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TABLE 4.1 Anthropometric Data

Scgment Definition -

Hand Wrist axis/knuckle 11 middle finger
Forearm Elbow axis/ulnar styloid

Upper arm Glenohumeral axis/clbow axis
Forcarm and hand Elbow axis/ulnar styloid

Total arm Glenohumeral joint/ulnar styloid
Fool Lateral malleolus/head metatarsal 11
Leg x choral condylcs/mcdml mallcolus
ThighSeghapis o= @ roch: 1 cond
Foot and Icg Fc.moral condylcs/mcdml mallcolus
Total leg Greater trochanter/medial mallcolus

Head and neck

Shoulder mass

Thorax

Abdomen

Pclvis

Thorax and abdomen

Abdomen and pelvis

Trunk

Trunk hcad neck

Head, arms, and
trunk (HAT)

HAT

C7-TI and Ist rib/car canal
Sternoclavicular joint/glenohumeral axis
C7-TU/TI2-L1 and diaphragm*
TI12-LI/L4-L5*

L4-LS/greater trochanter®
C7-T1/L4-L5*

T12-LI1/greater trochanter®

Greater trochanter/glenohumeral joint*
Greater trochanter/glenohumeral joint*
Greater trochanter/glenohumeral joint*

Greater trochanter/mid rib
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Figure 4.2 Density of limb segments as a function of average body density.
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TABLE 4.1 Anthropometric Data

Segment
Weight/Total
Segment Definition Body Weight
Hand Wrist axis/knuckle 11 middle finger 0.006 M
Forecarm Elbow axis/ulnar styloid 0016 M
Upper arm Glenohumeral axis/elbow axis 0.028 M
Forearm and hand Elbow axis/ulnar styloid 0.022 M
Total arm Glenohumeral joint/ulnar styloid 0.050 M
Foot Lateral malleolus/head metatarsal 11 0.0145 M w=f—=
Leg Femoral condyles/medial malleolus 0.0465 M e
Thigh Greater trochanter/femoral condyles 0.100 M cep
Foot and leg Femoral condyles/medial malleolus 0.061 M
Total leg Greater trochanter/medial malleolus 0.6l M g
Head and neck C7-TI and Ist rib/ear canal 0.081 M
Shoulder mass Sternoclavicular joint/glenohumeral axis -
Thorax C7-TI/T12-L1 and diaphragm®* 0.216 PC
Abdomen T12-L1/L4-L5* 0.139 LC
Pelvis L4-1.5/greater trochanter® 0.142 LC
Thorax and abdomen C7-TI/NA-L5* 0.355 LC
Abdomen and pelvis T12-Ll/greater trochanter® 0.281 PC
Trunk Greater trochanter/glenohumeral joint* 0497 M
Trunk head neck Greater trochanter/glenohumeral joint*  0.578 MC
Head, arms, and Greater trochanter/glenohumeral joint*  0.678 MC
trunk (HAT)
HAT Greater trochanter/mid rib 0.678

b gl sk (01M)
iy
0161 M /Mw( 0. 046 M)
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3. Incremental Immersion

* The third method again consists
of immersing the body segment
in water, but this time we use an
incremental immersion.

* A good approximation can be
obtained by:

— Immersing the segment completely
and measuring the volume...

— Then withdrawing the limb until 1/2
the volume 1s returned.

— The water level indicates the
location of the center of mass.

— Only correct if density 1s uniform.
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TABLE 4.1 Anthropometric Data

Scanient Center of Mass/

Weight/Toral _Segment Length
Segment Definition Body Weight Proximal  Distal
Hand Wrist axis/knuckle 11 middle finger 0.006 M 0.506 0.494 P
Forcarm Elbow axis/ulnar styloid 0.016 M 0.430 0.570 P
Upper arm Glenohumeral axis/elbow axis 0.028 M 0.436 0.564 P
Forearm and hand Elbow axis/ulnar styloid 0.022 M 0.682 0318 P
Total arm Glenohumeral joint/ulnar styloid 0.050 M 0.530 0470 P
Foot Lateral malleolus/head metatarsal 11 0.0145 M 0.50 0350P
Leg Femoral condyles/medial malleolus 0.0465M 0433 0.567 P
Thigh Greater trochanter/femoral condyles 0.100 M 0.433 0.567 P
Foot and leg Femoral condyles/medial malleolus 0.061 M 0.606 0.394 P
Total leg Greater trochanter/medial malleolus 0.161 M 0.447 0553 P
Head and neck C7-T1! and Ist rib/ear canal 0.081 M 1.000 — PC
Shoulder mass Sternoclavicular joint/glenohumeral axis — 0.712 0.288
Thorax C7-TU/T12-L1 and diaphragm®* 0.216 PC 082 0.18
Abdomen T12-L1/L4-L5* 0.139 LC 044  0.56
Pelvis L4—L.5/greater trochanter* 0.142 LC 0.105 0.895
Thorax and abdomen ~ C7-TV/L4-L5% 0.355 LC 0.63 037
Abdomen and pelvis T12-L1/greater trochanter® 0.281 PC 027 073
Trunk Greater trochanter/glenohumeral joint*  0.497 M 0.50 0.50
Trunk head neck Greater trochanter/glenohumeral joint®  0.578 MC  0.66 034 P
Head, arms, and Greater trochanter/glenohumeral joint*  0.678 MC  0.626  0.374 PC

trunk (HAT) N ==

HAT Greater trochanter/mid rib 0.678 1.142 —




[Exap6) |
ook Sxf-r«\.\/\/c o ?\M 80
Nl an
\oqa1g , 0 .1353)
illosnd Pl

PP )y

(At Az o)
( RS b,
\.9603
o b Wb B s
i =0
Qo . I Lo caJit (L:,u_ A’Lo()
wk Sof o K eyl
ga/ C}V\—&'LV\O‘A‘:‘ w(' C. %_ AN L
Y oa LA RLALEY o LaNdS
Lea, z
o _ O.\a52 40.07% % - §.]3%3F

C.g — &
= G s Lkl (3.3 ) pr3a4
/(;\ M pro JW&O

\ CoM -x — 1.4 4|
) COM= = 0,135




W} a* ’ft/w\u- (o,§l’;§/ O.Lc*a.?D
6 w\/
P]Dm A2b

(0.205% 5, 0.239¢)
N —— e

. = OGS # Qr;?_ec_ o,.aoqqﬁ(o,gm)
d
= o.apew # Bowi oSy

—

- O.%pEy & &, [EEEe3 = 0,285 F63)

= 0.233( + (O,Ln:_\,) _ 0.,2396) (0,56?)

4

= 22296 4 6,231 (90,56

= O L3 ¥ o.\?yco?:@
g"/af b Al @\.’3_ \o) ’})szé
for g e b o 4

CQH—X — O'%%(’
L Gal—% = goam




b il s e i £ A O T "‘:-; Yy €t My +YM5%s

P R ! M+ Mayr g

% = $oovesd(oas) + (00 u6s) (0.2¢6) +(01) (0. %18)

(0'0"f§ + ©,046S + O)

L

¥ = 9 .Lks038¢g/

N = Q-‘O\‘Fg)LO.\@O)_y @,0 \&L;)(Ofﬂ%-\- @,\)Lo,&,g()

\0 04T £ 0 Jubs £010)




== YBﬁJZ log @

HeR M DR

Ta R far H
61 A/:ke/w—wee Oﬁ (JVM

HeR e 87

2y Ao~ bl




R Y g ' /\mLa“ds W’SU)
NCC:—,J;N# of g pok o e G~y Lyit)

S v —
A ARy MJM Ao~ (f,l)u, o,efc)m

§ oS fw«& c94 Xﬁ_/ﬁ b&'é’a/\’f/wmﬁoyo?—j N

X
€8 = . L&Y 0.9403F = =444
«?“Z?/w i EPEEE e /
Md’fwg Se: - ywﬁi \{
4

7



Moy M pudo o Toedie omd RWM{WU&A

*® acis r‘, o ST )
$




b
O‘ e
A»vw TLE
M
amd. QQCCJM\V\ r(_ c,g_

n. o V\Au)’\/\-L\;L: /Cx CpO\D~L°~L'~
- //(\/\ 0(

Qc_.

g ek ek &@wuu -2
—\-L,b: Toq« M4
Adgar Mo clwd ke T
Lec = —3:35 “+ Hd:

'ICQ = Ikb -—'Hd;’ e MC{:—'



Rodine of Gyl
\ \) vV g
T - ™ K

B = M R,

M 13% M &35

o M e et b

Uk -4 - QW‘“{}’L’MJ/@

@




RNV

% ¢waw\4wz A
bl T LW \,v.\ml%e@ e

M >

T &
= ﬁQL"‘)V* M(ZO)

K_owl] + 3lo ﬂ“&f B

o\

0,0 (7\ + O,]‘L:

’—’:i—rﬁ'rj‘ 334-\\40\)
_ 0.06 +‘3[02+O+?—]
t\"‘"\": A5 2 Q?M

go T_\WY)/\/ ijgy




TABLE 4.1 Anthropometric Data

Segment Center of Mass/ Radius of Gyration/
Weight/Total Segment Length Segment Length
Segment Definition Body Weight Proximal Distal C of G Proximal Distal Density
Hand Wrist axis/knuckle IT middle finger 0.006 M 0506 0.494P 0297 0.587 0577M .16
Forearm Elbow axis/ulnar styloid 0.016 M 0430 0570P 0303 0526 0647M 113
Upper arm Glenohumeral axis/elbow axis 0.028 M 0436 0564P 0322 0542 0.645M 1.07
Forearm and hand Elbow axis/ulnar styloid 0.022 M 0682 0.318P 0468 0.827 0.565P 1.14
Total arm Glenohumeral joint/ulnar styloid 0.050 M 0.530 0.470P 0368 0.645 0.596 P .11
Fool Latcral malleolus/head metatarsal I 00145M 050 0S50P 0475 0.690 0.690P 1.10
Leg Femoral condyles/medial mallcolus 0.0465 M 0433 0.567P 0302 0528 0643 M 1.09
Thigh Greater trochanter/femoral condyles 0.100 M 0433 0.567P 0323 0540 0.653M 1.05
Foot and leg Femoral condyles/medial mallcolus 0.061 M 0.606 0394P 0416 0735 0572P 1.09
Total leg Greater trochanter/medial mallcolus 0.161 M 0447 0.553P 0.326 0560 0.650 P 1.06
Head and neck C7-TI and Ist rib/ear canal 0.081 M 1.000 — PC 0495 0116 —PC 11l
Shoulder mass Sternoclavicular joint/glenohumecral axis — 0712 0.288 — — — 1.04
Thorax C7-T1/TI12-L1 and diaphragm™ 0.216 PC 082 0.18 - — — 092
Abdomen TI12-LI/LA-L5* 0.139 LC 044  0.56 — - - —
Pelvis L4-L5/greater trochanter* 0.142 LC 0.105 0.895 — — — —
Thorax and abdomen ~ C7-TI/L4-L5% 0.355 LC 0.63 0.37 — — — —
Abdomen and pelvis T12-L1/greater trochanter® 0.281 PC 027 073 — - — 1.
Trunk Greater trochanter/glenohumeral joint®  0.497 M 0.50 0.50 — — —_ 1
Trunk head neck Greater trochanter/glenohumeral joint*  0.578 MC 066 034 P  0.503 0.830 0.607 M
Head, arms, and Greater trochanter/glenohumeral joint®  0.678 MC  0.626 0.374 PC 0.496 0.798 0.621 PC —
trunk (HAT) SR,
HAT Greater trochanter/mid rib 0.678 1.142 — 0903 1.456 — —
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Table 3.13 Radius of Gyration (K) as a Ratio (C) of Segment Length (L); from Chandler
et al., 1975

Sagmen: Motion Axis Link Cc

Head Length .32
Torso length (Suprasternale 43
to trochanterion) .35

Upper arm Acromion to radiale .26

Hand Hand breadth .50
Thigh Trochanterion height to fibular height .28
Shank Fibular height .28

Foot Foot length .26

N X NS XN XN XN XNNXXNX X
5
o

Axes to allow the motion are defined as follows:
— 2 x = sagittal plane motion,

y = frontal plane motion,
3 Z = horizontal plane motion (around long axis).
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