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SFATTIAL SEQETRY OF THE HUAMN PELVIS

INTRODUCTION

As a part of the human skeletal system, the pelvis is located at approximately the
center of the body and forms a structure through which forces are transmitted. Under impact
conditions, vertical forces arc transmitted from the seat through the isohial tuberosities,
and horizontal forces are transnitted from the scat belt, eto., through the ilium, When
orash tests are conducted using antliropemorphic test devices' to represent the human body,
submarining of the test device occasionally occurs and has been attributed to the interaotion
of the test device pclvis geometry and the seat restraint system (Leung, et al., 1979),
Thus, the geomeiry of the adult hwmun pelvis is an important parameter in the dynamic
behavior of the human body. The pelvis has also been used to determine sex of skeletal
remains among disaster victims (Krogman, 1962). Differences in those dimensions which
affect size and shape of the pelvic inlet and outlet (i.e., the birth canal) are used in
this identification precess. 1In addition, the olatetrical signficance of the size and shape
of the female pelvis has long lcen notcd and categorized (Cauldwell and Moloy, 1933).

This study, initiated to definc and describe the spatial geometry of the adult pelvis,
was jointly sponsored by the FAA (N+!-1RS-(0), MNTSA (Interagency Agreement DOT-HS~6-01356),

and AFOSAR (F-44620-7(—C~0015),

EXPERIMINTAL DECTIGH

The features described for these various applications in the geometry of human skeletal
anatomy have not been descrided in 2 systematic manner that would provide representative
models of the complete humar pelvis. As a result, an investigation has been conducted to
meagure tho threc-dimensional size and shape of the adult male and female pelvis., Specimens
for this investigation werc ottained from the Hamann-Todd skeletal collection in the
Cleveland Museum of Natural Mistory. ‘ike specinens were sclocted from nearly 3000 human

skelctons of documented nyfe, sex, and race, ‘The skeletons onme from tho dissection room
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population at Western Reserve School of Medicine btetween ‘1919 and 1939, A complete series
of anthropometric dimensions were obtuined by Dr, Tedd and his assooiates prior to the
skelctonization of these cadavers, These data were used to scleot the spooimens so that
they represented as closely as possible the current general US non-institutionalized
population. It was assumed that the sizec and shape of the pelvis would vary with respect
to body size, That is, there would be a tendency (recognizing the importance of human
variation in any correlative study) for large pelves to be associated with large body size
and small pelves to associated with small tody size. Churchill and McConville (1976) have
pointed out that body size can be represented by height and weight when attempting to matoh
samples, As a result, specimens were sclected from the Hamann—-Todd skeletal collection on
the basis of their height and weight with respect to the height/weight distribution in the
Health and Examination Survey (I'ES) of 1961~1964 conducted by the US Public Health Service
(Stoudt et al,, 1965). Only 18-55 year old subjects in the HES raw anthropometrio data
were scleoted for analysis cince it was reasoned they would be ropresentative of the general
US population of the niddle to late 1970's. These data were available for reanalysis on the
computer system at the University of Michigan,

The matching strategy was based upon the linexr relationship between height and weight

in the HES data, Fijgure 1 depicts the eategories for both male and female body sizes,
Each category is defined by the interscction of regression lines whioh divide the theoretical
ellipsoid representing the height/weight distribution into six categories for each sex,
Each category is coded so that they represent the following sizes:

1 - Small statwre/ileavy weight

2 - Medium staturc/leavy weight

3 - Tall staturc/Heavy weight

4 - Small stature/light weight

5 - Medium staturce/Light weight

6 - Tall stature/Light weight
These categories when cembined into small (1 & 4), medium (2 & 5), and large (3 & 6) body

sizes worc established to divide the diztributisn into approximately 25 percent of the

population at cach of the eatremes and 50 percent of the population in the middle (Table 1).
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MALE FEMALE

Size Cell HES W= HFS H-T
Ave, -'(‘;::u:)ﬂ— ”Av;: m(:;.l;.)- Ave. (S.D.) Ave, (S.D.)
1 164.6 (3.17) 165.1 (5.60) 152.6 (2.99) 151.5 (2.83)
2 173.5 (2.54) 172,9 (2.35) 160,2 (2,39) 160.4 (1.87)
3 182.0 (3.60) 182.8 (3.93) 168,7 (3.87) 169.1 (3.60)
4 1649 (3.66)  164.1 (3.,03) 152,5 (3.43) 153.9 (3.16)
5 173,9 (2.44)  174.4 (2.73) 160,9 (2.48) 161.5 (2.71)
6 82,5 (3.41) 184.8 (4,57) 168,9 (2.94) 170,7 (5.31)

WEIGHT (kg)
MAJE FEMALE

Size Cell HES H~T HES H-T
Ave. (':..n.)~ -:e~(“".';-)~ Ave, (S.D.) Ave, (S.D.)
1 79.0 (9.00) 79.7 (€.70) 71,7 (10.1) 74.8 (12,3)
2 85.9 (8..0) #3.1 (1,90) 77.3 (12,3) 73.8 (8,50)
3 92,7 (8.60) 91.5 (7.30) 82.3 (13,5) 78,7 (9.40)
4 62,1 (6.,10) 02,3 (5.0) 52.4 (5.40) 46,9 (6.60)
5 67.6 (5.40) 67,6 (0,00) 55.8 (5.40) 54, (6,70)
6 74.0 (06,00) 76,1 (8,20) 9.4 (5.40) 56,4 (9.30)

Table 2, A comparison of height and weight by size ooll and sex

UEIGHT (om)

(between HES and Hamann-Todd specimens)
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The corresponding sample sizea in the matched Hamann-Todd specimens were selected to obtain
subsamples large enough to represent each body size rather than to represent the distribution

of body sizes in the general U3 population,

VALK FEMALE
Size Cell HES H=7 HES H-7
1 21 (11%) 7 320 (10%) 16
2 658 (24%) 17 651 (20%) 17
3 339 (12%) 14 322 (10%) 1n
4 361 (13%) 13 446 (14%) 12
S 761 (28%) 17 997 (31%) 19
6 344 (12%) 12 476 (15%) 10
Total 2754 (100%) o 3212 (100%) 85

Table 1, Sample size in each sixe cell by sex

Selecting subjects from the Hamannu-Todd skeletal collection was complicated by the
fact that their weights were extremely low for their heights., As a result, a constant of
12.7 kg (28 1bs.) was added to the mole weights and a constant of 14,1 kg (31 1bs,) was
added to the female weights. The constants represent differences by sex between the
average weight for the 18-70 year old males and females in the Health Examination Survey
and the Hamann-Todd skeletal collection. Table 2 reports the average height and weight by
sex and size cell for both the Health Exanination Survey subjcots as well as the Hamann—
Todd cadaver populations The difference tetween heights are minimal, but even in the
correction for weight there are substantial differences in weight., As previously pointed
out, the size cells arc defined prinarily by height, and when the weight groups for the

same heights arc combined, the effcct of weifht is minimized on the categories defining

body size.



EXPERIMENTAL METHODS

3~Dimensional Measuring

Following the rcasscmbly of the pelvic ilia and sacral components into their oorreot
anatomical position, a scrice of surface landmuks (Figures 3,4,5, and G6) for measurement
procedures were placed on each specimen as defined in the listing of definitions (Appendix B),
Specimens were first measured 2-dimensionally by conventional methods, then measured in the
3-dimensional format to cstablish the data dbase, Except for a few reference marks on the
right hemipelvis, most of the landmarks were recorded on the left hemipelvis only. Assuming
bilateral symmetry, the projecction of left-rogisterod points to the right side was soccom-
plished by a computer program, The equipment used to register landmarks on the speoimens
consisted of a Hewlctt-Packard Model G864A digitizer with input into a Hewlett—~Paoksxrd Model
98204 calculator. This system was modificed by attaching a diagraph to the digitizing ourser
of the plotting board so that the point of the disgraph needle would be directly vertical
to the eross-hairs of the digitizer at all Limes. A potontiometer on the diagraph registers
the height of the ncedle above the plotting Lowrd and provides 2 - axis data to the computer.
The specimen was suspended over the board in a position allowing access to all of the land~-
marks on the bone. The diagraph is rmuneivered so that the needle is in contact with a given
landmark, A slmgfle signal, activated on the digitizer, rogistors the X, Y, and Z ooordi-
nates of the landmark in relation to an crigin point on the board. The spatial location of

each registered landmark can then be transformed in reference to an anatomical axis system

which is baged on a iransverze plane fermed by the midpoint of tho antoro~superior margin

of the sacrum (promontorion) and the left and right anterior—superior iliac spines.
Repeated calibration runs on test specimens revealed a mean accuracy of + 0,5 mm on

computed point-to—point linear measurcments. Such accuracy exceeds that obtained by oon-

ventional osteological techniques,
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Figure 3. 3-Dimensional data points fer pelvis; Left side
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Figure 4, 3-Dimensional data points for pelvis: Left side
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3~Dimensional Modeling

One objective of this study was to provide a series of full-scale, anatomioally
ocorrect pelvic models for use in the design of anthropomorphic test devices, Master
models for thc small female, medium rale, and large male, as defined by the three-dimensional
data, were first sculptured in clay then duplicated in epoxy by a casting teohnique,

The modeling technique used 2 proccdure similar to that in measuring the origifial
specimens for threec~dimensional data, excpet in reverse, From a series of five computer
gencxrated Y - 2 coordinate point plots (unilateral format) for each pelvis size, a bi-
lateral composite (mirror image) plot was made on transparent plastic and mounted on &
horizontally stablized plate glass surface, A thin, rigid aluminum and plaster gauze
framework was construoted for cach model size to internally support and stabilize the
irregular soft clay form., The framework was aligned and suspended above the composite
Y - 2 plot so that the orientation of the mecdel Y - Z plane would be parallel to that of the
plot swface, The pelvis model Y -~ 7 plane, defined by the bilateral Anterior Superior
Ilinc Spine points (201) and the midsagittal Pubie Symphysis point (204), is the origin
reference plane for all vertical X distance values, Using a diagraph instrument, the lower
fixed pointer was aligned with a Y - 4 coordinate plot point, then the upper movable pointer
raised vertically to the appropriate X height valuc. The olay was extended and shaped to
make surfaoc contact with the upper pointer wihich defined tho spatial looation of that
point. This proccdure was repeated for all coordinate points to estadlish the three—
dimensional characteristics of the complete pelvis, Surface contouring between the ooordi-
nate polnt locations was accomplished on the basis of experienced judgement to be anatomioally
correct, but omitting finc detail which would serve no practioal function.

The final epoxy models (Appendix C) were produced by the Eoanthropus Memorial Casting
Laboratory, Santa Fe, Mew Mexico, which was also responsible for the design and fabriocation
of the casting molds for the master clay models, A dimensional acouracy of &« 2 millimeters

for the final epoxy models is within typical 1imits of the combined measurement error of



anatomical specimens and variations i naturally occuring bilateral assymetry,

DATA ANALYSIS

Upon completion of the mcasurements at CAMI, the data were entered into the University
of Michigan Computer System where all subsequent data analysis was performed., Sinoe the
data were obtained with each spccimen in a rigid but controlled position with respeot to
the three-dimensional anthropomeier and its threc—dimensional axis system, a comparable
anatomical axis system (Reynolds und lubbard, 1960) was established for each speoimen,
The axis system is defined by three landmaks: right and left anterior superior iliao

spines (201) and symphysion (204) (as shown in Figure 2),

+ 2

+ X

Figure 2, Pelvic axis systen depicting direction of axes and
coordinate definitions
These three points define the Y - 4 plane in the following manner: construct a line
passing from right to left antericr superior iliac spines to establish the +Y axis, Next

establish a perpendicular to the Y axis passing through symphysion (204) in a -2 direotion.
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The interscotion of the Y and ¥ axes establishes the origin of the axis system and a +X
axis is defined normal to the Y = £ plane according to the right hand rule. All dats are
then transformed into the new axis systen,

Data were checked for keypunch errors and cironeous values through use of X — VAL
(Kikta and Churchill, 1978). ‘This cditing program outputs oxtreme values for each variable
in addition to useful summary statistics which allow the user to visually oheock the data
for outliers in cach variable, Necause of the reliability of the three—dimensional
autlaropometor, there have been ne errors detected Lo dato that oan be attributed to eleotriocal
read crrors within the measurement system., There were a few keypunch errors deteoted and
corrections were made. A more serious crror is obvious in the data which has been attri-
buted to the axis system definition methodoloéy. That is, when only three points in the
axis system definition exist, slight differcnces causcd by observer error or variability in
the pelvis itsclf can produce a significant effect on the new data coordinates (Robbins,
1977). This source of variability has nct beern investigated to determine an optimum axis
systen definition, and subsequent annlyses may provide slightly different results than those
reported in ihis study,

Following completion of the data cdit, specimens were combined into the assigned size
cells discussed previously., The groeuvped data for snall (size cells 1 and 4), m.ediun
(size cells 2 and 5), md large (size cells 3 and 6) pelves were statistioally swmarized,
These summary statistics (rmean, standard deviation, and maximum - minimun values) were
computed for the coordirate of cach point, Since there were three (X, Y, 2) coordinates
for cach of the 123 points, n total of 369 variasbles were computed for the statistioal
sumuary. These data are reperted in Appendix A,

In order to utilize these dutn for constructing the anatomiocal models, two~dimensional
coordinate plots of the Y - ¥ p]:ax:c were fererated so that a perpendicular (X axis
coordinate) defines a peint above the plane for use by the sculpturer. There were five

Plots gencrated with tiree points in cormon on cach plot: Promontorion (point 177),
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Left Iliospinale, Swamum (point 201), and Symphysion (point 204). These three points

thereby provided a means of aligning cack plot in the same relative position to constxuot

a complete bilateral composite plot for sculpturing procedures,

CONCLUSION

In conclusion, these data will provide an estimate of the variation in pelvic geometry
within the adult male and female civilian U5 population, Tho definition of axes systems
using anatomical landmarks needs relatively "stable®, palpable landmarks that are
commensurately distant, This information can be obtained in a reasonably large scruple
representative of oxtreme body sizes in the gencral US civilian population. Additional
uses of these data will include specification of represcntative pelves for various sizes of
anthropomerphic test deviceé s identification and description of cadavers in forensio
investigations, and quantitative information on the shape and size variability of the

adult human pelvis,
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AVIENIDTY A

COORDLIATE ¢ IDIATE TOLIT VALUES

POINT: SR FHALE HEDUIRS FALE LAMGE MALE
no | aas | e | rwan O B L U n | MRAN

w7 | x |22 | -56 n | 32| -5 9 |2 | -5

e | v [z 0 3 | 32 0 s |2 0 4
wo | 2 |2 19 15 | =2 12| 16 |2 16 8
w [ x |27 | -6 1 | 33 9 1 |26 | -1 7
1 [ Y [28 | -5 2 | 33| - 4 2 |26 | -5 2
12| 2 |28 | -7 o | 23| -7 9o |26 | -78 8
183 [ x |28 6 10 | 33| -0 1 |26 2 7
184 [ Y |28 5 2 | 33 4 2 |2 5 2
15 | 2 |28 | - 76 o | 33| -8 9 |2 [ -7 9
16 | x |28 | -87 o |33 -9 o |2 | -200 8
17 | Y |28 | -66 7 |32 -a 7 |2 | -6 7
18 | 2 |28 | -102 14 | 33| -1 | 1 |2 ]| <20 9
1 [ x |27 | - a2 s | 33| -a8 6 |26 ]| -0 6
9 [ Y [28 | -7 25 | 23| - 02 s |2 | -8 5
wr| 2z |28 | - o | 3| -66 7 |26 | -6 7
192 | x |28 | -120 11 | 33| “134 9 |26 | =237 | 1
193 [ v [28 | - 8 | 32| -3 8 |26 | -3 7
¥4 | 2z |2 34 17 | 33 1| w6 |2 3 | 13
95 [ x |28 | - 10 | 33| -4 9 |26 | - 9
6 [ Y [28 | -114 1 | 33| -19 | 10 |26]| 125 8
197 | 2 |28 53 o | 23 60 7 |2 63 8
98 [ x |28 0 o | =3 0 o |2 0 0
190 | Y [28 | =109 12 | 33| -n3 9 |2 | -us 8
200 | z |23 0 o | 22 0 o |18 0 0
200 [ x |20 0 I Q o |2 0 0
202 | v |2 [ 100 2 | 2| w7 8 |2 | 15 8
203 | % 7 0 n | 23 0 o |15 0 0
204 | x |2 0 o | 33 0 o |26 0 0
205 | Y |2 0 o | =2 0 o |14 0 0
206 | 2 |28 | -76 o [33] -726| o |26| -8 9
207 | x |28 | -03 1 [ 33| - o |26 | -68 | 22
208 | v |a8 19 3 | = 26 5 | 2 28 4
200 | z |28 31 T 2| 15 |2 33 8
20 | x |27 | -0 10 | 32| -3 | 20 |26} ~78 8
a1 | v |7 53 s | 22 56 s | 2 ) 5
212 | z |2 2 16 | 32 20 | 26 | 26 27 | 12
23 | x |25 | =70 10 [32| -8 0 |24| -90 | 20
24 | ¥ |25 28 5 | 32 44 5 | 2 46 7
as | z |25 49 1 | 32 a8 | 13 | 24 53 8
26| X 28 | =74 1n 32| -79 14 26 | -8 12
a7 | ¥ |28 0 2 | 33 0 s | 2 0 4
28 | 2 |28 37 14 | 22 33| 14 |2 39 8
29 | x J28 | - 12 | 22| -0s 9 |26 | -o7

220 | Y |20 13 4 | 17 5 | 2 15 | 13
221 | z | 2n 7 1 | 32 4| 15 |26 38 6
222 | x |22 | ~02 12 | 3| -8 | 16 |26]| -92 | 13




COORITHATE CoOLDINATE * 1T VALUES
Foany: S FRULE PEDLIRS FALE LAIGE MALE

wo | nas | v | o s | ouw | e | sp no| vEan | sp
223 | v |27 22 4 | 32 26 6 | 26 28 5
224 | 72 | 2 52 15 | 23 Ww | 18 | 26 56 8
225 | x | 28| -e2 1n | 33| -97| & 2| -3 | 1
226 | ¥ | 28 14 4 | 23 17 6 | 26 18 4
227 | z | 28 39 15 | 23 | 20 | 26 a2 9
228 | x | 28| -es 12 | 33| ~9o| 0 [ 26| <200 | 12
22 | v | 28 22 a | = 26 6 | 26 28 4
230 | z | 28 4 1 | 32 o 14 | 26 45 9
21 | x |2 | - 12 | afl - | nn |26 ~e7 | 22
232 | v | 26 13 3 | a 17 4 | 26 16 4
233 | z | 26 35 14 | 21 n| 18 | 26 38 8
234 | x |24 | -es 1 | 51| —9a| 15 | 23] o5 | 13
235 | v | 24 0 4 | 2 0 4 | 23 0 4
236 | 2 | 24 27 15 | 2 24| 15 | 23 28 8
237 | x | 25| ~96 13 | 22| <104 18 | 23| <7 | 13
238 | Y | 25 0 a | 22 0 a4 | 23 0 4
230 | 2z | 26 38 1w | 22 2| 15 | 23 4 9
20 | x | 20| -100 1n | 20| 2222| 10 |2a]| a2z | 12
2aa | v | 20 0 a | =20 0 4 | a 0 4
202 | 2 |20 | 36 w | 3 | 16 | 2 0| n
243 | x | 25| 2 n | 2| -4 o | 2| -a3s | 10
244 | ¥ | 25 0 3 | @ 0 a | 2 0 4
215 | 2 | 2 25 1 | o2 w| 18 | 2 23 | 12
206 | x | 22| 10 | 2| aa 9 | 2a| 145 8
247 | v | 22 0 2 | 2 0 3 | a 0 4
240 | 2z | 22 10 w | 2| - 2 2 | a 3| 12
200 | x | 24| -133 o | 2| -130 6 | 25| -14s 6
250 | v | 24 0 2 | . 0 3 | 25 0 a
21 | u | 24| -3 2 | ol ~e| 22 | 5] -0 | 27
252 | x | 28| -ue 10 | 2| -120 8 | 25| a0 | =
253 | v | 28 20 s | = 3 5 | 24 30 8
%4 | 2 | 2 13 > | = al 13 | 2 9|
255 | x | 27| -124 8 | 22| -3 7 | 26| -147 6
26 | v | 27 0 3 | 32 0 4 | 26 0 3
257 | z | 27| -1 7 | 2| -=2s| aa | 26| -24| 18
258 [ x |sow | rer | prowr | otw| mer | pomir [sto| Rer | pomnr
29., Y ] 1] " “ L] L] L] [ ] [ ]
2& Z " " L] L] " L ] L] L ] ”
261 | x | 27| -6 e | 32| -o2 8 | 26| -82 7
262 | v |z | -m 6 | 22| -4 6 | 26| -s0 6
263 | 2 | 2 7 12 | 32 3| 1 | 26 4 8
264 | ¥ | 26| - 64 o | 32| -o 8 | 24| -o2 8
265 | Y | 26| - 6 | 22| -an 6 | 24| - 4
266 | z | 26 19 12 | 33 17| 12 | 24 20 9
207 | ¥ |2 | -7 10 | 32| =4 8 | 5| -6s 9
268 | v | 26| -s2 5 | 22| -s53 6 | 25| -s6 6




COORDTHATE

€0 EDINATE W VALUES

Ponet: DU FRALE DI ALK LAIGE MALE

o |aas | v | s s o | oman | sp n | vaam | sp
200 | 2 |26 32 13 | 22 2| 12 |2 s | 10
270 | x |27 | - 9 | 32| -3 8 | 26| -74 7
on | v |27 | -5 s | 33| -sa 6 |26 | ~56 6
272 | 2 |27 10 13 | 32 16| 11 |2 19 9
273 | x |26 | =02 o | 33| -100 8 | 26| -102 | 120
274 | v |26 | - a2 6 | 33| ~-a 6 | 26| -a3 5
275 | 2 |26 | - 4 1 [ s3] -12| 12 |26 -1 9
276 | x |25 | -1 33 | 32| -123 8 | 25| -125 8
277 | v |25 | - a3 s | 22| - a2 4 | 25| -aa 5
278 | z | =5 1 24 | 32| -12| 14 || -1 | n
270 | ¥ |26 | -0 o | 32| -106 8 | 25| =108 | 10
200 | ¥ |26 | - 46 s | 32| -a3 s | 25| - a4 6
201 | 2 |2 | ‘m 11 | a2 a|l 12 | =2 7| n
282 | x |26 | - 86 1m | 22| -93 8 | 26| -96 9
283 | Y |26 | -48 6 | 33| - a7 6 | 26| -4 5
284 | z | 26 15 15 | 22 1n| 122 | 2 12 | 10
25 | x |28 | -0 o | 22| -5 8 |26]| -5 9
286 | Y | 28 ” 6 | 33 51 s | 26 a | 20
207 | 2 | 2 2 13 | 33| -s| 1 |26] -9 7
288 | x |28 | -72 10 | 33| -7 8 | 26| -76 9
200 | Y | 28 26 4 | 3 2 a | 26 30 5
200 | 2 | 29 15 14 | 33 ol 13 | 26 12 8
M | x |27]| - 12 | 23| -74 9 |26 -73| 0
202 | v | 27 0 2 | 2 0 a4 | 26 0 6
203 | 2 | 27 17 1 | 2 ol 14 | 26 12 7
24 | x |28 ]| w3 12 | 32| ~-ev| 10 26| =87 | 10
25 | v | 2 0 a | 32 0 a | 26 0 3
26 | 2 | 28 1 15 | 22 3|l 13 | 2 6 7
297 | x | 28| 10 12 | 2| -3 o | 26| -ma 9
28 | v | 28 0 > | 33 0 3 | 26 0 3
20 | 2 | 28 1 16 | 32| = 9| 214 | 26| - 7 9
300 | x | 28| -113 10 | 32| -123 6 | 26| A 8
30 | ¥ | 28 0 2 | 32 0 3 | 26 0 3
02 | z | 28] - 4 1 | 23] -16| 15 | 26| -13| n
303 ¢ | 28 | -118 10 | 32| <126 6 | 26| =z 7
04 | v | 28 0 2 | 33 0 3 | 26 0 3
305 | 2 | 28| -1 17 | 32| ~-23| 15 | 26| ~22| 10
06 | x | 26| -125 7 | 3| -32 s | 26| -135 5
07 | v | 26 0 2 | 32 0 3 | 26 0 3
308 | z | 26| -28 15 | | —a0| 17 | 26| -3¢ | 12
30 | x o | <124 6 | 1| -134 6 | n| -3 5
0 | Y 9 0 2 | 1w 0 3 | n 0 4
am | 2 9| -m 15 | | -s2] 1 | 11| -ss| 17
12 | x | 22| -126 8 | 22| <22 7 | 26| -137 9
n3 | v | 22 0 4 | 32 0 a | 26 0 1n
na | 2z | 2| -4 1w | 2| -63| 1 | 25| -62| 16
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o | axxs | ono | orman e | ow | rwan | oso | nm | e | sp
(s [ x| 24 | a o | 32| -3s 6 | 25| -4 6
316 | Y | 24 o a | a2 9 s | 25 9 4
27 | z |20 | -a3 1 | 32| -62| 17 | 26| ~-s52| s2
18 | x | 22| -2 8 | 25| -132 6 | 24| -137 6
3 | v |22 "2 3 | 2 2 9 | 24 2 6
30 | 2 |22 | ~28 16 | 5| -48| 18 | 24| -45| 14
32 | x |28 | -1085 o { | -1s 7 | 26| -119 8
322 | Y | 28 42 4 { = a4 | 10 | 26 44 6
23| 2 [28] ~"5 14 | nf -18| 14 [26]| -9 | 12
324 | x st | mr | iomme [uop| ReF | rome [sto | rer | pomer
325 Y " ” ” L] L) L] L} ” "
326 z " L] " " ” “ L] - L]
327 | x | an o a | 3| - 3 3 | 2 0 3
328 | Y |28 106 12 | 32| w2 9 | 26| 10 8
320 | 2 | 2 10 4 | 33 9 5 | 2 1n 6
3 | x |28 | -2 8 | 23| -4 7 | 26| -4 | 1
m | v |20 212 1 | 33| 133 8 | 26| 134 7
3w | z | 28 38 8 | 33 2| 10 |26 46 9
3 | x | 28| -15 4 | 33| -2 4 | 26| =19 4
338 | Y | 28| 123 12 | 33| 132 9 | 26| 132 8
3 | 72 | 28 7 5 | 22 20 5 | 26 33 4
336 | x |28 -12 5 2| -18 s | 26| -18 5
337 | Y |28 ma 12 | 33| 123 9 | 26| 122 7
338 | 2 | 28 1 4 | 32 34 s | 26 38 4
3 | X | 29| -38 g | 32| -w o | 26| - 9
30 | Y [28| 114 10 | 22 124 8 | 26 125 8
q | z | 28 54 o | =3 61 8 | 26 63 8
32 | x | 28| -5 10 [ 3| -77| 10 [26]| ~e1 | 10
343 | v | 26 02 o | 33| 100 7 | 26| w0 ]| -8
344 28 65 10 | 33 74| 10 | 26 78 7
35 | x [ 28| - 10 [ 22| -nn| 16 |26]| -7 | 12
346 | v | 2o £9 o | 95 7 | 26 n| a
47 | z | 28 66 10 | a2 73| 10 | 26 76 | 16
348 | x | 28| -6 13 | 33| -88| 12 [ 26| =91 | 13
| v | 28 58 7 | 33 63| 10 | 26 63 9
s | z | 28 63 14 | 33 ea| 13 | 26 73 9
3 | x [ 28] ~04 m | 33| -9| 12 | 26| <03 | 212
352 20 64 6 | 33 66 6 | 26 66 7
/3 | 2 | 2 64 13 | 22 | 13 | 2 73 8
3sa | x [ 28| - 12 | 32| 03| 1 | 26| -97 | 12
355 | Y | 28 58 7 | 32 © 7 | 26 60 7
36 | 2 | 28 ¢3 13 | @ s| 12 | 26 72 8
357 | x | 27 | =200 1 | 2| <24 1n | 26| <% | 12
358 Y 27 “5 5 32 46 6 26 a5 6
3w | 2 | 27 47 1 | = 6| 13 | 2 »| n
30 | % | 26| -101 n | 23| -4 9 26| -7 | 12
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o A *3 4 B ME L [ 3 oh 11 MYAN on
361 Y 28 38 33 38 5 26 38 6
362 V3 28 a4 1Y 33 a2 14 26 44 10
363 X 27 | -9 11 33 | -134 10 26 | =13 10
364 Y 27 38 6 32 37 5 26 38 7
365 2 27 32 17 33 2. | 16 26 32 11
366 X 28 | ~118 9 22 | <Aan 8 26 | -135 8
367 Y 28 35 4 32 35 4. | 26 35 s
368 2% 28 17 15 32 11 15 26 12 10
369 X 28 | -1n3 o 33| -126 7 26 | -130 8
370 Y 28 43 4 32 41 4 26 44 4
37 % 28 1 1% 33 4 13 26 4 10
372 X 28 | =110 o 32 | <123 10 26 | -128 7
373 Y 28 an 4 33 as 4 26 46 4
374 7 28| - 6 15 32| -11 13 26 10 10
375 X 28 | -97 7 33 | -1 8 2 | -113 7
376 Y 28 52 4 33 52 4 26 55 4
377 2 28 | - 7 14 33| -7 12 26 | -7 8
378 X 28 | - e4 6 33| ~97 7 26 | =101 1

79 Y 28 ow 5 23 58 4 26 57 15
380 2 28| -.9 12 2| -4 11 26| -16 12
381 X 28 | - 74 5 33| -85 5 26 | -88 5
342 Y 28 66 s 32 65 4. 26 67 4
383 2z 28 | -0 10 =] -2 9 26| ~2 7
384 X 22 | -78 s 3P| -w 4 26 | -9 5
385 e 20 62 s 32 co 4 26 60 4
386 Z 28 | -2 10 2| -4 9 26| -4 7
3a7 x ~Th RE~ LT NER)] EEF roxIT STD RFF POINT
38n Y [ o " " ”» [ ] ” " "
3&) :’l " " " " " L] " - ]
300 A 22 | ~mn 5 2v | =90 32 22 | -106 5
201 Y 22 49 24 29 54 23 22 48 5
392 7 2 | -y 22 2a | - s6 21 2| -65 8
393 X 27 | -86 6 n| -96 5 2 | -107 37
M4 Y 27 €0 s 3 54 4 26 55 5
305 yA 27 | -73 12 | ~86 9 26| -8 31
396 X 28 | -90 ) 33| ~-99 6 26 | -104 8
397 Y 28 6 " 33 ) 5 26 50 8
398 2 28 | -va 13 33| -1n1 10 2 | -110 8
309 X 28 | -70 10 33| -76 7 26| -7 8
400 Y 28 0 5 22 3V 5 26 4 7
401 7% 28 | -114 11 33| -132 8 26 | -136 9
402 X 28 | -72 0 3| -a 7 26 | -82 8
403 Y 28 7 5 32 67 5 26 7 7
404 % 28 | -os 1 32 | -114 9 26 | -n2 8
405 X 28 | -0 6 |l -n 6 26| -93 6
406 Y 28 74 5 33 72 A 26 74 6
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407 z 2 - 72 1 32| -85 8 2 | -83 9
408 X 28 | -& ] 33| -96 7 26 | -99 7
409 Y 28 66 5 33 60 5 26 63 6
410 2 28 | =-100 12 33 | -118 9 26 | -120 9
41 X 2 | -4 6 33| -45 4 26 | - a7 4
412 Y 280 33 3 33 2 3 26 k¥ 3
413 2 28 | -95 8 33 | -106 7 26 | -109 7
a14 X 3 | -m 7 2| -4 5 26 | - a2 6
415 Y 28 3l 3 33 25 4 26 26 4
416 2 28 | =107 9 32| -1z 7 26 | ~123 7
417 X 28 | - a8 6 33| -53 5 26 | -3 5
418 Y 28 s3 3 33 50 3 26 52 4
219 2 28 | - 74 9 33| -e4 8 26 | -85 7
420 X 28 | - 04 7 B| -® 5 26| -n 6
421 Y 28 50 4 33 a6 4 26 a7 5
422 z 28 | ~94 10 33 | -107 8 26 | -110 8
423 b 4 28 | -25 s 3| -2 4 26 | -3 5
424 Y 28 4 2 33 5 2 26 4 2
425 2 28 | -95 9 33 | -104 8 26 | -106 8
426 X 28 | - 9 3 3| -12 a5 26 | -10 3
az7 Y 28 6 3 23 9 2 26 6 2
428 Z 28 | -0 9 33| -04 a2 26 | -97 8
429 X 28 | -16 3 Bl -2 2 26 | -26 3
430 Y 28 3 2 33 3 2 26 3 2
431 2 28 | -8l Q 33| ~85 8 26| ~-a1 8
432 X 26 6 4 331 - 5 46 26 2 3
433 Y 26 27 5 32 25 3 26 27 4
a34 Vg 26 | -75 g »| -76 a2 2 | -83 8
435 X 28 | -13 A 32| -13 3 26 | -14 3
436 Y 28 31 4 32 01 3 26 a 4
437 2z 28 | -7 f 3| -78 7 26| -m 7
438 X s | -1n1 2 2| -13 3 26 | -12 3
a4 Y 26 24 a a2 33 3 26 34 4
440 Z 28 | - 64 ts 32| -63 7 26 | -67 7
a4), X 28 | ~27 4 33| -2 3 26 | -2 4
442 Y 28 22 3 33 34 3 26 34 3
443 z 2 | -73 8 33] -» 8 6] -» 6
444 X 28 | -2 4 n| -1 4 26 | -22 19
a5 |- Y 28 63 6 33 64 5 26 59 3
446 7 28 | ~ 46 8 3| -53 7 26 | ~-66 63
447 X o | wwer texiy | s | ReF | porur |STD | REF POTNT
4_48 Y L] L " " » L] L] L L]
m Z " ” L " [ ] ” " L L]
450 X 28 | -53 5 33| -5s8 5 26 | -60 12
a1 || Y 26 62 6 32 61 ] 26 54 33
452 | 2 |28 | - 24 10 33| ~-30 8 26 | ~-33 25
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453 b4 28 | =35 4 33| = 4 26| - 44 18
454 Y 28 52 5 33 51 4 26 44 3N
455 z 28 | - 48 8 33| ~52 7 26| -55 23
456 X 28 | -22 3 33| ~24 2 26| -27 9
457 Y 28 3 2 33 32 3 26 26 28
458 2 28 | ~ o8 fn 33| -73 7 26| -5 2
459 X 28 | =79 7 33| -@87 4 26| -9 11
460 Y 28 56 5 33 S0 4 26 as 3
461 2 28 { - 77 11 33| -90 9 26| -91 18
462 X 28 | -60 5 33| -76 4 26| -~ 10
463 Y 28 57 4 33 53 3 26 48 32
464 % 28 | - 98 10 3| ~o068 9 26| -7 19
465 X 28 | -6 5 23| ~73 4 26| ~ 68 1
466 Y 28 61 5 33 59 4 26 52 33
467 z 28 | - 38 10 33| =42 26 26| ~» 22
468 X 28 | - 49 6 33| -56 5 26| - 14
469 Y 28 77 3 33 80 6 26 72 37
470 z 28| - 1 9 33| - s 8 26| -9 3
47 X 28 | - 46 7 33| ~-55 6 26| ~-64 52
472 Y 28 90 9 33 96 7 26 87 £
473 z 28 17 8 33 15 8 26 12 35
474 X 28 | - a2 7 33| -5 7 26| -57 19
475 Y 28 101 10 33 109 ! 26 99 44
476 2 28 26 9 32 37 7 26 32 38
477 X 28 | -~ 62 ) 33| -® 9 26| ~74 16
478 Y 28 75 6 33 82 5 26 74 38
479 Z 28 22 11 32 17 9 26 12 32
480 X 26 | ~ a4 6 33| -®» 4 | 26| ~ 53 17
401 Y 28 90 8 33 96 6 26 86 | - a
482 z 28 13 ] 23 10 6 26 4 32
483 X 28| -2 4 33| -24 3 26| ~28 16
484 Y 28 ‘oo 0 Kk} 105 6 26 93 43
485 Z 28 7 4 KX) 5 4 5| - 2 34
486 X 28 | ~-12 3 33| ~-15 3 26| ~19 15
487 Y 20 08 8 33 104 6 26 05 43
488 2z 28| ~ o 4 3| -12 4 26| ~-18 30
459 X 28 | 14 5 22| -16 5 26| ~18 13
490 Y 28 90 6 32 95 a | 2 87 42
91 2 28 | ~'27 6 33| =-33 6 26| =36 27
402 X | 28| ~24 5 33| -25 4 26| ~-29 12
3| Y 26 e4 5 33 87 5 26 80 40
44 Z 28 | -3 6 33| -45 7 | 26| ~-® 24
5 X |seop| R°F |remm | stb| ReF | oot |sto | ReEF | pomm
"36 Y L] " ] " ” L] " ] ]
4&)7 Z L] ” " L] ” » [} “
498 X 28| - 35 4 23| - 40 3 26| ~as 15
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499 Y 26 101 ) 33 108 6. 26 99 a4
500 % 20 4 5 33 1 4 26| - s 3
501 X 28 | -63 6 33| =70 5 26| ~-86 14
502 Y 28 78 6 33 8 5 26 77 38
503 2 20 10 8 33 5 7 26 3 30
504 X 28 | -o95 8 33 | -103 14 26 | -1n2 14
505 Y |-28 60 5 33 63 4 26 56 34
506 2 28 16 13 33 7 12 25 5 2
507 X 28 | -45 6 33| -57 7 26 | ~e62 17
508 Y 28 102 9 33 110 7 26 101 45
509 z 28 26 9 33 27 6 26 22 36
510 X 28 | -%0 5 33| -6 S 26| ~65 14
511 Y 20 00 8 33 95 6 26 88 4
512 Z 28 1 o 3P| -1 6 26| ~ s 30
513 X 28 | - 00 5 ?| -n 4 26 | -84 56
514 Y 28 84 7 32 87 5 26 81 38
515 7 28 | -24 o 33| ~-30 7 26| ~-28 8
516 % 28 | - 72 5 33| -84 5 26| -96 53
517 Y 28 80 6 32 el 5 26 76 36
518 2 28 | - a8 10 2| - 58 8 26| ~-54 9
519 X 28 | -24 5 32| - 24 4 26| -3 23
520 Y 28 66 4 32 68 4 26 62 36
521 3 28 | - 63 8 23| -7 7 26| -5 21
522 X 28 | -3 5 33| - 34 5 26| ~3 1
523 Y 29 o1 5 32 ag 5 26 90 42
524 Z 28 | -4 7 23| - 44 6 26| - 48 24
525 X 2| -63 6 | -73 5 26| -77 10
526 Y 20 00 5 33 04 6 26 a7 4
527 7 20 | - = 8 33| -57 8 26| - 60 20
528 X 28 | ~54 6 33| -6 5 26| - 64 10
529 Y 28 71 5 2 73 5 26 67 37
530 % 8 | - 77 o 32| - 7 26| -9 18
531 x |2 | -m 4 23| -56 4 26| -6 1
532 Y, 28 62 5 32 62 6 26 56 34
533 2z 28 | - 9 23| -50 8 26| -s53 22
534 X 27 | - a3 5 33| - 40 5 26| -s2 10
535 Y 27 0 4 22 83 5 26 78 k)
536 2 27 | -5 7 23| -65 7 26| -6 20
537 X 27| -76 7 32| -8 9 26| -a1 7
538 Y 27 | - a7 6 32| -45 6 26| - 46 6
539 7 27| - 1 13 2| - 8 11 26| - 6 8
540 X 28 | -1 5 33| ~55 6 26| -58 13
541 Y 20 63 6 32 63 5 26 55 34
542 2 28 | -0 9 33| ~24 9 26| -28 26
543 X 28 | - 47 6 33| -®» 5 26| -5 5
544 Y 20 28 4 33 21 4 26 2 4
545 Z 28 | -98 9 32| 114 8 26 | -115 8




AViKNDES W

NDefinitions of Pelvie Liandmarks

Baoh descriptive surface landmark (measuring point) used in this study is ident-
ified in threc—dimensional space as a set of three sequential numbers to represent
the X, Y, and @ coordinate values, 1L« first number in each set refers to the X
coordinate value and is always used as the identifying refercnoce number for each
measurement point, ‘fhesc sequential muiber scts appenx with cach of the follow
ing measurcmunt point definitions,

Promontorion 177-179: The mid-point of the antarior-superior margin of the first
sacral segment (excluding exotoscs).

Right Suparior Pole, P'ubic Syirhysis  180-182: The point at the intersection of
the longitudinal mid-line axis of the pubic symphysis with the supcerior margin of
the symphyseal face of the right innominate bone,

Left Superdior I'ele, Public Himphyeis  183-185: The point at the intorsection of
the longitudinal mid-line axzis of the~ pubic symphysis with the superior margin of
the symphyscal face of the left innominate bone,

Ischiale 18C-188: f%The inrominnte rests on its mediial surface with the iliac
blade and pubic rymphysis in contact with the horizontal surface of an osteo~
metric board. IMove the bene inte the right angle corner of the board in such a
way that the suparior border of the ilizc crest is in contact with one of the
vertical plates and the anterior !order of the iliac crest and the pubio bone are
in contact with the second vertical plate of the osteometric board, Ischiale is
the highest point on the ischinl tuberosity when the innominate bone is in the
correct position,

JI-Foint 189-191: A plexiglass hemispherce is sclected which best fits the
scetabulum of the left im.ominate, ‘The hemisphere is positioned so that the
anterior extremity of one of the perpendicular diameter lines is opposite Point
519 (Acetabulion Anterior), H-Ioint is the center point of the hemisphere surface.

Iliocristale, Posterior 12:0=194: ‘The iancninate rests on its medial swface with
the ilinc blade and puble sympheaia in eontact with tho horizontal surface of an
ostecometric board. Heve the leine into the right angle corner of the board in suoh
a way that the superier border of the iliac crest is in contact with one of the
vertical plates and the ant«rier berder of the iliac crest and the pubic bone are
in contact with the sccrond vertical plate of the osteometric board, Iliocoristale
Postarior, the posterior superiecr iliac spine, is defined as the point along the
posterior border of the ilinc crest in contact with the vertical plate of the
osteometric bourd. 1In cases where n large area is in contact with the board, the
landmork is taken as the mid-peint of the contact area.

Tliooristale, Summm 195-197: The innominate rests on its medial surface with

the iliac blade and pubic rymphysis in contact with the horizontal surface of an
osteometric board. The bonre is maved into the right angle corner of the board in
such a way that tho superior torder of the iliac crest is in.contaoct with one of
tho vertical plates and the anterieor border of theiliac crest and the pubic bone




arce in contnct with the recond vertical plate of tho oatoometrio board. Ilio-
cristale Summum is defined a8 the point along the suparior border of the iliao
crest that is in contact with a movable vertical plate oriented at right angles to
the vertical plates of the osclometric board., In cascs where a largo area is in
contact with the board, the landmwork i taken ns the mid-point of the contaot area.

Right Iliospinale, Swmmum JO8-000: The right innominate rests on its medial
surface with the iliac blade and pudic s;mphysis in contact with the horizontal
surface of an osteometric board. HHove tke bone into the right angle corner of the
board in such a way that the superior border of the iliao crest is in contaot with
one of the vertical plates and the anterior torder of the iliac crest and the
pubic bone are in contact with the scoond vertical plate of the osteometric board,
Iliospinale Swamwn, the anterier superior ilinc spine, is defined as the point
along the anterior bLorder of the ilinc crest in contact with the vertical plate,
1n cases where a large axrea is in contact with the board, tho landmark is taken

ag the mid-point of the contact ryea,

Left Iliospinale, Summun 201-203: The left innominate rests on its medial
surface with the iliac tlade and pubic symphysis in contact with the horizontal
surface of an osteomeiric Lomrd, liove the Lonc into the right corner of the board
in such a way that the sup:riocr torder of the iliao crest is in contact with one
of the vertical plates and the anterior bordar of the iliac crest and the pubdio
bone are in contact with the recond vertical plate of the osteometrio board,
Iliospinale Sumwum, the anterior superior 1linc apine, is defined as the point
along the anterior torder of the idlianc erest in contuct with the vertioal plate.
In cases where a3 large area is in contact with the board, the landmark is taken
as the mid-point of ihe centact :aea,

Pubic Symphysis 204-20G: This point is the nmid-point of a line betwecen point
180, Right Suparior Pole, iutic Symphysis, and point 183, Left Superior Pole,
Pubic Symphysis. Tt is not a landmark that is mecasured, but a point in space
that is mathematically constructced,

Lateral Point on First Cacral Vertelral Fody 207-200: The most lateral point on
the left articular swface of the first sacral body, In cases with "lipping"
present, the point was estinmated as the rost lateral point on the superior surface
ihat would o feund in the goncral contowr that would have been found without any
"Lipping".

Lateral Alm—Awdicular Foint  210-212: The point is found on the suparior aspeot
as the most luteral paint ulony the supericr maargin of the articular surfade,

Posterior Alar—Auricular Point 213-215: The point is found on the superior
aspcct as the most postero-lateral boney projection on the wing of the sacrum,

Posterior Point on First Gacral Vertelral Fody 216-218: The Mid-point of the
postero-superior margin of the first sacral segment., This point is posterior to
Fromontorion, point 177,

Superior Articulnr Fucei: Medial uperior 219-221: The most superior point on
the medial side of the superior articular facet of the sacrum,




Superior Articular Facet: Lateral Superior 222-224: The most superior point on
tho lateral sido of the superior articular facet of the sacrum,

Superior Articular Focei: Medial Inferior 225-227: The most inferior point on
the medial side of the superior articulax facet of the socrum,

Superdor Articulor Facet: Lateral Inferior 228-230: The most inferior point on
the lateral side of the superior articular facet of the sacrum,

Saoral Cunal, Anterior Wall 231-233: The most lateral point on the lateral wall
of the sacral canal, This point iz found when the sacrum is oriented such that
Point 177, Fromontroiocn, Point 207, Lateral Point on First Sacral Vertebral Bedy,
and Point 216, Posterior loint on First Sacral Vertebral Body, form a horizontal
plane. The sacrum is viewed in the posterior aspect.

Sacral Canal, Anterior Floor 234-236: The sacrum is viewed in the posterior
aspect while the sacrum is oriented in a horizontal plane defined by Point 177,
Promontorion, Point 207, Lateral P'oint on First Sacral Vertebral Body, and Point
216, Posterior Point on First Sacral Vertetral Body, The landmark is defined as
a point on the posterior tody of the first sacral vbrtebral body at the interseo~
tion of a horizontal plane tangent to the anterior roof point of the saoral ocanal
(Point 237) and a perpendicular line passing through the Posterior point on the
First Sacral Vertebral Body Peint 216.

Sacral Canal, Anterior Roof 237-239: The nost anterior—superior point of the
roof of the sacral canal,

Dorsal Spine of the First Tacral Vertelrae 240-242: The most posterior point on
the dorsal spine of the first snacral segment., In the instance of a continuous
boney ridge, the point is ertimated ty refere:uce to the superior amd inferior
marging of the laminar plates that join to form the dorsal spines,

Doraal Spinc of the Sccard Hucral Vertelrne 243-245: The most posterior point on
the dorsal spine of the seccond sacral segment. In the instance of a continuous
boney ridge, the point is estireted by referciace to the superior and inferior
margins of the laminar plates that join 1o form the dorsal spines,

Dorsal Spine of the Third Hacral Vertelrae 2:16-248: The most posterior point on
the dorsal spine of the third sacral scgment. In the inatance of a oontinuous
boney ridge, the point is cstimated by rceference to the superior and inferior
margins of the luminar plates that join to form the dorsal spines,

Caudion, Posterior 249-251: The mid-point of the posterior-inferior margin of
the last sacral scgment. liorphological observations of the sacral segments should
be examined to determine the exact sacral or coccygeal vertebrae upon which Point
Caudion is loocated,

Sacral Canal, Posterior Hoof 25.~257: The point is located in the mid-sagittal
plane at the most inferjor aspect of the sacral canal roof.



Posterior Sacral Tubercle 252-354: The sacrum is viewed from the lateral aspeot
while orienled in a horizontal plane defined by Foint 177, Promontorion, Point
207, Lateral I'oint on First Sacral Vertebral Body, and Point 216, Posterior Point
on First Sacral Vertebral Pody. The landmark is defined as the most posterior
point on the posterior sucral tubercle adjacent to the 2nd vertebral foramen.

Sacroiliac Mid-Point 261-263: The point that lies at the intersect of the lines
which bisect the superior and inferior poles of the sacro—-iliao joint.

Superior Lole, Tuferior tfargin Mid-loint 26266t A point along the inferior
margin of the superior pole of the sacre-iliac joint surface that lies on a
perpendicular line that bisects the line passing between Point 261, Saoro-iliao
Mid-Point and Foint 267, Superior Pole,

Superior Pole 267-2(9: A point on the posterior margin of the sacro-iliao
joint surface that lics on a line bisecting the supcrior pole of the joint surface,

Superior Lole, Superior Margin Mid-ioint 270-272: A point along the superior
margin of the superior pole of the sacro-ilinc joint surface that lies on a

perpendicular line that bisects the linc passing between Point 261, Sacro-iliac
Mid-Point and Point 267, Supcrior Pole,

Inferior Lobe, Anterior Margin 273-275: A point along the anterior margin of the
inferior lobe of the sacro~ilinc joint swface that lies on a perpendicular line
bisecting the line between Point 261, Sacro-iliac Mid-Foint and Point 276,
luferior Pole,

Inferior Pole 276-278: A point on the inferior margin which lies on a line
bisecting the inferior pole of the sacro~iliac joint

Inferior Liobe, Fosterior Margin 279-281: A peoint along the posterior margin of
the inferior lobe that lies on a perpendicular line tisecting the line botween
Point 20), Sacro-ilinc Hid-bPeint and Peint 276, Inferior Pole,

Posterior Angle 282-264: The most ant.rior point along the posterior margin of
the sacro-iliac joint,

Anterior Alar Ioint 28~287: This point is found on the lateral aspeot of the
sacrum and is defined as the mort anterior point on the anterior margin of the
articular surface of the sacro-iliac oint,

Mid-Alar Point 288-2.0: This point is defined on the anterior aspect of the
sacrum as the mid-point of a line on the anterior surface of the alar wing
between Point M1, Center of *irast Sacral PRertcbeal Body and Point 285, Anterior
Alar Point,

Center of First Sacral Vertebral Rody 201-293: This point lies on the base of
the sacrum cquidistant between Toint 177, Promontorion and Point 216, Posterior
Point on the First Sacral Body.




First Sacral Segment Union Foint 2)4-006: This point lies in the mid-line of
the sacrum defined as n Jine pav~ing equidistant hetween segment sacral apertures
{medial edge of vertebral canals), The first union point is located at the
intersection of the vertical mid-line azis and the anatomical union of the first
and second sacral vertocbrae. 1f this closure is incomplete, the point is
reoonstructed in clay mid-way tetween adjucent vertebrac., This point is based on
anatomical, not topogrnphical, obsmvations and is an catimate of osteological
closure lines. The point may uot be located at the most anterior aspect of this
union areca,

Second Sacral Segment Unicn Point 2)7-209: This point lies in the mid-~line of
the sacrum defined as o line pascing cquidistant between segment sacral apertures
(medial edge of vertetral canals). The recond union point is located at the
intersection of the vertical mid-line axis a:.d the anatomical union of the seocond
and third sacral vertcbrae, If thic closwre in incomplete, the point is
reconstructed in clay mid-way between adjacent vertcbrae. This point is based on
anatomical, not topographical, observations and is an estimate of osteological
closwre lines. The point may net te lecated at the most anterior aspeot of this
union area,

Inflexion 300-302: This point is located at the intersection of the longest
perpendiculars from the two extreme anterior ends of the sacrum. Inflexion is a

geometric point which uzes either L5 or 51 at the proximal end and Caudion at the
distal end,

Third Sacral Segment Union P'eint  303-205: This point lies in the mid-line of
the sacrum defined as a line pasring equidistant between segment sacral apertwres
(medial edge of vertebral canals). The third union point is located at the
intersection of the vertical mid-line axis and the anatomical union of the third
and fourth sacral vertebtrae, If this closure is incomplete, the point is
reconstructed in clay mid-way between ad jacent vertebrae. This point is based on
anatomical, not topographical, observations and is an cstimate of osteological
closure lines. The point may not Lc located at the most anterior aspect of this
union area,

Fourth Sacral Segment Union Point 206-308: This point lics in the mid~line of
the aacrum defined as a line pa-aing equidistant between scgmont saoral apertures
(medial edge of vertetral canals), The fourth union point is located at the
interscction of the vertical mid-line 2xis and the anatomical union of the fourth
and fifth sacral vertodrae, If this cl-sure is incomplete, the point is
reconstructed in clay nid-way between adjacent vertebrae, This point is based on
anatomical, not torolegical, cbrervations and is an estimate of osteological

closure lines, The point may not be lrcated at the most anterior aspect of this
union areca,

Fifth Sacral Segment Union Toint  20M-211: This point lies in the mid-line of
the sacrum defined as o line passing cquidistant between segment sacral apertures
(medial edge of wvertelral carala), The fifth union point is located at the
interscoticn of the wvertical mid~line ~xis and the anatomical union of the fifth
and sixth sacral vertetrae, If this closure is imcomplete, the point is
reconstructed in elay mid-way botween adjucent vertebrae, This point is based on




anatomical, not topographical, observaticns and is an estimate of osteologioal
closure lines, The point may not be located at the most anterior aspeot of this
union area,

Caudion, Anterior 312-314: This peint ic at the mid—point of the antero~
inferior margin of the last sacr:l segnent,

Inferior Sacral Angle 318-320: This point is located, viewed anteriorly, at the
intersection of lines approximating the latero—inferior aspect of the sacral body
and the inferior margin of the sacral body,

Inferior Sacro-Iliac Junction 321-3223: A point on the anterior cdge of the
sacro-iliac Jjoint where the inferior cwrve of the sacral artioular margin inter—
sects the anterior sacral swrfnce,

Iliospinale, Cristnle 327-329: This point is observed in a posterior—-anterior
view across the iliac blade, It is defined as the most medial point on the
medial margin of the anterior portion of the iliac crest.

Iliocristale, Anterior Lateral 330-332: The most lateral point on the lateral
border of the iliac crest in the ilinc pillar,

Anterior Segment Mid-I'oint, lLiaterad 333-335: A point that is located at the
intersection of the lateral ilinc erest edge and a line bisecting and perpen—
dicular to a line passing ihrough I'oint 339, Iliocristale Summum, and Point 201,
Right Iliospinale Sumrmum,

Anterior Segment Mid-!oint, Medial 33G-338: A point that is located at the
intersection of ihe medinl jliac crest edffe ard a line bisecting and perpen—
dicular to a line passing trourh toint 327, Tliocristale Summum, and Point 201,
Right Iliospinale Suwum,

Iliocrintale, Gwmmum  33%-351: The right irvominate rests on its medial swrface
with the iliac bLlade and pubic s:mphysis in contact with the horizontal surface of
an osteometric board., ‘The inneminate is moved into the right angle corner of the
board in such 2 way that the supcrior border of the iliac crest is in contaot

with onc of the vertical plates and the anterior border of the iliao orest and the
pubic bone are in contact wiih the sccond vertical plate of the osteometric board,
Iliocristale Summum is defined as the point along the superior border of the 1liao
crest in contact with the vertical plate. In instancoes where a large area is in
contact with the plate, the landmark is taken as the mid-point of the oontaot ares,

Posterior Segment Point, Lintaral 1 2342-344: Petween Foint 339, Iliocoristale
Summum, and Point 366, lostericr luperier Tliospinale, on the iliac crest surface,
three cquidiztant morks are made as pevpendicular projections intorscoting the

medial and lateral magine,  Lateral 1 peint is located at the interseotion of the
most anterior mmark and the lateral erest margin,

Posterior Segment Voint, Medinl 1 345-347: Retween Peint 339, Iliooristale
Swweawn, and Point 3¢0, Fostrricr Uuperior Iliospinale, on the iliac orest surface,
three cquidistant marks are mude as perpendicular projections intersecting the




Pazterior Tliac lotch Pojyt 09330y The dacpast point on the posterior iliso
border between Point 366, Posterior Tuperior Iliospinale, and Point 372, Poster—-
jor Inferior Iliospinale,

Posterior Inferior Jliospinale 372-374: The most projecting point on the
posterior awricular murgin,

Bouisson Tubercle 375-380: The most preminent point on the tubercle of Boulsson
located at the apex of a tubercle formed by the origin of m. piriformis,

Superior Scialic llotch I'oint  3786-370: The point cquidistant hotwoen Point 381,
Apex of Sciatic Notch, and Point 379, Rouisson Tubercle. It is on the superior
mugin of the sciatic noteh.

Apex of Sciatic lotch 381-383: The point on the sciatic notoh border at the
greatest pupendicular distance from a projected line between Point 372,
Posterior Inferior Iliospinale, and Voint 390, Ischial Spinale.

Anterior Sciatic Notch I'oint 384~386: The point on the inferior margin of the
sciatic notch mid-way between Point 390, Ischial Spinale, and Point 381, Apex of
the Sciatic Notch.

Ischio-Spinale 390-372: The superior-posterior angle of the ischial spine,

Posterior Ischial Border Point  393-335: The point on the posterior margin of
the ischial border equidistant between Point 390, Ischio-Spinale, and Point 396,
Medial Tuberosity l'oint.

ledial Tuberosity Point 33¢-398: 7The nost medial point on the medial margin of
the ischial tuberesity when the innominate is oriented in the anatomical position.

Inferior Tuberosity I'eint 399-401: The point of convergence of the medial and
lateral marging of the ischial tuberazity,

Lateral Tuberosity Point  402-404: The most lateral point on the lateral margin
of the ischial tuberosity with tne innominate held in the anatomical position,

Superior Tuberosity Point 405-47: The most superior point on the margin of the
ischial tuberosity with the innominate held in the anatomical position and viewed
from the lateral aspect,

Ischiale 408~410: The right innominate rests on its medial surface i th the
iliac blade and pubic symphysis in contact with the horizontal surface of an
osteometric board, The bone is moved into the right angle corner of the board
in such a way that the superior btorder of the ilinc crest is in contact with one
of the vertical plates and the anterior border of the iliac crest and the pubio
bone are in contact with ihe secund vertical plate of the osteometric board,
Ischiale is defined as the highest point on the ischial tuberosity from the
surface of the o:xtecometric toard,




Suparior Ischial iubic Ramus 411-413: ‘The point equidistant between Point 180,
Right Superior Pole, Mibic Symphysis, and Point 408, Ischiale, on the superior
margin of the ischial putic ranus,

Anterior Inferior Ischial iubic barws  414-416: Apoint on the anterior inferior
margin of the ischial pubic ramus passing through Foint 411, Superior Ischial
Pubic Ramus, at right angles to ihc line joining Point 180, Right Superior Pole,
Pubic Symphysis, and Foint 408, Ischiale,

Obturator Tubercle Point 4L7-412: The point on the lateral margin of the
obturator foramen generally marked by a small tubercle. In instances where there
are two tubercles, the upex of the most superior tubercle is marked as the point
with the innominate oriented in the anatomical position.

Inferior Obturator Foramen Point 420-422: The point at which the greatest
curvature occurs on the postarior-inferior margin of the obturator foramen,

Inferior Symphyseal Pole - 123-4.5: This point is located at the inferior inter—
scotion of ihe anterior and posterior margins of the symphyscal surface,

Antcrior Symphyseal loint 420-428: This point is loocated on the anterior margin
of the pubic symphysis where it is intersected by a line perpendicular to the
longitudinal axis equidistant between the polar Points 180 and 423,

Posterior Symphyseal loint 429-43): This point is located on the anterior margin
of ihe pubic symphysis where it is intersected by a line parpendicular to the
longitudinal axis equidistant between polar Points 1680 and 423,

- ke
Pubotubercle: This point is lccated at the anterior most projecting point of the
sumnit of the pubic tubercle with ithe innominate oriented inm  the anatomical
positien,

Anterior Pubic Ramus ioint 439%~437: The point on the anterior swrface of the
putic ramus warking the intersection of a line passing through Point 456,
Anterior Inlet Point, at ripght angles ‘o the line of the pelvic inlet and the
line extending from Point 432, Pubotubercle, to Point 519, Acetabulion, Anterior,

Superior Fubic Riwms oint  420-4400: A point on the margin of the pubioc orest
crossed by x line passing through Point 456, Anterior Inlet Point, at right
angles to the linc of the pelvic inlet,

Inferior tubic Rimus feint  441-413: The point on the supcarior border of the
obturator foramen crosced by n line passing through Point 456, Anterior Inlet
Point, at right angles to the pelvic inlet line.

Iubic Eminence Point  AM-d44: The surmit of the ilio~peotineal emminence,

Pesterior Inlet loint 450-452: The posterior most point subdividing a straight
line into four cquidist .t cegnenin froem Foint 285, Anterior Alar Point, to
Foint 429, Tosterior JSiymphyseal Feint,




Intermediate Inlet Point AS3-455: The interncliate most point subdividing a
straight line into four cquidistant scgments from Point 285, Anterior Alar Point
to Point 429, Posterior Symphyscal Point,

Anterior Inlet Foint 456-458: ‘Ghe anterior most point subdividing a straight
line into four cquidistant scegments fron leoint 285, Anterior Alar Point, to
Point 429, Posterior Symphyseal Foint.

Inferior Isohial Inner Surface Point 450-461: Tho inferior most point of three
equidistant points dividing n stralight line between Point 396, Hedial Tuberosity
Point, and Point 450, Posterior Inlet Foint, into four equal scgments,

Intermediate Ischial Inner Turface Point  462-464: The intermediate most point
of three cquidistant points dividing a straight line between Point 396, Medial
Tuberosity Foint, and P'oint 450, I'osterior Inlet Point, into four equal segments.

Superior Tschial Juner Swefnce Fodrt 46L~567: The superior most point of three
cquidistunt points dividing a siraight line tetween Point 396, Medial Tuberosity
Point, and l'oint 450, Posterior Inlet I'oint, into four equal segments,

Inferior Vertical Iliac Fossa Ccuntowr Point 408-470: The inferior most point of
three equidistant points dividing a straight line between Point 339, Iliooristale
Summum, to Point 150, Poestericr Tnlet Foint, into four equal segments,

.

Intermediate Verticnl Tliac Fosss Contour !oint A71-473: The intermediate most
point of three equidistant pointc dividing a straight line from Point 339, Ilio-
cristule Swwmun, to Foint 450, Forterriecr Tnlet l'oint, into four equal segments,

Superior Vertic:l Tlinc ossa Contour Point  474-476: The superior most point of
three equidistant points dividins a siraisht line from Point 339, Ilicoristale
Summum, to Foint 450, Fosterior Inlet Foint, inte four cqual segments.

Posterior Transverse Iliac Fogssa Cortowr loint 477-479: The posterior most
point of three cquidistant peints dividing a straight line from Point 210,
Lateral Alar-Auricular Point, i~ Foint 366, Posterior Superior Iliospinale, into
four cqual scgments,

Intermediate Transverse Iliuc Fossa Contour Point 480-482: The intermediaste
most point of tlree oquidistant points dividing a straight line from Point 210,
Lateral Alax—-Auricular toint, to Ioint 366, Fosterior Superior Iliospinale, into
four cqual segments,

Anterior Transverse Iliac Fossa Contouwr Point 493-485: The anterior most point
of three equidistant points dividing a straight line from Point 210, Latersl
Alar-Auricular Point, to Peint 3¢6, Ponterier Superior Iliospinale, into four
equal secgments,

Anterior Tliac Notch Foint 46-48: The point of decpest indentation of the
anterior iliuc border between i'oint 198, Right Illospinale Summum,  and Point 499,
Anterior Inferior Iliospinale,




Iliaspinale, Anterdor Inferior -#3=-101: This point is looated at the apox of the
anterior border of the anterinr inferfor ilinc spinc as vicwed from tho medial
aspect of the innominate.

Anterior Ilins Base Point  492-04: This point is found at the apex of the angle
formed by the inferior terminus of the :nmterior iliac margin and the superior
surface of the acetabular margin at the btase of the ilium,

Anterior Transverse Lateral Iliac Swrface Contour Point 496-500: The anterior
most point of three equidistiant points dividing a straight line extending from
Point 199, Right Iliospinale Sursmm, to Point 366, Posterior Superior Iliospinsle,
into four cqual segments,

Intermediate Transverse liateral Tliac {wrface Contour Point 501-503: The inter—
mediate most point of three cquidirtant poimts dividing a straight line extending
from Point 199, Right Iliospinuale Owanum, to Toint 366, Fosterior Superior Ilio-
spinale, into four equal scgmenis,

Posterior Trangversc Linteral Tliasc Swurface Contour Point S04-506: The posterior
most point of three equidistant points dividing a straight line extending from

Point 199, Right Iliccpinale Swrium, to Foint 366, Posterior Superior Iliospinale,
into four equal scgments,

Supcrior—tlost Vertical lLinteral Tschio-Iliac Contouwr Foint S07-509: The superior
most point of four equidistant points dividing a straight line extending from
Point 329, Iliocristale Summum, to Point 05, Superior Tuberosity Point, into
five equal scgments,

Suparior Intermediate Vertical linteral Ischio-Iliac Contour Point 510-512: The
intermediate superior point of four equidist:int points dividing a straight line
extending from Point 339, 1lliccrirtale Swrwn, to Peint 405, Superior Tuberosity
Toint, into five equal segnents,

Inferior Intermediate “crtical lateral Ischio~Tliac Contour Point S13~-515: The
intermediate inferior point of fow equidistant points dividing a straight line
extending from Poimt 339, Iliocrist:le Summunm, to Point 405, Superior Tuberosity
Point, into five cqual segnents,

Inferior-tost Intermediate Vertical Lateral Ischio-Iliac Contour Point 516-518:
The inferior most point of fowr equidistant points dividing a straight line
extending from Toint 339, Tliccriztale Swwwm, to Point 405, Superior Tuberosity
Point, into five equal. serments,

Acetabulion, Artericr 517-521: The most anteriorly projecting point defined on
the putic portion of ithe acelalular rin, It i3 located by rotating the innominate
bone on the ostcometric board frem position 1 to position 2,

Acctabulion, lupcrior 522-C24: The calibration hemisphere is poaitioned into
the acetabulum so that the mitorior extrenity of one of the diameter lines is
opposite Point 519, Acetabulion Antericr, The point is marked on the acetabular
rim closest to the superior diameter line when the innomimto is oriented in the
anatomical position,




Acetabulion, Fosterior 525-527: The calilration hemisphere 43 positioned inte
the acetabulum zo that the anterior eziremity of onc of the diamoter lines is °
opposite Point 519, Acetabulion Anterior. fThe point is marked on the acetabular
rim closest to the posterior diameter line shen the innominate ia oriented in the
anatomical ponitien,

Acetabulion, Inferior S528-530: ‘The calibration hemisphere is positioned into
the acetabulum so that the anterior extremity of one of the diameter lines is
opposite Point 519, Acetatulion Anterlior. The point is marked on the acetabular
rim closcat to the inferior diameter lone when the innominato is oriented in the
anatomical position,

Acetabulion, Center Point 531-533: The calibration hemisphere is positioned
into the acetatulum so that the anterior cxtremity of one of the hemisphere lines
is opposite Point 519, Acetabulion Anterior. Insert a marker through the H-~point
hole and mark the contact point on the interior surface of the acetabulum,

H-Point 534-536: A besi-fit plexiglacs hoemisphere is placed into the acetad~
ulum of the right inncminate bone and positioned so that the anterior extremity
of one of the perpendicular dimmeter lines is opposite Point 519, Acetabulum
Anterior. Ili-Point ia the center point of the hemisphere surface,




APFEIDIX C

Small Hediun Large
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Figwre 8, Fpoxy models of the snall female, medium male, and large
‘male pelves,  Lateral View,
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Figure 7, Fpoxy nodels of the sinall female, mediwm male, and large
male pelves.  Anterior View,
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Figure 9. Fpoxy rodels of the annll female, mediun male, and large

male pelves, fuperier View,
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Figure 9. Fpoxy nodels of the snall female, mediun male, and large
male pelves, fuperier View,



