The variability of the proximal femur in catarrhines — a new 3D method for describing anatomical structures — cyan P
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A. INTRODUCTION 17 4_ Table 2. Landmarks and auxilliary points used D. LANDMARKS, DISTANCES AND ANGLES
For a century physical anthropologists have quantified skeletal form using dis- (? \ ), WA WIE | W Landmarks were generated in Rapidform by using a custom macro by fitting geometrical objects to the surface (Figure 2).
( {4 anol d directl b (Martin, 1914). Three di 4 : D3 (79 PoinTs DEFINITION The advant £ usine th 1 surf < that 1 back and tak - )
i J e 4 4 i
ances and angles measured directly on bones (Martin, . Three dimen S | .. Centreofthe femoralhead  Centre of a sphere fitted to the articular surface e advantage of using this program and surface scans is that one can always go back and take new points or correc
sional digitizers make it easier to quantity extended three-dimensional struc- o B ’T 2. Centroid of the Fovea capitis ~ Centroid of a curve drawn around the Fovea errors.
tures, but still require physical access to the objects. There is some recent work f | femoris capitis femoris Landmarks 1, 2 and 5 are true landmarks (Table 2) all of Bookstein Type III (summaries of information at a distance).
j . )(_ .
on the femur (Harmon, 2005, Weaver, 2002) along these lines. On most post- \ \ 3. Proximal shaft centre Top center ofa cylinder fit to the shaft between There are also four “pseudo-landmarks” (or auxiliary points) (marked with an asterisk) functioning purely to supply infor-
] b land histologicallv defined po \ \ | the lesser trochanter and 30% of femoral length - fdi | v o ddal he shaft axis (to describe the shaft direct;
cranial structures, there are no Type I landmarks (histologically defined points, . 4. Distal shaft centre* Bottom center of the cylinder mation for measurements of distances or angles, namely, point 3 and 4 along the shaft axis (to describe the shaft direction;
Bookstein, 1991) or in general, points that can be named are much less =, { 4 5. Centroid of the articular Centroid of a curve delimiting the articular by fitting a cylinder to the shaft), point 7 the most lateral point on the trochanter (for measurement of the action of the glu-
common and their definitions much more arbitrary than the analogues on the surface margin surface teus minimus muscle around the hip joint), and a “midpoint” of the neck computed in a specific view to accord with the
. . .
skull. 6. Centre of the femoral neck™  Centroid of the sect10n.thr0ugh.the peck classic definition of the collo-diaphyseal-angle (see Martin, 1914).
| | | | | at the smallest breadth in posterior view, | | | . o
When information from surfaces is relevant to function, especially for post- construction is dependent on orientation of the Additional information, that can only be gathered using this method, like the area of the articular surface (as delimited
cranial applications, it may be better to extract information from surface form femur (after Martin, 191 by the curve used for defining Point 5) was also collected, but not used in the present analysis.
pp y | | 914 y g p y
directly using new instruments such as 3D surface scanners. Here we present an 7. Lateralmost point of the Most lateral point on the Trochanter maior We do not carry out any Procrustes analysis of point configurations, as there are not enough landmarks and, in any case,
y using p y y ysIsolp g g y
. . : greater trochanter* . . : . : : : :
application of these methods in the context of a study of form and locomotion | that analysis would be completely oblivious to the biomechanics of locomotion that is our ultimate research interest. In-
in catarrhines. Figure 1. Facing the scanner from behind while projecting the Gray-code | | stead of using coordinates of points we constructed four distances and four angles (Table 3).
onto the femoral surface. A G B 5 For the purpose of this preliminary demonstration, lacking the necessary mass information for scaling or other me-
chanical studies, we simply treat these data by the methods of classic “multivariate morphometrics’, in an ordination by
principal components of standardized variables.
B. MATERIAL C. METHODS 4 A A Table 3. Measurements used
Our sample consists of 72 femurs from 10 species of catarrhines (Table 1), taxa The surface data was collected by a Breuckmann triTOS surface scanner by 2 <& \.__._\, | \ 5
| | | | | | . | T -» EASUREMENTS EFINITIONS : -
marked with an asterisk comprise summarised species due to small sample size. (http://www.breuckmann.com). This instrument gathers coordinate data by R Table 4. Means of all variables for each species
The H. sapiens sample comprises 32 Khoi San of the Poch collection, Depart- using structured illumination (projected stripe patterns, called Gray-code) ‘* e " Argles ; | | - | SPECIES N  DISTHEAD. DIST. TROCH. RADIUS DIST.HEAD. NECK.SHAFT. ARTIC. ART. SURFACE
ment of Anthropology, Univeristy Vienna, and 12 Europeans (early medieval (Figure 1) and phase shift, optically triangulated from several points of view. { | Al ovea.bodyangle gl betwe.ent ¢ veclors P01nt 1210 ,Pt )4 AXIS (MM) ACTION (MM)  (MM)  BODY (MM) ANGLE ANGLE  AREA (MM’)
| | | " . 1 Angle described by the cosine of the distance Pti- b . . . 8.8
period) from Gars/Thunau from the collection of the Department of Anthro- For the reconstruction algorithm, see Breuckmann, 1994. A2 artic.angle s and to radius 0rmo SCIPif”Sf 43 357 50.2 19.4 54 125.4 103.2 3013.
. . L . . . . . L | | South Africans 31 . 6.2 19. . 125.4° 103.2° 018.8
pology, Natural History Museum, Vienna. All hominoids and cercopithecoids Surfaces with strong relief, such as femurs in the vicinity of the fossa trochan- N N A3 fovea.head.angle angle between the vectors Pt 1-2 to Pt 1-5 Europeans 32 i Z 29 o 22 2 573 122 zo o 83 40 1097 :
are from the Department of Vertebrate Zoology, Natural History Museum, terica, often are incomplete in single views owing to superimposition of struc- | . | : A4 collo.diaphyseal.angle angle between the vectors Pt1-6 and Pt3-4 Gorilla gorilla - 431 67.4 231 44 124.6° 98.9° 4032.6
Vienna. All specimens are adults, whenever possible the right femur was used, tures. For the present application, the final surface reconstructions combined Distances Hylobates sp.* 3 13.7 19.1 6.9 0.8 123.6° 103.9° 384.5
otherwise the left one was mirror-imaged in Rapidform. up to thirty single scans, totalling about one hours machine time, followed by D1 radius Ra.dl.us of the sphere fitted to the femoral head Pan troglodytes 6 30-4 484 16.5 15 126.4 1011 21239
b b . for th . I d o ofth | D dist head bod Minimal distance between the vector Pt 3-4 and Pongo pygmaeus 4 23.8 43.3 17.1 4.9 141.8° 110.1° 2541.3
Table 1. Number of specimens for each species and sex about thirty minutes for the preparation, alignment and merging ot the result- SLACAED0AY the vector Pt1-6 Cercopithecus sp.” 4 15.05 22.8 6.95 0.95 100.25° 104.75° 398.3
SPECIES MaLES FEMALES  INDET TOTAL ing multiple images. Complete femoral surfaces involved up to 1.5 million sur- | D dist head axi Distance between Pt 1 and the shaft axis, Erythrocebus patas 2 19.2 28.7 7.5 0.8 104.5° 113.7° 504.7
ist.head.axis . . . 0 0
Homo sapiens 19 24 0 43 face triangles. The resolution and accuracy were both on the level of 70 3 perpedicular to the shaft axis Papio hamadryas 2 20.2 31.9 10.1 1.1 106.6 103.6 833.8
Pan troglodytes 3 > 1 6 After scanning the work on the physical specimen is completed. The post- Projected dlstapce between Pt1 and the Theropithecus gelada 1 21.9 35.2 10.9 2.4 106.3 97.5 893.4
Gorilla gorilla 4 3 0 v . done in th o . D dist trochanter action most lateral point on the greater trochanter,
Pongo pygmacus 5 S 5 A processing steps were done in the Breuckmann software optoCAT (Version 4 : - perpendicular to the shaft axis (Leverage arm of
Hvlobates sp.* o o 4.01.08) and in the program Rapidform (version rapidform2006SP1, INUS C {4 D - gluteal muscles)
ylobates sp. 3 3 | | o G. ADVANTAGES
Papio hamadryas 1 1 0 2 Technology, Inc.). We manually removed vertices unreliable due to acquisition Area « The specimens are virtual, not real allowing one to go back to the surface representations
Lry thrqceb us patas 1 1 0 2 errors, deleted overlapping and non-manifold areas, crossing triangles and FIGURE 2. Upper row shows how points were constructed via fitting geometrical ob- articular.surf.area Area of the articular surface o . . .
Theropithecus gelada 1 0 0 1 o o , jects (A) into the femur and (B) displays all distances which were computed . Lower over and over to collect additional geometric information as suggested by new literature,
. X filled the remaining holes by spline interpolation. All femurs were cut oft at 35% . . _ . . .
: : , - reliminary findings, or insights from colleagues. We already used this advantage to gen-
%ercopzthecus sp 3 1 0 4 b row: shows all the angles (C, D) which were constructed between all points and land prel y finding ghts f lleagues. We already used this advantage to g
OTAL 34 34 4 72 st marks. erate new points.
* Surfaces can be averaged, thereby making possible the reconstruction of broken or oth-
E. RESULTS AND DISCUSSION o species . . Selx E LIMITATIONS erwise incomplete specimens, and can be represented by semilandmarks instead of dis-
: m H. sapiens (Khoi san) male ’ o . :
The biplot Figure 3 shows that all the distances are correlated with each other ® 7. gelada O female * The scanner used has its problems when the underlying geometric or optical tances and angles when the topic is one of systematics rather than functional morphol-
and that they are independent from the angles. Figure 4 shows the separation A H. sapiens (Europeans) unknown assumptions are violated. For example, specular reflections, and stray light 08)-
| . .
between the species along the first principal component, which represents size. 7 A 4 Iio;zléa fmllﬂ o (shiny spots), fractal regions of the surface (e.g. at sites of breakage), surface
. . . . = ylobates sp. 3 . .
Figure 5 demonstrates that except Gorilla, which exposes a great sexual dimor- Tg L - i & . troglodbc : patches that are actually black (the same colour as the stripes), and reflective as- REFERENCES
phism, Sexual dimorphism can not be dete(:ted, probably due to the Small é AN ﬁ'. N A P pygmaeus E pGCtS Ofthe image backgr Ound all causce prOblemS, mOSﬂy COnSiSting thOlGS n BooksTEIN, E L. (1991). Morphometric tools for landmark data geometry and biology. New York, Cambridge (UK): Cambridge University Press.
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We have demonstrated a very useful compromise between the classical way 3, 2 o A A patas ;ﬁ * The Rapidform software package was not designed for such biological applica- BrEUCKMANN GMBH. (2005) 0ptoCAT 4.01.08. Breuckmann GmbH, Meersburg, Germany,
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of distance/angle measurements and the modern context of image-driven “vir- . sartic.angle 4 o =4 tions but works well. A disadvantage is the high price of this, and other compa- a1, (2005), A comparative analysis of fmoral morphology in Ausralpithcus forenss implictions for the evolution of bipecal locomo.
— ’ 2 2 , b, . :
tual anthropology” whereby a very high-dimensional data representation sup- kS distheadbody o radius @ rable software packages. Freeware alternatives would be of great use, but are not tion. PhD thesis, Department of Anthropology, Arizona State University
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PC1 loadings of the six scalars PC1 scores of six scalars PCl scores of six scalars the femur. The greater and lesser trochanters, for example can not be described A CKNOWI EDGEMENTS
Figure 3. Shows the loadings of the scalars from Figure 4. Shows the separation of the species along the principal compo- Figure 5. Due to .the small sample size it is not possible to separate easily. (s work fzf:csggﬁ;);ﬁfgxﬁu‘fnﬁ?ﬁfﬂieViI/l iogfoglg iiﬁjﬁ%%’%ﬁe Justran Councl o scienceand [echnology and the 20 FH
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