Dental & Skeletal Variations:
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The Dynamic Nature of Bone:
Responding to Life's Stresses & Remodeling"
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I. Ontogeny :

growth & development of organisms (Homo
sapiens)

Adult with Two Juvenile Remains, From Southern Sahara

Seven classification groups for human age groups:

Fetus (before birth),
Infant (0-3)
Child (3-12)

Adolescent (12-20)

=

Young Adult (20-35)
Middle Adult (35-50)
Old Adult (50+)
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Archaeological record includes skeletons from unborn fetuses to old adults




I1. Sexual Dimorphism

« Humans exhibit sexual dimorphism = differences in body size between females and males

 Differences are not as pronounced as in our primate relatives like gorillas

female human skeletal remains generally have smaller bones & teeth (Jurmain et al. 2010)

These variations are linked to the biological requirements of
reproductive functions in the female skeleton

N

Possibilities of determination of sex from skeletal remains
White & Folkens 2005: 32

Kneecap (patella).
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IT1. Idiosyncractic/individual Differences

 Idiosyncratic differences found in skeletons are simply natural variations, in the understanding that
everybody is different

 Idiosyncratic differences in bone affect:
1.  size

shape

topography of the bone surface

Disarticulated human bone from the site of Armana, Egypt

White & Folkens 2005: 32
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Forensic Identification of L
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Biomechanic Basics

must be taken into account - basics of biomechanics.

- Biomechanics is the application of engineering principles to
biological materials, whilst remembering that bone can remodel
and change according to pressures put upon it.

» response of human bone to ‘increase loading is in the distribution of bone (geometric) rather than density or any other
intrinsic material property of bone’

(Larsen 1997: 197)

« Human bone is anisotropic = its mechanical properties vary according to the direction of the load



http://www.feppd.org/ICB-Dent/campus/biomechanics_in_dentistry/ldv_data/mech/basic_bone.htm#mechanics

Wh t I ﬂ‘, ‘C/l\l;elaftfe,d tlfly thgch Gelztman anatomist & surgeon Julius
a S WO] S olif In the 19™ century
LaW‘) » part of bone theory that explains

®

« marks the adaptive changes that bones can maket
internally to become in order
toresist strain

 applies in the inverse case: Tt explains the effect of
decreased weight on the bone as the bone becomes
less dense and



To exemplify Wolff’s Law ;__. .L. “ ;;I \AI___

One study (Larsen 1997: 196)
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Tennis player : a classic example of the remodeling capabilities of bone
- thicker cortical bone alongside hypertrophy of the muscle attachment sites in the dominant arm

‘males 35% increase in the cortical bone in the distal humerus of the playing arm vs the non-playing arm’

Right Arm | Left Arm

&

2

-

Krahl et al. 1994: Stimulation of

Bone Growth Through Sports A Longitudinal growth: Time sequence of density adaptation in response to critical muscle loads during
Radiologic Investigation of the phase (III) ball impact. Red colors indicate significant increase in bone mass density due to overload.
Upper Extremities in Professional Predominant axial loading by deltoid induces humeral hypertrophy with pronounced bone growth along

Tennis Players the longitudinal axis.



Biomechanic Basics

That study was an example of bilateral asymmetry humeral
loading.

Alongside, it is the action of the main forces acting on human
bone that help to change the bone, these include p = Ay 3 g

a) compression,

b) tension, -' l T | L i l l

c shear
) , _"ﬁi“_.a
d) torsion e .
e) compression + tension+ bending. T | l I
Mormal cal Compression Tarsion Shaar Torsion Comgpression
[T T ] B bndica



http://www.brown.edu/Departments/EEB/EML/background/loading_modes.htm
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Wolff’s law states

healthy LBB load bearing bone
responds to strain by

‘placing or displacing themselves
(at a mechanical level) in the
direction of the functional
pressure

& increase or decrease their
mass to reflect the amount of
functional pressure’-- often
muscular strain and/or weight
bearing pressures

(Mays 1999: 3)

Mechanostat: contral loop of bone adaptation
Disuse: Transient State
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‘mechanostat’, a tissue level
negative feedback system,
involves ‘two thresholds that
make a bone’s strains determine
its strength by

switching and the biologic
mechanisms that or
its strength’

(Frost 2004: 3)

| I—

1. many ‘mechanostats’
operating on the LBB & different
elements throughout the
skeleton require different strain
magnitudes for maintenance

2. differences are apparent
between the sexes, and genetic
constitution, concomitant
disease, exercise & activity
patterns must be considered

Skerry (2006: 123)
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 highlighted how the femoral neck width of obese
people changes to accommodate the added weight.

the width of the femoral neck has increased to
dissipate weight throughout the bony area by
increasing surface area and strength through
redistribution of bone.

This is an example of adapting
to changes that the person has gone through in life

> Clin Anat. 2015 Nov;28(8):1048-57. doi: 10.1002/ca.22632. Epub 2015 Oct 5.

The effects of body mass index and age on cross-
sectional properties of the femoral neck

Rachel L Wheeler T, Aaron D Hampton ', Natalie R Langley !

Affiliations + expand
PMID: 26385008 DOI: 10.1002/ca.22632

Cross-sectional slices with the axis of orientation through the left femoral neck in
OsiriX.



Circularity index (I,/I ) for each age group and BMI group. (+ indicates significance between
Nand Oin t}}re 21-50 age groupg.
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from Larsen 1997: Bioarchaeology: Interpreting Behavior from the Human Skeleton. New York: Cambridge University Press

An archaeological examples

Study case 1. Bridge 1991, analysis on femora & humeri cross-sectional geometry Pickwick Basin of northwestern Alabama
showing differences:

gﬁsﬁ/—\ﬂ

mission
humerus o

precontact

earlier Archaic

50% 80% et /0 G N4 Period hunter- .
| | V1o 14 ) Wi gatherers laterM_is__s__lsmg
W lf iy Period agriculturalists
femur o mission o HUE WA P.: wah | 6
? ,:‘ | 1
o precontact 0

long bone strength increased ++ with the adoption of agriculture:
+ in the legs of males

+ in the arms in females

more physically demanding lifestyle with the adoption of agriculture


http://en.wikipedia.org/wiki/Cross_section_(geometry)

from Larsen 1997: Bioarchaeology: Interpreting Behavior from the Human Skeleton. New York: Cambridge University Press.

An archaeological examples

Study case 1. Bridge 1991

changes are from a greater range of activity undertaken by females than males

+signs of osteoarthritis
shift to food production (maize production) -
greater impact physically on women?




from Larsen 1997: Bioarchaeology: Interpreting Behavior from the Human Skeleton. New York: Cambridge University Press.

On the other hand

Study case II. Ruff, et al. 1 984, on prehistoric people of the Georgian coast showed the opposite:

mission
humerus

precontact

& 50% 80%
fermur o mission %
o precontact 0
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o

A decrease ---- in long bone cortical area & presumably less mechanical stress due to the adoption of agriculture




Contradictory Studies

No consistent set of changes in long bone
morphology caused by the transition from a

hunter-gather to agricultural.

Rather, differences in:
1. technology used,
2. divisions of labor,

3. kinds of resource exploitation,

e

MUST be taken into account




Understand variation in the shape of the life

Are there

course itself as an object of study -

patterns for
how lives
unfold within Are there
a society? events or

multivariate statistics approach

experiences
Bioarchaeology International
Volume 3, Number 1° 56-77 that channel
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Beyond Individual Lives: Using Comparative Osteobiography to Trace
Social Patterns in Classical Italy

John Robb#

epartment of Archaeology, University of Cambridge, Cambridge CB2 3DZ UK
*Conespondence to: John Robb, Department of Archaeology, University of Cambridge, Downing Street, Cambridge CB2 3DZ,

e-mailfer39@cam.ac.uk

BSTRACT Osteobiographical studies have usually focused upon investigating an individual's life experience.
However, we can also understand variation in the shape of the life course itself as an object of study: Are there
common patterns for how lives unfold within a society? Are there events or experiences that channel life
courses? This approach to the life course can be adopted for ancient as well as for modern lives. A key element
here is developing new methodologies for characterizing and comparing how lives develop through time, for
instance, by ordering biological data in sequence, looking for time-structured patterns in them both by eye and
through multivariate statistics. This article presents an initial exploration of this problem, using skeletal and
archaeological data on 47 adults from the fifth to third centuries B.C. at Poniecagnano, an urban site in
Campania, ltaly. The results show both the importance of gender in the life course and the effects of different
kinds of physical stress, probably due to specialization in labor. The result is not discrete categories of people but
fuzzy envelopes of life possibilities.

Keywords: biography; gender; work; ltaly; Etruscan; specialization; life course




Results

females

350+

entheses

' decad3e of Iifé

males |

°
350

entheses

Relationship between average entheseal scores and age at death

T
3

Jecaéle of life s

R* Linear « 0723

Females: No signs of activity markers
No adaptations to marked physical stress

Males: signs of labor

R? Unear = 0.264

1. no or few Schmorl’s nodes * more likely not to be “specialists

»

2. with many Schmorl’s nodes * more likely to be “specialists”

No.
of
men

0 1

2 3 4 S 6 7
Number of vertebrae affected

9 10 11

The number of vertebrae affected by Schmorl’s nodes in males; red shows individuals flagged as possibly
performing specialized labor, blue shows individuals not flagged as such

skeletal &

archaeological

data on 47
adults

5th _ 3rd
centuries

Urban Italian
Site

Cegg

Ligurians

P

The ltalian Peninsula:

Mid-1st Millennium B.C.
(grey shaded coastline: Magna Graecia)

[——]
100 km



https://journals.upress.ufl.edu/bioarchaeology/article/download/936/version/906/1045/3073/BI_3_1_05_Robb_fig6_color_CMYK.jpg
https://journals.upress.ufl.edu/bioarchaeology/article/download/936/version/906/1045/3073/BI_3_1_05_Robb_fig6_color_CMYK.jpg
https://journals.upress.ufl.edu/bioarchaeology/article/download/936/version/906/1045/3072/BI_3_1_05_Robb_fig5_grayscale.jpg

Examples of skeletal features considered potentially related to
specialized activity




Examples of skeletal features considered potentially related to
specialized activity

eburnation, dens C1

interdental grooving
between multiple upper
teeth

ankylosis of manubrium
and left first rib

spur at insertion of lateral
pterygoid muscle,
mandible




Examples of skeletal features considered potentially related to
specialized activity

osteophyte limiting motion
at coronoid process of left
ulna <«

bilateral extension of
proximal articular surface
onto anterior surface of
clavicles

broadened iliac crest with
markedly rugose insertion
of erector spinae

eburnation, head of first
metatarsal




Congenital “humerus varus” condition

right & left humeri

<
<

»
»

proximal epiphysis, left
humerus




Comparative life paths for Pontecagnano individuals.

weapons
armour,

// strigils

~Women’s lives

Men with signs of possible specialized labor

_Men without signs of specialized labor 3
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Stature

Stress Markers
Activity Markers

Degenerative Joint Disease DJD



1. Stature

one of the three basic characteristics, besides sex and age of every osteological analysis:

il.

1il.

1v.

K. Pearson 1899

based on the length of the corpse, and linear regression equations were

M. Trotter & G. C. Gleser 1977; 1958 formulated using bones from the autopsies of previously measured cadavers

M. H. Raxter et al. 2008
C. B. Ruff et al. 2012

~N

J

developed from skeletal materials using stature derived from arduous anatomical
reconstruction




2. Estimation of stature

1. K. Pearson 1899

Most reliable results for extensive series of individuals, from

the Middle Ages Based mainly on samples of military victims of the Second
World War and the Korean War (male only)

Giannecchini & Moggi-Cecchi (2008) for Italy & J. Kozak

(1996) for Poland : useless Then supplemented with contemporary civilian subjects from
the Terry Anatomical Collection




2. Estimation of stature

11i. Raxter et al. 2008

Based on the most comprehensive series, both
chronologically and geographically, of all the methods tested

501 skeletons dating from Mesolithic to modern times from
all over Europe

Suitable for Egyptian populations




Which to choose?

Robert Mahler

Polish Centre of Mediterrangan Archacology,
University of Warsaw, Warszawa, Poland

Carrespondence
Robert Mabler, Polish Centse of
Mediterranean Archaeology, University of
Warsaw, Warszawa, Poland.

Email: r.mabler@uw.edu.pl

A formalized approach to choosing the best methods
for reconstructing stature in the case of poorly
preserved skeletal series

Abstract

Stature, as the universal measure of the well-being of a
population, is one of the three basic characteristics,
besides sex and age. of every osteological analysis.
Reconstructing living stature using the length of long
bones and linear regression is the method of choice,
especially in the case of poorly preserved human
skeletal material  obtained from  archaeological
excavations. Although the choice of the best formulae
is wsually based on intuition, the need for a more
formal approach is paramount. However, the solutions
adopted to date require a significant number of
well-preserved skeletons, which is rarely possible in
bicarchaeological research.

For skeletal series consisting of very incomplete
skeletons, it has been shown that a simple comparison
of the mean differences in stature estimation using
femur, humerus, and radius bone pairs may be
instrumental for selecting the most appropriate of the
available stature reconstruction methods. The results
were confronted with the consistency of the same
methods but also using bones that could not have been
used previously; that is the tibia, fibula and ulna. All
the methods tested were then compared with those
selected as being the most consistent to see if the results
they produce are significantly different.

KEYWORDS

bicarchacology, regression formulae, skeletal matenial, stature
reconstruction

Mahler 2021. A formalized approach to choosing the best
methodsfor reconstructing stature in the case of
poorlypreserved skeletal series. rchaeometry. 2021;1-16. DOI:
10.1111/arcm.12700.
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2. Indicators of stress

Enamel Hypoplasia
Enamel Microdefects
Porotic Hyperostosis

Cribra Orbitalia

Infectious diseases
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2. Indicators of stress

Harris lines

Enamel Microdefects

Porotic Hyperostosis
Cribra Orbitalia

Infectious diseases




2. Indicators of stress

Harris lines

Enamel Hypoplasia

Porotic Hyperostosis
Cribra Orbitalia

Infectious diseases

Defect Formation

Stress Agent Course

Model of the Formation of Enamel Developn

a & X2

1ental Defects
o)




2. Indicators of stress

Harris lines
Enamel Hypoplasia

Enamel Microdefects

Cribra Orbitalia

Infectious diseases




2. Indicators of stress

Harris lines

Enamel Hypoplasia
Enamel Microdefects
Porotic Hyperostosis
Cribra Orbitalia

Infectious diseases




2. Indicators of stress

Harris lines
Enamel Hypoplasia

Enamel Microdefects

Porotic Hyperostosis
Cribra Orbitalia

Periodontitis

Healthy tooth

Reddish g.:nls"

Plaque and tartar
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Periodontili
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«anges: Benefits, Limitations and Applications in Bioarchaeology

- 4 AdomstcZoom v

Jessica Sick | Entheseal Changes: Benefits. Limitations. and Applications in Bioarchaeology

3. Activity Markers

Entheseal Changes: Benefits, Limitations, and Applications
in Bioarchaeology

Jessica Sick
Department of Archasology and Anthropology. College of Arts and Science, University of Saskatchewan

ABSTRACT
Reconstructing physical activities in ancient humans has long been pursued in bioarchaeology to
understand our history and development. Entheseal changes (EC)—variations to muscle, tendon,
and ligament attachment sites on bone—have been used in bicarchaeology since the 1980s to
reconstruct activities in past populations such as changes in mobility, subsistence strategy, and
gendered division of labour. EC research is based on bone functional adaptation. where bone
responds to mechanical stress on entheses through bone formation or destruction in varying
degrees of expression. However, the relationship between EC and activity is more complex than
. . . . simple cause-and-effect, as it involves multiple confounding variables, which can affect EC
morphology. This article addresses the use of EC research in bicarchaeology through two parts:
Three are w1de]y used & most popu]ar indicators in i

bioarchaeology to study EC. Part 2 will summarize the main known factors that influence EC

beyond activity such s age, sex, and body size. The article concludes witha discussion of varying

bio archaeology: benefits and limitations to EC research in bicarchacology including the use of archaeological

1. cross-sectional bone geometry (CSBG)
2.  osteo-arthritis (OA)
entheseal changes (EC)




3.2. Osteo-arthritis
(OA)

a chronic & degenerative condition
of synovial joints characterized by
a combination of inflammatory
bone responses to hyaline cartilage
breakdown

Skeletally, present as:

marginal hypertrophic changes
(osteophytes)

pitting
porosity

erosion on joint surfaces




3.2. Osteo-
arthritis (OA)

++ Ubiquitous in modern
& ancient populations

--- Multifactorial (many
risk factors)

v physical activity
v age

v sex

v’ genetics

v’ skeletal trauma
experienced during life




3.2. Osteo-arthritis (OA)

Used to describe general levels of
ancient populations

Attention! Muse be accompanied by:

v" archaeological evidence
v’ strong statistical methods

v’ population-level comparisons

n



3.3. Entheseal changes (EC)

The morphological alterations to entheses(muscle, tendon, & ligament attachment sites on bone) that occur as an
adaptative response to biomechanical stress

Analysis of bony changes at sites of insertion of muscle and ligaments

NORMAL ENTHESIS ENTHESEAL CHANGES

POST-MED POST-MED

Developpment of several methodological approaches for the analysis
of human skeletal remains from (different contexts & chronologies)
all aimed at inferring behavior

Crubézy, 1988;

Hawkey and Merbs,
1995;

Al Oumaoui et al., 2004;
Mariotti el al., 2004;
Galtés et al., 2006;
Villotte, 2006

Researchers have questioned the validity of this approach and its correlation with past human lifestyles
Jurmain, 1999; Weiss, 2003



(EC) also known as:

(Hawkey and Merbs 1995),

evidence for occupation EO

activity-induced stress
markers

activity-induced pathology

The recent shift of terminology to ‘EC’ was
intended to avoid the assumption that
occupation, activity, or pathological changes are
the sole contributors to EC, which are now known
to have a multifactorial etiology

(Villotte et al. 2010)




Coding Enthesopathies?

Villotte et al. 2010. Enthesopathies as Occupational Stress Markers: Evidence
From the Upper Limb. AJPA. 142. 224-34.

a visual method of studying fibrocartilaginous enthesopathies of
the upper limb

applied to 367 males died between (18th-20th centuries), from 4
European identified skeletal collections:

1. the Christ Church Spitalfields Collection,

2. the identified skeletal collection of the anthropological museum
of the University of Coimbra,

3. the Sassari and Bologna collections of the museum of
Anthropology,

4. University of Bologna.




Yes, but...

men with occupations
involving heavy manual tasks
have significantly (P-value <

established a strong link
between enthesopathies and [
physical activity

probability increases with age
g & i higher for the right side
compared with the left

0.001) more lesions of the
upper limbs than nonmanual
and light manual workers

enthesopathies can be used to

reconstruct past lifestyles of 1. pay attention to the choice
populations if of entheses in their studies
bioanthropologists:

2. use appropriate methods.




Journal of Human Evolution
Wolume 1, Issue 2, March 1972, Pages 225-224, IN7-IN&, 227-232

International
Journal ot Osteoarchaeology

Trauma and degenerative diseases in ancient RESEARCH ARTICLE | & Full Access

Egypt and Nubia ¥ Degenerative joint disease in the Chalcolithic population of El

Mirador cave (Sierra de Atapuerca, Spain): The vertebral column
J:B- Bourke Marta Yustos i Marina Lozano, Juan I. Morales, Javier Iglesias-Bexiga, Josep M. Vergés

First published: 03 November 2020 | https://doi.org/10.1002/0a.2936

> Am J Phys Anthropol. 1997 Aug;103(4):481-95.

doi: 10.1002/(SICI)1096-8644(199708)103:4<481:AID-AJPAG>3.0.C0O;2-Q.

Comparative degenerative joint disease of the
vertebral column in the medieval monastic cemetery

of the Gilbertine priory of St. Andrew, Fishergate,
York, England

C JKniisel 1, S Géggel, D Lucy

Affiliations + expand
PMID: 9292166 DO 10.1002/(51CI)1096-8644(198708)103:4<481:AID-AJPAG=3.0.C0O;2-Q
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Degenerative Disc Disease
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Degenerative
Disease (DD)

Skeletons across the ages display
degenerative bone changes
associated with age and wear:

« ankylosing spondylitis is
when the spine is inflamed,
leaving  characteristic =~ bone
markers on the vertebrae.




Degenerative
Disease (DD)

Skeletons across the ages display degenerative
bone changes associated with age and wear:

« gout is caused by increased uric acid in the
blood, which can crystallize and be
deposited in joints, in extreme cases
causing erosion of the joint surfaces.

It is commonly associated with a diet high in
red meat, associated with a high social status.




Degenerative
Disease (DD)

Skeletons across the ages display
degenerative bone changes
associated with age and wear:

« diffuse idiopathic skeletal
hyperostosis is when the
ligaments of the spine become
bone and fuse together. It
particularly affects older males
and can be associated with type
IT diabetes.




Spine showing signs of fusing as a result of diffuse idiopathic
skeletal hyperostosis



Case study: Cancer

PLOS ONE "
PLOSL
 one of the world’s leading causes of
death today PLoS One. 2014; 5(3) e90924. PMCID: PMC3956457
Published online 2014 Mar 17. doi: 10.1371/journal pone. 0090924 PMID: 24637948

» almost absent in the archaeological

record On the Antiquity of Cancer: Evidence for Metastatic Carcinoma in a Young Man from
Ancient Nubia (c. 1200BC)

Michaela Binder, ! -~ Charlotte Roberts, ! Neal Spencer, 2 Daniel Antoine, 2 and Caroline Cartwright 3

Why?

Assuming that the disease is mainly a
product of modern living and increased
longevity

Michael D. Petraglia, Editor

— 8U0 SO



Case study:
Cancer

« amale, young-adult individual

« displaying  multiple, mainly
osteolytic, lesions on  the
vertebrae, ribs, sternum, clavicles,
scapulae, pelvis, humeral &
femoral heads

" EGYPT :

Vi

Amara West
®

Omdurmania toum
)

SUDAN

Amara West in northern Sudan (c. 1200BC)

Skeleton Sk244-8 in its original burial position & the amulet



Case study: Cancer

SIS eoeunseg seine]

B present
[] fragmentary

!‘ affected
8

The left clavicle- Binder et al. 2014 &
'I’" iu“lﬂ
geos




Case study: Cancer

S Engunseq ]

B present
[] fragmentary

affected

Pathological lesions in the right scapula.Binder et al. 2014



Anterior surface of the sternum

Cancer

Case study
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 Lytic lesions in the first rib

Case study: Cancer

« the spinous process of the 5t thoracic vertebra




= differential diagnoses
imaging

=SNG ot A consideration of
Radiographic l Microscopic l microscopic (SEM) l

Methods of the analysis:l

« modern analytical techniques applied to differential diagnoses
« awell-documented archaeological and historical context



Case study: Cancer

O metastatic carcinoma secondary to an unknown soft tissue cancer

O the earliest complete example in the world of a human who suffered metastatic cancer to date

O providing new insights into the history & antiquity of the disease as well as its underlying causes &
progression



Key Take-Home Message:

Stress Markers

U The term “stress" in the context of
archaeological human remains is often vague
and misused.

O Should looked at it from the Eerspectlves of
dental and skeletal anthropology
paleopathology.

0 The term "stress" should only be used in
archaeology if prec1sely defined, such as
"mechanical stress."

O This precision is crucial to avoid ambiguity in
the study of skeletal remains.




Key Take-Home Message:

Activity markers

Both in forensic & archaeological contexts

Importance of determining the occupational and/or social
status of individuals

Skeletal markers can be observed & quantified to reveal
clues about physical activities:

occupation

gendered divisions of labour

subsistence strategies

mobility

: Relationship (activity during life & skeletal
markers) are consequences of a of external &
internal factors that complicate our interpretations
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