeeoeennsn, ' X

Wilson (Final Ambulation, G = H) v.vvvriiivnnnn. +10.35
Gieck (Final Ambulation, G =~ H) ..... ceeeratiaaas +5.20

Graham (Final Ambulation, 6 = H) +.uveueruuenn. .. +13.}6
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OVERALL CHANGE IN BONE DENSITY

OF SPECIFIED BONES DURING THE

ENTIRE INVESTIGATION

It is of interest to find the overall change in }?one density of majo
bones which were included in the radiographs which were made during thi
study. With x-rays made only of the foot (in lateral aspect) and of the
hand In postericanterior projection, as were taken of the astronauts, the
the number of bones is limited. The seciions included in the study are
those which are outlined in the Appendix of this Report, Summary VII
brings all the bones of each man which were evaluated radiologically to-
gether, and the 16 parts of Diagram III, which follow the Summary, show

some details of three of the skeletal areas graphically.

Robinson. This subject spent 255 days from the time when his
first until the time when his last radiographs were made. Summary VII
shows that multiple sections of the os calcis, the distal ulna, and the

capitate had lost bone density during the investigation.

Diagram III, 1A shows the progress of the overall multiple section
of the os- calcis during the various portions of the study. Throughout this
-entire period, thé c;nly time when the bone density of the os calcis feachf
its initial status wa's at the time when the last radiograph was taken at th

‘close of the Bed Rest Period when the phosphate supplement had been fed
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At the close of the study, the os calcis was 10.44 per cent below its

initial status.

Diagram III - 1B shows the progress of the bone densily levels of
hand phalanges 4/2 and 5/2, Phalanx 4/2 rarely came above the level of
the initial bone density, and fell beiow during the phosphale supplement
period. Phalanx 5/%, on the other hand, was above the initial hone level
much of the time, with the final level 25,97 per cent above its initial

level,

Kolb. Kolb entered the study under consideration at the same time
as that of Robinson, and remained for the same period of time. Diagram
T - 24 shov}rs that the bone densitj;f of the overall sections of the os cal-
cis remained below 'c'he hone density of the initial level throughout the'
study,. The final bone density of this bone was only 2.10 per cent below
its initial level, From Diagram I1I - 2B, it is seen t‘h'at Phalanx 4/2 fell
below the initial bone density level ¢f this bone for Kolb throughout the
first two 1Z2-week Bed Rest Periods, then fell below this level for & short
‘time and then rose until it was virtually level with the initial bone density

of this skeletal site,

Hand phalanx 5/2 was higher than its initial bone density through
the first iwo bed rest pericds. Thea it fell through the third period, and

then rose to its initial status at the close of the study.
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-

Sumery VIT shows “hat distinctly negative bone =3ty levels ar

- - Py =

found in Xci

fzr the sezilons across the distal radius, ti=Hstal ulna .

LAY
\

and the cagite®= at the ¢ios2 of the investigation.

in bone density level of ihe muitiple sections of the os ca—=z only slight

4

throughout ih

il
tn
v
o
[o
g

Inis was only 3,20 per cent above-—= initial bone
density level of this bonz at the time of the last radiograzz. See Diagrar

1Y - 3A.

Discram 101 - 3B illustrates the Rct that both the f="=nges 4/2
and 5/2 rose during the first long Bed Rest Period (Bed Resr: %—h Exercise
fell during the second long Bed Rest (Bed Rest without Ex==_z2), and wer
begiﬂning to increase during a very shoert ambulatory perioz. Summary VII
verifies the finding that the final bone density level of the -= calcis is.

3.20 per cent higher than the iuitial, and that hand pbalarz=z 4/2 and

5/2 are slightly lower in bone density finally than initially,

The distal radius and the distal ulna were slightly ri<her at the

close than at the beginning of the investigation.

Diaz. This man remained in the study for 188 days while radio~
graphs were being made, fo! the same pericd of time as Bratcher, His
bone densily level of the os calcis remained relatively close to its initial

level, except at the close of the second Bed Rest Period (Bed Rest with
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no Exercise and no dietary suppiement), when it lost markedly. At the
time of the last x-ray, afier a short ambulation period, it was close to its

initial status (+1.04 per cent), See Diagram IiI, 4A and Summary VII,

hY

In Summary VII, and Diagram IIIl - 4B, it is seen that phalanges
4/2 and S5/2 performed in somewhat the same manner as Bratcher, respond-
ing to the exercise and no exercise as expected, and with slight increaseg
during the short, final ambulation period. Summary VII shows that the
distal radius lost slightly and the distal ulha gained markedly in compari-
son with the initial status of these bones. The capitate also made some
positive change (+6,10 per cent). This subject was in the study 188 days

from the first until the final x-rays.

McNeil. McNeil hovered slightly above the initial bone density
level for the multiple sections of the os calcis throughout his participa}tim
in the study undergoing consideration at this time. He experienced noc’
final ambulatory period because of leaving the study before it was antici-
pated, so thét he did not receive his last radiograph, At the time of his
last x-ray test, in the midst of his short Bed Rest during which he was
receiving a phosphate supplement, his os calcis bone densiiy status was

4.85 per cent above his first test. See Summary VII and Diagram III - 5A,

Diagram III ~ 5B shows a somewhat different response to the ex-

ercise experience in phalanx 4/2 and phalanx 5/2 than was found with the



11

other men, probably because he had lost his left arm and was given a dif

ferent form of exercise than the others on the same program.

At the close of the study, this man had gained slightly in the sec
tion at the distal end of the radius (+8.84 per cent}, at the distal ulna
- (+2.40 per cent), and in the capitate (+2.10 per cent). The values in the
wrist and arm relate to his right arm, because of the loss of the left arm

which is the one usually radiographed.,

Wilson. Wilson had been a participant in the study from the first
io the last radiograph for 224 days., In the multiple os ca I'C‘iS sections, .
his bone density had increased during the long Bed Rest when a phosphate
dietary supplement was provided. It decreased during the next Bed Rest
when no phosphate was fed, and ended at virtuélly the same bone density

as initially. See Diagram III - 64 and Summéry VII,

Diagram‘ III -_GB shows that, for this subject,‘phalanx 4/2 rose
over its initial-bone density throughout the study, and closed 11,76 per
cent higher than initially. On the other hand, phalanx 5/2 was slightly
below the initiél bone density for this Iev.el throughout most of the period
with a value of -4,23 per cent at the time of the final radiograph. 8See

Summary VII and Diagram III ~ 6B,

From the ;:ited Summary, the bones of the_ wrist and distal arm in-

creased in bone density with the final values higher than the initial,
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Gieck. This subject was in the study 246 days between first and
last radiographs, In the total of the multiple sections of the os calcis,
this subject was slightly higher in bone density throughout the two Bed
Rest Periods with and without phosphate supplementation. He increased
in bone density of the os calcis during his short finai ambulation per‘iod .
with his last radiograph 13.80 per cent higher in bone density than his

first radiograph of the study. See Diagram III - 74,

In Diagram III - 7B, phalan.ges_ 4/2 and 5/2 increased to points
higher than the%r initial bone density status early in the investigation and
remained above their initial levels throughout. Phalanx 4/2 made a last
increase during the final ambulation period, with a final level 27.48 per
cent above‘the initial level, Phalanx 5/2 was.8.84 per cent above the
first bone density 1eve1‘. The distal radius and ulna sections as well as
the section of the capitate in the subject were all h'%gher -in the final than

in the {irst radiograph. See Summary ViI,

Craham. This subject was in the investigation 246 days betwee-n
the initial and final x-rays. He gained 17.26 per cent in bone density be
tween the first-and last radiograph of the os calcis. See Diagram III‘ - 82
and Summary VII, The Diaagram shows that Graham increased in tﬁe bone
density of the os calcis beginning with his first ambulation period, and
through the long Bed Rest when a phosphate supplement was fed, .f.[‘hen tk

bone density fell during the Bed Rest Period, when the phosphate
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supplementation was not provided, and increased again during the re-

ambulation period.

Diagram III - 8B shows the bone density changes in the phalanx
4/2 to increase markedly after the first Xx-ray, and to remain distinctly
higher than the initial level throughout the investigation. Phalanx 5/2,
on t_he other hand, hovered close to the initial level uniil the Bed Rest
Period during which the phosphate supplement was not fed. Then this wa
reduced, with a slight rise during the final ambulation. At the time when
the final radiograph was taken, bone density of phalanx 5/2 was 2.92 pei

cent below its initial level,

At the time of the final x-ray, Graham's distal radius had a value
which was 5 .91 per cent above, the distal ulna was 5.90 per cent below,
and the diagonal section across the capitate was 10,97 per cent higher

than the initial value of the same bone sections, See Summary VII,
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BONE DENSITY CHANGE DURING THE INVESTIGATION

ROBINSON

OF SPECIFIED BONES FOR RESPEGTIVE SUBJECTS

Skeletal Location of Bone
which was Evaluated

Muitiple Sections of Os Calci

Hand Phalanx 4/2 . . .

Hand Phalanx 5/2

Distal Radius . .

in

--------

-

Distal Ulna « + « » . .

Capitate

KOLB

" & & 0w

Skeletal location of Bone
which was Evaluated

Muiltiple Sections of Os Calcis ,
Hand PhalanX 4/2 . « « v « « &

Hand Phalanx 5/2

Distal Radius . .

Distal Ulna . . .

Capitate

L] L] » L]

Bone Density Change
from Initial to Final

Radiograph
(per cent)

-----

-10,44
1,77
+25.97
+0,78
9,50

~13.17

Bone Density Change
from Initial to Final

Radiograph-
(per cent)

~2.10
. =0.01
+0.34 ‘
-14,27
-13.95

-11.31
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SUMMARY VII, CONTINUED

BONE DENSITY CHANGE DURING THE INVESTIGATION

OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS

BRATCHER
BRone Density Change
Skeletal Location of Bone from Initial to Final
which was Evaluated Radiograph
) {per cent)
Muliiple Sections of Os CalciS v v o ¢« s o o s » »  +3,20
Hand Phalan.x 4/2 T ¢ 4 & a4 8 % & & & & ¥ ® © ® & @ “2039
Hand Phalanx 5/2 » + % 4 ® % % 6 9 & & = ® ’t « o “0914

Distal Radius &+ & ¢« 4 4 4 ¢ s « o « f e e e o e e +2 .86
Distal U]—rla - - - L] (] + - l- L 2 [ ] L] -] L ] - L] [ ) L 3 * L L) .-5‘1 994

Ga pitate - - L] o - L] * » . L] L] L] - . L] € ‘l - L * e -. 0 L] 09

DIAZ

; Bone Density Change
Skeletal location of Bone from Initial to Final

which was Evaluated . Radiograph

(per cent)
_Multiple Sect:wlons of Os Caleis . . . .. .« s s s s s +1.04
Hand Phalanx 4/2 e e e e e s s s e e s +9,11
Hand Phalan® 5/2 ¢ ¢ v v o v v o ¢ s o o o o o v o ~1.52
DistalRadius...........'....,.... -1.44
Distal Ulna « v v v v v v o b ue v v v o . +22.37

Capitate - L L] » L] * 4 L 3 L[] * l‘ * L] L] - - L L] - L] L] +6.10



SUMMARY VII, CONTINUED

BONE DENSITY CHANGE DURING THE INVESTIGATION

MCNEIL

OF SPECIFIED BONES

FOR RESPECTIVE SUBJECTS

Skeletal Location of Bone

which was Evaluated

Multiple Sections of Os Calcis . .

Hand Phalanx 4/2: . . .

Hand Phalanx 5/2.

Distal Radius ., . .

Distal Ulna « « « «

Capitate

WILSON

- L] . L L]

e ® e @

Skeletial Location of Bone

which was Evaluated

Multiple Sections of Os Calcis . .

Hand Phalanx 4/2 .

" Hand Phalanx 5/2.

Distal Radius , . .

Dictal Ulna . . . «

Capitate

Bone Density Change
from Initial to Final
Radiograph
(per cent)

C e .. +4.85

* o _4.88

L T N "5084.

PN +8,84

v s e +2 .40

L] L ] - +2°10

Bone Density Change
from Initial to Final
Radiograph
(per cent}

e v e +0.10

... H11.76
e..  -4.23
...  +8.66
c.. 43,35

‘e +8.13

1'1};



SUMMARY VII, CONTINUED

BONE DENSITY CHANGE DURING THE INVESTIGATION

GIECK

OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS

Skeletal Location of Bone
which was Evaluated

Multiple Sections
Hand Phalanx 4/2

Hand Phalanx 5/2

Distal Radivs .

) Distal Ulna . . .

Capitate

GRAHAM

*+ = = o

—

of Os Calcis

Bonje Density Change
from Initial to Final
Radiograph
(per cent)

. +13.80

‘. +27 .48
e e et m e .. +8 .84
. +12 .62
. +14,44

c e st s e s e e s e e e e +5.56

Skeletal location of Bone
which was Evaluated

Multiple Sections
Hand Phalanx 4/2

Hand Phalanx 5/2

Distal Radius . .

Distal Ulna . ., &

Capitate

- * e =

of Os Calcis .

» - L - L4 * -

« ¢ 3 e v = a

Bone Density Change
from Initizl to Final
Radiograph
{per cent)

.. +17 .26

.o F30.,41
« o . =2,92
. +5.91
v o -5.90

- - +10.97
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RANDALL RCEL ooN
IMuliipie Seclio

= + 351 Of Qs Calcis
w5+ 30}
—
25tk
é s20k
Sl
= + 1O
g’: + 57
L O =
5 o
o _—\/
< - y
- 15t -
. b
= m? 2ED REST WITH agd REST [
Ly~ a5p« ~— BED REST =~ st — PHOSPHATE———3¢NO EXERCISE - A MBULATORY —=
Y. g NO EXERCISE SUPPLEMENT OR SUPPLEMENT
E ]
w38t
[+ 78
2--69 32865 5769 6369 T14-60 6869 91569  I0I469
A B o D E F G H

T - - e - - i - ——— ——— o - ™ a — i s

«  Diagram il - 1A
Change of Fach Fidiograph of the Total Multiple Sections of

the 0s Calcis of Robinson Computed in Each Case from the

“Initial Radicgraph,
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PER CENT CHANGE FROM INITIAL TEST

RAMNDALL ROBINSON
iulfiple Seclions
Of Phalanges 4-2and5-2

1351
+30F
+ 25}
+ 20

iOF
i5r

- 250 BED REST BED REST WITH

BED REST

AMBULATORY

30 HO EXERCISE PHOSPHATE SUPPLEMINT

NO EXERCISE |

OR
SUPPLEMENT

2-1-69 . 328-69 5-7-62 6-3-69 7-14- 698 8-869

§-15-69 348 70

Diagram [l - 1B

Change of Each Radiograph for Phalanges L-2 and 5-2,

Computed from the Initial Value for Robinson,
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PER CENT CHANGE FROM INITIAL TEST

+25F

+35
+30-

+20r
+| &1

FRED KOLB

Muitiple Sections

Of Os Celais

-1 5
20k

- pal——————— 32D REST

NO EXERCISE

BED REST WiThH

e PHOSP A~ E ———

SUPPLEWINT

:Izj\‘\\/‘\/

BED REST
NO EXERCISE
OR

fe—mnmee AMBULATORY —

_3 e SUPPLEMENT
_35..
21-69 32869 5769 6369 71460 8660 01560 101469
A B C D E F G H

Diagram jit = ZA

Change of Each Radiograph of tr= Total Multiple Sections of

the 0s Calcis of Kolb Compﬁ;ed in Each Case from the

Initial Radiograph.



FRED KOLB .
idultiple Seclions

';'} 13 51 Of Phelanges 4-2and 5-2
=305
% 25k
= -20F
Z + |5k
= L
£ s _A'_,d__,__4ff""*’f”"’*’\\\\

+ 5f
fﬁ O 52 Y
D st
E,f - 10F r“'z
O - 18t
E 201
l -25F BED REST BED REST WITH BED REST AMBULATORY
v NO EXERCISE PHOSPHATE NO EXERCISE
x ~30r SUPPLEMENT oA
] ] - SUPPLEMENT
Y _35 LEMEHN

2-1-69 328859 5-69 6£6-3-69 7-14-58 B-8-69 9-15-69 104469
A B C D E F G H
Diagram {11 - 2B

Change of Each Radiograph for Phalanges 4~2 and 5-2,

Computed from the Initial Value for Kolb,
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PCR CENT CHANGE FROM INITIAL TEST

FRED BRATCHER
iiultiple Sectlions
3 35F Of Os Calclis

+ 30
+ 25
+20r
+ 15

+-IO~

¥

- 5r
- 10
-15
-20 )
- 25 BED REST . BED REST AMBUL ATORY
WITH EXEHGISE RO EXERCISE

- 30y- _——
- 35 ’

T

T

2-1-69 32569 3-7-65 6369 71468 58-69 9-15-69 :014-69

Diagram 111 - 3A
Change in Each Radiograph of the Total Multiple Sections of

the Os Calcis of Bratcher Computed in Each Case from the

Initial Radiograph.
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L
e I L A
e

+ 10

FRED BRATCHER
Multiple Sections
Of Phalanges 4-2and 52

t 1
o

i
n
o

PER CENT CHANGE FROM ITHTIAL TEST
1 1 1 i

s 4.2
5.2
- BED REST BED REST AMBULATORY
WITH S¥ERCISE NO EXERCISE
L

2-1-69 3-28-69 5-7-69 6-3-69 7-14-59 8-8-69 3-15-69 101464
A B c b £ F
Diagram 111 = 3B

Change of Each Radiograph for Phalanges 4-2 and 5-2,

Computed from the Initial Value for Bratcher.
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ALFREDO DIAZ

Multiple Sechions
Of Os Calcis

T 20.

.5

=15 BED REST

BED REST

AMBULATORY

WITH EXERCISE

MO EXERCISE

2-1-69 32869

5769 6-3-69

7-14-69 8-8-69 8569 104469

Diagram 11 ~ hA

Change of Each Radiograph of the Total Multiple Sections of

the Os Calcis of Diaz Computed in Each Case from the

Initial Radiograph.
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PER CENT CHANGE FROM INITIAL TEST

4.35_
+ 30
+ 25¢
+ 200
+ i 5

ALFREDO DIAZ
tul{iple Sections Of
Phalanges 4-2and 5-2

' 5 _/\/\\4-2 /
G

i o 5E
- IO'
- 15t
- 20_
- 25; BED REST BED REST AMBULATORY
VIITH EXERCISE HO EXERCISE
- 30 }
- 35 -
2-1-69 3-28-69 57-68 G6-3-69 7-14-69 8-8-6S S-15-69 101469
A B C D E F
Diagram 11} - LB

Change of Each Radiograph for Phalanges 4-2 and 5-2,

Computed from the Initial Value for Diaz.



PER CONT CHANGE FROM INITIAL TEST

+35
+ 30
625L-
+ 20

+

+

1

t

W nomn
L4 Q

GEORGE MeMNEIL

Multiple Sections
Of Os Calcis

T
«<

15
10

T

]

BED REST BED REST BED REST AMBULATORY
WITH EXERCISE HO EXERCISE WITH

PHOSPHATE

SUPPLEMENT

2-i-68 32869 5769 6369 714-69 8869 S-15-69  10-14-69

Ditagram {1l - BA
Change in Each Radiograph of the Total Multiple Sections of

the 0s Calcis of McNeil Computed in Each Case from the

Initial Radiograph.
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PER CENT CHANGE FROM INITIAL TEST

+35
+30
+25
+20

10

(I
N
O_Wn

-25

GLORGE McNEIL
Mulliple Sections
Of Phalonges4-2and 52

BED REST BED REST I AMBULATORY

BED REST

-30_

t
o)
w

ND EXERCISE WITH
PHOSPHATE

SUPPLEMENT

WITH EXERCISE

2-1-69

3-28-69 5-7-6¢ 63-89 7-14-69 8-8-58 9-15-69 1014869

- _- . -- e m e~ - © e wme s e v . - - .

Diagram 111 - 5B
Change of Each Radiograph for Phalanges 4-2 and 5-2,

Computed from the Initial Value for McNejl.
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ROBIE WILSON
Mulliple Sectlions
Of Os Calcis

.
4]
n

PER CENT CHANGE FROM INITIAL TEST
+ o+
0.9 9
>

- st
- 1o
- 15} -
- 20
- prElINITIAL BFD REST WITH BED REST AMBULATORY
FERIOD PROSPHATE SUPPLEMENT WO PHOSPHALE SUPPLEMENT
-~ 30k
- 357
L] [] t —1 1 . - 11
5-1-69 6369 T-14-69 88B69 9-15-69 1G-14-69 1-26-69 12-17-69
A B C D ‘E F G H
Diagram 111 = 6A

Change of Each Radiograph of the Total Multiple Sections of

the 0s Calcis of Wilson Computed in Each Case from the

Initial Radiograph.



ROBIE WILSON
Muliiple Seciions
- 335k Of Phalenges 4-2and 52
N
L -
~ 30
i 25‘ /\\
< .
—’_: + 20' / ( —
z + 15 - ‘ a-2
g + 0O
@+ o .
- 0
Lad
=z 5-2
< - 10
o - 15F ]
E - 20
- 25 nmamad BED REST WITH BED REST AMBULATORY
o PERIOD PHOSPHATE SUPPLEMENT NO PHOSPHATE SUPPLEMENT
o S10 -
[ 27 -
a 35
5-769 6-3-869 T14-68 &-8-68 81559 10-4-69 1126-69 i2-17-69
A B c D - [ ) F ) G H
Dijagram 11l = 6B

Change of Each kadiograph for Phalanges 4-2 and 5-2,

Computed from the Initial Value for Wilson.
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PER CENT CHANGE FROM INITIAL TEST

ROGER GIECK

Mulfiple Sections

.35l Of Qs Celers

+30¢
125
+207
+15F
ok
+ 5F

o=—"-

- 5-
- ;O.
-5
-20¢
250 INITIAL BED REST WI

TH BEED REST

AM3UL ATORY

-30 PERIOD PHOSPHATE SUPPLEMENT

...35,. ~

MO PHOSPHATE SUPPLEMENT

—1

7-14-89 886G S8-15-69 1014-69 1126-69 121769

]
2:9-70

31870

A B C D

Diagram 11 ~ 7A

Change of Each Radiograph of the Total Multiple Sections of

the 0s Calcis of Gieck Computed in Each Case from the

Initial Radiograph.
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PER CEMT CHANGE FROM IMITIAL TEST

1

+30

-+

+

+

asy

3

25F
20r
15
1O
5..
0;

1

ROGER GIECK
Malliple Seciions
Of Phalanges 4-Zand 5-2

5~
101
15f
20F

25F  wutian

BED REST WITH

BED REST AMBUL AT ORY

3oL PERIOD

35)

PHOSPHATE SUPPLEMENT

NO PHOSPHATE SUPPLEMENRT

7-14-69 8869

91569 10-14-69

1H26-69121769 2-9-70 3-18-70

A B

Diagram I1i - 7B

Change of Each Radiograph for Phalanges =2 and 5-2,

Computed from the Initial Value for Gieck,
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PER CENT CHANGE FROM IMNITIAL TEST

+35F
i30F
*25
220
+H 5
+1 3
+ 5

G

JOHN GRAHAM
Multiple Seclions
Of Os Calas

- 5
-1Gr
- | 5
o0k

-25 1NmTIAL

BED REST WITH BED REST

AMBULATORY

PERIOD
...3 O_

-35pk

PHOSPHATE SUPPLEMENT] NO PHOSPHATE SUPPLEMENT

1458 5860

51560 101460 12669 127769 5070 318770

A B

Diagram 111 - 8A

Change of Each Radiograph of the Total Multiple Sections of

the Os Calcis of Graham Computed in Each Case from the

Initial Radiograph.
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JOHN GRAHAM

Muldiple Sections

+35k Of Phalanges 4-2and 5-2

}_
92}
1t
- +30F -
1 4'25 l:—'4-_2.
<
= +20
g +15
= 110
o 5-3
m* S ”____,____—d\ &
= o e
id
g - \/
< - 10F
5 - 150
= - 201
z o5l
8 = INETIAL BED REST WITH BED REST AMBUL ATORY
o - 30 PERIOD PHOSPHATE SUPPLEMEIT | NO PHUSPLATE SUPPLEMENT
W - 35
n_ -
1 i 1 | ] 1 1 1
7-14-69 8-8-69 9-15-69 1014 3% 12669 24765 2-9-70 3-18-70
A B C. o . E F G H

Diagram 111 - 8B

Change of Each Radiograph for Phalanges L4-2 and 5-2,

Cpmputed from

the lnitial Value for Graham.
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TWU BONE DENSITY METHOD

"To describe the Texas Woman's University bone density methodol-

ogy, the history of the method has been described in the Journal of the

Association for the Advancement of Medical Instrumentation, ih Volume 3,

page 110, May, 1969 on Automated Techniques in Bone Densitometry. A

reprint of this article is available from this office on request.

From the }aeginning of the development of workable bons densito-
metric equipment, a wedge which served as a calibration standard was
placed on the same film-as ’ghat on which a bone was x-rayed. After a
trial of va-rious materials, an aluminum- alloy wedge was developed with a
continuous slope, which had x-ray fransmission characteristics similar to

thét of bone.

The purpose of the calibration wedge has not been to match the
density of any poriion thereof with a section of bone, as was done with
many of the early step wedges, but to find the deviation of the initial den-
sitometer wedge scan from the configuration of a trace which would corre-
spo_nd to its actual slope, thus serving to give a basis for correcting a bor
trace on the same film. It never was assumed that the raw bone trace
could be used directly without comrection because of unavoidable differ-
ences, although usuvally not large, in x-ray film, in exposure energy, and

in developmental techniques.
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The units which come off of the bone densitometric assembly are in
the form of Integrator Counts. The Integrator Counis can be converted

into units of calibration wadge mass equivalency.

After the integrator count has been obtained for the calibrated bone
scan, this is converted into equivalent x-rav mass of calcium hydroxy-

apatite 3 Cag {POy), - Ca (OH)4 from these calculations:

Equivalent wedge mass = S__L.__Vf_f_{._g (cm.S)D

_- Where S ‘—“—_'Slape of wedgz;
| 1. = Baseline length of wedge imced;
V = Velocity of scan (cm./min.};
H = Vertical dimension of tl;e scanning
slit (cm.);

K = Ccunts obtained for one minute of

full sczle integration (counts/min.);

Q
I

= Integrator counts; and
D = ihe density of the aluminum alloy

calibration weadge.

The egquivalent x-ray mass of caicium hydroxvapatite, with the
formula shown above, which represants the calcium complex used for
calibration of the wedges of this laboratory, can be obtained as follows

for the sections of bone traced on the same film,



Equivalent x-ray Mass of Apatite = §_...I;‘-}.£_9.__Ii x 1.075

Where 1.075 = Ratio of wedge density to calcium

hydroxyeapatite deusity

The term 5,000 is based upon the fact that a full scale integration
carried out for one minute results in an integrator count of 5,000 (K in the

above formula).

In arriving at the determination of the ratio of wedge density to
calcium hydroxyapatite density, our group made an intimate mixture of
. Ca3(POy )y and Ca(OH), in- the éxacit proportion of th;.-:se co;nponents in
calcium hydroxyvapatite, placad this in a t};in~walled plastic container
which was calibrated separately, and x-raved this and the aluminum
alloy wedge together. The ratio of the two was calculated from their re-
spective masses and from the resulis of multiple scans traced across thei

radiographic images.,

The microdensitometric assembly has been evaluated on two bases,
as follows: (a) by finding the capacity of the equipment to integrate bone
areas accurately from roentgenograms exposed through & series of inten-
sity values; and (b) by ascerlaining the interrelationship of the mass of

cadaver bones by analytical and by radicgraphic procedures.
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Some automation was built into a bone densitometric assembly
using funds provided by Mr, and Mrs. H. J. Lutcher Stark of Orange, Texa:
The eq.uipment consisted of a special analogue computer which possessed-
an electromechanical servomechanism and an integrating uiuit. The major
units of this instrumeniation, which was used in evaluating the radiographs
in the TWU lLaboratories for several years before it was supporied by the
addition of a digital computer are shown in Figure 1, The equipment con-
sists of'five major subassemblies, ali designed to operate together as a
completely integrated system. The basic units of the ove:-éll assembiy

were the following:

1)} A modified Knomr-Albers scanning unit (unit at right of the
figure);

.2) A Speedomax Mode!l G transmilting recorder (unit in center of
the figure);

3} A series of 20 poteutiometers in the same panel as 2);

4) A Speedomax Model G recording potentiometer (unit at left of
the figure), and

5) An Integrator {unit in the panel under Unit d),

To obtain a satisfactory calibration for a trace of a bone section
from- an x-ray film, the fundamental siep in the analogue system is providecd
in the use of the calibration weage or}-the same film as the bone image, as
noted. The initial record obtajined on the first recorder from’s¢anning the

wedge by means of the densitometer without correction provides the basis

' N .
+Cr calibrating the wedge curve for the film, The slope of this uncorrected
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Densitometer Assembly VI developed at the Texas

Woman's University. Right: densitometer; center (upper):

transmitting recorder for tracing calibration wedge; center

(lower): potentiometers for correcting calibration wedge

trace; left: recording potentiometer with Instron integrator

in lower part of panel.
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curve is influenced by many factors inherent in the film iiself, the film ex-

posure, and the film processing technique,

The sequence of operations needed to achieve calibration of a den-
sity curve and ito integrate the area under the curve of a bone on the same

radiograph follows:

1} The wedge. roentgenographic image first is scanned for the pur-
pose of providing the density calibrmation curve of that film on the first re-
corder. The scanning unit consists of an optical system, a plate stage, a
drive mechanlism for the plate stage, @nd a d-c amplifier for the recorder,
The optical sysiem includes a special tungsten lamp v;zith plane optically
polished windows, powered {rom a highly stabilized power pack having a
constancy of output with 0,1% for a-¢ line volteges between 100 and 125 v
at frequencies Between 55 and 65 cycles, The beam from this lamp is fo-
cused on a photocell after passing through the x-ray plate being scanned.
The film is mount.ed on the place stage that is supported by ball-bearing

rollers on a carriage rod, all accurately machined to very close tolerance.

A scale, mounled on the scanning unit and calibrated "co millimeters
subdivided by a vernier, indicatss plate travel, and enables the operator
to scan a number of precisely ecual segments of the film trace., This scale
also permits the operalor to retiace a2xactly the same length of film on re-
peated scans, and servesas the guide for integrating the equal trace seg-

ments.,
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The plate travel is synchronized with recording chaﬁ travel to in-
stlar;e th_at quantitative measurements of density can be produced and repro-
duced accurately. A precision d—-c amplifier with stabilized zero and sta-
bilized gain multiplies the minute current from the photocell to a value

measurable by a self-balancing potentiometer recorder.

2) ) The first recorder ccnsists of @ Speedomax Tvpe G self-balanc-
ing functioning recorder having adjustable zero, adjustable span, and a ful
scale balancing speed of less th?_an one second. This recorder indicates
continuously the magnitude of the amplified photocell current and traces a

graph on its chart in synchrony with the scanning unit plate travel.

A major feature of the complete aséembly consists of a special d-c
retrans mitting slid:ewire mouried in this Sreedomax SelI—Bala.ncing Po-
tentiometer Recorder, with a moving contact on,this slidewire driven in
synchrony with the recording pen in an indicating pointer. This retransmit
_ting slidewire is divided very precisely into 20 equal segments, each seg-
ment being shunted by an adjustable ten-turn potentiometer, An adjustable
d-c voltage is impressed across the total slidewire, and the output of the
slidewire is characterized by adjusting the 20 pofentiometer dials to provic

a8 calibrated output from this slidewire from the trace of the reference wedg

3} The uncorrected wedge frace on the first recorder is scaled by

the operator at 20 equal intervals, using a srecial transparent rule
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calibrated to provide direct setability of a calibration factor on the 1900

division dials of the 20 potentiometers.,

Since the scale of the first recorder is determined by the per cent
of transmitted light, and the calibrating retransmitting slidewire cor-rects
the scale of the second recorder 1:0. standard wedge density, producing a
straight line trace of the calibration wedge in conformity with the wedge
slope, the x-ray absorption as indicated by its densitometer trace on the
second recorder is related directly to the x-ray absorption of the standard

wedge.,

_The second recorder receives, displays, and records the signal
from the spec;ial cal-ibrating retransmitting slidewire \-vhich serves as é
function transformer, providing a line graph of the reference wedge and a
calibrated density trace of the bone sample. I‘és graph also is synchronize

with the automatic scanning,

Finally, a retransmitting potégtiometer is driven from the output
shaft of this sec'ond recorder and aciuates an Instron electronic integra?or
which is located in the base of this unit. The integrator provides a digital
readout proportional to the area under the calibrated der;sitorr}eter trace of

the bone section which has been scanned con the second recorder,

The TWTU bone densitometric system has received further automatio:

by the addition of @ small digital computer to the analogue system, See

Figure 2,
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The light transmission data from the film, in the form of a voltage
functional with per cent llight transmission, are measured with the same‘
modified Knorr-Albers microph-otometer as described above, except for the
fa"ct that the vacuum tube d-c amplifier originally used in the unit has beer
replaced with a solid-~state amplifier and power supply to provide adc_iitione
stability. The film is held in the motor-driven assembly that traverses a
light beam as described previously. In the previous analogue system,
analogue computer technigues employing adjustable fungtion potentiometer
were utilized to calibrate the light-transmission in terms of wedge-thick-
ness for each film. Calibrated data from subseguent bone scans then were
integrated by means of the electromechanical (Instron) integrator, as de-
scﬁbed. These systems required that several step-by-step adjustments

and calibrations be performed by an operator,

In the new assembly, the output of the scanning unit is connected
through anjamplifiel‘* (Astrodata Model 885) to a small digital computer {(a
Digitai Equipment Computation PDP-8 supplied by Kaman Company). An
illustration of the system is shown in Figure 3. 2n analogue~to-digital
(A/D} converter formats the data for direct processing by the computer,
and the corhputer samples the data at specific interval’s of time, Program;
ming and operating control is effected through a teletypewriter unit (TTY)

that includes a paper-type input/output {I/O) feature,
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Figure 2. Photograph showing the microphotometer and digital

computar system.

system developed at the Texas Woman's University.

(3) Densitometer involving the analog

(8)

Transmitting recorder for tracing calibration wedge {upper},

and potentiometers for correcting calibration wedge trace.

(C) Recording potentiometer for scanning correctad wedge

trace as well as the traces of bone scans. (D) Digital

computer which has replaced the manual operations involvad

in B and C of the analog system.
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Scanning

. ——i Amplifier
Microphotometer plifier ‘M}

Anaiog
to
Digital
Converter

Limit

Switches

G

Teletype
nwt/Output

) I-‘i'gure 3. Block Diagram cf Microphotometer Computer

Assembly, from Vogi, F. B., Meharg, L. 8., and

Mack, P. B., The American journal of Roentgenology,

Radium Therapy and Nuslear Medicine, Volume CV,

Number 4, Aoril 1959, page 872.
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The computer has been implemented to perform computations similar
to the functions performed by the pre;fious analogue system, f;l:.I‘S’C, the
wedge image is scanned and the resulting light transmission data are storec
in terms of distance along (or thickness of) the wedge. Second, the bone
image is scanned and the resuliing light transmission data are stored.
After both the wedge and bone scans have been completed, the computer
calibrates the stored bone scan data in terms of equivalent wedge thicknes:
by using the stored wedge scan data. The calibrated bone data then are in
tegrated along the scan by using a trapezodial approximation integration ~

formula,

The bresent system offers an advantage over the earlier system in
providing an.auvtomatic means for calibrating the film in terms of the light
transmission gf the aluminum wedge, the roentgenogram of which is taken
simultaneously with the roentgenogram of the bone of interest; Earlier
systems required manual operations by the operator to analyze the film,
In the new system, manual operatidns required of the operator have been
reduced to those involving the scan of the film, The accuracy and repro-
ducibility of the technique are limited prim-arily upon operator care in set-
ting up the film for scanning, selection of the scan path, and precise ad-
justment of the scan limits to activate the start and stop of computation by

the digital computer,
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The previous system has been evaluated in considerable detail,
The present technigue also has been evaluated to show the reproducibility
of suc;:essive scans. The resulis have been compared with the output of
the analogue system with the finding that the analogue and digital systems
provide essentially the same results. The digital techniq-ue‘ , however,
offers a more rapid procedure for analyzing the films, and it reduces the
technical error that can be introduced bv the operator in measuring the

heights of the uncorrected initial wedge trace at 20 poinis and adjusting

the corresponding potentiometers,

X-RAYS OF BED REST SUBJECTS

Radiographs were made of the left foot in lateral aspect, and of the
left hand in antericr-posterior view as in the case of the astronauts. The

sections scanmned on the x-rays were the following:

(@). Two preliminary scans on the foot, one of the central
section of the os calcis and one of the central section

of the talus, See Figure 4.

(b}  Multiple sections of the os ca'lcis , consisting of scans
the width of the scanning beam, covering a i)proximately
60 per cent of the os calcis or large heel bone, in parts
where there is no overla pring of other bones were scanned,

Usually 41-44 scans are required to cover this area of
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the heel bone in a mature man, depending on the

size of the foot. See Figure 5.

{c}. The following sections of the hand and wrist are

scanned (See Figure 6},

(1) Hand phzlanx 4/2 {@bout 17 to 19 sections

are scanned);

(2} Hand rhalanx 5/2 (about 24 to 28 sections

are scanned);

(3) One scan across the capitate, a wrist carpal;

and

{4) One scan each across the distal ends of

the radius and of the ulna.

Therefore, from 87 to 98 seccions in the hand and foot are meas-
ured for bone density in an adult male, giving results for the various types

of bone from lacy trabecular to dense cortical skeletal tissue,
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ral projection

of the foot in late

figure 5. Roentgenogram

showing the alignment of parallel scans covering

approximately 60 per cent of the 08 calcis.
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genogram of the hand in postero-

Roent

Figure 6,

_ anterior projection, indicating parallel scans

which cover hand phalanges 4/2 and 5/2.



