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INTRODUCTION

e~

he impetus for this book was the first author’s interest in skeletons, libraries

and vintage textbooks. This passion led him down a sometimes poorly lit
path searching the medical and anatomical literature going back to the 1700s
in order to learn more about the human skeleton and, more precisely, to gain
a better understanding of our past, through the eyes of our anatomical,
anthropological and medical predecessors. It was this personal journey and
revival of bringing what had been found, often in obscure and mostly forgotten
articles, to the present, and to incorporate them into a teaching regimen for
students. This book is a result of that journey, one that incorporates physical
anthropology with medicine, anatomy, biomechanics, chemistry, and biology
in one text.

It was based on this endeavor that the book took roots and the authors
combined their experience, skills and knowledge as anthropologists and
anatomists. Wherever possible, the authors have sought to cover these skel-
etal traits as best they can and to show the range of variation of traits along a
continuum from small to large, single and multiple, divided and undivided,
left and right, and so forth. The goal in compiling this book was not to show
only the most unusual expression of a trait, its smallest or largest form, or its
most unusual shape, but to show its typical ("expected”) and rare (“unex-
pected”) expressions. Showing only the most extreme examples of traits and
variants, they believe, ignores the range of variation and can lead to a bias in
reported frequencies, geographical distributions and appearance of traits.
These differences in trait expression in this book, therefore, reflect signifi-
cant variation in size, shape, location and frequencies of many, perhaps even
most, traits that an observer may encounter in examining one or a thousand
skeletons.

To better understand how scientists perceive, classify and categorize ana-
tomical variants of the human skeleton, the authors reviewed the literature
and noted nearly 300 features that scientists have identified or classified as
non-metric traits, discrete traits and dichotomous traits, among others, in the
human skeleton (see Table 1). Interestingly, when considered more closely,
many of these features appear to suffer from misidentification or interpreta-
tion. For example, some “non-metric” traits are the result of abnormal or
pathological growth leading to pathological symptoms while many have yet
to be shown to have a genetic basis. Other variant features, such as nasal and
chin shape, are shared by all of us and might more accurately be classified as
morphoscopic characteristics.

The question, therefore, one that is not easily answered, is how do we
define normal from pathological, non-metric traits, typical and atypical? For
example, a parietal foramen, commonly classified as a non-metric trait or
anatomical variant is a normal and occasionally occurring feature that trans-
mits an emissary vessel (Santorini’s vein) connecting veins of the scalp with
the superior sagittal sinus. This hypostotic feature is the result of a normal
developmental process where an emissary vessel penetrates the outer table
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into the diploe or through the inner table. The formation of this vein is typical,
as is the concomitant formation of a foramen housing it in the vault; not having
this foramen, however, is clearly a “normal” condition that is present in many
people.

An enlarged parietal foramen, in comparison, is an atypical or pathological
feature resulting in faulty ossification in the region of Obelion that may or may
not transmit an emissary vessel. A small, normally occurring parietal foramen
and an enlarged parietal foramen are not merely features that differ in size
along a continuum of “normal,” but by the developmental processes that
produce them. A parietal foramen, therefore, is a feature that may or may not
be present in one or both parietal bones, may be double or triple on one side,
or may be considered pathological if larger than 5 mm in maximum diameter.
Here we see a feature or anatomical variant that can be viewed as normal or
pathological, based on size alone. Other “normal” variants and non-metric
traits include the supraorbital notch and foramen, nasal bone foramen, acces-
sory frontal grooves, occipital foramen exsutural (the expressed non-metric
trait), and rhomboid fossa for attachment of the costoclavicular ligament, to
name a few. Surprisingly, it is difficult to discern whether it is the presence or
absence of some traits that represents the “norm.” One feature that most non-
metric traits share, however, is that they seem to be “unexpectedly” present.

There are, of course, variants and features included in some non-metric trait
lists that reflect abnormal or pathological development. Examples of what the
authors would call “abnormal” non-metric traits and anatomical variants in-
clude the external auditory exostosis, tertiary occipital condyle, bone spur,
exostosis in the trochanteric fossa and palatal exostosis (torus palatinus), the
latter, if large enough, becomes symptomatic. Still other variants, such as a
bipartite parietal bone that is formed by an accessory (subsagittal) suture, is
such a rare feature that it is sometimes viewed as pathological in comparison
to the normally and commonly occurring ossicles often present along the
lambdoidal and sagittal sutures. While both conditions develop through the
same process, one is common (lambdoidal ossicle) while the other is exceed-
ingly rare (subsagittal suture). When discussing the bipartite parietal bone, the
rarity of the trait makes it a significant finding, one worthy of reporting in the
literature. Researchers have, of course, been aware that some non-metric
traits are pathological in origin, but they often include these features in their
parameter trait lists of normal or non-metric traits. Still other traits fall within a
gray area where their origin and development is either unknown or debated.
Some “gray area” examples include the ossified trochlear pulley, vastus notch
and bipartite patella, distal femoral cortical excavation, cervical fossa of Allen,
Walmsley’s facet, third trochanter, os trigonum and calcaneus secundarius, to
name a few.

Considering the extensive research and many thousands of human skeletons
and cadavers that have been dissected and studied long before the days of
Albinus and Vesalius, it is perhaps surprising that variation of the human
skeleton has not been better documented and more easily available in a
single reference book. This compartmentalization of non-metric traits and
anatomical variants of the skeleton in books, scientific articles, poster presen-
tations, abstracts, and public discussions is evident when one attempts to find
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an example of a trait, variant, or unusual osseous or dental feature. Searching
the literature to identify a skeletal feature can take weeks or months and, at the
end of a search, one may still remain confused regarding its name, frequency
and rarity, etiology, range of expression and whether anyone has published a
description. Exacerbating this issue is the fact that many traits and features
that some view as anecdotal and not “worthy of mention” would likely help
explain human diversity and development, if described and reported. Unfor-
tunately, many subtle traits and variants go unreported and, as a result, so do
their existence, frequency and range of variation. This book is intended to
alleviate some of these mysteries, although it cannot address or answer all of
them.

As previously mentioned, non-metric traits and anatomical variants are often
identified based on their frequency of expression/presence in an osteology
collection or a geographical group. Typically, the most common expression
of a trait is viewed as typical or normal while unusual, uncommon, atypical,
or rare traits are viewed as variants along a size and shape continuum. While
some researchers choose to view non-metric traits merely as features that are
either present or absent, these traits actually vary in size, shape, number and
location, and not merely their presence or absence.

Choosing the appropriate terms to identify or describe a non-metric trait
or anatomical variant, therefore, can sometimes be alleviated or, at the very
least, reconsidered, by the choice of terms. For example, dichotomous terms
such as normal or abnormal lead us to believe there are only two states for a
particular feature — one is the result of normal developmental processes, while
the other is pathological in origin, expression, or symptoms. The dilemma of
how to view and interpret variability of the human body and which terms to
use, however, is one of antiquity and in fact, was a topic of great concern to
Andreas Vesalius (1514-1564), the Father of Anatomy (Straus and Temkin
1943). To avoid having to identify or label anatomical traits as normal or
abnormal, Vesalius referred to them based on their frequency as “always,”
“usually,” “frequently,” “more frequently,” “most frequently,” “sometimes,”
“not always,” rarely,” relatively rarely,” much more rarely,” and “very rarely.”
What Vesalius did was remove the “finality” and “diagnosis” of normal or
abnormal by using qualitative terms to quantify features according to how
often he found them in his own research. While contemporary statisticians and
researchers typically rely more on quantitative methods such as frequencies,
intra- and inter-observer variability and multivariate statistics to report fre-
quencies of traits and anatomical variants, steadfast qualitative terms such as
“rare” and “common” maintain their place in scientific research and reporting.
The current authors utilized quantitative, semi-quantitative and qualitative
frequencies when reporting traits and anatomical variants in this book.

This atlas is the culmination of more than 75 combined years’ of skeletal
research and analysis by the authors and is intended to:

1) Utilize large, color photographs and a regional skeletal approach, to
provide as many examples as we could of anatomical variants and non-
metric traits in the human skeleton.

2) Identify and describe the widest possible range of anatomical variants
and non-metric traits in the human skeleton in a single source.
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3) Impart information on anatomical variants and non-metric traits spanning
diverse temporal and geographical regions.

4) Provide clarity or, at the very least, stimulate discussion on the difference
between an anatomical variant, non-metric trait, anomaly and morpho-
scopic trait.

5) Provide descriptions, relative frequencies, and references for anatomical
variants and non-metric traits in the human skeleton.

6) Increase our knowledge of the intra- and inter-variability of the human
skeleton.

Some recommended anatomy and skeletal reference texts and databases that
the authors have found especially helpful include, but are not restricted to the
following:

Anderson, S. 4 Comparative Study of the Human Skeletal Material from Late First and Early Second
Millennium Sites in the North-East of England. Unpublished Thesis, University of Durham,
1991.

Anson, B. J. and McVay, C. B. Surgical Anatomy, Fifth Edition. W. B. Saunders Company, Phila-
delphia, 1971.

Barker, L. F. A Laboratory Manual of Human Anatomy. J. B. Lippincott Company, Philadelphia,
1904.

Corruccini, R. S. An examination of the meaning of cranial discrete traits for human skeletal
biological studies. American Journal of Physical Anthropology 40:425-446, 1974.

Gerrish, F. H. (editor). 4 Téxtbook of Anatomy by American Authors. Lea Brothers and Company,
Philadelphia, 1902.

Grant, J. C. Boileau. 4 Method of Anatomy: Descriptive and Deductive, Fourth Edition. The Williams
and Wilkins Company, Baltimore, 1948.

Gray, H. T. Anatomy, Descriptive and Surgical (“Gray’s Anatomy”), T. Pickering Pick (editor),
Thirteenth English Edition, Lea Brothers and Company, Philadelphia, 1897,

Hefner, J. T. The statistical determination of ancestry using cranial non-metric traits. Doctoral Dis-
sertation, the University of Florida, Gainesville, 2007.

Holden, L. and Langton, J. (editors). Holden’s Manual of the Dissection of the Human Body. J. & A.
Churchill, London, 1879.

Jantz, R. L. Change and variation in skeletal populations of Arikara Indians. Ph.D. dissertation, Uni-
versity of Kansas, Lawrence, 1970.

Kopsch, F. Rauber-Kopsch Lehrbuch der Anatomie Abteilung2: Knochen, Bander. Verlag von Georg
Thieme, Leipzig, 1914.

Khudaverdyan, A. Yu. Non-metric cranial variation in human skeletal remains from Armenia.
Acta Biological Szegediensis 56(1):13-24, 2012.

Leidy, J. An Elementary Treatise on Human Anatomy. ]. B. Lippincott and Company, Philadelphia,
1861.

Morris’ Human Anatomy: A Complete Systematic Treatise by English and American Authors (Part 1
Morphogenesis, Osteology, Articulations), C. M. Jackson (editor). P. Blakiston’s Son and
Company, Philadelphia, 1914.

Ossenberg, N. S. Discontinuous Morphological Variation in the Human Cranium. Ph.D. Thesis. Uni-
versity of Toronto: Toronto, Ontario, 1969.

Ossenberg, N. S. Cranial Non-metric Trait Data Base User Guide (available on-line at http://hdl.
handle.net/1974/7870). Data and Government Information Centre, Queen’s University
Library, Canada, 2013.

Perizonius, W. R. K. Non-metrical Cranial Traits: Sex Difference and Age Dependence. Journal
of Human Evolution 8:679-684, 1979.

Pernkopf, E. Topographical and Applied Human Anatomy (Volumes I and II).H. Ferner and H.
Monsen (editors). W. B. Saunders Company, Philadelphia, 1963.

Piersol, G. A. (editor) Human Anatomy Including Structure and Development and Practical Consider-
ations, Eighth Edition. Thomas Dwight, J. Playfair McMurrich, Carl A. Hamann, George A.
Piersol and J. William White. J. B. Lippincott Company, Philadelphia, 1923.
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Sappey, P. C. Tiaite D’Anatomie Descriptive (Four Volumes). Adreien Delahaye et Emile Lecrosnier,
Editeurs. Paris, 1888.

Schafer, E. A. and Thane, G. D. (editors). Quain’s Elements of Anatomy. Longmans, Green, and
Company, London, 1891.

Sobotta, J. and McMurrich, J. P. Atlas of Human Anatomy, Volume 1. G. E. Stechert and Company,
New York, 1936.

Sobotta, J. and Figge, F. H. J. Atlas of Human Anatomy, Volume 1. Urban and Schwarzenberg,
Baltimore-Munich, 1977.

Spalteholz, W. Hand Atlas of Human Anatomy, Volume 1. Leipzig, S. Hirzel, 1900.

Toldt, C. An Atlas of Human Anatomy for Students and Physicians, 2nd edition, Volume 1. The
Macmillan Company, New York, 1928.

Ward, F. O. Outlines of Human Osteology. Henry Renshaw, London, 1876.

Wood, C. C. E. The Influence of Growth and Development in the Expression of Human Morphological
Variation. Doctoral thesis, University of Toronto, 2012. Available on-line at http://hdl.
handle.net/1807/

Yavornitzky, V. N. 4 Test of Non-metric Ancestry Determination in Forensic Anthropology: Should the
Current Categorization of Individuals of European Descent be Reconsidered? Master’s thesis,
Michigan State University, Ann Arbor, 2002.
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CSC = CIL Study Collection, Central Identification Laboratory, Joint POW/
MIA Accounting Command, Joint Base Pearl Harbor-Hickam, Hawaii.

CMU = Chiang Mai University, Department of Anatomy, Faculty of Medicine,
Chiang Mai, Thailand.

CU = Chiba University, Chiba, Japan.

FSA = Forensic Science Academy, Central Identification Laboratory, Joint
POW/MIA Accounting Command, Joint Base Pearl Harbor-Hickam, Hawaii.

Freiburg University, Freiburg, Germany.

GU = Géttingen University, Georg-August University of Gottingen, Gottingen,
Germany.

HNHM = Hungarian Natural History Museum (Magyar Termeszettudo-
manyi Mizeum), Budapest, Hungary.

JABSOM = John A. Burns School of Medicine, University of Hawaii School
of Medicine, Hawaii.

KKU = Khon Kaen University, Department of Anatomy, Faculty of Medicine,
Khon Kaen University Medical School, Khon Kaen, Thailand.

LABANOF = Laboratorio di Antropologia e Odontologia Forense, University
of Milano.

MM = Miitter Museum, College of Physicians of Philadelphia, Pennsylvania.
PAVN = Peoples Army of Vietnam Forensic Institute, Vietnam.

RV = Rudolf Virchow Skull Collection, Berliner Gesellschaft fiir Anthropologie,
Ethnologie und Urgeschichte (BGAEU), Berlin, Germany.

SI = Smithsonian Institution, National Museum of Natural History, Washington,
DC.
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University of Tiibingen (Eberhard Karls Universitit Tiibingen), Institute for
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Chapter 1

FRONTAL VIEW OF THE SKULL

Figure 1. Anatomy of a newborn skull showing bilateral supraorbital foramina (squares), patent/open metopic (frontal,
interfrontal, median frontal) suture, partially fused mental symphysis (rectangle) and mental foramina (circles). Note the
horizontal growth lines (striae) in the frontal bone (CSC). The metopic, in comparison to other sutures, contributes little to
growth of the cranium (Massler and Schour 1951). The approximately 110 centers of ossification typically result in 45 bones
in the neonate and 22 in the adult skull (Sperber et al. 2010). See Apinhasmit et al. (2006); Berge and Bergman (2001);
Chung et al. (1995); Dutton (2011); Hauser and DeStefano (1989); Schaefer et al. (2009); Scheuer and Black (2000, 2004).
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Photographic Regional Atlas of Non-metric Traits

Figure 2. Normal morphology of a fetal skull. Note the wide metopic/interfrontal/frontal/median frontal
suture that widens as it approaches the coronal suture, “sunburst” growth lines in the frontal bones,
presence of a bony nasal septum and nasal bones, and “V” or “kite-shaped” anterior fontanelle covered
by thin but tough membrane (dura mater) that later becomes replaced by bone (cf. Basmajian 1964).
The anterior fontanelle usually closes between 10 and 18 months, but as early as 3 months or as late as
28 months (Segall et al. 1973). Although the cranial bones of a newborn and infant are eggshell thin, they
are pliable, flexible, and can withstand considerable force. The heraldic shape of the anterior fontanelle
and sagittal suture when viewed from above gives the sagittal suture its name: sagitta = an arrow
(Brash 1953). Cf. Schaefer et al. (2009); Scheuer and Black (2000, 2004). The ectocranial surface of
sutures is predominately under tension, resulting in bone deposition, while the endocranial surface is
predominately under compression, resulting in bone resorption.



Frontal View of the Skull

b

Figure 3a-b. Comparison of the anterior fontanelle in two fetuses. (a) The dura mater, a translucent
membrane (dura mater or “tough mother”) spanning the bones. (b) Close-up of the irregular, scalloped
margins forming the metopic suture in one of the fetuses.
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