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Bone samples from human skeletal remains from Moita ‘do'

Sebastiao, a Mesollthrc shell mxdden site in Portugal, were
\ A .
analyzed to assess age at death health status, .and the bone

,mxcromorphology of these -ancient people. Bone cor§p~geasur1ng 9

"

mm in diameter were extracted from the anterior m1dshaft£3f 32{

femora: A bone wafer, measuring one millimeter in thickness, was

cut from eachi core and embedded in Ward's Bio~Pla e in
sections 80-100 um thick were prepared from these bedded bone

wafers. BEmbedding was necessary in order to protect the bone and -

prevent fracturing and d151ntegrat10n durlng thin s ion prepar-

ation. Grindi g and polishing of uﬁprote and undecalcified_
material was top destructive fop’this . fragile archaeological
material. An ash-gray discoloration of the bone.in nanylareas of .
the thin sectlons obscured the osteons and prevented osteon
count§ for age deterhination. * Analysis of the thin sections for

indications of health status showed a low level of OStEOpOrOSlS,

. early bone loss for nales and no ev1dence of cortlcal tthnlng in

‘females. Scannfhg\ electron m1c;oscopy revealed the presence of

unidentified bacferla in association w1th the bone. Fluorescence ‘
5 -~

‘ mlcroscopy "of the th1n sectlons revealed a fluorescent p&ttern in

Yhe bone 51m11ar to the labellng formed by the antibiotic tetra-

cycllne. ; " N o : -
Key Words: mesolithic - Portugal - human bone - thin section

- osteons - age. - health - bacteria . - tetracycline
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CHAPTER 1
AN INTRODUCTION

Sametime between 12000 BP and 5006 BP in nﬁst regions of
the 0Old Wo;id hbuman = subsistence Strafegies began to shift away
from a pomadic {ifesfyle based on hunting of Qild animals ' and
qatherin§ of wild plant foods to the plantinq and harvesting of
domesticated food producfs.ﬂ . ,

There are many unanswered guestions associated with, this

transition. Why and when did it occur in any one region and what
weré the 'main driving forces ‘behind lgggw\éhange? Was the
tfansition rapid, as originally suggested by Childe (1936), or
. .
did it involvé\a gradual blending 6f old and npew eleménts‘ as
suggésted by Flannery (1965)? ‘Whatk was the influence of
AemographiC*pressures (Binford’1968)? It haslbeen'suggested that
~the 'shift from foraging to food production may have been

accompanied by a decrease in the quality and quantity of

putrition and thus an ihcrease in disturbances of bone and tooth.

formation (Nickens 1976; Cohen 1977). If this |is sb, an
assessment of bone microstructure may reveal changés‘indicatiﬁq
~nutritionél stress. ’ . \
A major Jquestion concerns the effect-bf the transition on
health and longevity (Angel 1969). Were there.bénéﬁits‘in terms
of better health and longer life or did Neolithic.populations pay

for the change in subsistence strategy with inferior -health .and

' shortér 1life? What were the effects of the transition on the

biology of ancient human populatiens? Are there discernible

.,
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skeletal changes indicating biological response to the change in

(‘subsistence?

This phase in prehistory is particulérly suitable for

~———sasaarching possible long term ConsequethsWOf the transition in

' far received only limited study and are thus incompletely known.

terms of differences in human 1ife—spén, age at death, health and
disease, nutrition and démography. A technigue, in  the
developmental  stages, proposeo ‘to test a method whereby
archaeological sgeletal samples may be compared and demographic
trends identified (Jackes ond Lubell nd). If caomparable daté can
be obtained, demographic variables can be Uused to dotermine
spatial and temporal continuity. in bofh'the 0ld and New Wor lds...
The incidence of specific skeletal traits or variations in growth
patterns can be noted through time and ‘compared between
populatioos. |

Skeletal responses to dietary change anq the impact of such

changes on general health may have been consideraolé, but have so

A major Tesearch project was launched in 1984 to study these
problems using'data,fro@ sites spanning the Mesolithic-Neolithic
transition in Por;ugal (Lubell et al. 1984). In-depth research,
utilizing a'multidisciplinary approach, will incorpofate data
from’ archaeologicai inVestigatioos (zooarchaeology; geoarchaeo-
1099, geomorphology, palaeobotaoy, palYnology)‘with data fram
human osteology palaeodemography and palaeopathology to examine
the effects on human blology of prehlstorxc changes 'in 'dlet,
d1et technology, culture, and environment.

¢ Portugal has asarge number of Mesolithic and Neolithic‘,



A 4 .
skeletal samples that can be analyzed. These samples fépresent\a

wide range of ecdlogiéal‘conditioné\sihce they were ,excavated
from siées in coastal, . estuarine, ~and inland régions. Foremost
among these are the Mesolithic shell middens at Muge in south-
western Portugal. Wwhile these sites have been the subject of
considerable archaeblogica} research (Roche 1972), the numerous
buman skeletal remains are virtually unstudied (Ferembach 1972;
Newell et al. -1979). Because of their large skeletal collections
the Muge middens provide an opportunity to test hypotheses
generated by the numerous unanswered que%tibns associated with:
the MesolithicQNeolithic‘traﬁéition.' Modern methods of asses#ing.
prehisgoric diet, léalaéodemography; and éalaeopathqibgy bave had
limited application“ in‘the'study of human biology during the
transition from huﬁting and gathering to food production . in
portugai (Lubell et’aj. 1986a). |

| Archaeological samples of human bone can be analyze@ for
tréce eienents and stable isotopes whics.permits reconstruéting

- ’ f )
the ' diet of prehistoric populations and detecting dietary shifts

through time (Wing and B}oﬁn 1979). Also, possible associations
between ;race elements ?nd'établé isotopés with pathology (Huss-
' Ashhore et al. 1982), séx, and status can be examined (Blakely
and Beck 1981; Lambert et d1. 1982).

' Stable -isotqpe.analysis has detected the-prehistofic shift
to maize cultivation in easterp North America (Vogel and Van der
- : S ‘ . | '

Merwe 1977; ‘Van der Merwe and Vogel 1978; Bender et al. 1981),

in South America (Van\ded Merwe et al. 1981) and in Mexico

(DeNiro anq Eps . Trace element . analysis has also




indicated prehistoric di‘etary‘ change to food eultivation in
eastern North America (Gilbert 1975, cited by Gilbert 1985;
Schoeninger and Peebles 1981; Lambert et al. 1982) and in the
midwestern United States (Price‘ and Kavanagh Al'982) .

~ These methods mey offer a potential solution to the question
of when agriculture begah in any one region. ‘Although by
themsel\(es they cannot provide a specifié da\t‘e . for subsistence
change rhey may, in oonbinatios with more preéise datinq' rﬁetf)ods,
assist in .provigim‘; a better indic.ation of when ,the change

. actually occurred.

. The %ecent anthrogslegical inter‘est in microscop_ic aﬁél)./sis
of thin sections of human bone has.been encouraged by the desire
to ext‘ract | as much infomaéion as possi.ble from the skeletal
remains recovered frdp archaeological sites. Much of our
knowledge of the microstructural features in bone and the
development oé histolagical techmqu% nas becn provided by
mloroscopxsts such as Havers (£692), hcws‘up (1817), Goodsir and
Goodsir (1845), Tomes and de Morgan (1853), and ctihers 1in their
lstudles of normal and pathologlcal changes in bone (cited and :

- rev1ewed by Hanmx 1972) The fact ‘that bone is a 11v1ng tlssue"
| and has a dlscrete mlcroanatcmy that is oft;en preserved in fossil
bone' s been known for many years. As early as 1849 Quekett
ldentlfed the gross hlstologlcal structures of bone in’ thm-
. sections of animal fossus (c1ted by Graf 1949; Hancox 1972).
geservatlon of hlstologlcal deta11 in anc1ent buman bone has

been noted in Neandertal bone (Ascen21 1955), Am Homo erectus

material « (Mallegm‘ et-‘ al. 19,83), and in other _h\nnan"‘foss‘i_l’

’
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populations (Graf 1949; Salowon and Haas 1967). These' findings

indicate  the potential value of microscopic analysis for

(\

'anthropological research into health Condltlons and age at death

in ancient ‘pﬁopulatlons.

An early method developed in 1911 by Balthazard and Lebrun

for estimating age (Deslypere and Baert 1958) involved measuring
. ! . . . .
the diameter of Haversian canals° viewed in thin secti_ons,

however, tbe technique was not satisfactorx because the age

estfnrates obtained with this method were too unreliable. ’I‘he

" observatlon Bf ‘changes in the h1stologlcal structure of ' bone with

age (Jowsey 1960;  Currey 1964) pranpted Kerley (1965) to
. A H N
formulate a method for estmatmg age from nucroscopxc analysxs

of thm sectlons of cortlcal hone. '7 ‘

E‘our methods for estunatlng age from human bone were

developed subsequent to the orlgmal attempt by Balthazard and -

Lebrun (Kerley 11965; Ahlqv:.st and Damsten 1969; Singh and Gunberg"

1970; Tharlpson 1979) +All of. ‘tbea‘e later techniques utilize‘thin

sections’ of cortlcal bone for mlcranorphologlcal analysis. 'I'be

techm.ques are smu.lar in purpose but they use dlfferent

combmatlons of the m1crostructura1 features, %uch as ,the- pumber

of ,.rntact osteons, fragments of osteons (partlally resgrbed

osteon's), circumferential bone (non Haversmn bone), Haversian

\"““{’

.canals (vascular . canals).‘ and primary &ascular canals (l%n-

TR £

Haversxan canals) for quantlflcanon and measurement. |

.

‘These techmques - are based on the observatxon " that

A

- For instance, in long bones durmg'the/p\enod of |rap1‘d bone

,‘ . ‘ . L, .
N . L ) . . T Uy

: mlcrostructural changes occur progress:.vely with 1ncreasmg age.;,
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growth :most of the diaphyseal oortex consists of oircumferential
lamellar bone. Remodeling of this bone begins at vabproximately

four ars of age in present day populations and contlnues

‘- lifespan of the individual (Jowsey 1960). ' The

result of this ctivity is a decrease:inv the percentage of'~

circumferential bone non-Haversian canals and an incredse in
“ ‘ e i

the number of osteons and fragments. \ ‘ 'I

A technique  for accurately estimating age at death from small
-, :
portions - of the hunan skeleton is important 51nce archaeologlcal
"' boné or bone from a foreq31Cxcontext is often’ fragmentary and

! & N -

only the femora, which aré often the better preserved portions(
‘nay be suitable for mlcroscoplc analysis. Methods that'rely on -
the publc symphy51s ‘for determining age (ded 1920 McKernﬁland‘
Stewart 1957; - Gilbert and McKern 1973) may be 1&possxble to use
besgyse the pelves are m1551ng, damaged or poorly preserved
: Palaeodemography and palaeopathology have both been studied
‘with microscopic technxques..'Hlstologlcal methiods for\estlmatlng
- age have heen.applied in the study of life expectancy in ancient
societies'h to ’provide a demographic; profile = of ossuary
'oopu;ations (Ubelaker 1974; Pfeiffer 1985). Estimates of age at
death in archaeologlcal populatlons ‘have been determ1 ed by
mlcrostoplc assessnent of rh}n sectrons of bone (Laugh11 et al
1979 Thompson and Gunness-Hey 1981 Thompson and Eof,n 1984)
LIt s essent1a1 to have estlnates o£ age at’ death in order tojw
assess the health of such: soc1et1es (Wetnsteln et, a1 1981)

H15tolog1ca1 ana1y51s at the bone tlssue level is a more

sen51t1ve approachgxhan macromorphologlcal ana1y51s 1n obtalnlng
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information on the nutrition and health status of archaeological

populations - (Martin et al. 1985) Since the 'microstructural

features of the skeleton are responsxve to the 1nfluences of both

the 1nternal and external env1ronnent, nutr1t10na1 def1c1ences or

L
\

a change in SUbSlStenCE can affect these structures (ACsadi and

Nemeskeri 1970). \

. ‘ . e .
Microscopic analysis of ‘bone can provide valuable

4

. information on‘the nuErition'and heaith status of an individual.
Alteratlons 1n the bone remodellng rate (resorptionband formation

by bone cells) may . 1nd1cate nutrltlonal stress, dletary change,

N )

or pathology (Stout and SlﬁﬂOns 1979; Richman et al. 1%3? Mart;n "

_et al 1981; Huss—Ashmore et al. 1982; Pfelffer and Klng 1983)

K

‘Nutritional stress (Martln and Arnelagos 1979) and osteoporotlc‘
bone loss (Huss-Ashmore 1981; Martin 1981) haye been determlned‘
by m1croscop1c analysxs‘ of 'renOdeiing in human.—bone from
a?chaeolodica{ sites. Data’gnfbone‘renndeling has'been' campared
between the se*es and ng different ages in association with
theA bossible effectslofit ”enVirCnnent or génetiC"differences
(Eri::ksen 1980).  + L | )

\\Micromorphological va 1at10n revealed by m1croscop1c

ana1y51s of thin sectlons of human bone Erom three archaeologlcal,

' populat1ons was attrlbuted ‘to. dlfferences in d1et (Rlchman et al

v

1979) An, 1ncrease in remodellng rates has been noted in the.

Shlft f om, hunt1ng and gatherlng to . agrlculture (Stout 11978).
- &

It has vbeen suggested that it may be po551b1e' with-‘further

('
‘rphometr1ca1 patterns that c01nc1de

-

research to detect hlst

. w1th ‘or are typica}w~of, specrflc methods of subslstence
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(Stout and Simmons 1979)

MlCrOSCOplC analysrs can corroborate macroscopxc dlagnoses_

*
/

ﬁp pathologlcal conditions such as osteoporosxs or infectious
le51ons ‘(Martxn l981) and can verlfy whether hlstologlcal
structunes haue actually been preserved 1n.bone Whlch appgars .
normal (Stout and Teltelbaum 1976a; Stout 1978) -
M1croradlographs of thin, sections of bone have been used to |

determlne the dxstrlbutlon and relatlve concentratlon "of - bone N

m1nera1 nghly mineralized areas are radlopaque and appear whlte

or off whlte in nucroradlographs in contrast to the areas of low

A

mlneral ‘content Wthh do not prevent penetratlon by x-rays and

. °

“therefore appear off-black (Jowsey et al. 1965 Stout and  Simmons

1979 Huss—Ashmore et al. l982)

4

Estlmates of age and 1nformat1on about . the general health of

vanc1ent populatlons obtalned from the hlstologlcal study of thin

sectlons of bone can. be. compared and related to aging and SeX..

This information can supplement the f1nd1ngs obtalned from the

» nacrouorphologlcal study o% bone and other dlsc1pl1nes to prov1de

. an overall perspectlve and ‘a more ccmplete p1cture of the

.archaeologlcal site and its people.

The research descrxbed in thlS the51s w111 examine = the

m1cromorphology of prehlstor:.c hunan skeletal samples | from

Portugal for such 1nformat10n as can. be obtalned about ~ health,

‘age at death, and pOSSlble sexual dlfferences. Data from both

" nacromorphology and m1cromorphology w111 be used The general-7

csteologlcal analysls of the M01ta skeletons .was undertaken by

_ADf- M. Jackes of the Unlver31ty of Alberta who prOVLded stature ‘

I}



estlmates for each Spec1men based on the Trotte? and Gleser

.

‘formulae as well as the data on the Nordln Index whlch ls

PR : I

an estlmate of. cortical - thxckness measured from radlographs
.Jackes also determlned the sex of each femur by u51ng step—wlse
| dlscrlmlnant analysxs (see Lubell and Jackes 1985).

The very features of bone which ass1st in their preseryation
make thin section pr;g;ratlon dlffleult (Stout and"TgItelhaum
1976a) Even when embedded in resin, hard brittle. undeca1c1f1ed
bone may. fracture~dur1ng sectlonlng (McQueen et él 1972) and 1f .
" bone is decalc1f1ed the m1neral stages cannot be studled *(Stout
- and TE1telbaum l976a) An addltlonal problem 1s that ancient bone
may dlsappear if decalcifled or may dlslntegrate durlng hand-

grlndlng to reduce sectlon thlckness (Blumberg and Kerley 1965)

Since undamaged good quality thin sections of bone are ofteh

difficult to ‘obtain, even from well—preserved-bone (McQueen et .-

" al. 1972; Hancox 1972; Drury and Walllngton 1980), several

'technlques were tested on experlmental segments of archaeologxcal

bone to determlne the best method of prepar1ng th1n sectlons fram
prehlstorlc human -bone: Thln sectlons of cortlcal bone _were
,prepared ‘from 9 o bone cores extracted from the anterlor
.nudshaft of ‘the Moxta femora. MlCtOSCOplC analysxs of the
.sectlons rwas nndertaken in the present research to obtaln"
estlmates of age at death and 1nd1cat10ns of blologlcal health in

‘ these Mesollthlc humter—gatherers.
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: ‘The sample used in this study con51sted of cortlcal bone

\ .

cores 9 mm in dlameter extracted f rom the anterlor mldshaft of

'femolra} (see Flgure 1, page 11) durmg the 1984 research season
dlrected by Lubell 1nMPortugal (Lubell et al 1984) The sample
cons1sted of cores from 24 left fer?tora and 8, rlght femora Data
derlved from “the analysxs of the Moféa femora can be found 1n
'I‘able l (page 148). The 1nd1v1duals represented by the 3231ntact
cores mcluded 20 males, ll fenales, and one 1nd1vrdual of
unknown' sex. Two males and two f\enales‘in the sample have both

r1ght and left” femora. Seven addltlonal cores were not sultable

‘for ana1y51s or measurement because of danage- Bone Core samples

were removed from’ all left femora in order to mamtam

con51stency smce conmmglmg of the skeletons had occurred :

durmg arlier storage (Jackes pers comn 1985)
A e\u)h—speed rotary -drill f1tted w1th a dlamond—studded

tungsten steel b1t was used for removal of the cores = (Jackes

pers. . 1985) The b1t was water—cooled dur1ng the entu!e :

' pfocedure. o L

The femoral bone cores were taken from skeletons recovered ‘

at Moita. do Sebastlao [7080 + 130 BP (B2119/1546)]  one of ‘many .

.prehlstorlc shell mldden 51tes that have been dlscsvered m’

| B Portugal.. Moxta 1s located along the south bank of the Muge River

‘, .1_‘(F1gure 2 page 13) 3 kns frOm 1ts )unctlon w1th the Tagus m-_. ‘

DT T ‘10 -
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'south—western Portugal. The site, located on a bluff- overlookrng

the flood plaln, has been destroyed but at one’ tlme con51sted of -
2"
a mound coverlng 300 m contaxning archaeologrcal deposrts

2. 5 m thlck. The lowest levels with archaeologlcal deposLts
,were "22 m above sea level (for a 'sunnarylon _Molta.and other
Vﬂnge ‘sites see Roche‘l972) _ : ‘ .
The flrst_excavatlons at Nbxta were conducted by Ribeiro in
1980. In'1892 de Paula e 011V1era dlrected furtheroexcavadlons at .‘Jh‘
the site. The skeletal mater1a1 from  these two excavatmons, -
‘ presently housed at the Geologlcal Survey in Llsbon, was analyzed
in 1984|(Lubell et al. 1984). In the most recent -éxé;Qchong;
ifran 1952 to‘l954, ‘Roche and Veida Ferreira recovered additional

skeletons from the lowest levels in the same slte. This material

1s stored xn Porto.‘ o - . ‘ ;

The 51te contalns ev1dence Gﬁaboth land and estuarine‘ \

i3

anlmals. Shells of clams (Scroblcularla Qla ), cockles (Cardlum

- ‘edule), and mussels (Mytllus edulls), land snalls (Helix) vand

crabs along w1th the bones of flSh and b1rds represent the non-—

nannallan sources of sub51stence.‘ a varlety of terrestr1al

LY

»-vertebrates were 1nc1uded in ‘the dlet.v The skeletal remalns of
otter, rabblt, hedgehog, plg, deer, and w11d cattle have all been |
‘ ~1dent1f1ed. Stable Lsotope analyses of human rib samples fran
V’flve skeletcns at M01ta has suggested a d1et con51st1ng of both T“" .
‘yterrestrlal and marlne anlmals (based on delta }3C and;delta ;?Nd

o fvalues, Lubell et. al 1386a)

]'~

Y / ',‘-\ &

Further analys1s of the faunas 1s presently in ptd&%ess, ar : _ 'f\w
prelnnlnary ana1y51s of 1184 nannallan bene fragnents by "A. |

=, . .
N RY \ .
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Lentacker (1985) of the Geological Institute, Rijksuniversiteit-

Gent, uBelgium bas revealed théﬁ 88% are represented by 4 gepera:

!

et al. l986b)

* 972~1973). New radiocarbon dates for Moita do Sebastiéo have

rabbit (OryCﬁolAgus cunlculus 33, 4%), red deer (Cervus elaphus

52.4%), pig (Sus scrofa 20.0%), and the aurochs {Bos primigenius
12.2%).

The i%lora_indicates pine woodland, Pinus pinea (Stone pine)

was provrsronally xdentxfled by analysis of charcval found in two

‘Muge sites (Roche 1972 86) ' !

A N\ '
‘:5~The lithic industry is based principally on flint with some

rqﬁe

ik

artifacts copsist of

{see Roche and Ferreira

N

%ﬁx Hunahs were occa51ona11y interred in the cleQn sand below

thgéiﬁbod debrxs canp051ng the shell midden (Roche and- Ferreira

1972 - 1973), however, rt appears that most of the Moita skeletal ~

- remains now in the, Geolog1ca1 Survey in Lisbon were burled'thhln

‘the shell mldden deposrts - Records contemporary with the earlier

excavatxon are lackrng

# . . ‘.‘,"‘J
. ' s .

{

.
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Methods . | ' Y

’

The choice of techniques to be used in preparing thin

sections from bard| tissue, such as archaeological bone, is

dependent on the condition of the bone itself. Several techniques
were tested in order to determine the most suitable method to use
with ancient -skeletal material. Aﬂ important aspect ‘of a thin
:sectioﬁ is an even, flat, surface without irreburarities which
could affect resolution of tﬁe morphological features to be
'asséssedkkOrtnerléhd Putéchar 1981; Jowsey et al.l965).

The' aréhaeological bone used in testing the techniques came
from two widelf—separated geographicald areas. The two areas have

1

' ) ./
coastal climatic conditions and both samples were - temoved from

shell miadens One sampléf@dhﬁxsted of the distal segment of a
femur from Crescent Beach (6é§r 1) in British Columbia. It was
surface material collected in 1973 and has been dated at

apprdximatelyVBOOO—jooo BP (Beattie pers: commx 1985) The other
*bone sqmple was affour inch portion of a hunerus from the ' Muge
.collection in the Anthropologlcal Institute at the University of
Porto, Portugal. This bone was dated at approx1mate1y 6000 7000
BP. Testing was performed on undecalclfled unembedded and
unstained bone. Although these two archaeologicaly samples’ of
htman  bone were' used in ‘testing' the various techniques,

additional osseous material was ' available if required. This
material consisted of human ribs from Ain Misteheyia, Algeria, a
€Capsian open-air shell midden site, dated at approximately 9000

BP (Meiklejohn et al. 1979).

15



'PREPARATION OF THIN SECTIONS
A. The Archaeological Test Material

Trahsverse sections approximately 2.5 cm wide were ‘removed
/.. ‘ B
from each length of bone with a ngglunbtoothed hack 'saw. An
electrically powered low speed Sah( the Buehler Isomet (mode
AW

No.11-1180), was used in the osteology lab in the Department of

Anthropology tg cut bone wafers from the bone samples. This saw

bas a circular blade edged with diamond-impregnated abrasive that

Ry
was designed for metallurgical work on other hard material but it

cuts bone equally well. 'The‘IZ.J_Cm by 0.031 cm size blade was
used in removing all bone slices.

Buehler Isocut, -an oily‘fluid, was used as the lubricant and
cooling agent, It was added,to,the_reserVOir pan }nnediately

below the diamond—edged wafering blade to a level which immersed

" the lower edge of the blade to a depth of 0.6 cam As the blade‘

. “‘rgtated durlng cutting, the lubrlcant was carrled upward on the

rim to -the bone ' sample where it effectively prevented the

generation of excessive heat that might have damaged the sample..

Bone dust was never a.problem as the Isocut Fluid washed away the
bone debris as it collected.

_Each thick sample was ‘clamped into a chuck and 'secured to

“the support arm of the Iscnét'saw. The micrometer was‘initially,

adjusted to . p051t10n the sample for renoval of the thlnnest

possible bone wafer fram the tthk sample. Settlng the cut-offu

nechanlsm to deactlvate the saw by a decrease in welght, sllghtly

before campletion of. the cut, prevented burrlng of the sample

16



‘Burring occurs when the bone wafer detaches from the main bone
section before cutting is completed. This results ia the removal

of a tiny sliver of bone from the outer surface cf the thick

sample in the chuck. Unless this small Sliver of bone is
carefully removed from the bone wafer it will_also result in the
temovah"of hone‘from the surface.

The saw was activa-t.ed and the support arm, in position over
the wafering blade, was manualiy lowered‘until the bone sample
came into contect'with the totating blade.'This was the first cut
in ohtaining a paraflelesided wafer of bone. The micrometer was
then‘ readjusted for removal of bone wafers - neésurfng

approx}mately 500 um in thickness. The'revolving blade was set to

[
l .

cut at a speed of 80 rpm for the most recent bone material,

however, g%eause of the flaking tendency of the older one

sample, the speed was reduced to 68 rpm. A weight of 75 grams was

carried on the support arm while the counter balance weight was

positioned to maintain a llght load in order to minimize the .

possibility of surface danage to the bone during cutting. This

welght comblnatxon resulted in even cuttlng with llttle or 'no '

damage to the bone .specimen other.than the,occa51ona1 occurrence
of flaking from the perlosteUm and outer unprotected edges.
Heavxer ~welghts and faster cuttlng speeds decreased. cutting time

but increased the amount of bone damage. It became apparent that"

) these problens were dlfflcult to control or eliminate in

’

-unembedded bone.

After the para11e1—51ded bone wafers were removed they were

agltated in a mild detergent solutlon to clean them of any.

hd a

7
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adhermg bone debris and the oil from the Isocut Flu1d They were

'then thoroughly rﬁnsed in dlstllled water before proceedlng to

the grlndlng and pollshlng phases

Grinding ,
" ' '

A
L

undecalcified and unembedded bone, several grl.ndmg and pol 1sh1ngv .

T
techmques were tested - One ‘method of reducxng the thickness of

the bone sllces involved the use of the Buehler Poi\rsh?/crlnder

model No. 49-1650. Thls model was connected to an external water

supply whlch was dlrected onto- the grlndlngu and pOllShlng plates
‘ through a swing spout on' the model. During grmdmg and pollshlng '
the flow of water used for lubrlcatlon and coolmg was controlled ,

- hy a knob on the machlne. The speed control was set at 150 rpm

(0.3 amps) dur1ng grlndmg on the 45 mlcron plate. A lower speed
and llght fmger pressure were applied to the sectlons durlng

this process in order to m1n1m1£e the poé51b111ty of fracturmg

.or damage to thé bone sectlon

k ‘Several methods were used to’ hold the bone slab on the

1y
3

L}mdmg plate as 1t rotated One . method was a technp.que‘.

.discussed ~ by Frost (1958) A1.27 am w1de strlp of waterproof :

sandpaper was . wrapped around the narrow w1dth of a 7.62 cm x 2.54

cm glass slide: Wlth the rough 51de out, - and holdmg the strlp'

‘ends betwéen the fingers, the slide was placed on the bone slab :

‘to hold it on the turnmg plate. In an alternatlve method, "the -

finger pads were used to hold the slab on the plate durmg

"gnndmg, but when the slab became thmner the sandpaper

Because of problems in obtaining quality-thin sectlons * from

18



'technxque was of definite assistance. The finger pad method of

\holdlng the sectlon resulted in burnlng sk;n abraslons to the

i \

fingers. ' No’ dlscomfort was felt untll later because of the

codling effect of the water used during grxndlng. Another method'

0o

of holding the wafer against"‘the rotating plate involved

posftionlngZthe'slide,with sandpaper so that it was held with one

end outside‘the periphery of the grinding plate while'the index

flnger of the otHer hand applied llght pressure to the other end |

of the . slide durlng rotatlon of the plate Although skin

\

abra51ons were av01ded the screw attachment on the side of the

‘ plate struck the flngers on each rotation. It was meOSSLble to |

hold the sllde and bone slice in posxtlon, though this manner

of holdlng the sllde would: prove successful if the slide were -

longer.

A ‘combination of two techniques was utilized in grinding the

', thick .sections: In the first phase; the finger pads held the

section on‘the rotating'plate Whén the sect1on was reduced in
‘th1ckness the sandpaper and slide method was used 1&; grinding
- proceeded the section was turned frequently to gr1nd both -s:%es
. and: to retain parallel 51des ~ When the section was reduced to
approx1mate1y 120 um, gr1nd1ng was“halted and the 15 mlcron

pollshlng plate was used to glve a light pollsh to both 51des of

the thick section. Because both’ sides of the thxck sectlon were_
glven 51m11ar treatment there was no d1ff1cu1ty in dec1d1ng whlch
"51de of the sectlon should be ﬁounted with the pollshed 51de down-‘

| onta a glass sllde. W1th one. 51de noumted and pollshed,.

. Yl
'subsequent handllng was decreased sxnce only one surface needed

¢ ’ .
s
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- to be polished further until the thin section stage was reached.
‘This was an important consideration, particularly with this
© ancient archaeologxcal bone as -it ~had alreadv given _some

indication of its extreme fraglllty

At thlS p01nt the thick: sectlons were examined under a

dissectlng m1croscope nght yellow dlscolored areas were
observed in the bone. In an effort to remove this color ‘the thlck
‘sectlons were immersed in an ox1d521ng solutlon.ﬂ Ordlnary Javel
household bleach conta1n1ng 5. §% sodlum hypochlorLte (NaClo)
was used for this purpose. It was diluted with dlstllled water to
, obtain a 20% solutlon by volume. After remalnlng Ln this’ solution
for 30 m1nutes the sectlons were removed and agltated in

dlStllled water to remove all traces of the ox1d121ng solutlon

Mounting

It was difficult to obtain “quality thin, sections from-
-unembedded }naterial. The‘bone tissue sanetimes disintegrated’or
ractured in the final steps of th1n section preparatlon u51ng

he Buehler pollshlng plate. Mount ing the sectlon onto a glass

§lide with a supportlng medlum that protected the sectlon durlng '

the latter stages of thlckness reductlon was unportant in

decreasing the effects of thls problem. '

Diateéx 15 a synthetlc mountlng res1n that was used for uj

fthls purpose, however, lt 1s not mlsc1b1e w1th water. Befbre the

“'sectlon could be uounted onto a glass sllde with D1atex, water

had to be removed from the bone tlssue by unner51on in a. serles

4

) of ,alcohols of 1ncreas1ng ccncentratlons (Bancroft and Stevens

,\
\ )

20
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- 1977). l”Dehydration' was obtalned in “”70%, 90%,Aand'100%

concentrations ,of' Ethanol. The grou d thick sections -wE?é

-~

' unne;sed in each solution fot a period of 20 minutes. After the

100% ‘Ethanol  the sections' were “immersed © in xylene for

approximately 15 minutes Xylene acts 'as a. clearlng agent and is’-
miscible w1th both 100% Ethanol and Dlatex (Bancroft and ¢ Stevens

19777 Xylene removes the alcohol.from‘the bone'and‘increases.the

4" . s R ' . .
‘translucency of the bone tissue. Alcohol must be removed fram the
tissue as’ it is npt‘miscible_Wlth mounting media stich as Diatex
or Permount. - ' ‘

After the xylene bath the sections were ready for mountlng on’

. L
clean glass slldes Three drops of Dlatex were placed on the

slide- and the " section was carefully lowered ~onto the - drops
Preésure was applled:l on the sectlon W1th forceps for

‘approxlmately 2-3 mlnutesﬂhntll the D1atex began to thlcken.

. Because Dlatex drlés slowly théimounted sectlons were allowed to

.
dry for 48 hours before flnal pOllShlng

o
Polishing: o o 2

Ay

A speed of 50 rpm (0.1 amp) was used for polishing'on the‘IS
\7‘m1cron plate. The slow speed was requlred because it was almost'
unp0551b1e to control and hold the sectlon and sllde on the plate'

-whxle 1t rotated At faster speeds the sllde and lt/f sectxon

were often 1oosened from the flnger gr1p and rot?ted to the'

L perlphery of the plate. An attempt was' nade to hold the sl1deT

'w1th sandpaper but, unfortunately, thlS was npt 90951b1e at tth‘«

‘stage. The sandpaper was thlcker than the de51red th1n sectlon,



and the problem re

‘consequently,' during polishing the sandpaper was destroyed first

ined.

More cont ol was obtalned 1n»the follow1ng manner The water

' flow was 1ncreased until the glass slide floated but contact w1th

the rotat1ng pollshlng‘plate could be ma1nta1ned. L1ght pressure

© with the flnger pads. on the glass slide 1nta1ned control and in

add1t1on prevented skin abraslons durlng oductlon of the ~thin

sectlon ' Polxshlng contlnued until the ‘thin section wast

. A

- approximately 100 um th1ck and the surface appeared free of

- scratches. Thlckness was estlnated by flrst ‘focusing - the

mlcroscope "on the upper edge of the bone in the th1n sectlon,

i

" next . -on the lower edge, and then neasurlng the dlstance (um)

f yand slrpped or floated off the brlsfles very ea511y They did not

/
‘renountlng. When the th1n sectlon was placed in xylene it

: requxre drslodglng

traveled between the two edges as deflned on the mlcraneter scale *

of the m1croscope ' The sl1de w1th its polxshed th1n sectlon was‘

uunersed in xylene to dlssolve the Dlatex in preparatlon for -

]

1ncreased 1n transparency Because of sectlon fraglllty extreme :

'-‘slide for mountlng w1th Dlatex. Small palnt brushes WLth long

' soft brlstles were- helpful for thlS purpose as in tc/srwway onef

could av01d handllng or damaglng the sectlons w1th the flngers or

forceps._ The small sections cllng to the wet brlstles thereby‘

¢

‘fac1l1tat1ng thelr transfer through other nedla, such as xylene,

<o

3 and onto glass slldes. As the sectlons cane 1nto contact w1th

-other solutlons they appeared to be attracted to the new medla '

!‘
Pl

22

care was . exerc1sed when transferrlng the sectlon to a clean.glass. B
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' Remouriting

b d

The‘ th1n sectlons were positioned in the centre of a fresh

<‘3glass slide WLth the outer perlosteal edge ~parallel 'to' the

m1croscop1c examlnatlon. They must be nalntalned in a flat

Ilong edge of the glass 'slide. - ThlS alxgnment is lmportant for

mlCIOSCOplC v1ew1ng, otherw15e Contlnuous readjustnent of ‘the

vmlcroscope stage becomes necessary each time a new fleld is

assessed. TWO | small drops of Dlatex were placed on the th1n

section w1th a glass rod and then the cover Sllp was lowered

.‘onto the sectlon at a 30 degree angle to prevent . trapplng alrl
bubbles under the cover Sllp (Gallgher and Kozloff 1971) Alr,

‘bubbles can dxstort the xn;ae of the m1cronorphologlcal features

in a th1n sectlon, cau51ng dlfflCultleS 1n their 1nterpretat10n.,

No pressure was applied on the cover' sllp SO that the Dlatex

—_—

\

spread evenly over the entlre area. Appllcatlon of pressure tends

to draw air under the cover Sllp when the pressure is released

-

Much more serlous is the fact that the th1n sectlon floats out of

posxtlon, occa510nally mov1ng r1ght to the perlphery of the cover

9,

' glass. When thlS occurs the sectlon must be " relnnersed in xylene

: oot

to d1ssolve the Dlatex and then it is remounted.

The mountsd sectlons were set a51de to dry before ‘later"

,;‘

9051t10n unt11 dry because-lf they are stored on edge in a slzde ’

,box whlle still wet the sectloﬂVW111 Sllp off the sllde and may‘

cceeded in. reachlng the remount stage in good cond1t1on

thlckness‘,because sbﬂe,areas;of the bone appeared tq_grlhd\;down~

lost. Very few of the thin sectxons in thls testlng phase‘

ctlon fracturxng and dlSlntegratlon occurred w1th loss of even

23
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constant ‘problem, therefore, the sectlons of bone decreased 1n

"area from the ‘outer edges

One major problem was: the non—adherence of many Sectxons to

-

the glass slide in sp1te of u51ng fresh clean slldes/éhd allowxng

thém to dry for longer than 48 hours. D1atex was»lncapable‘ of

holding these bone sectlons on the slldes Varylng ‘the pressures .

applled to the sllde durlng pollshlng or the use of dlfferent

speeds did not a551st in holdlng the sectlon on the sllde until

ffasterf than‘ othernareas. Flaklng of unprotected edges was .a

‘the' thin section stage was reached.‘ The use of frosted slldes

w1th D1atex was. successful in holdlng the sectlons, however, the

‘sectlons still had a tendency to fracture and crumble before the

de51red th1nness was ach1eved.

Another method of preparlng th1n sectlons was attempted w1th

‘ simllar results. The thlck section was flrst ground and then

*

A}

pollshed to a th1n section without beneflt of prlor nomntlng.

Care 1n holdlng the sectlons on the plates and u51ng a slow ‘

S rotatxon speed ma1nta1ned falrly\eyen thlckness and av01ded major

sk1n abra51ons of the flngers. Sandpaper was also placed on the

sectlon w1th ‘the flat of one flnger but 1t was very dlfflcult to

]udge ‘thickness reductlon in sp1te of frequent ‘observatlon and v

turntng. Gr1nd1ng and pollshlng on the statlonary plates resulted

1n the same problems .as encountered before.v‘

Because‘ the qua11ty of the th1n sect1ons was not always

acceptable another experlmentall nethod that conblned both

gr1nd1ng and pollshlng at the same tlme Awas utlllzed. Thls

24
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technlque v»as H’Odlfled frcm Bancroft and Stevens (1977‘) and' Y
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involved: the use of frosted platevglass, The thick .slab was

inltially‘ hand ground on a frosted plate with water and thé

finger 7pads were‘used to manipulate the Section in a circle over

' .

the plate!f When the sectlon was reduced -in thlckness_ the top‘
plate was placed over the sectlon and ncwed in a c1rcu1ar motion

'to accompllsh both grlndlng and pollshlng untll the desired

th1nness was obtained.

One advantage of thlS nethod 1s that the’ sectlon remalns in

full view at all tlnes and progress in tlssue reductlon can be

observed. A p0551b1e dlsadvantage wlth this method is ‘tHe

'collectlon of grlndlng debris whlch may not be completely removed

by floodlng the area with fresh water. Frequent turnxng of the‘

VTSecbaon alternated 1n clinging to elther the top or botmun phate.

i

Pollshlng of ' both surfaces occurred durlng reduct(bn in

~

thickness. Suctlon bulld—up between the plates was sonetlnes a

| problem but in most cgses the addltlon of more water allev1ated-
the situation. . .
FUrther preparatlon of the thin sectlons _before’, mountlng‘

ffollowed the same schedule ‘as prev1ousl¥ dlscussed. Each‘sectlon,'

B

was umnersed 1n.graded strengths of Ethanol (70 90, 100%) for 20

o m1nutes each . followed by ﬁmner51on in xylene for approxlmately

‘Sllpplng If the th1n sectlons are not as transparent as expected‘
"-'after the xylene bath dehydratlon nay not be complete and they
.should be returned'to 100% Ethanol (Drury and Walllngton 1980)

25

’.bone slab ¥as not requlred after the 1n1t1a1 stages because the s

fp1o m1nutes before f1na1 mount1ng on slldes with Dlatex and cover-;i.‘<”

“‘:Clear1ng 1n xylene can then be repeated o nf ST I



putxllzed

‘r

‘Since- thése grinding'{ and‘ polishing technigues produce

: rather unpredictable results wlth ancxent archaeologlcal human

'hbone; great care vMUst be exerc1sed 1f these methods mst be

B. The"MoitaiResearch Bone Cores R /
" . . ' ! ‘»ﬂ

The subject of re51n embeddlng was d1scussed 1n ‘reference to

the coreS‘and the problens of flaklng and dlslntegratlon during

th1n sectlon preparatlon of the' test materlal Several types of‘

o

analysrs planned for the remaining core mater1a1 after a thln

'sectlon was removed requlred unembedded nater1al Enbeddlng of

the.. cores was therefore el;mlnated and ‘thin sectlon preparation

" was attempted with the grlndlng and . polishing plates. Thln

N
sectlons were . prepared from undecalcxfled unenbedded and

unstalned bone cores.
. ' o ! .

. When the chucks that were available for'holding gthe bone

26

_cores durlng sectlonlng were examined it was. dlscovered that theyr -

‘mlght destroy the core or requlre a new cut, resultlng 1n wastage

‘were not su1tab1e for the purpose It would have been 1mposs1b1e‘

N fto unnoblllze and securely p051t10n the ‘cores in the v—shaped :

groove of the.chuck Any movement of the dore durlng sectlonlng

of the bone core materlal Therefore a chuck was modlfled so ‘it

’ ;would securely hold each core durlng cuttlng. ;}y ) ‘,3"' ‘--;

‘ A 9 nnnsem1-c1rcle vas prec151on—ground on. the facxng edge

g of both halves of the chuck so that each sem1-c1rc1e was an exact.7
‘mlrror-lmage of the other\wbén they were fltted together (Flgure W

3, page 27) Modlflcatlon of the chuck 1n thls manner permltted‘"

i

~
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in parallel-sided waféers each core was clamped inta the

modified chuck, takiné care that pressure from tightening the

I\

A allght error in positioning.the core durlng sectlonxng of

’ the flrse”tést core prevented obtaining a cut that was trapsverse
\ A
to the gonglcudrnal axis of the femur. Cross sections are necess-
« : ; ‘ . "

Lo ary‘ téﬁ'expose fully the bone microstructure since the osteons

an& arranged parailel to the longitudinal orlentatlon of the

? femur (Jaworsk1 1983) To increase accuracy in obtaining a right-
o f '

0

,$f angled cut across the striations (grain) on the periosteal

4

. suﬁface and transverse to the 1ongltud1nal axis of the femur the

» followxng procedure was implemented. -
A .
The cores were positioned in the chuck semi-circles, with

r v
qgfhnal tightening of the Elamp screws, and viewed undé; a
dissecting microscope. To minimize _the possibility of losing the,
'periosteal surface thiough flaking, each core was placed in the
dPuck so that, the periosteal surface would be cut first. If ‘

A [N

b bur;}ng should occur near the end of the cut it would affect the ‘
e endQsteal‘”surface and not the periosteal areas to ba gsed for .
detefmining age. | .
The straight edge of a right-angled triangle was placed aicng .
the long stralght edge of the chuck and the rlght angle of the
L S trlangle - was allgned w1th the strxatlons (graxn) on the'

R
' perxosteum._ 'Ihe striations or -graim runs parallel to the

T




>

-5longitudinal axis of the femur (Frost 1969). Occasionally, when

these striations were difficult to observe,- a slight surface
brushing with distilled water was enough to bring out the
necesséry visual detall. When alignment had been obtained the
screws of the elamp were firmly tightened and then the alignment

was rechecked for accuracy. Many times the procedure had to be

repeated as the flnal tightening of the clamp sometimes disturbed

N 4 (/

the alignment.
Sawing

, Once a core was aligned and eequrelf positioned, the‘ehuck
was attaEhea to the cut-off armm ofethe low speed saw (Bﬁehlér
Isomet) that was used in the originai Eesting technique. The

. " " o)
micrometer was adjusted to position the core\over the blade‘ for
the removal of an cuter slice,kthen the cut—off.ﬂeéhgﬁism was set

to deactivate the saw near the finishing steps of _cutting to

. prevent burring. The épeed was set at 135 rpm and theiloaded.arm

was gently lowered onto the revolving blade..

. )

, m1croneter was pecessary at the beginning of each cut in order to

' obtain the desired thickness of the wafer. Only one parallel-

sided wafe; measuring 500 um was removed from each .core. The

‘remainder of the core and bore material removed in the initial

- slice were reserved for future analysis. Despite using .an

identical speed in remov1ng all wafers, the cuttxng time varled

betwé%? —8 minutes and was not dependent on the th1ckness

P

(helght) of the core.

After the bone wafers were removed from the cores they were

‘ ‘ - : e rs .

o

Read justrrenf of tho

- 29



subjected to the following procedures. Both the remaining core

v

and the wafer were agitated in a mild detergent solution to

.remove the eily‘ film of the Isocut fluid and then they were

rinsed in distilled water. Each’core was set aside to dry before
~ storage in a small plastic bag lined with absorbent paper.

! . 4

. Grinding

The bone wafer was éround.on a 45 micron grinding plate with -

"

‘liberal amounts  of flowing water. Both sides were ground and
lightly bolished until the section was approximately 100 um thick
and then the section was re-rinsed in distiiled water. Because

of - the dlscoloratlon or ash-gray coiored areas in the - orlgxnal
test materxal and because these wafers appeared to be dlscolored
in a similar manner they were placed 1n a 3% solutlon of hydrogen
peroxxde for bleaching. The Javel bleach solutlon was not used as

it ad not llghtened the stain 1n£}he orlglnal test bone as

\

effectxvely as de51red They remained in the hydrogen peroxlde

rd

solutlon for 24 hours. ThlS step was followed by a r1nse in

“distilled water before, ultrasonlc cleaning in a m11d detergent’

soldtion for 30 minutés. During ultrasonic cleaning the thin

»

sections a slight amount of white precipitate formed ©n the

bottan of the beaker. In several cases one or two, tiny black

o

~granu1es were observed After ultrasonlc cleaning sections'. were

~ given a f1na1 rinse 1n dlstllled water to remove all traces of

W -
\ .
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Dehydration.
& _

Dehydratlon was acctmmﬂlshed in a graded series of 1ncreasxng
strength alcohol Each slab ‘was placed in solutlons of 70, 90,

i
;and 100% Ethangﬂ (#1) for 20 mlnutes.,Tb ensure ‘complete dehydra-
_tion the thick sections were put into a fresh solution of 100%

. ‘ PR
EthanOld (#2) for a further 20 minutes. After five sections had
been .dehydrated, the solutlon of Ethanol #2-was‘rotated doanard
to‘ replace‘#l 'The original‘#lvsolution ;as discarded."A;fresh ;
solutlon of 100% Ethariol (#2) was prepare?hfor use.

Dehydratxon was ‘followed by clearlng in xylene for 20
minutes. The thick sectxons were removed from the xylene w1th
'a'small~ brush and mounted on clean glass slldes w1th Diatex.
nght pressure was applled to the sectlons with forceps unt11 the
Diatex began to thlcxen. ThlS usually occurred in approxlnately
'2—3 minutes' The mounted slides were set a51de to dry on a flat

o

surface for at least 48 hours

P?lishing \

The Buehler 15 micron pollshlng plate was used to pOllSh the
tthk sectlons. The sllde with the th1ck sectlon was held on the
revolv1ng plate with the finger pads as prevxously dlscussed. A.
speed of 50 rpm\(O.l amp) was.used-throuqhout.all.pollshlng. The
non—adherence Sg Diatex’ ahd thln sectioh to'the slide continued
‘:to be a problem.\ In these'cases, hand pollshlng on one frosted
plate glass was necessary to complete thin sectlon preparatlon.
The thin seét1ons were s9ake? in xylene until the Dlatex

£
dlssolved They were then renounted in another re51n, Permount,



on fresh‘glass slides. Although the sections appeared transparent

at this‘stage, later—inSpection'revealed‘dense areas 'withln
‘the sections. | | .
D1fferent1al bardness . encountered during . grinding and
pollshlng caused dlffxculty ‘in obtaining ‘thin sections. -The
' harder areas w1th1n the bone sectlons dxd not reduce in thickness
before the softer areas: began to- d151ntegrate If polishing was
}dlscontlnued before this poxnt was reached the denser; white
nottled reglons 1n the section prevented obsenwance of the |

m1crostructures. ' ., . o, e
Bmbedding L

Due to . the unsatlsfactory quallty of most of the thin
. sections and the 1hab111ty to discerh the m1croscop1c anatony of

the- osteons and other structures 1t was dec1ded to cut fresh

- a—

" 'sections and embed them in a plastlc—embeddlng medxum.

A bone wafer, measurlng one mllllmeter in thlckness, was

removed from each core. The wafer was then washed in. a mild

detergent to remove the orly f11m, rinsed in d1st111ed water, :

1)
unnersed in' 3% hydrogen peroxlde for 24 . hours, ultrasonlcally

cleaned and flnally rinsed in dlstllled water. Dehydration in
» .

alcohols in a graded series of * 1ncrea51ng concentration‘ and.

clearlng in xylene completed the preparatlon for ’ embeddlng in

ward s Bloplastlc, ‘a liquid synthetlc re51n that becomes crystal

‘.’clear as. polymerlzatlon or curing" progresses. It was hoped that‘ .

embeddlng would prevent d131ntegrat10n of the’ bone and 1mprovef

. resolutlonxof the nucro—features, There was concern'that'the«ash~

32
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gray discdoloration ~observed 1n , the sectlons might have been

caused by the oily amber~colored Isocut Fluxd In order to

Al bl

1nvest1gate thls pOSSlblllty dry, rib segnents frtnlAln Mlsteheyla

— ’

and bone wafers removed fram the Crescent Beach femur, usxng

"‘dlstllled water as the coolant were also embedded in hhrd [ Blo~

A

Plastic. o AR
‘Sawing
|

After the embedding material had cured for, 48 hours the

1

blocks conta1n1ng the bone slabs were. suff1c1ent1y hard to allow

saw1ng. The Buehler Isomet Low Speed Saw was fltted w1th a 7. 62

- Cm dxamond—edged waferlng blade to remove th1n sectlons from the

' embedded blocks DlStllled water was used as the coollng agent.

Thin sectlons of approx1mately 80~lOO un were cut from the

blocks.  In some cases thicker sections were cut because ,of

fractufing.” These ‘were then hand ground between frosted :glass

'plates; Once again there was a problem with bone’ disintegration.

- It Was'impossible‘to obtain sections'thinner'than 80, um. 'The thin

' sections were cleared in xylene and then they were mounted on

’ glass‘ Slldés w1th Permount in preparatlon for m1CTOSCOp1C

’

assessment.. o L ;o o

' Equipment L R

A Wild Leitz SM-Lux mlcroscope was used 1n thls research It

has settlngs that allow sectlon v1suallzatlon under ordlnary

) .v/ ~i

llght or 1t can be. ‘set, for use as a fluorescence mlcroscopes ;The

N !

fluorescence _mlcroscope was used to view the thln’sect;ons‘under

r



LNy ' SR “
lllmninatioh w.ith blue light,, between approximately 380 and 420
nm. 'I’ms Wave length e11c1ted a green fluorescent hue in the bone
tlssue All the sectlons were’ exammed ‘with a 10x ocular
" lens and a le objectlve (100x) with both types of light ing"as va'

prellmmary step in 1nvestxgatlon Vamous aspects of the thm

sectlons were photcmlcrographed mth both types of llghtlng to

prov1de a permanent photograpmc record for exammatlon durmg

later phases of the researcn. A camera with the W11d Leitz MPS QS

'Phbotoautcma't system was used in all ,photcmicrographic ‘procedures'. ,

The photographic film used with ”tungsten‘microscopi‘c lighting was

Panatémic X, 32 ASA, 35mm black and white film. The transparency

slides were .obtaineg/with Ektachrome 100 dayllght 35 mm ° color

film and. tungsten ig'hting.' E‘.ktachrane 400 dayllght oolor film

was used for transparency slldes with fluorescence llghtmg._

Several measurements were taken on the dry bone cores (Table 1,
. Appendix). ‘The cprtlcal thlckness (height) of each bone cgré was

‘measured to ‘the nearest 0.001 mm with a Vernier 'Scale on an

- " outside micrometer.

gh the center of each

rim to the cortical dosteal border 't
. core. The’ 'core_might

the flrst sectlon had been removed The remammg portlon of the
™

o —

e. not obtamed unt11 after

oore was wexghed to the near ‘t 0. l gram on'a Bramwelgh S :
' 5000 located in the ost "logy lab . in - the Department of )
Anthropology at the Umver51ty of Alberta._ Core ‘dlameter, :

measured to the nearest 0. 001 nm, and core thldmess (h) were

used to est:.mate core, volmne Core volume was estunated w1th the

measurement of -core d1ameter and core" thl.ckness (h) usmg ‘the:

3

-

asurements were Yaken ﬁrcinr the periosteal

34
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‘formula for determining the volume of a cylinder, r h, where h

avallable;

2

I

represents the thickness or length of the core and r is' the

3

radius. The densrty (gm/cm ) or mass per unit volume of the bone '

cores was calculated by dlvxdlng the core welght by the ‘core.

’

: ‘volume ThlS method of determlnlng volume and densxty of bone-

cores was developed by Thompson (1979 1980). His entire core

&, technlque was not’followed as a gr1d for pornt countlng used in’

determlnlng the area of m1crostructures, such as osteons, was ,not

' Microscopic Measurements'

" All- assessments-ef the microstrUCtures in the thin sections -

+

of bone were made | usxng a 10x ocular lens and a 10x ‘objective
(xlOO). A square—ruled gr1d fitted 1nto the mlcroscoplc ocular
lens assembly was 'used for the quantlfrcatlon of mlcrostructural

2 ,
elements. Tbtal gr1d area neasured 0 92 mm at the level of .the

section. The grxd contalned 144 small- squares (12x12) each-

\yeasurlng 0. OB . Each 51de of the grld measured 0. 96 mm.“‘

The Ahqu1st and - Damsten (1969) method for estlmatlng age by

countlng osteons and osteon fragnents was' utlllzed Osteons and

osteon fragnents 1ncrease in nunber as an 1nd1v1dua1 1ncreases 1n.
_dage.‘ The outer per1ostea1 one—thlrd of. the cortex lS sa1d to be
- assoc1ated w1th such age changes and has fewer changes resultlng
',lfrom bone resorptlon (Kerley 1965) The square-ruled gr1d was
vp051t10ned a}ong the perxosteal border and _four mlcroscoplc‘

'flelds ' spaced at equal dlstances across the th1n section, were

assessed for the number of . osteons and osteon fragments. Each

q .
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‘and osteon fragments was counted. Normal ﬁicroscopic lighting was

square in’ the grid that was more than half filled with osteons

\

36

used in this portion of the research , After‘several attempts " to

. obtaln age estlmates by countlng osteons and osteon fragments-

th1s method was dlscontlnued.A The problem is dxscussed later in
more deta11 upder age determrnatlon (page 59), iut see Plates 2
and 3 page 53. | |
The fluorescence mlcroscope u51ng blue-violet exc1tat10n,

was used to ‘count’ all resorptlon spaces in the bone‘ No other
lighting was . used SO only the resorptlon spaces - could be
observed. - There was no distraction by ‘ othe;‘ m1crostructura1
features. The resorptlon spaces appeared- dark in comparlson to,

i)
 the adjacent bone because they contalned no fluorescent materlal

In fluorescence m1croscopy, a sample is 1llum1nated w1th light of

© one wavelength. . This prlmary éxciting lxght is flrst absorbed by

molecules tin' the . sample whifch then‘re—emit‘lfght of a longer=

wavelength to produce an 1nage. If ‘the. llght does not . strxke :

9

o anythlng, it does not’ cause fluorescence (Blcxxn and Fawcett 1975;

Nalrn 1976)

- All bone resorptlon cav1tres were‘counted u51ng the - sane
squaré-ruled gr1d as prevxously descrlbed. The total number - of
cort1ca1 resorptlon spaces in the outer perlosteal one-thlrd the
mlddle one—thlrd and the 1nner cortlcal—endosteal one—thlrd were

counted tw1ce (Counts one and two) across the entlre w1dth of

each sectlon (Table 2, page 149 and Table 3, page 150 ).

total number of resorptlon spaces counted 1n each one-thlrd were

added together and then lelded by the number of flelds assessed

—

v
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Scanning Electron Microscopy

' Chémical Staining ~

Y

G

- to, give the average number of bone resorption spaces in an’ area

2
coverlng 0 92 mm . Percentages were calculated for ‘each one—thlrd

of the cortex to deternune therr contrlbutlon to the observed

bone porosxty o R T

A separate ‘count: on the 1nner endosteal ‘ one—third (Count

three) was also made. In this count resorptlon spaoes smaller

than approxlrnately 80 um or larger than 400 um were not. oounted

. Four mlcroscoplc flelds with resorptlon spaces measurlng between ‘

80 um and 400 um were c%nted The four flelds were spaced apart
as equally as possmle but m some mstances the f1eld had to be
moved when a resorptlon space nearly f).lled ‘the entire grld area.

, The average number .of resorptlon spaces per 0.92 mn2\ 1n each

section was obtained by addmg the total number counted in the

four fields and d1v1d1ng that number by four.

’

A thick \section of the humerus from Porto and five r.ib‘

vt

segments from Llsbon were analyzed for trace elements that mlght ‘

v

aSS1§’t' in 1dent1fy1ng the bone stam. The equrpment used for the h
analysls was the Cambndge Stereoscan 250 w1th a Kevex 7000'
energy dlsperswe x-—ray 1n a scannmg electron nucroséope 'I‘hls '

equlpment is located in the Geology Department at the Um.versu:y"

of Alberta.‘ -

Several th1n sectlons ~were selected for treatment w1th_,‘

chemlcal stams. A thm sectlon of the Porto humerus was stamed‘

[
_!«
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w1th Perls Pru551an Blue to detect the p0551b1e presence of iron’

(Drury and Wallrngton 1980) Ehrllch s haematoxylln ‘and e051n“

?

"were used to out11ne the cement lxnes (Cook 1974 Wheater.l979-

Drury and Wallxngton 1980; Bancroft and Stevens 1977) although

A [ i

the . glycoproteln content in the cement llnes of fresh bone may

not be preserved 1n archaeologlcal bone Thln sections from the‘

ir“

Pbrto humerus and a. Llsbon femur weré starned wlth Harrls

:haematoxylln and e051n to show areas of calcxflcation (Drury and

walllngton igao Bancroft and Stevens 1977). A th1n sectlon from

‘the Llsbon mater1a1 was stalned w1th the von Kossa 'stain to-

demonstrate calc1f1ed' areas or deposxts (Drury and Wallington'

’ '

1980) It was Counterstalned w1th van Greson ‘s for collagen and'

lamellar bone (Drury and Walllngton 1980). One thrn section was|

decalc1f1ed wrth Formlc ac1d—Sod1um Cltrate solutlon in an

< is retalned 1n decalc1f1ed archaeologlcal bone (Stout ,jand ‘

attempt to remove the ash-gray dlscoloratlon 1and reveal the_

- T RN

mlcrostructural features Slnce the lanellar pattern of collagen

'TE1telbaum 1976a, Stout 1978) 1t may be p0551ble to determlhe the

c

number of osteons and osteon fragnents 1n a thln sectlon and

thls way obtaln an est1mate of the age at death“ N7'”
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CHAPTER III S ,
RESULTS

- Core Appearance

. . | "
The cores. were examlned under a dxssectlng m1croscope to

1nvest1gate the1r general overall appearance Most of the- es

"'?‘

had - thln, ltnes or strlations‘ encircling their entrre1

circumference; | These vimpressed 11nes' may have caused the

i

fracturlng and flaking of ch1ps from several cores durlng 1ater‘

sectlonlng As a result of thlS problem new sectlons had to be

‘cut on several cores. Scne cores had 1lght ‘or. dark amber colored'

~ areas while others had varylng degrees of blackenlng.» @wo thick

sllces from the cores w1th exten51ve1y blackened reglons

fractured after sectlonlng

- o

The occurrence of these linear marks may have resulted from ‘
several factors. Whether or not these were ccmpre551on 1;nes
’resultlng from the welght of 5011 overburden durlng thEII long»
' ‘[1nterment perlod is. dlfflCUlt to ]udge. The method used in

‘obta1n1ng the cores lS a factor that has ‘to be con51dered

4

‘espec1a11y 51nce thelr extractlon was extremely dlfflCUlt. ‘The
‘femora were sem1 fossxlized and w1th1n a hard concrete-llke 5011

fnatrlx (Jackes pers conn1 1985) ‘ Although the hlgh speed dr111 =

‘j was water—cdiled durlng core removal 1t is possxble that the

B leadlng edges‘of the dr111 becane exce551vely warm resultlng

d PR v

‘:the amber and-black colored areas.'

The perlosteal,and endosteal surfaces of the cores had whlte

:salt—llke crystal dep051ts varylng in appearance from f1ne toj



coarse grains. ‘Areas of gray crust were also present Several of

these whlte-or—gray crusted areas had a baked-mud appearance with

5

cracks outlrnxng roughly hexagonal ‘areas. Black many - 51ded‘

‘ crystals were more common on some cores than on others as were

. the black p1gmented areas. The clear Crystals were trlangular or -
elongated angular structures Some crystal forms appeared like

long sharp“needles. Such' a thxn sharp p01nted crystal .had‘

sufflc1ent flrmness to penetrate the skln. There were areas of

heaV1er black coal-~ llke seams broken xnto small rectangles on the;

]
[ ! .

surface of some cores‘ Clusters of small black crystals were also ‘

. K A

noted on several cbres

, IThin Section Quality

Lcores.

Thin sectlons\from th ﬁempr from Crescent Beach (2000 3000
'BP) were reduced ln\thicknéSS\less rapidly than those of the
' Porto humerus (c 7000 BP) This‘ may 1nd1cate dlfferences in the

‘ mxneral or. organlc content of\the two bones. The Porto bone ,

segment was partlcularly 1mportant 1n the ‘testlng It ~was

'l lmportant to obtaln lnformatlon on hardness, flaklng, saw1ng ‘and .

»

v“‘sectlon quallty before WOrk connenced\w1th the research bone o

4 A

'~‘th1n sectlons would ot be easxly obtaln fran bone mater1a1 of'

such great age. Sectlon quallty was 51nu}ar 1rrespect1ve of .

whether the sectlons were mounted or unmountbd durlng grlndlng

:f.jand pollshlng.‘thn sectxons of bone prepared gr1nd1ng between“
l'frosted plate glass produced s1m11ar results eveh\when suctlon

A : ' L . . Ty n . . K )
| ¢ RO R . i S ' . . - L \
C - TN .. . . . . . . (AN
Lo R . o RV e E N
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' . " B ) D LI . EN .
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The resu1ts of these trlal and error tests ‘1nd1cated that )
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between -the two. plates was controlled and light pressure was used

in an effort to minimize section fracturing and' flaking.

The fragxle pature of the Moita bone, its varxatxon between

hard and soft tissue areas, and its propen51ty to dLSLntegrate.

before the deSLred thin section was obtalned ellmlnated the hope -
of produc1ng quality sectlons by grlndlng and polxshlnq It was
concluded that. embeddlng is nandatory when deallng thh such

fraglle boneL
Al

’ Better results were obtained when 1 nm bOne slabs from the

- “

cores were embedded The embeddlng medxum protected the thln

sectlons dur;ng their removal from the bone slabs Other . than
several sections Wthh fractured during’ sawxng most were ‘renoved
. n..

n

‘1ntact It was srmple to cut replacements for those that did

v
r

fracture.

Visual .Observation-fof,‘the- Moita bone slabs revealed .

differences' 1n surface color, and this was confxrmed when the

slabs were v1ewed under a dlssectlng mlcroseope as well as when'

thlnl sectlons were examlned mlcroscopxcally ThQ slabs showed

llght yellow colored areas whlch appeared as dark ash~gray g@

..color when examlned on the th1n sectlons. ‘,»'7,

V.

The ash—gray dlscoloratlon per51sted in. the thin sectlons of

»

the test materlal desplte prlor treatment w1th an oxi dlzlng agent

‘ if‘and ultrasdhlc cleanlng Slmllar treatment of the Moxta research

'rnaterlal produced 1dent1cal results Thls reduced the number of

‘fi Slmllar problems w1th dlscoloratlon were encountered by

,s1nce the dlscoloratlon obscures the m1crostuctures.“

thln sectlons that could be used for determlnlng age at death

K

.

D T I o L
. X . g R

\' - S e
* . St . . . .

-

41



o

Pfeiffer (1985). The removal of organic and inorganic - @pil '

' contaminants that had “penetrated the periosteal "areas was
ouclined§$y‘0be1aker (1974) in his research. His method 1n2?1ved
treatment“"of the bone{:slabs with an oxidizing agent and
" ultrasonic :Cleaning.‘ Tnis cleared the tissues sufficiently ~gor
~ microscopic eXamination of the osteons, and hence for determining

age at dea@h . Other workers have used sodium hydroxide (NaOH ). on

‘archaeologhcal bone to dissolve humic residues from decampos ing

=

/
. plants (Boutton et al. 1984). Bromoform, an oxidizing agent, bas

been used to improve the(transparenty of 500 um thick sections
before study with a polarizing microscope (Ascenzi 1983).

The ebmbination‘of mol luscan shell, soil minerals ani organic
material essociated with shell middens nay have fostered' some
type of chemical reactlon in the presence, of water seepage which
dxscolored the bone. Bone f rom all thtee shell middens exhibited

identical ash—gﬁay dlscoloratlon in the thin sections, and this

,M

remalned even when distilled water was usedfas the coolant during .

discounting any possibility that the Buehler'cutting oil

“ From tqtal of thirty—tWo sections embedded in plastic,

only one was suffic\ently clear for an osteon count. 'The reason

for this outcome is difficult to determine. Thls seétion was °

better preserved than the otheks, sugge3t1ng that bur1a1 may have
been more recent than the other skeletal mater1a1 or that this

by pedogenic factors due to

N

skéleton may have been less .aff ;

»
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its” location in the xpurial site. If tne discoloration was
, ¥ :
caused by a chemical reaction between 5011 shelh naterlal and

" water seepage it could Lndlcate that thls 1nd1v1dua1 was Lnterred

nearer the surface'of the midden‘or pear the outer boundaries. No

data on the location of the skeletal remains in the sité,have‘yet

been found.

Histochemical Apalysis ' L o
, . ’

The pale yellowish-gold discoloration (darkef in some areaé)

on the th%ck sections‘and the microscopic observanée of an ash-

gray discoloration obscuring the mlcroanatomy in 'thq thin

sections were cons1dered- as posalble contrlbutors to the

dlfferent areas of hardness in the bone sections. EVen though the

yellow-gold dlscoloratlon had been treated with an ox1d121ng

agent to remove the dlscoloratlon‘as nuch as possible, it was |,

obvious that it femained. Despite the‘difference in appearance

between the thick. and thxn sections it was qu1te possxble that it

]

was a 51ngle stain Sane the dlscoloratlon occurred 1n the same

areas. The source and iglentity of the staln(s) remalnsﬂunknoyn.

Iron was considered as a possible contaminant mainly because

43

some areas of the.bone were harder - than others. Other research |

has also ihplicatedhiron as the source of a gold cokored stain

that obscnred‘tne microstfuctureé and”prbduced différent areas of

bardness in bone siftionsf(Pfeiffer 1985). The idea that the ash-

gray dxscoloratxon might be a blood re51due wh1ch had Enflltrated‘

. the bony tissue after death was also ccnsxdered. Hlstochemlcéf ‘

techniques were used to test for iron in the residue of

-
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haemogjobin * breakdown to’ haemosiderin, an iron containing
A . ' /

pignent, or fram'an inorganic source in the 'surroundlng sail.

A thln sect1on from the Porto humerus was used ih ‘this test.|

Perls Prussra9 blue ‘is, the cla551cal . method (Drury and

Wallington 1980) for‘haemos1der1n and 1norgan1c Lron A positive

reaction for iron was shown by the appearance of a blue colored

'rim approxxmately 0. 08 mm wide on the perlosteal border The only

visible ,substance in the remalnder of the sectlon appeared to

form a loose netwbrk of connected strands without identifiable

n

structural features.  An increase in flexibility was noted while

transfefrlng the sectlon frtnla xylene solutlon to a glass slide

for mountlng This’ suggests’ that the 2% hydrochlorlc ac1d used. in

the Perls PrUSSLan Blue, method decalc1f1ed the thln sectlon. It

1
o

has been suggested (Vlllanueva 1976) that stainipg nethods
. B
1nvolv1ng the use of ac1d must be avoided as complete or partlal

" decalcification of th1n sectlons tends to occur.
Thin sectlons from the Porto hunerus and the Moxta femur
(LOOD?)‘ were stalned w1th haematoxylxn and e051n .to show the

cement lines between osteons. It.was thed that this would

demarcate the outer 11m1ts of osteons thereby allow1ng an

[y

estlmatlon of their 51ze and number regardless of the ash—gray

r

dlscolozatlon.< Harrls haematoxylln and eosih stained the Porto

~

section a br1ght plnk w1th no blue coloratlon to show cement

w0
by‘ blue dep051ts 1n:the section. Collagen in fresh bone stains

bnaght plnk with eosxn (Drury and Walllngton 1980) ut. it is

'dlfflcult . to believe that the‘-entlre Porto section would -
. AR et St S ST TR

llnes.- The ' presence of occa51cnal ca1c1f1ed .aréas were. rnd1¢ated‘

y
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"_lndlcated high calcxum levels

‘purpllsh ~blue coloring . in " some,

r interspersed‘ with red deposits.” The black deposits _were more

demonstrate. only a few calcif ed areas since other tests have

rlich’ S haematoxylxn and eosxn

stalned the Morta bone a lxght urplish- p1nk color w1th sparse'

reas. No cement 11nesﬁ were

observed with this stain. Although there was a slxght\\pdxcatxon

of calcxum deposxts the results we

particular stains. "It has been suggest'
. o ¥ : RS

in archaeological material .result _in\ poor 'haematoxyiin-tissue

reactions (StoutAand Simmons 1979)

The von Kossa stalnxng reactxon 15 of value in demonstratlng

. calcified tissue (Drury and Walllngton 1980) he sleer in the

stain is thoug§?5 to replace calcium in calc1um carbonate,

phosphate and oxalate and is shown as black dep031ts With thxs‘

method, heavy black_deposits‘throughout the'Moita section - were

)

pronounced in the outer periosteal one-third than in the middle
* or endosteal qne-third. Counterstaining with van Gieson’s showed

the deep red of collagen and osteoid. Although some, researchers

have falled to demonstrate psteOLd in anc1ent bone (Stout 1978;

.Ortner) and Putschar 1981) . other research has 'revéﬁhed the

,presence, ; of‘ collagen' characterlstlc of ‘osteoid” . in

archaeoloqical bone (Race et al. 1972 273) 'The deep red in the

M01ta sectlon appeared to be assoc1ated with HaVerSLan canals or

perhaps resorpt1on spaces, but it was. dlfficu}t to detenm.ne.

The M01ta bone sectlon showed some areas Wlth a yellowmh—pmk ,

color wthh is typlcal for mature lamellar bone stalned by the

.van Gleson method (Drury and Walllngton 1980).\ R

" inconclusive with. these’

that bone tissue changes’
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- The high‘calciUm levels reflected'With von Ksssa's method
and wlth “the scannlng electron ‘microscope were Verlfled by
observatlon after decalc1f1cat10n of another thin sectlon from
‘the same M01ta femur Use of Fonn1c acid-sodium C1trate solutlon
resulted in the complete dxslntegratlon and d1sappearance of the

‘structures in the tlssue sectlon. .
The presence of calcrum carbonate has‘ Suggested.‘by the
sl1ght bubblxng which occurred when the section was treatedcwlth

formic ac1d—sod1um c1trate, and was probably d;Z to the release

of Carbon ledee (Bancroft and Stevens 1977). A small ‘amount of .

llght tan colored paste was all that remalned * and when agitated

: aven. this went into solution. If collagen was gresent, as ¥

: : Co . _
indicated by,van Giesqn's stain; At is assumed that the acid was

of suff1c1ent strength to cause dlssoc1atlon of the " collagen.

§When bone m1nera1 is removed from fresh bone by a weak acid the

‘bone retalns its organlc structure and ’flexibility, and it has

'falrly normal norphologlcal features (Blcxxn and Fawcett 1975). It

has been proposed (Race et al. 1972) that proteln in collagen is -

.lost in the fossxllzatlon process, and that the mlcromorphology-

-of collagen is retained by replacenent of these protelns with

. other minérals. They s

deca101f1cat10n of anc1en' bone w1th ac1ds may result in‘

.dlssolutlon of the entiye bone. When one ,undecalclfled thin
‘séction of the Moita e was Viewed under 'polarizfngﬁlight 'the
' bone clearly sh he characterlstlc collagen blrefrlngence of
he lamellar structure in the osteons. 3 |

‘ Collagen shows blrefrlngence'because the collagen flbers

-

. | ! ‘ e ) . R
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rt . this view w1th the fact thatu i



‘color from red, gold, and copper to.colorless.

© SEM Analysis = = ; ‘ 2

change dlrectlon in each successxve lanella This orientation: of’

the flbers shows a characterlstlc pattern of light and dark
1ayers when viewed w1th a polarlzlng nucroscope (Haneox 1972;.
Transversely‘ cut fxbers appear black in contrast to the lighter
appearing longitndinally cut fibers; | |

The concrete—kike matrixvadherinolto'the endostea{;_borders

and  filling the medullary canal of , she Porto humerus was

successfully dlssolved by 2% hydrochlorlc acid. After evaporatlon
of the fluid, a prec1pltate contalnlng varled ~rystal like shapes

.~ formed over-the bottam of the,beaker. These crystals varied' in

’ ]

Trace ; element analysis of these matrix crystals was

.undertaken with the Cambridge Stereoscan .250 equipped with a
Kevex 7000 .enepgy.‘dispersive x-ray jin a scanning: electron '

microscope . (SEM) located in . the Geology Departnent at the

University of Alberta: Elemental calcium was most abundant, and

some phosphorus and trace anoumts of copper and iron ~were

detected. Ana1y51s of a snall bone Sample from the Por to humerus:
gave 51m11ar readlngs for calcxum and phosphorus. No conclu51ons‘
. could be drawn regardlng the 1dent1ty ‘of the ash-gray staln norA
“.could the reason for the d1fferent areas of hardness in the thln.

‘sectlons of bone be: detennlned Other elements, if present, ‘were

of bone and matrlx crystals was .too small.

The natrlx adherlng to the skeletal reualns analyzed in 1984

~0
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‘~e1ther below the sens1t1v1ty level of the equlpment or the sample,,‘
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variedv fro(n a loose sandy materxal intensely -hard

d1smtegrated mollusc shells‘ (Jackes pers. ccmn 1985) The

varlabxllty of the matrmes was represented among flve rlb'

sanples analyzed for both stable isotopes and radlocarbon (Lubell

‘et al. 1986b; Meiklejohn et al. 1986). Radiocarbon dates confim
that the samples are oontenporaneous SEM analysm (U of A)
these ribs 1nd1cated hlgh calc1um levels and some phosphorus ‘The

matrices adherlng to the r1bs are su}ular, . 1nd1cat1ng a clay

background w1th alummumr sﬂloon, potassium, and 1ron, and also

‘ mcludmg ca1c1um phosphate presumably orlgmatmg from crushed “

shell. The variations among the natrlces of these r1bs cannot, an

‘present ev1dence, be attributed to date and/or populatlon It 1s ’

more ll_kely that they are the result of dlfferences in the .

chem1ca1 .and physmal characterlstlcs of the mldden deposus
N

-Such phy51ca1 variatlons in the m1dden dep051ts are clearly

illustrated by Roches work (1972:80) at the . neighboring

-~

‘ Mesohthlc midden of Anorel.ra. Loy

I

'I‘he SEM VJ.sual scan on the penosteal surface and w1th1n the

pores of the Porto bone fragment dlsplayed small ‘ oval bodles
approxm\ately 1 um long and 0 05 um m th1c ess'(Plate 1, page

‘49) whlch have been tentatlvely 1dent1f1ed 'as bacterla

. (Whltehouse pers. COmn 1986) Whether they were calc1f1ed was .

‘ not determmed m the orlgmal scan as they are so thm that the

f SEM mlght have glven a- readmg for the ca1c1um beneath them.

: "Smce the bactena oould not ‘be analyzed whlle on the bone,
- because SE‘M penetrates deeper mto the bone layers, "an” attempt

' was nade to 1solate and 1dent1fy therr type and determlne whether

48



| Plata 1. Scanmng elsctron’ rmcrograph of umdentxfued bactem .
associgted with an a'chaoologncal 'human bone sample from a humgrus
in the Porto skeletal collecnon Bar represcms 1 um,

' 1
N
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they were calc1f1ed or of recent orlgln ' A new, sample was

-obta1ned -by. scraplng the perlosteal surface of a bone’ fragment

from the Porto’ humerus

jAlthough these small oval bodles were tentatlvely 1dent1f1ed
as bacterla in the photos of the orlgxnal EEPlscan there were no
‘bacterlal spec1mens—ﬁeted in the bone scraplngs (Whltehouse pers.
comm. 1986) They could not be isolated, therefore, the1r type is

. unknown The bacterla that were present nay have been an 1solated

50

‘;“

1nc1dent Microscopic examination of the bottled Buehler cuttlngf

oil and a sample of the waste cuttlng oil with 1ts bone residue -

d1d not reveal ev1dence of bacterlal contamlnatlon although
was not possible to examlne a11 of the waste re51due. Even if the
type of bacterla had been "identified 1t would have " been

\

rmp0551ble to p1np01nt therr t1me of arrival at a spec1f1c stage

o
4‘

'1n the hlstory of the bone (Whltehouse pers.'#?bmmr‘ 1986) It 1s‘

'p0531b1e that ghese bacterla were assoc1ated with. decomposrtlon ‘

,following burlal and that they themselves were ’ thereafter

" fossilized.

A rare opportunlty to ‘1dent1fy p0551ble dlsease-cau51ng

" dgents ’wasf lost when these bacterlagcould not be 1solated andg

ljﬂ‘

their type p031t1ve1y 1dent1f1ed The a55001at10n of bacterla .

fw1th the Porto research bone mlght haVe prov1ded ev1dence bf :

s p0551b1e health problems that could haVe affected prehlstorlc

‘_‘populatlons. The 1dent1f1cat10n of these bacterla as spe01f1c5l

.'ihpathogens mlght have prov1ded nuch needed 1nformat10n in thlS‘

'. area and made an 1mportan; contrlbutlon to palaeopathology Many ’ :

'.jy‘fatal dlseases leave no 1dent1fy1ng marks 1n the skeletali,l"‘



i
.

framework (Sandlson 1968) wh11e the same morphologlcal changes

‘nay be caused by dlfferent pathogenlc organxsms because bony

tlssue i 11m1ted in the number of ways 1t can react to’

1

pathologlcal processes;‘(Stothers and’ thress 1975; [Steinbock

1976). The bone in ' the thin ‘sec'tions shd'}ed “no identifiable

'tlssue alteratlons that could be attrlbuted to d1sease processes

although the ash—gray stain mlght have obscured any such changes

’ Dlseases of w1ld anlmals (zoonoses) were fore llkely to have-.'

Vcreated health problems for hunter gatherers than epxdemlc or

y

contaglous hunan dlseases because of small group 51ze and

(lfrequent mob111ty (Smlth 1976 McElroy and Townsend 1979) Such'

anlmal dlseases can be transmltted to people and malntalned 'ln '
the populatlon at. contlnuoqsly dow levels for 1ndef1n1tel perlods“‘u
.of time. Sporadic eplsodes of Bubonlc Plague have . been .

transmitted 'to hunter*gatherers‘ in contact W1th w1ld rodents'

M

'(Reed 1970) Seasonal aggregatlon at a 'site by several groups, or

‘ longer term habltatlon of -one sxte by one group, gresents ’the

| posslblllty that more serlous health problens could have ex1sted

‘If the Molta peqple were. in the process of beccnung ‘semi-

'

sedentary they may have —experlenced some of these health‘,

)

"‘problems. _

.A potent1a1 rlsk for the Mo:.ta populatgon at thls sn:e may' o

; .'f‘have been the danger of food poxsonmg from contamlnated shell—‘ ,

51

flsh Illness 1n modern populatlons 11v1ng near coastal waters L

'_‘Vhas been attrlbuted to the oonsunptlm of crabs, : and'»marwine' anq.'

estuarme ' flsh : 1nfect:ed w1th the bactena Vibrio"

o ‘,_parahaemolytlcus, (Krantz et al 1969° Mausner and Bahn (1974)



anlmals such as nussels, crabs, and clams,. whxch have acqu1red
'poxsonous tox1ns through eating tox1c marine algae ("red tldes or

'coxlc blooms") (Cockburn 1971 Schantz 1973 Wood 1976)

.Micromorphology

The m1cromorphology of the M01ta bone was analyzed 1n the

- .

plastlc embedded th1n sectlons. Bone preservatlon was varlable

even w1th1n the same | sectlon There were small randomly scattered

:clear areas in wh1ch normal mlcrostructural features were

| adjacent to features less well preserved Haversian systems

v

fcomposed of(gsteons with- the1r Haver51an canals and cement lines
were present (Plate 2, page 53). The canals contalned no blood

vessel remhants or cellular elenents. Structures clalmed to be

blood vessels and red blood cells have occa51onally been observed

’

1n the Haver51an canals of archaeoloolcal bope (Graf 1949- Stout -

and Teltelbaum 1976a) Vblkmann canals ‘were also ev1dent in  some

-of the th1n sectlons Acellular osteocytlc lacunae and fragments

‘»of prev1ously forned ~older osteons were also 1dent1fied"

i

Canallcull were not observed possIbly because of 1nf1111ng w1th

calcif1ed mater1a1 or Lnadequate m1croScop1c nagn1f1cat10n.

52

and, to food p01son1ng from consumptlon of other marlne !

In the Iess well preserved areas the collagenous lamellae 1nfl3f

,the osteons appeared'dlstorted and swollen (Plate 3 page 53) The;

"’a;lnd1v1dua1 lamellae appeared to be tear1ng apart or separatlng.

R

from each other and from the underlylng framework of th1n

Ry

’ﬂ,,from the Haver51an canals 11ke the spokes of a: wheel and appearedv‘

.y \

%Qconcentrlc flbers. The dlsruptlon and separatlon radlated out'gif‘
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~and. Volkmann s canal (V) are Iabeled Unstamed X 105

Plate 2. Photomncrograph of a resm-embedded ¢ross secnon of
cortical bone from a human femur (Moita) revealed by light
microscopy. A typical osteon (lower right), osteon fragment, (OF)
Haversian canal (H), cement line (CL), lacunas (L), interstitial lameliae (IL).

C oA

Plate 3 Photom:crpgraph of a cross sectuon of a'mman”femur
|llustratmg the disruption and distortion of the mlcrostructures in
Mouta bone. Resm-embedded unstamed nght mucroscopy X 'lOS

o
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'to be lifting away from the deepér concentric fibers Spaces oy
‘could be observed betwéenﬁ:efibers now ! that the weaving
'together was disrupted The ‘spokes" appeared,to consist of short

’L'segments of material perhaps mineral such as hyd?oxyapatite,‘

from preViously depOSited calCium phosphate ‘ This type of

disaggregation has also been observed in ancient skeletal remains

recovered " from burials 1n Sweden (Graf 1949) and Israel (Salcmon

and Haas 1967)

: The .cement’ lines‘ were often indistinct in these areas ’
'apparently ‘ because of the discoloration and partly because of

0

'poor preservation There were some osteons that showed Siqns of

“.fracturing along the cement lines. Large areas of matrix

’”displayed a spongy cottage cheese like"i appearance' without
recognizable structures. Even the cleare t andsbest———preserved
sections had areas that were 1ess well preserved than chers.

The 'concentric rings seen in the osteons of the better
bpreserved areas in ‘the Moita bone appeared to be more highly
‘calc1fied than the surrounding tissue in ‘the osteons (Plate 4,
*page 55) In- fluorescent 1ight these concentric rings were'’
-‘clearly v151b1e as a light yellow15h—green and they appeared to

, fluoresce against (tHe green color of the adjacent bone tissue

".i‘(see discuss10n page 105’ some concentrlC rings appeared

4'-; brighter than others in the same section (Plate 5, page 55)

/

L fluorescent light appeared to outline these concentric rings even '
' in the areas most affected by the ash-gray discoloration. .
‘ The 1nner lamellae adjacent to the HaverSian canals or "

"_;reforming cav1ties were brighter colored than the liaht yellow-



Iamellae of Haversian
_j,*mlcroscopyst S TR ]

Plate 4 Photormcrograph of a cross section of cortncal bone from a’

human femur (Moita) illustrating appare'ltly dense, ‘highly calcified mner
-lamellae of Havers&w canals. Resumembedded unstamed . ;
undecalcnfned Ltght mncroscopy X 105 ' ' ‘

emur (Mouta) showing fluorescence on the inner
canals and wuthm the osteons. Fluorescenc,a
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green ' of the eoneentrlc rings.in the‘outer areas of the osteon.: ‘
_These fluorescent rlngs were present in all of the th1n sections :
of bone in the sample Some osteons lacked a ring but most had
.either a sxngle or ‘a double ring. Triple ringe. were very-
;gﬁg??uent. One tbln section bad one triple ring whlleh anot

/7 , : ‘
/ ,howed‘\tWO“triple rings. Three thin sections were observed with

anly a faint indication of a triple ring. The rings varied in
' 4 ‘

tﬁieknees from 5-10 um.' They were randomly scattered throughout
i

the sectlons so that the fluorescent rlngs weré jpot more f requent

in any one area than another. The 1arge resorption spaces did pot

eﬁow these types of rings. There.were few indications of cement

lines with this technique;

The bone bad diffuse areas of brighter yellow -green,’
sometimes near the perlosteal border, but on others 1t was nearer
the endosteal regions. The areas most affected by the. ash—gray
stain did not show more yellow-green coloration than 'the less
obscured areas. \ |

The mounting media, Permount and Diatex, and;‘Ward's ‘Bio;
‘Plastic embedaing medium, were teéted ~for fluorescence with
negétive results. when a small section of the Moita bone was
'examined in  distilled water it' showed apparent 'fluorescence: &~
This reealt indicates that the fluorescence emanated from the
bone rather than the mouuting or embedding materlal.

Straxght lines, transverse to the long axis of tue femur,v

¢

’ o ’ L
were observed in the‘thin sections with both standard light

When ‘these ‘lingg\\zszf/////,///

opy they were easily

' m1croscopy and fluorescent technlques,

viewed under - ordlnary light micH
. . - . o o



.

‘ dlstlnguxshed from the ad)acent bone, Theylappeared to reflect

more llght and appeared denser suggesting, perbaps, a higher

degfee of calcxfxcatxon (Plate 6, page S8). In fluorescent llght
W

the llnes showed fluorescence conparable to the concentrlc rings

in the inner lanellae of the osteons, Thelr llghter yellowvgreen
color contrasted dlstlnctly agalnst the green of the background
bone. There were . no apparent.dlfferences in color 1ntensxty
(Plate 7, page 58). - ‘

| The !lines were of a consistent thickness measuring lO um in
all sectlons with only three excepthns. These were fxner lines
neasug%ng"S um. The lines va:ied‘in length, in number, and in
dis;ance apart. Some lines crossed the entlre w1dth of the thin
section while others were much shorte}, ‘presumably, as a result
of resorption and /or o;teon formation. The longer lines were
seldom interrupted by erosion.cavitiee.

- There was ; noticeable dlfference in the Spécing between the
lines. Seneral sections had sets of three,or four closely spaced
linesﬂwdthin an area of 110 um - 250 um. One section displayed'e
broad expanse of lamellar*bone, ’ISOO um wide, bounded by long
transverse lines.: There were osteocyte lacunae within <the
boundarles but‘there were. no resorblng or formlng cavities untll

the far end of the thln‘sectlon. The dlstance between most lineﬁ

ranged from 30 um - 900 um. ' ~—

':In“the sample of 32‘¢ores:there.were 12 (37.5%) thin-sections

showing transverse -lines. The number of lines in the thin
‘ ‘ . o ;
sections varied in number from 2 t6°'12. There were 8 males, .73

feméles,‘and one indiViqpal of unknown spx with these lines.
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Plate 6. Photomicrograph of an unstained cross section of cortical -
bone from a human femur (Moita) showing transverse lines revealed
by light microscopy. Several small areas of ash-gray discoloration

lupper and lower right). Resin-embedded, undecalcified, unstained. X

7108, -

o o

-Plate 7. Same sect'ionias"r’Plgté 6. Fluére'sc‘ence microscopy. X 105.
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Age Determination

g The fact that the ash gray discoloration was heavxest on the

o

perlosteal and endosteal borders prevented observation of the

osteonal features requlred for age-at- death estxmates The%e were

not ‘enough clear areas to permit countlng of. osteons and thexr

fragments.‘ Ahlqylst Aand Damsten s method (1969) ‘could not be

applied. Their method employs polarized light and a 10 x 10
ocular grid measuring 1 mm at the level of the section, to count

the number of osteons and osteon fragments more than half'filling

each small square in the grid. The percentage of remodeled bone
calculated from 4 perlosteal flelds 1s entered into a regression
formuila to‘estlmate age at death.

The mid-cortex was less affected than the:outer,andf'inner
areas but in many sections the entire thin section was obscured

by the discoloration. 1In the clear areas it was often‘impossible

to determine Whether/th Haversian canals were in the initial

process of resorblng, or in final stage of reforming, as many
of the inner lanellae were partly’ or campletely obscured by the

discoloration'affecting the bone. At leaSt'90:% of‘the'Haversian
canal perimeter must show no evidence cf remodeling (Stout and
. Teitelbaum’ 1976b). Thrs fact along w1th the 1ndlst1nctness of
cement, lines and the difficulty in dlscrxmxnatlng osteon
fragments ~from interstitial lamellae would have* undermlned the
accuracy of age ‘estimates. |

- Osteonal area 'determined b&‘ point counting”*alsc gives
' accurate age estimates (Thonpson 1979) but dlStlﬂCt cement hnes

are required to assess their areal extent. Thcmpson s core

®

-
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technique (1979) was the preferred method as his technique has

'been, deveIOped and tested using cores. Thampson prepares thin

sections 80 um ‘thick from cortlcal bone cores measurlng 0.4 cm in

2

' dxaneter. A 10x10 grid measuring 0.992 mm (at xlOO) is employed"wJ

-in  the stereological procedure The 'total area, number, and

‘perlmeter of osteons and Haversxan canals are quantlfxed in four
adjacent ' periosteal fields by a p01nt count1ng method. . These

values are used in a regre551on formula to obtaln an estxmate of

. \ . !
age at death. Thls method, however, could not be used because of

several 11m1tat10ns there were very few clear areas to assess in
the Moxta sectlons, the cement lines were indistinct; ,the
*discoloration was too widespread; -preservation was poor}"and

there ‘was no grid. avaxlable that could be used- for p01nt

! \
countlng.

The expectatlon that fluorescent light illumination would
outline the cenent liDES‘tO allow age estinates to be made was
not realized. The cement lines were not observed p0551b1y because

-of the lack of preservatlon or because cement 11nes contaln no

collagen, even '1n fresh bone (Bloom and Fawcett . 1975; Ascenzi

11983; Parfitt 1983),_ and therefore might not be visualized in
fluorescent light.‘L
TheSe results were particularly dlsapp01nt1ng since age at

"death 1s essentlal for palaeodemographlc purposes (Angel 1969

Ubelaker 1974) Trends in length of life and mortallty patterns

Vbased on this group of 1nd1v1duals at Moxta must therefore be

determlned from other age 1nd1cators.‘ It has been suggested that

u51ng a cnublnatlon of several nethods for age determlnatlon;

N
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‘ . o
provides more reliable data than depending on a single technique
{Singh and Gunberg 1970; Acsadi and Nemeskeri 1970; 'Weinstein et
a1..1981- Meindl et al. 1983).

" In view of the results of thlS research it appears that aglng

1

' technlques based on osteon counts are not always appllcable and _

cannot' be relled upon 6 prov1de age estunates for all anc;ent
skeletal mater1a1 ‘ Human, remains recovered from shell middens
'such asAthe Mbita‘site present‘particular problens that have to
be..solred ifdrage -assessments are to. be obtained, Ahother
’researcher also has. concluded that hlstologlcal aglng technlques
may -not be appllcable to all archaeologlcal skeletal material

(Pfelffer 1985) The technlque of osteon counting for age

asséSsnent (Kerley 1965) has: been modified (Ahlqv1st and Damsten‘

.1969‘ Slngh and Gunberg 1970}, rev15ed (Kerley and Ubelaker
1978), and Ctnmared (Bouv1er and Ubelaker l977 Stout and Gehlert

1980).

‘These and other problems in the use .of histologicai‘_aging

nethods have been discussed (Stout and Gehlert 1980; Kurzawskli

1983;' Lazenby 1984). Differences in ‘the defxnltlon of an osteon,

: in_ grid size, f1e1d of view and number. of flelds aSSessed are

:severaI of the problems that have been dlscussed Lack of“
A”confidence in the ab111ty of hlstologlcal technlques to’ prov1de{_f
.accurate age estlmates (Bocquet—Appel and Masset 1982 'Lazenbyl
1984) has led Lazenby to suggest- that researchers dlscontlnue '

u51ng these methods for the present. Dlssentlng—oplnlons contend o

K

“.-that hlstologlcal technlques do/can accurately pred1ct age

: (Laughlzn et al 1979- Buikstra and Konlgsberg f?BS). It appears

i

61



»

that problems’with the existing techniques need to.be resolved
and the methods reflned and standardlzed before they can be used

thh confldence

)
S

The Porosity Counting Method ,

v

the amount of porosxty present, resorptlon spaces measuring -

between approximately 80 um and 400 um were. counted a lower
11m1t of 80 um was chosen to av01d 1nc1ud1ng Haver51an canals iin
, the count. Haver51an canals vary in d1ameter as reported‘ by
% ’ ‘

dlfferent researcher5° the dxameter“remalns unchanged (CUrry

1964) up to’ 40—50 years of age (Duncan 1976), it 1ncreases

’ sllghtly in dxaneter with, 1ncrea51ng age (Barer and Jowsey 1967),

Tt decreases w1th age (Slngh and Gunberg 1970); 1t is larger'than
100 um’ (Hall 1978), it has a diameter between 22 -and 110 um

(Bloam and Fawcett 1975); . and it averages approxm*ately 50 um in

diameter (Windle 1969- Beddoe 1977~ ‘Richman et al. 1979; ortner

and Putschar 1981). Type I1 resorptlon cav1t1es (a dllatlon in .

the walls, of Haver51an canals of well mineralized osteons) have

-

a dlameter 10 - 20 um. larger than those of Haver51an canals :
| "(Rlcl'nnan et al 1979 209) while the major amount of poros1ty 1n ‘

cortxcal bone is denved from the resorptlon spaces, there‘ is a

small contnbutlon of + 15% . made by Havers1an canals;
. Volkmann s canals and osteocytlc 1acunae (Duncan 1976)
N An upper 11m1t of 400 um was chosen because osteons have a

‘dlameter of approx:.mately 300 um (Ortner and Putschar 1981

k ‘Mathews 1980- E although some may reach a maxun\m\ of only 200 um —

In an attempt to examine the. dlstrlbutlon and to quantlfy
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o

hxndlcators' that mlght prov1de a general 1mpresslon of aglng.

. Porosity o R

'
'

'

‘,in\diameter kParfitt' 1983) - An osteon'provides‘ evidence of the

former size of a resorptlon cav;ty eroded by osteoclasts (Ogden

1980) and 1ts subsequent ref111 by bone bu11d1ng osteoblasts. it

was suspected that resorptlon cav1t1es larger than 400 um may

i
'

‘have’ resulted from the sawlng process, from post—mortem damage or

that several smaller bone*spaces may have merged to form the

large resofptlon cavxtles. o .

+ o "l

L) B |(‘
\ S ' ‘ '
.

. The ipability to, obtain age estimates with 'osteon* counts

(see dlscu551on page 59) encouraged a search for alternatlve

Aging is accompanled in humans at 1east,v.by bone loss. The
changes observed in cortlcal por051ty, density and thlckness are
thought to be . assoc1ated thh the aglng process and health

status -

"since cortical bone resorption has been\reported to  increase

from' the cortical' endosteal areas to “the periosteum with’
ulncreaSLng age (Atklnson 1964)r\and espec1a11y in’ post-menopausal
h or senlle osteopor051s (Frost 1973),‘ 1t has been suggested that

i the entlre cort1ca1 thlckness be 1nc1uded in’ a11 measurements of-

bone loss (Atkmson 1964) " f '- oL
o o, , '
' ResorptLon spaces in. f1e1ds measurlng 0 92 huul were counted

across each thm sectmn of Mo1ta bone under x100 magn1f1cat10n.‘7

63

Three 11nes of oounts were nade, one at the per1ostea1 bOrder,-: s

- one in the m1d-cortex and one along the endosteal nargm. Between -

2 .

four and nme f1elds, measurmg 0. 92 nm ’ were observable ‘across’ :



RN . ’

the thin sectlons. Teo counts’ were made by the same analyst but

were separated by a t1me interval, of thlrty days. .In consultatxon

w1th Jackes, the resglts were analyzed for Qhe mean number of
v.resorptlon spaces per each l1ne of count

'When the thiree cort1ca1 areas aere‘compared 1n the second

count there was . a sllghtly greater nunber of resorptlon spaces or

' cavities in:the perlosteal one-thlrd (Table 3 page 150).' In:l9

f of the 32 (59%) 1nd1v1duals the outer perlosteal one- th1rd

contalned a sllghtly greater percentage of the. resorptlon bone

‘cav1t1es than e1ther the m1d-cortex or the endosteal one—thlrd

' ThlS was observed in both males and ﬁ:?/l;s?\\gae adolescent male

64

\ and one female showed 33% more resorptlon spaces ;in Ivthe:

fperlosteal one- thlrd in comparlson wnth the. endosteal one- thlrd.“'

However, canparlson of the two 1nd1v1duals with. the hlghest (1L57)

" and the lowest (L35) mean number of perlosteal resorptlon spaces )

"vrevealed no significant- dxfference based on Ch1> square, ‘whether

l

all three areas, : (perlosteal mid—Cortex, endosteal), were

campared or just the perlosteal and endosteal areas (Table 4)

. The. d1fference was non-51gn1f1cant in splte of the fact that L57

@

‘ had 51% of the resorptlon spaces in the outer perlosteal one—‘

thlrd whlle L35 had only 29% of the resorptlon cav1t1es in" the '

' outer perlosteal one—thlrd..

.

ﬂf,__ﬂean_number~ef resorptlon spaces for each 1nd1v1dual was

"/,,t

f‘expressed as the mean score of the three counts across the three

‘“i

,}‘cortlcal areas, the perlosteal one-thlrd (P), the m1d—cort1ca1

1;,'one-th1rd M), and the endosteal one—thlrd (E) As an example,‘

-

'f;j,the data obtalned from a count of the three areas 1n count two on, ‘z,

L2l



. ' " r o . .
L57 is displayed in Tablefs (page 151) -I‘ ' ',1 o S
The mean nunber of resorptlon spaces used for the analys is ’

" of L57 was 11.35; » the weans, éromleach one- thxrd were added
Itogether and d1v1ded by three to obtaln the total cortlcal areav
‘means (the means of the means), rather than 11 39 (see Table S)

: The dlstrlbutlon of these total cortlcal area neans (for
‘both" counts one  and two) was bell—shaped‘ 1nd1cat1ng no

assoclatxon with age No linear trends in age were obtalned using’

the means of the means for overall bone porosity across the three

65

cortical areas. .This ,suggestS"that‘population Oariation” was

.sampled Ind1v1duals falllng beyond 4— 2 sd of the total
‘i'populatlon mean for the number of resorptlon spaces were canpared
‘u51ng ch1 square. No 51gn1f1cant dlfferences were found between
individuals 1y1ng at?the upper and 'lower endslof thevbellrshaped
'distribution. SO - o ’

1In splte of the fact that the mean of the total means was 10'

;:.1n both- counts (one and two) of the three cortlcal areas (PME)

the correlatlons between counts one and two were , not perfect

. (Table 6a, page 152)

/e

In addltton, the correlatlons among the three cort1ca1 areasdlw“

.(PME) dlffered between the two ‘counts and were generally low as

'shown by the correlatlon matrlx (Table 6b, page 152).‘

A short summary of the results up to thls p01nt 1s g1ven as,fr

.folows. There was no dlfference between 1nd1v1duals w1th a ‘high
' fﬂor low mean nunber of/perlosteal resorptlon spaces on the baSLSf
i of tpé::alstributlon among the three cort1ca1 areas (Table 4)

'TCorrelations among the three cort1ca1 areas were low in count onev'

e



(0 610 for P and M) and no correlatlon was found among the three
cortlcal areas in count two (Table 6b) ‘The correlatlon - o
between count one’ and count two (Table 6a) was highest (r.='0;886)
_for the endosteal one—thlrd. o | |
| Because count one and count two for the endosteal one—thlrd

: revealed a hlgh correlatlon ‘and thus perhaps greater'

]

-3

epeatablllty rt ‘was, decxded to concentrate on the data from o

is region in further analy51s This dec1sron is jUStlfled sxnce}
-Ti‘cortlcal w1dth is decreased w1th 1ncreas1ng age due to endosteal '
@u%one loss (Frost 1973; Albanese 1977) A separate and - third -
count  was taken on the endosteal one—third in order to’ confrrm
repeatablllty The correlatlon of count three with ocdunt one (r
‘= 0. 766) and wlth count two {r = 0.929) 1nd1cates lncreaslng'
accuracy and juStifies the assunption‘of repeatability o | Four
.flelds spaced apart as equally as p0551b1e were assessed in the
:endosteal one—thlrd. Each f1e1d neasured 0. 92 nnf at the level of
the sectlon‘ MlCIOSCOplC magnlflcatlon of x100 was utlllzed in
‘countlng resorptlon spaces measurlng between 80 um and 400 um.
The total count for the four flelds was d1v1ded by four to’ obtaln.
.;‘the mean number of resorptlon spaces'(poros1ty) per 0 92 nnf

'fLEId. Data from endosteal count- three of por051ty was used forl:

~‘fsubsequent analyses.
‘ The number of resorptlon cav1t1es 1n endosteal counts two and
| R {three were checked w1th the Slngh Index to determlne whetheri

‘_:Ethere was a relatlonshlp between endosteal poro51ty in cort1ca1

"

,\‘"fbone and trabecular changes in the PYOX1mal femur The Slngh‘“;

g Index (Singh et al 1970°”«angh et al.v1972) 1s a gradlng system’



' pattern can be observed in radlographs of the proxrmal end‘of the

1nd1v1duals (Jackes and Palmer) and aT[ d1fferences m gradmg ,

v'lfor ana1y51s. IR SR B ,

» j. . R o P
B : :

"basedﬂnonwéﬁanges occurrrng 1n the trabecular, bone of the femoral‘
head and neck with increasing age and osteoporosrs " The'
cancellous bone in the femoral head angd. peck con51sts of four'
groups of‘traheculae~arranged into-diStinct patterns “The “arcsi

’Eormed by the prlncrpal and secondary ccmpressrve groups

orrgrnate from the lﬁhér nedral) cortex of the femoral shaft

while the arcs formed by the prlncrpal and secondary ;ensile

i

groups ‘arise from the outer (lateral) ‘cortical bone"of the

-femoral‘ shaft (Figure'4 page 68) Changes in the trabecular

'

: femur As the arcs formed by the compressrve and ;ensrle
"trabeculae decrease 1n number ahd thlckness the Singh ‘Index .
7decreases in value | |

The index ranges from a gradrng of Six in’ normal 1nd1v1duals"

to a low value of one w1th 1ncrea51ng age and severe osteoporotrc"

!

changes A grade of three and lower 1hd1cates osteoporotic
1nd1v1duals At thrs stage, the prrnc1pal tensile trabeculae have;‘

decreased in number and the arcs formed by the trabeculae have

been 1nterrupted by resorptlon Secondary trabeculae of both the

ten511e and compre551ve groups have been resorbed The pr1nc1pal~
'ccmpre551Ve trabegulae are st111 clearly v151b1e.

The femoral radlographs were 1ndependent1y analyzed by two;l

were reassessed., The head and neck of twenty femora were"

suff1c1ently ccmplete to perm1t evaluatlon for the Smgh Index.

o

\These twenty femora were from the same group that‘ drov1ded cores ‘v |

P o \‘;.
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The pcortiCO—endOSteal porosity across the width of .the‘

_sectionv in total count two and the Sinoh‘ Index showed some

. relationship (r =~ 0.475, P = > 0.05, n = 16). ‘A‘ very slight

increase. in correlation (‘ ~ - O 493, p'= < 0. 05 n = 18) - was

obtalned ‘between the Slngh Index and endosteal count three There,

 was. a tendency for the Index to decrease ‘as ' the nunber"of

resorptlon spaces anreased.‘ At the osteoporotic level of  three

on the Singh Index the nean number of epﬁosteal resorptlon spaces ”

2
per 0 92 mn , was 11 25 and 11.50 compared to a total mean of 9 35
.2
spaces per 0 92 mm The male mean (x =‘9.28,‘ n = 19) was | only

sllghtly lower than the nean for females (ﬁi=’9‘50 n 12)

‘The ' number \of resorptlon spaces dxffered between OppOSlte

sxdes of each thin sectlon Unfortunately only the central upper

B

edge of the prox1mal periosteum wasfxﬁ{ked on ‘the cores. The

section sides were not marked SO it became 1np0651b1e to’

~ determine whether these dlfferences were conslstent for medial .or

; lateral sides or whether it yas just ‘an example of random

LY
K
\.

Y

\

. sectlon, vfrom‘ the left femur, the' rlght femoral sectlon showed

- only a small variation in the nimber ~ of spaces. The |ma1e
! . “‘)‘ . . . Ve .

varlat ion.

Marked dlfferences were observed between the two 51des of slx‘

th1n sections. The dlfferences ranged from-a value of 11 to 15.

’

- One thln sectlon, from a female (Ll), had 42 empty bone spaces on

- one 51de of the sectlon and 27 on the other sxde S

v b

Tﬁo 1nd1v1duals, one male (L18) and one. female (R20),‘ wére

‘represented by both rlght and left femora. . Thev ﬁsmale th1n
t

‘sectlon had a dlfference of 11 spaces between SldeS in ‘the

[
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individual showed little difference between the section sides of

~ 0

either femur.

" \

Counts revealed a higher mean number of resorption spaces

~

recorded in the endosteal region of the right femora for both'
; / '
sexes (L18, R20). These same two individuals also had a higher

mean 'numberQ of resorption spaces.in the right femora when the
n
means of the three arease(PME) in the entire thin section were

tabulated in count two. The mean pumber of -spacés was greater in

‘F the female sectlon (13.22) compared to the number (10.71) for the

male.

’Transverzp‘ lines in the thin sections ‘of' these same two
! , . ) ' o
individuals may provide another indication of differences between

right and left sides. The left femora%}sections bad a greater
_number . of lﬁnes than were observed in the right but these lines
were more frequent in the Section‘from\the female. .

The ageé.discussed in the following para§¥aphs were obtained
“ifrom Jackes prellmlnary age estlmates based on attrxtlon grades

(JaCKes 1984). 'The attrition ‘ages are based on a seriation
. !

of all Moita mandibles (n.= 50) aged fifteen years and over. The

+

serlatxon 1nvolved the orderil f mandibles based on the wear
of lpwer. molars from least wear to greatest. Each molar was
e
Zéaséessed on nine attrltlon levels fram no occlusal wear (0) to no
'f, Occlnsal enamel remaining (8). The mandlbles were then grouped on
.the .ba51s of attrltlon patterns among the three molars into

eleven overall attrltlon grades, taklng anterlor tooth wear 1nto (

. account. The eleveg attrltxon grades are here arbltrarlly glven

v
equal f1ve year age ranges ‘rom 15—70 years (Jackes 1984). .

‘-'.“ . .



Figure 5 (page 72), illustrating the number of endosteal
bone'spacesﬁ in both sexes according to S year age groups, .. Shows
an Uneven pattérn. Males show a sharp rise in the number of
resorption spaces”from 15 to 20 years of age w1th peaks at 20-25
and 35-40. After'age 50 there is a steady rise in the number of
resorption spaces. The earliest age for females in the sample is
20-25 years. A sharp riSe in the nufiber of resorption spaceé f rom
age 20-30 is foliowed‘by a slight downward slope to age 45. One
female, aged 55 to 60, prov1des the only value obtained for the

number of resorptlon spaces after age 45. The line depicting the

‘number of resorption spaces in females lies above that shown for

males except after approximately age SO when males have a higher
number of resorption spaces than is shown by the downward slope

of the lines for females.
o

Cortical Thickness
"

The cortical thickness of the male sample ranged from 4.595

mm to 8. OZOrnn whlle the female sample ranged from 5.131 .to 7.452

mmn. The male with the low score had a cortical thlckness that was .

lower than the female m1n1mum The mean cortlcal thlckness for

\

males’ (6.409 m, sd 0.92, n=20) and females (5.941 mm, sd

"0.72, n =12) differed by 0.555 . Student ‘s t was used to test
the significancelef rhis difference;ézhich was proved te be ndn-
significant at the 0.10 level (t = 1. 84‘ af = 31, P =0.10).

Age grouplngs based on attrltlon grades (Flgure 6, page 73)
showed that male cortical th1ckness was greatest between the ages

of 35-40 %ears. There was not a steady 1ncrease in thxckness as

“we

L.
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shown by the drop between the ages of 25-30. After age 30 'there
was a steady rise in cortlcal thlckness to the age- of 35-40
followed by a faLrly steep and progre551ve decllne lnto. older
age. The 'increase ‘in oortlcal tthkneSS in. females followed .a
| different‘pattern. There was a slight decrease in the 20-30 year

age ‘group followed by a slxght increase to aqe 40. After the age

of 40—45 there was a sharp rise in cort1ca1 thlckness into middle

age. Ages younger than 20 or older than 60 were not represented.

-

among the female sample

Cortlcal thxckness for samples of pooled sexes was not

SLgnlflcantly assocxated w1th densxty (r = - 0.008, n = 33),

endosteal . count three'(r = - 0.044, n = 32), or with the Singh
' A

lndex (r = 0.166, n = 19). Cortical thickness and ages based .on’

attrition grades showed a low negative correlation (r = - 0.315,

=>0.10, n = 21).

Density . - o,

-

Density values obtained from the bone cores of both sekes ‘

. 3 3 - . ‘ , 3

ranged ffom }.21 g/cm to 2.94 g/cm with g mean of 2.07 g/cm ,

i ' B . 3

(sd = 0.45, n = 33). Separate values for males (x = 2 12 g/cm ,
3

sd = : 0. 43, n = 20) and females (x 2 05 g/cm , sd = 0 42 n=

- )

74

12) show that the mean density values do not vary greatly franfk

- the total mean. Females have ‘a sllghtly lower spread of den51ty. |
‘ 3 3 ‘

scores rangmg between 1. 63.g/cm  to 2. 94 g/cm ccxnpared to the .~
3 3

scores of 1. 50 g/cm to 2. 92 g/cm ‘for males. The actual ‘weight
; R

- of the cores ranged from 0 2 to 0.5 grams

F).gure 7 (page 75). shows that densn:y is lowest m females
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at . the ages of 25- 30 with values rlslng to the1r hlghest levels
at '40-45 years of age followed by a rapid’ decrease 1nto older'.

ages. ﬂﬁé@s, in contrast to females, generally‘show an increase
in den31ty from the lowest levels at 20-25 years oé age to the
’.ages of 60-65. After age 65 densxty declines in’ males.' -
Cort1ca1 den51ty and Slngh s.' Index showed a moderate
‘negative correlation (r = —‘0.488, P=< O 05 n = l9)_suggest1ng

that ;density’ increases with age in ‘the 'Moita ‘sample. Low

correlations '~ were obtained between density and endosteal spaces

in count three (r =0.399, P =< 0.05 n'=32). and between

density and attrition grades‘zr 0. 235;” P => 0.10, n =" l7);
aDen51ty and cortlcal thickness showed no association (r = ;v
0.008). S o .
~ In‘-spite'of the low correlations, ‘the-contrast between the
tWo sexeslln relation‘to endosteal resorption ' spaces, cortical*
thlckness and density are readlly apparent 1n Flgures 5, 6, and 7
when attrltlon ages are used in the Ctnparlsons. In females, lan::
1ncrease ‘in the number of endosteal resorptlon spaces tends ‘to
c01nc1de w1th a decrease in- cort1cal thickness (r =‘- 0 670, P=>
'-0 10,Bn = 5), however, the. correlatlons might change wlth a ‘larger
'-sample. Females have a h1gher number of resorptlon spaces to age‘

\

i 55 and hlgher values f0r density than nales at ages 20-25 and 40— ‘

"45; At approxlmately SO'years of age a,{eversal 1n resorptlon’ S

ﬁihcores occurs between the sexes. Thls reversal also occurs ;n;u’

cort1ca1 thlckness at about 50 years of age when cortlcal -

thlckness 1ncreases for females but decreases forgi

» 5
1n Flgures 5 and 6, cortlcal thlckness and endosteal resorptlon

e o e e 4 ‘\'.z

k‘les. Aspshown.l«;f“:'
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' page 148) At the other extreme, three 1nd1V1duals‘ had high

"ounger 1nd1v1duals from the older 1nd1v1duals on the ba51s of

' spaces (r"= 0.308, t= > 0.10, - n‘- 12) in males tend to rise or

fall together untll after age SD when the pattern changes,'

resorptlon spaces 1ncrease 1n number along w1th a drop in '

thlckness.‘ 'All" three . figures ‘show. the . nale female‘ lines

Lntersectlng and then dxverglng where' value levels are reversed

A

between the sexes . h - R o
A negatlve correlatlon was obtained between the Slngh Index

and den51ty (r = - 0. 488 P = < O 05, 'n 19) and between the

_ Slngh Index and endosteal resorptlon spaces in both counts two (n

=16, r = —0 475, P = > 0.05) and three (n =18, r.= -0 493, p =

< 0. 05) Although there was only a weak - correlatlon the results

4

1nd1cated a. tendency for den51ty and por051ty to 1ncrease as

values of the Slngh Index. decllned. )

When scores were serlated from low to ‘higha few of the same
1nd1v1duals clustered together at elther end of the dens1ty~ and
endosteal por051ty values - For rnstance, tie youngest‘deflnltely

aged 1nd1v1dual (L57) had low denslty scores, a low number of

resorptlon spaces and a hlgh Slngh Index value (see . Table 1 ;'

denslty 1evels, a h1gh number of resorptlon spaces and a low,

grad1ng on the Slngh Index. The other xndlv1duals in the sampLe.

N

w1dths d1d not ser1ate 1n assoc1at10n w1th den51ty and porosxty o

Althdﬂgh it mlght be p0551ble to separate several of tbe,V

;

77,

‘ showed varlable results wrth no observable pattern. The cortlcal"”



CHAPTER 1V - I
 DISCUSSION - .
Review Of Bone Functlon}‘Growth,'Morphology ,jAnd Disease

The human skeleton con51sts of bone, a hard calc1f1ed

\ e

Amaterlal that ma1nta1ns the shape of the phy51cal body whlle

qiportlng and protectlng the soft t1ssues w1th1n the body. It”.

-acts as a metabollc storehouSe for ca1c1um and phosphorus and
 plays' a ma]or role 1n the regulatxon of homeostatlc serum calcium
levels. Calcium and phosphorus can be w1thdrawn from bone into
the c1rcu1at10n for use in repalr, fetal growth lactatlon and
:‘durlng t1mes of mlneral deprlvatlon (Hancox 1972-, Hall 1978)
Bone is a 11v1ng tlssue in a coristant state of change. It
undergoes alternatlng perlods of resorptxon and formatlon
‘Vthroughout the 11fespan of the md1v1dual (Frost 1964; —Laeroix

‘N

1971) ' Thls process constltutes the remodellng system and 1t is

_carrled out. by bone cells, the bone-formlng osteoblasts and the -

';bonefresorblng osteoclasts; ‘a1l bone- remodellng occurs on e1ther'"'

the perlosteal .1ntracort1cal (Haver51an) .or’ cortlcal—endosteal

L.

"1boné surfaces. Remodellng and dlstr1but10n of bone loss between."

these surfaces varles w1th age and nutrltlon, durlng growth and,' L

:;1n many Pathologlcal condltlons. lvbfl‘i\"

Resorptlon ‘of‘ bone by osteoclasts and formatlon _,by

osteoblasts on the perlosteal surface results 1n the slow outward“'

°3hfformat10n exceedlng resorptxon~en.the per1osteal surface, but thei*l-

?5thincrease 1n dlameter proceeds at a slqwer pace in the adult thanJ;“jf;i

T

[ T T e e

f[“fexpan51on of a bone such as. the femur throughout adult 11fe, w1thfj‘f‘%r“
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-

L 3

\

:of layers of compact bone on the perrosteal surface is seen"
"hlstologlcally - as c1rcmm‘:'erenga1 1amellar bone I;ifelongL'
subperloste@ apposrtron of long bones is acccmpamed by
enlargement of the medullary cav1ty (Smxth and Walker 1964; Garn

1970 Ruff and Hayes 1982). -During tht’growmg perlod the‘

enlarglng medullary cavity prevents the formatlon of heavy &ones

(S).mklss '1975).

There are two klnds of skeletal bone, Spongy and compact
(Bloom and Fawcett 1975; Parfitt 1983). The ends of. long bones‘.
3 ‘such as the’ femur consxst of spongy bone covered by a thin layer

: of compact bone whxle the walls of the hollow shaft are canposed }

of tthk layers of compact bone. chnpact bone con51sts‘ of

mlnerallzed .bone matrix deposrted in, concentrlc lamellae or

1

layers around a central: vascular canal to form ~an osteon ‘or

 Haversian system The . central canals of Haver51an systerns run

longltudmally and parallel to the long axis of the femur. An

ostedn represents a prev10usly resorbed area- -of- bone that has

N I3

. canals..A cement lme marks the outer 11m1t of each osteon.

Osteoblasts form the orgamc" matrlx (oste01d) composed of

‘mmeral con31st1ng of ca1c1um, phosphate and hydroxyl lons 'is :

) "deposued on the collagen flbers 1n the orgamc matrlx. K Durmg

’.H“ . [ 2 '(

;.subsequently been ref111ed w1th bone. Haveryl.an ' canals are -

connected to each othe‘r and to other blood vesgels by Volkmann sv ‘

"_"collagen and mdopolysaccharldes (glycoprotem) Inorgamc bone |

the process of mmerahzatlon the mlnerals are con‘verted to &

hydroxyapailte, the yplcal form of calcmn phosphate 1n mature

Lo

: o 79
in chilldhood ‘(E‘rost '1973) Perlodeal apposxtwn or the addxtron -

S

T2

3
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bone (Jowsey-and Gorden 1971).

S

L During matrix . formation ‘ ostecblasts ' are frequently

\'surrounded by matr1x and become trapped 1n“sma11 bone ‘spaces ‘

‘fcalled lacunae (Bloom and Fawcett 1975) The entrapped

.

osteoblasts are‘termed osteocytes. The1r cytoplasmlc processes

IS

are connected to a blood supply and to the processes ‘of ' other-. .
osteocyteS" via ‘minute vcanallculi; CanaliCuli are slender
‘branchlng tube-1ike channels radlatlng out into the bone fram

,each lacuna but the canallcull do noc.cross the ‘cement - lines

‘4
holdlng adjacent osteons - together. These ‘ 1nterconnections

presumably prov1de rapid transport for the exchange of nutrlents

- and . mlnerals between the cells and’ the nearest : vascularf

‘connectlon (Bloom and Fawcett l975) 33 -

The responses made by bone cells to changes in metabolxc-

,nutrltlonal,' or endocr1ne levels is wrltten as a semi- permanent

| record in the m1crostructure of bone (Frost 1964, SlSSODS 1971)

bSlnce these bone patterns are the result of 11fe processes, but

- 80

. last for longer than the- llfe of the 1nd1v1dual the patternSj tL

;frecorded 1n bone may be useful 1n analyzxng archaeologlcal bone ‘

3ff‘and archaeologrcél materxal.,w.

{for ev1dence of nutritlonal stress, pathology"and ‘bone 1035r”
The loss of bone 1n the later years of 11fe is a unlversaliu

'falesser degree 1n males than females (Nordln et alt 1970 Albanese :

‘.‘ R

| 1‘/"“ S :
-

l(Martln 1981 Ortner and Putschar 1981) '.'pff F‘f jf s:._;f., -
“:b5prob1em affectlng all rages and both sexef but 1t occurs 'to “atwj”:“ ;

;'}?1977-‘ Jaworskl 1983). Bone loss is’ not as recept phenonenon7.ﬁm

';frestrlcted to 11v1ng populatlons,‘ 1t has been observed 1n f05511; :‘Mf*"*V




‘ o
"Our fossil ancestors lost bone if: they
11ved M (Garn 1981 3)

8

- The cause of bone 1oss with 1ncreasxng age has been

attrlbuted to a varlety of factors Low dletary calcium Lntake,

decrease in ca1c1um absor%txon across the intestinal wall,.

v1tam1n D. def1c1ent 'statgs, proteln—calorle jmalnutrxtion,

Sﬁa‘g levels Of sex hbrmones, and 1nact1vlty have = been

Hdecrea

me11cated by various resear%hers at dlfferent tlmes In sp1te ofe

much, research effort over the years a speclflc cause of bone 1655

l

has not xas yet been iselated. It is p0851b1e that age-related

: ‘bone 1oss may be a canbmat\:oa/of severat of these factors. =
N @ : .
-Osteopor051s is the term that is used to descrlbe age—

\

related bone 1oss (Frost 1973) Although a decrease in bone mass’ -

l ' |

is a typical S;feature of osteoporosxs there are individual

. dlfferences ~in the .rates and the amount of bone that is Jost

: kY
(Johnston ‘et-al. 1980) Senile and post-menopausal osteopor051s

g

_1s characterlzed by-exce551ve endosteal - resorptlon (Martln 1981wﬁ

i

- -“»_.Thompson et al. 1981) .As a consequence there is a decrease in

w

cortlcal thlckness. Cort1ca1 w1dth normally,reaches a maximum

.-

bUt the rate decreases thereafter.. Max1mum bone den51ty in bothVL

-

sexes occurs at approxlmately age 35 (Goldsmlth 1973) 'f ”*?ﬁ’;_‘r

' Based on data obtalned 1n populatlonal surveys and research L

:,on groupg‘bf normal 1nd1v1duals 1t appears that most populatxons.,f

N

. e :
. experlence bone loss w1th progre551ve age._ Bone loss generally‘;

l~f;:ccnnences around the mxd-fortles 1n fe@ales and between the agespf

" 26—40 years of age 1n both naﬂes and females

.4Mazess }983) because of subperlosteal app051t10n‘

.81

. of so-so in males gsautn and. Rlzek 1966' Garn 1970-' Albanese-'." S
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" 1977). Dequeker (1972) found a decrease lnsoompact‘ bone ‘mass_

after age 40 jn’ both males and females inﬂJthea Netherlands,

4

Nigeria;' and Belgium\ but females had'a<faster ratel of loss
Mlneral loss of calclum and a decllne .in bone densxty beglns

after age 45 in females and after age 60 1n nales based on values
. '\ ‘
‘ of.normal u. S whltes (Mazess and Cameron 1973), and after age 50
)

,for both males and females 1n Japan,‘ Indla, Flnland and central
P
I,Amerlca (Nordln 1966) A survey of mxneral 1oss from bone rn

several d1fferent ethnic groups in Callfornla showed tﬁae females
“experlenced a‘"prec1pltous deqllne" after age 45 and that lossf
. occurred after age 65 in males (Goldsmlth 1973) An exceptlon hasb
been ‘hoted by Adams et al. 1970) who report’ that‘ 38% of ‘elderly )
Amales and  22% of elderlyyl females did not 1dse bone with !
o ‘increasing age during‘ their 'longitudinal study on bone loss. -
Since- bone loss 1n modern populatlons 1s a pajor health problem"
‘among the elderly it is of 1nterest to 1ngu1re lnto how prevalent,
;1t was 1n ancestral pogulatlons. . | |

| Bone loss has been studied by numerous researchers utlllzlng:‘v
fa varlety of technlques in both modern and archaeologlcal
populatlons of all ages. Most bones of the body have been stqdled
‘:Tin relatlon to changes 1n porosxty, cort1ca1 thlckness _énd’_m‘

1

'u}gtden51ty.‘.$ E f-h :,g “']hfkf L "@

;i.

Gortlcal bone remodellng has been studled 1n tlblae obtalned . r
..at : autopsy from modern populatlons | (Ortner 19750,.-'
"\Tarchaeéloglcal r1b from Ledders, a Late Woodland 31te, (Stout and““

n Teltelbaum 1976b), at midsraft ‘in’ femora of Alaskan Esklmos and
| 11ans (quhman et al.,'1979- Erlcksen 1980), and 1n femora;



-/

i

froff Sudanese Nubia (Martin and Armelagos 1979).

"
il

\

Teitelbaum'1976b; Stout 1978; Richmah et al. 1979+, nutrxtlonali
ItadeQUacy or \tress'(vartrn 1981, Huss—Ashmore 1981), health or
diseaSe '(OrénerAfl970-: Stodt andrsinnons f979),“b10mechan1caL
stress (Ubela er 1974), genetxcs (Ericksen 1980; Frank 1981), and -

sex and aglng (Frost 1964 Ortner 1975} Martin ~and” Armelaéos L

1979) TR e

. . f - A ' i ¥

Boné formatlon ‘Tates provrde rore than age estxmates they.

present Lnformatlon or ev1dence~of general skeletal health and

nutr1t1onal status (Stout and Simmons 1979). An 1mba1ance }n { he}

ratio of the number of formxng osteons to resorption spaces of
K h ‘

approkimately 10:1° (Ortner and Putschar 1981) or <9: 1. (Ortoer

-~

1970) may lndlcate lnadequate nutrltlon or pathology

Ko *

Cort1ca1 bone loss w1th 1ncreasrng age lS theiresult of a

dlsparlty between bone formation and resorptlon (Dequeker 1%]21,

w1th resorption exceedlng formatlon (Ortner and Putschar 1981)

\

As aglng progresses the\lncrease in resorptlon 1s greatest in the

endosteal area’ (Atklnson 1964 Duncan 1976~ Thompson et al..

.“-' N" a ; " ) . "\

.‘ 1981) ’“‘ : \

nautopsy‘ mater1a1 (Arnold et al. 1966-’ Bartley and Arnold

. 9

" Remod ling _ rates' ' are influenced by diet (Stout and -

Cortrcal thlckness‘ has been assessed 1n the femora of

| 196757; 11v1ng subjects (Barnett and Nordln 1960- Smxth and..l

ﬁ

: Walker 1964), and in archaeologlcal femora (Dewey et al 1969- L

'1972-7

[

van Gerven 1973 Bergot and Bocquet 1976- Erxcksen 1976-

Laughlin et al 1979 Thompeon et al. 1981. hatch et al..1983)

Coe
N “ T 7,-‘ 3_' /. .‘ ‘ ...'v -

" B t . - . . v "

Van Gerven et al 1969~ Van Gerven et al 1970 Armelagos et al.;i”“H

-

Ta
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Several levels along the femoral shaft have been measured

(Carlson et al. 1976; Ruff and Hayes 1982; Ericksen 1982). One

study has compared cortical thickness and histological changes in

1

the samewlocation (Mirtin and Armelagos 1979). Other research has:

looked at subsiﬁ%ence in relation to cortinal bo%e changes in the
rib (Saitta 1981), the radius (Perzigian 1973), the femur
{Ericksen 1976; Richman et al.1979), and the femur, netacarpals
and lumbar vertebrae (Pfeiffer and King 1983).

-

Cortical thickness is influenced by age, sex, wnutritional

(R,

]
stress (A?banese\l977), physical act1v1ty‘(Ruff and Hayes 1982),
Cn
eker 1972; Frost 1973; Ortner and putschar ' 1981),

an populatjon differencgs (Garn 1970;'%iicksen 1976; Thampson
i .
1981) . ~”" T
The changes in dénsity associated’ with incfeasing g9e have
been _studiéé/in cadaver and autopsy sannles of femora (Atkinson

et ‘al. 96'; 'Atkinson and Weatherell 1967; Atkinson and Woodhead
197;; n 11 et al. 1979):Ain'a:chaeological femorir(Trogter et al.
19? Thompson et al. 1981), in the spine (Nordin 1966), the
fibula, ulna and radius (Mazess and.Jones 1972)

Bone mineral content has been detetmined in radii, ulnae and

femur (Perzigian 1973; Mazess and Mather 1975; Laughlin et al.

1979; Frank 1981). Sigmon (1970) taok bone scan readings of bone

mineral at several levels along the femoral shaft 't3  determine

T

the distribution of bone mineral.

Density and bone mineral content are sensitive to factors

" such 'as age, sex, nutrition, fhysical activity, -pathology,

population differences (Mazess and Mather 1975; Albanese 1977),

- : B 3
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pariG?j lactation, and the menopause (Coldsmith 1973} .

Porosity

~ There waé a pronounced confrast betweeﬁ_the Moita Male ‘and
female pattegns of endosteal bone loss and cortical thinning.
Although it is possib%e tha netagolic différences in  the
utilization of availabhg dietary nutrientérmay bave accounted\for
the dlversxty, it is also posslble that some varxatlon in dxetary
resources may bave exlgzed Since the diet anluded a mxxture of
. both marine and terrestrial animals, females may bave placed a
greater emphasis thén‘nales on the Qg%suhgtion of shell-fish.
Femaies may have iﬁcluded shell~fish in-their agily gathering
activities and in. their diet while males may bave ingested a
"‘larger proportlon -of meat obta;ned f rom huntlng Th}s suggestlon
is supported by the observation that thxs type of coastal
réserce exploitation is presently practiced by male and female

hunter-gathers in Arnhem Land in Northern Australia (Meehan 1982)

and in South Africa (Bigalke 1973)." If this did occur at Moita, .

¢

oo . b
the intake of calcium might have been greater in females than in

males and could éxplaih wiep femates did not show a loss in ~

f €
cortical thickness in camwparison to males.

An increase in endosteal porosity during the reproductive

, .. . : |
period of females between 25-30 years of age suggests that

calcium intake may sometimes have been inadequate to meet the
demands of pregnancy and lactation. As a‘consequénce there may

have been a dra1n on maternal reserves to meet these requ1rements

although there was!;mly a slight decreaéed%k cortical thlckness

'

.
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at' that time, perbaps, because of high levels of estrogen and

progesterone during pregnancy (Kumar et al. 1980). The subsequent

- . .
decline in endosteal porosity beginning after age 30 _ continued

[,

but was more noticeable after 45 years of age
Males also exhibited an increase in endosteal porosxty f ram
age 20-25. Unlike females, endosteal porosity in males was marked

L4

by an ipnstability with high levels oc¢urriﬁ§fagain at ages 35~40

with a smaller increase at 30-357yeiredf age. The steady:rise.in |

r

endosteal porosity after age 45—50 occurs earljier  than bas - been

reported for normal males in mdédern pogulatxons- ThlS varlabxlxty.

could be dlet -related, 1nd1cat1ng periods of ° food‘ scarcxty .

However, the effects ‘'of a food scarc1ty would llkely be shown
. A}
more drastically by females in view of their role in

reproduction, unless thére was|some association between male

N
4

status qud a particular food item. Intestinal absorption of

calciumé?é%é haveﬂbeen more effieient in females than in males.
Y '

Malabsoq@%xon of minerals would create a problem with calcxum
fa

abscrptlon (NOrdin 1973 Albanese 1977), however, it is difficult

»

to imagine that a sex- spelexc malabsorption syndrone was
1nvolved |

It has been ‘sgggested ﬁbat some age and sex-specific
dffferendes in cortical renodeling and corticai thinning arem a
reflection = of relative.health snd en indication of nutritional

and/or dietary ekperience (Buikstré and Cook 1980). An early

- onset of bone loss in Eskimo males in thelr 40’s, similar to the

onset 1in Eskimo females, has been ascrlbed to the: ac1d1c effeCt

|

"of a high protein meat diet (Mazess and Mather 1974, 1975). An

86
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. increase in remodeling rates as a result of low calcium intake

\

such as exists in populations depeéndent on .maize agriculture .

\ 4

_(Stout 1978; Stout and Simmons 1979) or as in anciept &nd

)

contemporary Eskimos ingesting a meat ‘diet low im calcium
¢ ) . A —_ [ ‘
(Richman et al- 1979) has been suggested as a possible cause of

. gt
bone loss. The high remodeling rates may 'indicate a secondary

‘hyperparathyroid reaction tQ low calcium availability (Stout

1978; Stout and Simmons 1979). : o g .
it“ "has been poin%ced'out that Aleut pc\)pul tions have lower
| N

rates of bone loss than Eskimos despite a swilar intake of
dietary protein (Laughlip et al. 1979). Co.nflic_:t:ivng reports on
: : : : A

the poésible role of dietary protein and phosphorus‘“in bone 1oss

has been noted. High protein intake increases calcium excretion

(Mazess and Matber 1974; 1975) dnd leads to osteoporosis (Anand——

and Linkswilé'f‘~"i974)z Experimental evidence indicates that

Einary calcium either shows no change (Spencer et al. 1979;\. or
is decreased (Nordin et a;l. 1970) when a high‘protein diet 'is
| combined ‘Qi.th a high phosphorus | content. A high &xospjzhorus
content in the diet inc;'reases absorptio\n of calcium (Spencer et
al. 1979) while phosphorus deprivatiqn »incre‘ases urinar'y cailcium‘

excretion (Norman 1980). It appears that most human diets are not

deficient 'in protéih_ and phosphorus (Albanese 1977; Spencer et

“al. 1979) and contain higher levels of phosphorus than: calcium

S

N but calcium neﬁabolis;ﬁ is unaffected by the disparity (Irving |

”»

1973). Apparently the ideal Ca:P ratio of 1:1 (Guthrie 1975;

.

" Runyan 1976; Wing and Brown 1979) is seldom a reality in the diet

[ . H
in-many countries (Nordin et al. 1970).

?
°f

sl
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The Moita populatiob\also consuned'a meat diet presumably

high in protein, low in .calcium, and hxgh 1n phosphorus along.

~with’ shell~fish in the diet. For example, rabbxt and deer meat’

contain high levels of protein and low levels of calciun (Souci

1981). Mussels. are low in fat and protéin content (Parmalee and

o Klippel 1974), . high in phosphorus.and relatively high 'in calcium

' 1983).

~'cqmpared to red meat (Penningtoh and Church '1980; Adams‘»and 3

\

' Richardson 1980). In order for the sexual differences., in’
a ! . . " o :

resorptionftgo occur,” the two sexes may have placed a different~
t B .

emphasis on dietary items or som®additional factor may have been

involved. .
’ ) "o
* - vy

\

Males may . bave experien phy31olog\ca1 or psychologlcal
stress. As a'consequence'of stres there may have been a rlse in
prclonged stress ‘was a factor in the_ life of older males.it'could

have leg to osteoporosis (DeLuca'1982; Manolagos et al. 1979).

A

~ The bone loss ‘experienced by'ueles may indicate that males were .

experiencing more stress or were more sensitive to stress than

females. Stress and cortisol lower calcium absorbtion (Alvioli

L S T

R Y

Cortical Thickness

-, ) . .
B § Yo, » . < . }‘

Cortical 'thickness has been assessed in-twb‘ﬁays, for the -

il

’ . \
Moita femora'. " The. f1rst nethod ‘was based on a direct

c

“neasurement; to three dec1ma1 places, of the wxdth of the sample

\‘ \
cores (Table 1, page 148) 1nd1cat1ng the thlckness of the m1d—

L3

:femoral anterlor cortex. The cores were measured W1thQut

1
» o

Rt

s
A .
\

Goalt
L
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‘the level of circulating cortisol {Selye 1956; Guyton 1976). 1f o
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modification, since the trabeculae were removed during the coring

’

process.

Nordin’s 'Index (Barnett and Nordln 1960) was the  second

method used to measure cortical thickness. , The thickness(of the
cortical bone at femoral idshaft was evalliated on radiographs

and ‘expressed as Nordin’s Index (Lubell et al. 1986a). =The

' !
Nordin s Index data wére derived from twenty=eight radiographs of.

Moita femora. The x-rays weré anterior-poSterior exposures with

the femmora positioned .to lie flat in order , to -give maximum

clarity to the trabecularvpattérhs in the femoral neck and head

for later evaluation of thé Singh Index: (Table ,1, page 148).

s S
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Nordin ‘s Indek was Falculated asltotalmidsh7£t breadth/medul lary

canal breadth (Table 1, page.l48). By the agé of ﬁ%5—40‘years

maximum. Once initiated, ' cortical thinning continued and by age
, N

45-50 years cortical thickness was less than that of the 15-20

f,year ‘old male. The-only fairly stable period occurs during the
i ‘ . - , |
‘ages fram 50-55 to 60-65 years when the cortex loses.very little

in thlokness, presumably, because" periOSteal 'appoSifion and

l

, cortical _thickness in the male sample at Moita had reached its:

~a

endosteal resorptlon are equally ‘balanced.’ Both endosteal'

‘é;‘
porosity (Figure 5, page 74) and cortlcal th)ckness (&1gure 6,

page - 75) 1n males are. character1zed by sharp lncreases and

.decreases 1n values throughout the leespan.-

The bone of the female sample wasﬁnot marked by. “these

thxckness durlng the early reproducthe period at .ages 25-30

//’*\‘although 1t was accompan1ed by a rise in éhdosteal porOSLty éhe

' . @
» . B \

N

_ fluctuatlons. There was only a slight decrease 1n cortlcal' o
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A

increase ‘in cort1ca1 thlckness along with-a decrease in endosteal’

resorption contlnued and was partlcularly notlceabla after age
40-45 when bone loss mlght\be expected to’ appear . Endosteal
. appOSthon in later adolescence and durlng pregnancy may be an
adaptatxon ‘for the stress of later lactation (Garn 1970; 1981)

and it may account for the increase in cortlcal thickdess. The

a
I

increase 1in cort1cal thlckness may 1nd1cate an accumulatxon of

" bone resultlng from several pregnanc1es. Calc1um absorption by

s

the intestine‘ is 1increased during pregnancy and leadsgtx)ian

increase in cortical thickness (Kumar et al. 1980). As a
conseduence"of multiparitf' there is’ more bone in later . life
fespecxally if lactatlon is llmxted or non-ex 1stent (Garn. 1970;
1981). The accumulatlon of bone in females ‘after age 25- 30 may
have' occurred if lactatlon was curtalled by fetal losss
shortened by early infant death or the pragtxce Of « ;nfant;clde

Males lost bone but females d1d hot Females may not have

\

lrxed long enough after menopausal changes for bone degeneratlon

or osteoporosxs to become apparent (Flgure 6, .page 75). It- is

90

also possible that‘the menopause may have occurred somewhat 1ater"f

'than it generally does in modern populatlons although this cannot
be verified. A decreaSe in bone densrty of females after age 40
- may be more‘sen31t;ve in predlctlng later bone loss before it
aétually affects cortieal'thickness N

In contrast to most . research reports (Ba?tley and Arnold

°1967; carlson e,tnal 1976) the males in the Mo1ta sample showed a

‘relatlvely greater qecrease 1n~cort1ca1 bone’ width than the

T females. After age 45—50 cortical w1dth in males was much less



R

6. 564 nnland 5. 208 mm- for the 15~ 40 and the 45~ 70 year age groups
reSpectlvely ThlS represents a 1 356 mm  loss or a 20 7%
“reduction 1n cortlcal wxdth with age A loss thls drastxc may

1nd1cate severe physrologlcal stress . Because of the small number
b o
of fenalgs in the sample (n =5) it is dlfflcult to judge the

! .

rellabllity of these results A further problem is ' that . both

» \

nales and females - in the, sample may have been assigned to an

1ncorrect age group

N \ ) v
.

The age estlmates based on the degree of deftal attrition

may reflect dletary dlfferences A dlet 30nsxst1ng of shellfflsh

(and sandy. grit ?) may have produced a dlfferent pattern of
dental wear in cbnparlson to fne\of terrestrxal anlmals The '
inclusion of plant foods such as\’nuts of\seeds in the diet may
have increased dental attrltlon Aependlng on the;r degree of
hardness and the quantlty'consumed

/

Other researchefs on archaeolbglcal samples have calculated

..
-
..

the average of several measuremeqts at mldshaft and have reported
non-51gn1f1cant m@an bone loss in nhles aged 40 50+ at 3 9% 1n X-

group Nubians (Martin et al. 1981), . 11 3% at the Campbell site
: . ‘ ‘ N

Missouri (Van"Gervén et al. ;970)} S 43 at a site 1n»Utah (Vanv‘

Gerven 1973),

|
I
— al. 1976) \20 7% loss in anterlor cort1ca1 thickness of M01ta

Lo ' ) N o i
i ' H ) ) . oo . . ' o \ 1 N

“

than that’bf fema;e ‘ Tha mean cort1ca1 thlckness for males'was

v
¢

and 8.1% at the Campbell 51te Missouri (Carlson et‘

4&ales ; appears« to be canparable to. the 51gn1f1cant 17 74%u

’ e
-

.reductlon in the anterlorjsggtex-of Arlkara‘ Amerlndlan males

(Bricksen 1976), a sedentafy group combining horticulture with
.‘\ ‘ .

\
N . o
o, E L

_'bison.ihunting.f In all'oflthese‘casesTthe females in the sample

91
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lost a. significantly .greater  amount .of cortical bope in.
comparison to males.

These data of diminished cortical thickness in females are [y
‘ q " i b

in direct contrast.to.the results obtained for females at Moita, B
in which there appears to be a reversal in the values obtained Y
- : » .

for cortical bone loss in males and females Based on Nordxn s

'
N

o Index, - the Molta females have a mean of 2,06% greater cortxcal

bone than the nales. E‘emale oortlcal thxckness was mcreased from
a mean value of S 371 mm in the ‘age groups: 20~ 30 to 5. 93 Tm  in

| those aged between 40-60 years mdicatmgv.a gain of 0.224 mm or -
.‘ . ) ' (

» U . : ! ’ / . [d

A4.2% ip cortical thickness. Since the cortical width was greater

Y

in’ males  than female3u untll thlS age -the loss of w1dth appears

9
qm.te drastxc. 'I‘here ﬁs been ,Some suggest).on that the rate Qf

' A

bone loss is proport10nal to the 1n1t1al mass (Johnston et dl
. Lok o ')

1979) , . o

The sharp decrease in cortlcal thxckness and the. 1ncrease in

/ ! t 4 . N

‘ end?steal resorptlon w1thout an acoompanxmg decrease in bone
density 1n males after age 35-40 may 1nd1cate the onsqt of -
osteoporbsis and relatively early‘agling canpared to present day
standards.‘ However, 'bone ‘density. is a function bf weight ' and

volume in this research. The weight may be hlgher because of an

-

}mcreased uptake of external mmerals or dep051t10n into some of

n

the resorptlon spaces or Haversmn canals. . L -

Osteoporoéls is. characterlzed by less bone than some
3

: s;tandard ‘of ‘normal but what remains has ' " normal mineralization '
SO e
(Alvioli 1983) while premature bone loss appears to be _assoc;ate‘d

with a decrease in mineralization (Martin et al. 1981)‘Secondary o

-

%

S, s
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osteoporpsis, unrelated to the senile or post-mencpausal variety, .

results from a greater than normal increase in bone resorption in
endocr1ne dlsease or d1sordered ‘bone metabolism caused by\
exogenoug\ factors such as the use of drugs (A1v1011 1983)

C11n1ca1 studies o ‘normal males indicates that bone loss - does

‘O‘years‘of age, _ the average age for bone
{ changes in most males (Garn 1970 Irving 1973). Several factors

may have been 1nvolved in the rapld 1oss of ' cortical w1dth in’ the

\

M01ta males. Imbalances in the dletary intake of nutrlents such-

as proteln, ca1c1um, or, the ingestion of tetracycllne, mlght have

2 created problems.‘ . \A . B
'Endosteaf resorption 'énd‘ loss of'»cortical thickness in

"

adults also occurs in protern—calorle nalnutrltlon (Garn 1972;

Huss-Ashnore 1981) Although shell -fish are low in protexn and
P .

. fat. (Parmalee and Kllppel 1974) it is expected that sufficient

,/ ’

\
protein was obtained from terrestr1a1 anlmalsl espec1a11y ,since

meat from wild animals contains more protein than fat .(Eaton and *

!

_ Konner 1985). égn increased intake of_proteinfmight account jgor

cortical thinning in males at Moita and lend . support to the

I's

: * . QA . ‘ ‘
suggestion of dietary differences between males and females.
ISK has been noted that alcoholic intake is associated with

‘general‘zed.ostepporos;s in modern males (Albanese 1977)." A loss

(Spencer et al"'19793 has been observed‘with the C\:Snsumption'of'T
S

’

'alcobol One report 1nd1cates that tetracycllne 1nduces urlnary

ae.

ca1c1um ‘loss (Spencer et al. 1979) but the long. term effects on

bone . are unknown Alcohol consumptlon and the: v antlbrot;cﬁa

«

e

of bone mass (Saviile 1965), \even in,relativély"young males

93
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tetracycline ‘(discussed later in further detail) could . have

promoted calcium los$lin‘ma1es at Moita. If the nales at ‘Moita

. had consumed aicohol it is p0551b1e that reduct1ons 1n the

8

d1etary intake of proteln and calclunL frequently occurred and

194

——

were: rnadequate to ‘maintain cort1ca1 bone thlckness. A lower

-

.intake of ca1c1um, in - general, may have occurred 1f nales

) con51dered shell flSh as a Lower status food and preferngd the

flesh’ of , w11d animals. A -1oss of calc;um from alcohol ‘or

tetracycline and a lower calcium intake may,have ‘cambined to

[ .
produce thinner cortices in males. .. Lo

[

Ortner's research (1970) on modern nales suggests that there '

P
is a 10wer osteon formatxon rate and anreased resorptlon ~with

increas;ng‘;age aqg lcohollc Lntake compared to the ' rate in

normal individuals. These resultg do not explaln the contlnued'

.

rlse in density in males after>35 40- years of age espeC1a11y w1th
t

xncrea51ng endosteal porosxty and decllnlng cort1ca1 thickness .

/.

but as prev1ously dxscussed postmortem m1neral dep051t10n may_

/
have resulted \in hlgher values for/ den51ty One study has

-

reported a p051t1ve correlatlon between densxty and age in' a .
- small sample of modern bone from'glack males (Baker and Angel.

1965). The productlon of alcoho from cultlvated gralns gathered‘.

suggested as a p0551b1e source of

' and stored in mud bins has bee
contact w1th tetracYcllne and alcohol 1n a. sample of the ‘Nubian
populatlon (Bassebt et al

d Gervxn 1982) .

.I‘he Mo1ta popul

léi,' ‘unlike 'the.,Nubiansvm they were not

)

, tetracycllne,- Howe

7/1980; Bassett 1981; Hummert and Van

ion also show evidence of contact with



agrlcult ists. JThere has been no ev1dence reported to 1nd1cate
Brists.

[

-

'the presence of prehlstorlc graln at the Moita site. The purpose‘

of the excavatlons in 1880 and in the 19SOS may not have included

vpollen ana1y515 or else soxl cond1t10ns were not conducrve to

pollen preservatlon Accordlng to Henfrey in 1852 the vegetatlon"
and .its distribution in Portugal had -not been exten31vely

studied;.although, he does mention stone plne\(Plnus pinea) north

of the'Tagus'and both. stone pine and‘oat—grass (Arrhenatherum)  in
southern Spain | ‘ o o
Several snall graln oat varletles grow 1n south and WESSY

Portugal and in southern Spaln These and barley (Hordeum) are

con31dered as weeds SlnCE they grow n«t only among ‘the sand and

roks near the sea but are found 1n waste ground and grassland :

(Tutln et al 1980) It 1s not known if these graxns are of

Y

’ancestral orlgln or if they were present when the Moita peOple

~

were living at the site.

If the fluorescent marke“% in the bone were the result of
tetracycllne—lnfested graxn 1t may suggest that the grain was
used for an - alcohollc beverage or as, a‘ dletary resource. Slnce'

: \
the Moita females, %p ccnpﬁllson to males, show.no loss of

' cortical bone mass} yeE>Bath\sexes Showkthese'tetracycline labels

in the bone), (see below) 1t may 1nd1cate that’ males consumed the

: alcohol wh11e females used only the graln. The graln_umay have

_been cooke:ct;gjz.porrldge or made 1nto a bread. The ca1c1um— l

"blndlng effects of phytates in the graln (Irv1ng 1973- Albanese‘

a {11977) may have reduced any tendency to calcxum def1c1ency,3 'or

- ' .
‘ the ca1c1um content in: ~the she11~flsh d1et may have been a

)
X ‘ Tt . s . .
L T . - L R S : . : r

s bs [b‘
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sufficient‘for both binding and absbrption. It‘is possible that

ycooklng may have destroyed the actlon of phytates in the graxn

96

‘(Martin et al. 198I Huss-Ashrore”et al 1982) or perhaps‘

'females dld not 1ngest the grain on a dally ‘basis. Whatever ‘the

reason may be ' Nblta‘females‘do not show 51gns of cortical bone

)

loss. » L ‘ ‘ o e

' n

Density R . o ng

" The hlghest levels of bone densxty Ln the‘\mqlé\xﬁgmxﬂat;on

Loa

are found in the .60-65 year age group. Thls may reflect the many. -

years of huntlng actlvrty experxenced by the male. In fact, ' the

major stimulus in maxntalnlng optlmaljbo%e density may“be regular'

r

'br‘yhabitﬁal physlcal activity (Jette lb76). other workers have '

noted. ,similar- increases in bonewdensity with phys1¢al act1v1ty
(NllSSOD and Westlln 1971"antoye et al. 1976). N

o The rapld rise in bone”denstgy from the low values shown by

" - the younger males of 15- 20 years to the levels of the 25~ -30 - .year

'Y

- old group may colnc1de with the 1n1t1al increase in phy51eal,

N
act1v1ty assoc1ated with, ‘tHe huhtlng way of 11fe Custamary

[part1c1pat10n ‘in serious huntlng act1v1ty ls not expected until

approx1mately 20 years of age ' in some contemporary hunter-

. gatherer cultureS‘ 'For 1nstance, the 'Kung male does not actively'

engage ‘in productlve pursuxt of - food animals untll after marrlage

between 20 25 years of age, (Plog et al 1980) t

tod

The most product1ve 'Kung hunters are between ‘a0- 60 years of

b
n

o age w1th work effort dec11n1ng after age 60 (Iee 1979) The_

'-decllne in bone den51ty of the Mo1ta males after ‘the age of 60- 65‘

N .

[



»

may indicate a similar reduction in hunting activity with
advagcing age. At the age of 60-65 males still had density values
comparable to those of the 4dTZS year old females. Bone density
in mﬁlés was less variable than in femaleé and i§ decreased ?t a

much later age than the drop in density shown by females after

the age of 40-45 years.‘ The sexual differences may result fram

the different physiological stresses experiented by females
ddring the reproductive years, or the difference in hormones and

4
the eurlier 'decline in female hormonal levels than is shown by
& R b i

males.
As indicated in Figure 7, bone density in males incliped

/ )
fairly steadily'with age to the 60-65 age bracket iﬁ contrast to

the non-linear decrease in the bone density of females. The Ilow

correlation between density and age (r = 0.238, P = > 0.10, n ="17)

may = have ' been influencgd by the fall in bone density of the

females between the éges of 20—30vand 45-6Q years. The non-linear

decrease invfehale density.also may have prevented higﬁer negative
Gprrelations between density gnd the Singh index (r = - 0.488, P =
<0.05, n = 19); A tendency for dénsity to inprease with age is

implied ;Ihce ostéogorotic bone loss is usually associated with

advancing age (Singh et al. 1970; Singh et al. 1972). Lower

gfédes on the Singh index have been associated with increasing

;ge (Dequeker et al. 1976). Othég studies have indicated a

positive correlation between density and age in Black males; they

showed no ‘ loss éf densitY witg'ihcreasing age (Béker and Angel

1965; Baker and Little 1965).

\

In general, Moita females had lqwer cortical bone “density

97



Wﬁen 'compared to males. The small number of females with age
assessments (n = 5) as graphed in'Figure 7, -shows that between
‘2Q:25 yeé:s‘of age and between 40-45 years they have bone density
exceeding that shown for males. A sharp decrease in the bone
density of femaies in the 25-30 year range occurs when they were
most iikely to bg in var{pus'stéges of prEgnancy. or lactation.
Altﬁouqh more” calcium is stored in the bones dgring lqestatibn
than is required for fetal deQelopmeét (Irving 1973) it day bave
'ﬁﬁe; inadequate to.meen the stfessvof‘lactation, pért{cularly if
bone Amineral was more available than calcium absorbed. from
-

dietary sources. ’

The drop 4n bone density inp fe&ales during this five vyear
period may be linked to child-bearing and to the extende@kperiods
of lactation reportedly practiced by ’many hunter~ga‘\thererl
populations (Lee 1979; Coon 1976; Coale 1974). If ‘calcium and
phosphorus were being withdrawn from bone fo meet mineral
requirements during Laétation it may not have béen obtained
entirely 'by endosteal reégfption. The mean percentage of empty
bone spaces was fairly evenly distributed tﬁrouggout the cortex
except in oﬁe individual with ; higher percentage 15 the middle
one-third ~ of the cortex. In fact, in'a comparison of the total -
cortical area the percﬁntage of bone s@aces was greater either in
thé middie one-third or in the outer eme-third . for all  females
ipcluding those without established aées. Noﬁ‘one female had 'a -
greater perCentage in the endégteal arga. It appears that ;f;—

mineral was femoved it could have come from within the total

cortical area. This assumption is inconclusive as-the counting
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procedure necessarily included both redorbing and reforming

cavities because of the bone staiﬁing ‘éroblém. Suppbrting
evidence, howevef, is provided by only a very §fight decrease in
‘cortical  thickness. It may have been possible to verify the‘
\ ‘ ‘ .
proportion of mineralized areas with microradiographs (Jowsey
et al. 1965; Martin 1981) but facilities for‘this procedurelwere
not available, Staining with Tbl@idine blue has been used in
clinical settings to determineqéhe ratio of mineralized to non-

mineralized bone (Sabeau Pers.” comm. 1985), but this meghod was

not attempte@ due to the poor results obtained with the other
stainé. | iﬂ
| Calcium and phésphorUSr can be retainea inl‘bone during —
lactation if the intake is above maternal requirements (Irving
1973). Tﬁe phosphorus and calcium content, in the shell-fish could |
have added .a signifitant amount of mineral to the diet to meet
lactational‘(stress. The decrease ip densiﬁy suggesﬁsl that
adeduate mineral may not have been available at all times for one
Or more reasons. - T
Seasonal occupation of  the site might hgve prevented access
to shell-fish in the off-season or the supply of sheil—fishA may
have fldctuatea. ?ersonal' préfefénce and\}ood tabops éucp as—"
diefary restrictions asgociéted with pfegnancy ,and  lactafién
(Coon 1976; Meehan 1982) could have lowered mineral intake.
QVegétgbls sources of éalcium and.phosphorﬁs ﬁéy not have been»aél

o . N .
readily available depending on the season.

.The.\decrease in the bone”denSity of females aged 25230 may'

hdave resulted from a delay in secondary miheralization associated

&
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with  an increased demand for calcium during lactation. During

pregnancy minerals required to meet the needs of the developing

fetal skeleton are met partly from dietary sources through
S ‘

“intestinal calcium absorption and partly by mobilizing ' minerals - -

1

from matermal bone (Parfitt 1981a). The process of ca1¢ium
accumulation ‘and an increase in bone mass begins early {n‘
pregnancy 1in péeparation for féfal OSSificatién in the third
trimester and fof later 1éctation.‘ Highilevels of piasﬁa vitamin
D boccur“ early 'but a‘high 1evé1 of pafathyroid hormone (PTH3
nonnal:y occurs only in the later stages of pregnancy {Kumar
1960). This seco;dary hyperpafathyroiéism of pregnancy appears po‘
be ﬁemporary, reversible and occurs in‘resQonse to a 1oweriﬁg of .
blood éalcium levels (Parfitt 198la). As a result of the iﬁcreasq,
in new bbﬁé mass and incCreased bone turnover dhring lactation;~‘
secondarily stimulated hypgrparathyroidism may have occgpred ;n
aSSOCiafion with a delay ia .secondary mineralization.
Hyperparathyroidism’ is aséociatgd‘ with a delayl in secondary
m;neralization (Whea;er 1979; - Parfitt et al. 1981b) .and low bone
densiéy (Jowsey et al. 1965).

| A similar:f;S;;tion in bone density occurs in ' Moita males.
aged 30-35 yeérs. Lower bone densiéy gt this agé .spggésts that
~ dietary calciumr ﬁay have beén inadeguate. Acééés to a higﬁ;‘
caicium ‘shell-fish diet may have.been curtailéd .bf seasgnal
‘ocqupaﬁion‘ of ;hé siEé‘or seasqnaiiscarcity of these ﬁarine
forms'or pe;hapsvma1g§'pfeferfed to place a‘greater fe}iaﬁce 6n
léw calcium meat ffom teriés;rial hunting. Ipsuff;cient'Jitamin D
<-ébu1d also ' have dé@feased intesﬁin§1' ca1cium absorption,

(
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resulting /in low plasma calcium levels (Guthrie 1975) and

\
)

problems with lmiheralization (Pareons 1980). ' However, a‘

\

deficiency ‘would not be expected in the Moita' hunter—gatherers

L]

who . may -have received an!adeqﬁate supply of vitamin D thrOugh ‘

»

solar ‘irradiation of the skin as a result of wearihg minimal body
covermg espec1a11y in a.mild climate. Calcium absorption by the

1ntest1ne could have been 1mpa1red if grains had been

included in the diet.  Phytic acid, the organic phosphorus in

grain, forms an imsoluble salt with calcium (Irving 1973; Alvioli
1983). As a result the decreasé in serum calcium levels could

'have initiated a secondary hypgrparathyroidism reaction.

The' physiological reSponse‘ of the body to a lowering of .

serum calcium -levels leads to an  increased secretion  of.

parathyroid hormone -, (PTH) which stimulates osteoclastic

resorption of bome. This reaction results in tlhe release of

calcium ions from- the bone and raises serum calcium levels

(Sxmklss 1975; Parsons 1980) ‘ Inadequate'dietary calcium intake,

may have had an addxtlve effect on-females already under the

stress of pregnahcy and lactation. This could explain the sharper

decrease in bone aensity experienced by the 25-30 year> old

. females when ¢compared to the decline in 30—35Lyear old males.

Disregarding ages and including the total saiple, both tales

4

~and females,‘ there was a’sli'gh‘tly highe’r‘ number of . resorption
spaces in ' the outer penosteal one-third followed next by the ‘
d-cort1ca1 areas.. When. all three cortical areas (PME) were

ccnpared there were. fewer resorptmn spaces in the endosteal one- .

t_h_lrd md).catmg that calcium was mthdrawn_;from the total ,
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- cortical area. Resorptlon is repdrted'to be more diffuse and .
'widerp spread xn hyperparathytoxdlsm (Armold 1970; Jowsey and
'Gordon 1971)  but both forma+ . and resorptlon are increased
(Stout and Sinnons 1979).  When the number -of resorptxon spaces
in the endosteal one—thxrd were counted separately in count three: '
and the endostea} porosity‘-WBs campared between each female and
each ﬁalevthere was an inorease in the number of spaceS‘withf age
 for both sexes. Houever,‘cortical thickness does'not decrease. In
1
fact, 30 35 year old males show an 1ncrease in th1ckness over the
values of the prevxous 5 year perlod while females show only a
very modest decllne This observatlon appears to support the
suggestxon ‘that ca1c1um was w1thdrawn from the total cortical
area. If these results were caused by dletary deprlvatlon it was
short- 11ved and tenporary as bone densxty increases in females y‘f
‘ unt11 age 40*45 and 60 65 years for males.
The subsequent stéép rise in the bone densxty of. Morta
females after age 30 may haVe been in responsi to the. heavier
‘phy51c 1 " demands madexon fenales during the reproductlve cycle
The M’lght of the unborn child plus that of the older 51bling
| carrled .was an addltlon to the normal welght of. gathered food

-

1tems or personal belonglngs éarrled durlng vmovement to new

.r‘

? T

occupatlon sites (Lee 1979 314) . ﬁ§§ B
‘an 1ncrease in bone den51ty in ‘modern populatlons has been 35

| observed w1th an . increase in phy51ca1 act1v1ty (Nilsson and |

-Westlm 1971) and with mumpanty %parfltt 1981a) A low level

of m1nera112atlon has been noted durlng lactatlon but high: levels f,'

' !
7.were ‘ present 1n preSent—day females after . chlld-bearlng



1] .’ ‘- i ' ) ‘ I l"
*“«"‘E\\ o . I

A ‘ : ‘ " ' * L

- gatheref females, espec1ally after the arrxval of chlldren, would

Ay

have requlred strong bones to support the addltlonal wexght ,and

to minimize the,‘danger of bone fracture. An increase in bone,

strength evidenced by increased density and cortical thickness
) K ~ “ .

(Mazess - 1983) may -have catpehsated for the .smaller bories of

- W | ' , , o

females.

A greater utilization of shell-fish ‘with their high-

phosphorus . to calcium ratio (P/Ca) may have.'occ;xrred‘ in  females

after child-bearing. 'Phos'phorus is known to increase calcium

' . 103
(Goldsmith 1973). The . burdens habitually carriéd by hunter~'-

absorption resulting in a positive calcium balance (Nordin et al.

1970; Irving l973>). It has been suggestéd that .there is a good

, oorrelation between bone density and't‘lﬁ calcium content of the
.. . ’ ’ ~
diet '(Williams, et al. 1964) %\\other sresearch ‘has offered

' contradictory evidence (Smith et al. 1965; Exton-Smith et al.

1966).. i
The loss ‘of bone densxty an fenales after 40- 45 years of age

and in males at‘?gr age 60-65 ‘may have been hormonally medxated

s

"-Dlmml.shmg levels of hormones begm earller 1n fenales and mark

[g

the onset of n\ehopause_ yusually in the tm.d-40. s. -In males hormone

‘levels are apoarently naihtained until age 60-65 but “are then

lreduced to levels sunllar to those of premenopausal females.

A

Although the *age—related changes m the bone go! 51ty of these

Mnta hunter-gatherers are smular to those repo ‘ ed for modern -

: populat:.ons other factors could have nade a Jzontrlbutlon to - the

'observed changes. ' S " S SR

I_t l.S assumed that the end of reproductlve life was also
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accompanxed by less - strenuous work effort. by females:‘since
physical act1v1ty lncreases the den51ty of bone. ‘Dallv gathering
would bhave contlnued but without the extra burden of child care L
Presumably males over the age of 60 became less actlve in hunting
resultlng “in lesé mechanlcal stress on  bone. When  bone 'ls

. ‘ \ . —
subjected tg less stress and straln it becomes - less dense _
(Albanese 1977). In addltlon, the 1ntest1ne absorbs calcxum less o
eff1c1ently with increasing ‘age (Bullamore et al. 1970; Gallagher
‘et aL. 1979). Ortner (1975) has also indicated that the rate of
seCondary, minerallzatlon decreases with 1ncrea51ng ‘age. ance

v

mineralization increases the den81ty of bone (Parfltt 1983) any

‘delay would result in bone that is less dense.

;ﬁsynnetry

The thln sectlons of cortxcal bone have provided ‘ev1dence
that por051ty varies in dlfferent areas within -1nd1v1dua1 th1n
sectlons Por081ty also dlffered between the rlght and left femora
of one male and one femalet These results tend to support Frost ‘s
(1964) observatlon that remodellng actlvxty dlffers between
dlfferent bones of the body and even w1th1n nearby reglons of the d‘

vsame section. The number of, transverse lines in. the sectlons ot
~rlght and left femora élso differed. X canparlson of rlght and,j
left ,femora 1nd1cates that the mbst dense bone has greater‘f

cortical th;ckness. Aﬁ' 1ncrease in densxty and apposxtxonal

?HQ‘ growth has been observed in the domlnant arm of tennxs players‘

A\

'”'(Stlnl 1985) Research on, athletes has revealed that the denser

was: the leg of preference (Nllsson ‘and Westlln 1971) They -
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also noted; that there was increased bone density and bone mass_ .
with’ physfcal activity Qhether these reSults indicate the
preferred side for weight carrying “and therefore dperhaps hand
preference , cannot be determined on the basis of two indiViduals
ané @ithout“compariSOn to armlbones;'GPerhaps the thicker denser

b‘left“femur of the female indicates the side that suppOrted child

E burdens: In the case" of the male the right femur ‘was thicker and

'denser pOSSibly related to hunting actiVity B
Fluorescence’ - o s

g\\The acc1denta1 discovery of what appeared to be fluorescent

labeling in the bone sections was an unexpected development.‘

L3

‘Fortunately, the only microscope available for use in this study
was one that permitted settings for Viewing with either ordinary

'light or fluorescent light, OtheFWISG these results would not have

A

been detected.

A

The " origin ®f the apparent fluorescence in the osteons and’

| 'the  transverse lines in the corfek iS“uhknownu but' severai
ly‘different ‘ipossibilitieS’ might assist"in_ erpiaining' the
| fluoresbence. Autofluorescence has been observed F-in‘ the
(c.45, OOO{year old) bone of Shanidar Man, a NeanderthaIOid type
'(Blumberg and KErley 1966), and in. bone from the femoragsshaft at
necropsy “(Prentice 1967). It was caused.nainly by the - collagen ;
within the bone as decaICification did' not - chanr;ef \the_
nautof1u0rescence.l Older osteons are more highly mineralized and

fluoresce more intensely than the less mineralized newly ‘

'forned _osteonsn(Erentice 1967) An increased rate of remodeling

e B . RN . o =y
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‘ such as is seen in the bone of young 1nd1v1duals or ‘in hyper—

parathyro1d states increases the number of new osteons that show

llttle auto—fluorescence (Frentlce l9o}z,/’“\\\}xu o
Tetracyclxne, an antibiotic that is usa} label bonej for
studles on bone formatlon also produces fluorescence {Frost

1969)5' In <contrast to autofluorescence, tetracycllne does not'

LN

‘fluoresce in hlghly mlnerallzed older bone .areas. Experlnental

srudy of other fluorescent narkers, such as the red-flucrescing

allzarxn, ‘has shown that the 1abels are anorporated into “‘new

, » C .7
forming bone (Lacr01x 1971) ’ ' roe

Allzarln binds to bone m1neral through the mechanlsm ‘of

- chelatxon - (Myers 1968). The adjacent‘carbonyl hydroxy groups,of

the ' ‘alizarin molecule can form a ring struCture with metal " ions

such as aluminum and iron or with'caICium, barium, magnesium, and‘

others Ca1c1um forms a chelate ring by dxsplacxng the hydrogen
-Wthh forms a bond between the oxygen atoms of the carbonyl "and
'hydroxyl.groups (Myers‘l968). | |

Apparently a 51m11ar mechanlsm operates in the b1nd1ng of

' tetracycllne to ca1c1um (Myers 1968) ‘ TEtracycllne blpds to

‘calcium at 51tes on actlvely m1nera1121ng osteons resultlng in a

106

'fluorescent ring (Jowsey et’ al ‘ 1970- Frost 1963). The rlng'lb

appears yellow in fluorescent llght and marks the Ieadlng edge of‘:
1nit1a1 mlnerallzatlon .at the ca101f1cat10n front or denarcatlon ,

line of a.formlng osteon (Lacroxx 1971 Teltelbaum 1983; .Frost"

1963)‘ Once the fluorescent r1ng is formed-it becomes a permanent'

- 11fet1me marker that can be detected 1n the same posxt1on in then‘H

<

,\osteon unt1L .the osteon is resorbed by osteoclasts ‘ (Parfltt:_ S
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“9|83') | The posxtmn of the 1abe1ed rmg on the inner lamella or
calc1f1cat10n front of an osteon depends on. the stage of ‘bone
formatlon that the osteon is in when tetracyclme is mgested
TEtracyclxne' appears to have an afflnxty for collagen or the~
vmmature 1ow den81ty bone mineral at the demarcatlon' llne i'n‘
osteons smoe labelmg 15 less in bone m1neral deposmed several

days prev1ous to tetracycllne 1ngest10n (Parfrtt 1983) The
;oo '
mmlmum w1dth of fluorescence is usually about 4 um but lf for any

A

reason accumulatlon of mlneral is unduly delayed low densﬂ

"

bone is mcreased and therefore a wlder f luoresoent rmg may ‘be

'found (Parfltt 1983)
o !
’I‘here are two stages in bone formatmn.‘ debos:.tlon of the.

&

collagenous {extra cellular) orgamc matrlx by‘@steoblasts and

then m1nerahzatxon whlch 1ncreases the densrty of" t\he new bone o

, (Parfltt 1983) The 1n1t1a1 m].nerallzatlon beglns in about ten to
twenty days after matrix depomtmn and during the f1rst four
days or so reaches 70% of the maximm possrble m1nerallzat1on ‘
(Jowsey 1960 Frost 1963,, Hall "1978 Parfitt 1983). It nay take |

ot —_

several . n’onths ~ or years to achieve - 90-95% of maxlmum *

A}

m1nera112at1on (Jowsey et al 1971- Parfltt 1983). ,
The fluorescent rlngs - in the osteons of .the Moita thin‘
1ons vaned from 5-10 um in width suggestmg that there may: ‘
L have be@ a delay in mmerahzatlon. An" apposrtlonal rate )
’of 1- 1 5 um- per day in osteon formatlon (Jaworsk1 1981) y
| 1nd1cate that perlods of arrested growth lasted fran S 10 days. .
' The SEM (U of Al also plcked up dlfferences 1.n texture around thei |

spaces 1n the b\one. ThlS result may 1nd1cate a greater or - ’.

i
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lesser‘ degree‘of mineralization or density around thé spaces’ in
a V4 ' ' Lt B ] . 4 . ' ‘

the bone.

'
'

| /‘ The results observed 1n the M01ta th1n sectlons depend -on

whether or not the fluorescence was caused by a tetracyclxne type

i )

: antlbxotlc‘ or- by mold 1nfestatxon. In. the present research
fluorescence labellng was obServed under short wave blue llght in
the 380 to 420 nm wave length . FluoreScence produced by
tetracyclxne can be observed at 'approximateély 400 rm W‘Fh short

o

wave blue llght (Bancroft and Stevens 19771 If the fluorescence ,

;on the inner 1amellae of the Haversxan canals was caused by an '

“unknown .tetracycllne type antlblotlc then 1t does lndlcate that‘

é..
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new bone formatlon was occurrlng at the time of death The growﬂﬁﬁi )

arrest 11nes illustrated by the rlngs in the - outer areas of
','several osteons were less' fluorescent perhaps 1nd1cat1ng that
: they ‘may have been dep051ted prlor to tetracyclxne ‘1ngestlon'
sxnce labellng is less 1n bone m;neral dep051ted severalA days
befd\‘ 1ngest10n of tetracycllne (Parfxtt 1983) . However ‘the
labeled rlngs in the outer ‘or deeper layers w1th1n the osteon
mlght represent the fluorescence of . prev1ously lngested
:;_tetracycllne while the labeled r1ngs on the inner lamellae of
i osteons ; represents the most recent 1ntake uof tetracyclxne
| (Teltelbaum 1983% ThlS suggests contact w1th the source of the ‘

,fluorescence by 1n v1vo 1ngest10n rather than through post mortan'

: ‘5011 contamlnants such as bacuer1a1 or fungal sources.
o . ‘}

- Daily’ contact lS‘ not suggested as not a11 osteons ShOW= -

- i !

‘fluorescence. Several show double rlngs and’ two thln sectlons‘

have oSteons w1th three rlngs., Thls sugg ts peraod1c contact or

- . ", "‘. . "

S|
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1ngest10n although xt could mdlcate an osteogenlc b10rhythm, - a
cyclic‘patternfi because dxfferent bone form1ng sxtes may not be
in'.the same'bhase of actlety 'or 1nact1vity (Tam et al. 1976)

:E‘rost (1969) states that labelmg does not always occur " because

v

bone formatxon alternates w1th a’ rest perlod espec1a1 ly in older

lndlv1duals.andr1n some dlseases

The inner lamellae of Haver51an canals in several -osteons

AR

exhlblted a“ w1de dxffuse ring. lefuse fluorescence was alsov

o )

observed m several areas on the endosteal and perlosteal borders

v —

. of several th1n sectlons Fluorescent labeling of new bone on the

per1ostea1 surface has been obsehyed after tracyclxne lngestlon

(Mllch et al. 1958). It is pOSSlble ‘that the d1ffu;e areas in the

emdosteal and perxosteal areas mlght have resulted f rom post
nortem moId 1nfestat10n as scne ‘areas ‘of the thln sectlons appear‘
poorly preserved Some molds that cause bone destructlon also

produce a dlffuse fluorescence on the bone surface (Hmrmert et -

al. 1982). For‘ instance,  fungi of the genera Mucor,
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(-

Cladosl:onum, Candlda, "and Dantlacea resorb bone and some produce

-

fluorescence but the fluoresg:%noe is dlffuse and nQt patterned ‘

5]

as in ,t_etracyclrne. labeled bone ‘(’Bassett et‘al.;l_980).

“Ot:her' fungali {micro‘—b‘rganisns ‘ialso:~ have been‘ img\licated as

productl.on of ‘a yellcmlsh-green fluorescence. Plepenbrrnk (1986)

‘1solated and cultured fun91 recovered from exhumed skeletal'

‘

Stachybotrys‘ cylmdrospora produced several unldentlfled‘

antlbmtlcs whlch fluoresced a yel lomsh-green under f luorescent‘.

C causatlve agents m post-mortem bone decomposulon and ,r.he_.._

: rremams. ‘ Inoculatlon of stenle bone sanples w1th the . fungus, :

~
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The locatxon of the fluorescent labels on. the mner lamel,lae
‘ @he HaverSLan canals and in the presuned growth arrest llnes |
in°  the .,osteo_ns suggests contact thh the ‘source of th'e
fluorescence by | in vivo 1ngest10n rather than through soil
contamii.nants such as bacter1a1 or,, fungalv sources. The regular
outline or patternlncgj and position of the f‘luoresoent rings ls
probably mconsmtent with accldently caused f 1uogescence by
mlcrobes The m1crofractures ]olnmg several osteons in one th1n.
section (Ll) exhlbxted no fluorescence but the mner lamel lae of .

the osteons in thlS ‘thin sectlon' were fluorescent Fluores‘cence
« e
'was also observed 1h transverse llnes m the cortlcal bone of the

‘ thm sectlons.
‘ L : J
The yellow-gold color of the concentric rings in the osteons
S : ‘ 4 @ .
and in the transverse lines ;appeared to be similar_ to the ‘gold .

' _oolor observed m a teracyellne sensxt1v1ty d1sc obtalned froT

0

1the Med1ca1 Mlcroblology department at the U of A (Jackson .Pers.

ca‘rm 1986) Thm sectlons of flve c1av1cles from the osteology '
i 1 .

collectlon in'the Department of Anthropology at the Umversxty of

Alberta, also showed yellow-gold fluorescence. on the -1.nnerﬁ«

Ve e 0

lamellae . of the HaVersian canals; It is quite likely that this

W

}&\ample of f1ve clav1c1es from a modern populatmn had recexved
medlcal treatment w1th tetracyclme at some pomt in theu' past. o
, Although the fluorescence ‘was br1ghter in the thm sectlons : of
‘clav1c1e than 1n the M01ta bone thlS mlght be explamed by the

great age of the M01ta mat‘enal and perhaps by fadmg w1th tune

: At the present tl?gne 1t 1s not known how the Moita populatlon

\

‘\“" !

p\ ‘



could have come 1nt0 contact ‘'with a’ possible antibiotic, .
especxally one with, fluorescent qualities such as tetracycline.

'I’hé use of ' plants by herbfdoctors in  their bherbal rewedies-

occurred  in Sumet and Bgypt as early as 3000-2000 BC but

)

apparently the practxce orlqmated from Asiatic sources where the

remedles were used much earlxer {Budge 1978). This knowledge vsoon

‘ A

spread to Nubla and to the Mediterranean areas. A practice in

.,’comnon use since 'antiquit.y' in many areas of the world is the
wuse of teeth eleanyng\ SthkS (Elvm Lew1s 1979) Pharmacological

‘ research has . shown that many of the plants selected for this

purpose have antibiotic properties. Weeds, graSSes and common

A
plants were used in . the practice of folk medicine by early

BEuropeans (Alland 1970 Isaac 1970). Many of the plants utlll;ﬁ’d

,m early Canadlan natlve herbal medxcmes also ﬁay\ixb: tic -
propertles (Chandler et al. 1979). ro_-

In ‘*Tec‘ent years several authors have reported evidence of
@ poss.tble tetracyclme labelmg in human bone from prehlstoric
g " Sudanese Nubian archaeologxcal sites (Bassett et al. 1980;
. BaSsett 1-98J1;‘H’uxm|ert et al. 1982; Martin et al. 1984). Ev1dently
~the practice ot storivng‘ grain in mud bins provided a suitable

: h;:ulture medium for the . growth of Streptaryces, a bacteritm

< responsible for the productim of tetracycline antibiotics. The
Nubian d1et is thought to have included beer and bread made from

such stored gram. o

Unlike the agncuItur'al 'peopl'e of Sudanese Nubia, the Moita

. ' N
."group were supposedly hunter—gatherers on the. verge ‘of t:ran51t10n

to an agr-lcu’ltural subsistence econamy. If they were in contact
a4 .y "" . ) ¢ . " ‘

¢ A R

‘ . L ! g “
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with tetracycline, as the‘fluorescence appears to suggest, how
did it o&cur?

The original and natural forms of the tetracycline family of
compounds were produced by fermentation processes at a pH of 6-7
aﬁd a témﬁeréture .between 25°C and 30°C, using Streptamyces
species discbvered during scréening of sdil sémpies for
organismg with antibiotiq properties (@itscher - 1978). A wide
variety of substapces have been used as. sources of epergy and

nitrogen by the bacteria in the production of the tetracyclines.

Energy has been obtained from starch, maltose, glucose, or

mannitol, a slightly sweet crystallipe alcohol found in many
plants which, when oxidized, produces an aldose sugar called

mannose . Nitrogen'has been provided by meat extracts, molasses,

0y

amino ac1ds, fish qb&es, corn steep liquor or seed meal frdn
f,g‘

which the oil has beﬁharemowed (Mitscher 1978). ¢Inorganic ions

such .as calcium' carbonates are required to precipitate the

.(‘)"

tetracyclines as they age formed and to lessen their autotoxic
. , . x
effect on the Stre

~Sources of nitrogen and carbon combined in cracked or grodnd

¢

cereal grains‘Such as wheat, barley, oat, miilet( or peanut meal:

have been utilized in the surface method of fermentation to
produce féed-grain tétracyclinevantibiotics (Goodman 1985). In

the surface method the ground grain. is moistened and placed in

'flap trays along ‘with the Streptomyces bacteria to produce

itetracycline; Carbon from animal, vegetable, or'peanutvoils and

carbohydrate from potatoes or yams have also been uéed _in

"

-tetracycline production.

112
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Prellmlnary data bas provxded no evidence of wild |\ graln
or vegetable remains of Moita (Roche 1972) perhaps becadse at
poor preservatxon Wanen may have gathered and stored wxld gram,
an assumption unverlﬁxed by actual evidence, to extend their fdod
reserves during sedsonal scarcity. ,Such activity may . have "
occurred at this site or elsewhére. Other groups with access to
grain seeds may have provxded an opportunity for tradmg or for
an exchange of sea foods and grain. It is‘also possible that’
‘there were some initial attempts in grain groQing at this time,
perhaps as the first st;p‘ in the process ieading tov food
production. The storage ofv pine nuts, even for several days,f)
mxght bave provided the same results, however, thil is uncertain.
Pine nuts are suggested based on the probable identification of
- charcoal as (Pmus Qm_ea) from the Muge sites (Roche 1972.86).
Amoreira and Arruda.
CoIt _is evident thatlehergy, ca;bon_ahd‘nitrogen sources are
\ vavallable from a wide. selectlon of - organxc materlals . Substances
)
other than grain agparently could have provxded these resources.
Seeds and starch frEE;GEgetal sources must have been availabie at
Moita“along-‘with meat, fish, "and shell-fish. Inadvertent
production of tetracycline could have been as simple &s the
methods of food preparation in pracrice at the time. Several
foods mixed together and stored for a few days to produce a
delicacy or :to lmprove the flavors may have been lmpllcated
“Herbal potlons prepared~ frtnlplanps and other materials by

.prehlstor1c healers for use in their med1ca1 treatments may have

introduced the ant1b1ot1c, partscularly if the mixture became



1

contaminated: with earth since the tetracycline  producing
bacteria, Steptomyces, are usually found in the soil.
' Although the level of tetracycline ingestion by an ancient

population cannot be determined at present, there may have been a
direct effect on infection ratés. Because tetracycl&gs is a broad

-
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spectrum antibiotic it is effective against many different .

pathoqeﬁic ‘organisms (Mitscher 1978). Some investigators bhave

D

observed tooth discoloration in young animals and bumans given

tetracycline (Ibsen et al. 1965% Wallman and Hilton 1962;

Lofgren et ak.__1968)7  Other researchers have detected areas of

‘ hypunineralizétion " in the teeth following tétracyCIine ingeét;on
(Nonamura et al. 1977; Lofgren et al. 1968). Neither of these
conditions c<ould be explored in the present study because” tooth

\

samples were not ‘available.

*,



. | CHA‘ PTE:RI v
"' HEALTH STATUS
; ' . o
Physical and Psychological Stress
The presenoe ‘“of stress m the bopulation is supported ‘by»
evidenoe from several source$. Ih a ccmparativ%ly small sub-
~ sample of the adult skeletal sarnp,le_ there are two females with
evidence of parry fract‘ur_es and one male 'wh.o.sustained ~a foot
injury from an embedded',stoneo bladeldt (Lubell et al. ’1986a)"'. The
fractures may have occurred during intragr%u‘;lz trife,n but it also'
is possible that these injuries nay have resu ted from occasmnal
mtergroup1 aggression. There .may have been canpetltlon for
' subsi‘stence"-resogrces’ or occdpation sites. .
Any bsyohological or ?hyslcal' stress such as_féar; * injury,
pain, or.'infeetion results 'in a release of cortisol,‘ the ma'jor. ,
gluéocortiooid in the hmran-body (Selye 1956; Guyton 1976). The
frequency of aggressxve-defenswe encounters in the population ‘~
\’%can never, be determmed with’ certamty, ut -even the fear of

periodic forays may, have\been sufficient to maintain psycho—-

lov1ca1 stress . levels. If this did occur the result may have been

‘l.
1

hlgher than. normal levels of COI‘tlSOl secretlon 1n at least some .

V‘\‘l_ "‘

menbers of the populatron.
Males over 40 nay have been partlcularly stressed as
ev1denced by the loss of cortl.cal bone -th1ckness. ~The
‘ sxgnlflcance of exces's COttlSOl mth respect to the present study_ -

11es m 1ts effects on bone b1010gy Osteoblastlc: act1v1ty is

decreased along m.th an mcrease*m osteoclast_ act1v1ty ‘,(Hahn et.

s




al. 1974; G\Jyton 1976‘) 'I‘he long term effects of chrom.c cortisol
hypersecretxon may be the development of osteoporotxc bone loss

(Manolagos et al. 1979; Deluca.1982). Excess cortisol in the

'blOb'd arising from both psychological and nntritign'al -stres's has 3
also been mtpllcated in a hlgh 1evel of dental ézarles (ng .and
Brown 1979) The high level of dental carles in the : permanent :

teeth (138 of 648) of the adults at Moita ‘(-Lnbell et al. 1986a)

4

may have been ‘influenced by circulating serum cortisol levels,

however, other factors" could be 'involved. Perhaps the high

",

carbohydrate content of nussels (Bu1kstra 1984) was one component

- mvolved in the development of dental caries. (Mytllus edulls)

- has 3 920 grams of carbohydrate per 100 grams of edl.ble portxon '

compared to deer I(Cervus Elaphus) meat which ‘has none (Soucx et

al. 981) However, the contribution of nussels to carbohydrate

.1ntake wcmld be low m relatlon to frult& and vegetables (Souc1

et al. 1981) and‘wou’ld depend on the amount of mussels they ate

m ccmparlson to other foods

.

‘ e SN
Phys_iological Stress =~ - '

Physiological stress (Bu1kstra and Cook 1980) or nutrltlonal‘

stress (Huss-Asl*more et al. 1982) 1s mdlcated by hnear enamel\

)

hypoplasxa and Harrls 11nes. L1near enamel hypop1a51a is present

o in a frequency of nearly 50%"’(‘248/515) in the adult dent1t1on of

populat:.on (Lubell et al. ,1986a) There is evxdence of Harns'
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| , both males and females of a 1arger sample drawn from the

lines m several femora but thelr frequency and ana1y51s awaltS"

'f-nrther study- Enamel .hypoplasm (Cook 1979 ng and Brown

Ca



1979; Cassidy 1980) and Harris lines (McHenry 1968; Gindhart Y

1969; Garn 1969‘- Kih1:1980; Hunt and Hatch 1981; Maat 1984) have .

' been attrlbuted to perlods of 111ness, emot10na1 stress, or food
scarcxty durlhg childhood and perhaps adolescenoe Longxtudmal |

‘grov;'th of long bones  is temporarlly arrested unt1l these': .

'mtervals are ended. 'I‘he actlvxty of Cartllage cells at the

| epxphyseal plate is halted but the actlvxty of osteoblasts at the |

‘Junc:ture of the cartllage plate and ‘the metaphy51s contmue?s,
resultmg in the formation of a thin layer oﬁ bone called the  ~

: prmary stratum (Steinbock 1976) ’After the 1ntervals of 1llnessﬁ- '

or food deprlvatlon, the. osteoblasts mmedlately begin to bu11d‘<' -

~ bone on the primary stratum resultmg m a th1ck secondary 1ayer :

.that is seen as a transverse line. (Stembock 1976) The format:.on

of these 11nes becames ev1dent only in the post recovery stage
when- growth recmmences w1th a return of appetlte or when food
resources become available. In many mstances Harris lines do not

- form after Lllness and sometimes they form when there has been no
111ness (Marshall 1968; Glndhart 1969) )

g Harns 11nes can be obgrved in some of the Moi i femoral b Sl

._ rays although only one femur appears to have a 11ne extendmg

across the marrow cav1ty near mldshaft. 'I‘ransverse lmes in the

| thm sect1on of cort1ca1 bone 1n thls partlcular femur do No
‘match the number of Harrls lmes in the x*ray The probablllty of

| fmdmg Harrls lines m cort1cal bone at mldshaft 1s no doubt low

since most researchers report thelr presence in cancellous bone S

‘at the dlstal ends of long bones (McHenry 1968-' Stembock 1976)
One of the long bones in McHenry s (1968) photographed x-rays';
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\

does appear to have. one llne near mxdshaft although lt is not’

nentloned A small 9lnn circular bone corg probably has evenakess

\

chance of sampllng an area at mldshaft that contarns Harrxs 1lnes
\

partlcularly since the core cons sts of cortlcal bone.

‘Post—mortem bacterlal\ or fungal‘ invasion has to be

‘ considered in studles of . archaeologlcal bone. The ea51est route

for mlcroorganlsms‘ to galn access 1nto cortrcal bone would be -

A

through the Haversran canals or fracture llnes. There is,

¥

however, no ev1dence in ‘the clear areas of Outward destructlon of.
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£

_Haverslan canals other than the normal resorptxon" tunnels‘\

occurring in’ bone. The cortlcal transverse lines ‘glve ‘no
1nd1cat10n of being‘ former _fracture 11nes A with" later

ca1c1flcat10n by mlnerals from the surroundlng 5011 and shell

~

t ﬂaterlal in the mldden., In fact, the llnes appear to follow the

normal anatomlcal dep051t10n of the matrlx and' are st111

observable under polarrzed llght. Thls suggests that these llnes

. are not artxfacﬂs and . that they are vpart of the bone

mlcrostructure. They are too stralght and are parallel to all the
other llnes in the sectlon to be fracture 11nes. It would be.

"unusual for bacterla to form the pattern obserVed in’ the bone

r -

even by chance. R S ‘, . ‘f\l. .

—

There are several research-related reports in the. llteratureg'

that refer to lines in. the matnx of ccmpact bone. 'I'hese aref ‘

hlghly ca1c1fied thm 11nes found in cross-sectlons from the

mdshaft of fenora | and t1b1a of ~young calves and .hunans'

apparently free ‘barie . dlsease. | ‘I‘he lmes,, called"

KN

"Mlttellmlen", are .layers of prmary bone regularly dlspersed m ; .‘ '



- the outer mlddle and inner zones of compact bone - (Pugllarello et
,°1973; Ascenzl 1983). They are present in ‘fragnents of
1nterst1t1al perlosteal lamellar bone left between secondary

‘ osteons,m

I . ‘_ ' C ) ' e
‘"Mlttelllnle are short lines and therefore not completely
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E satlsfactory as-an explahation of thellong“transyerse lines in |

the th1n sectlons although they mlght perhaps explarn some of ‘the

»short llnes The transverse lrnes are not conflned to the mxddle

zones. or to the small areas bet¥een secondary osteons In some

1nstances, the llnes Cross the entire w1dth of the thln sectlon

and may be found anywhere from the perlosteal surface to the

‘ cortlcal endosteal border. The\dgsoc1atlon ‘of "Mlttelllnlen" w1th

f.'the healthy young and thelr presence between secondary osteons

1suggests that their short length may be the result of remodelrng

vact1v1ty durlng the growth process Unllke "Mittelinien" the long‘

~ .

ol

: and short transverse 11nes in the cort1cal bone from M01ta were

‘ present in 12 1nd1v1duals of all ages from 15- 20 to 40- 45 years

. of age The per51stence of these llnes 1nto adulthood suggests-

' . that the 11nes are probably not Mlttelllnlen but they may

- 1nd1cate physxologlcal stress and a problem w1th bone renodellng..

The observatlon of 51m11ar long tranSVerse 11nes -1n th1n

"“: sectlons prepared from cross-sectlons of adult t1b1al dlaphy51s

"7“from a present-day human has been dlscussed/’Tx another study

v"(Lacr01x 1971) They were called arrest 11nes“~ or restlng

‘ “llnes ’ and growth arrest 11nes 1n osteons were orlglnally

' compared to these llnes., Lacr01x (1971) theorlzed that at some
"rp01nt 1n the past/osteoblasts temporarlly stopped dep051t1ng

Y

e
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‘ , approxunately 6-—10 days w1th subsequent reoovery untll arrested.

\ ot

»occurred (Lacr01x 1971) hﬂ

A
sy

Vo
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bone; the ‘Lines‘became hypercalcified during the halt and at a

1ater' date the ,osteoblasts resumed their 'normal’ function of

\

deposxtxng bone , Durlng thlS 1nterva1 no resorpt1on of bone

v

R
A broad expanse of bone outllned along‘both 51des by such

transverse l1nes was observed in one th1n SeCthﬂ from a female

A

in the Ntuta sample The dlstance between ‘the two 11nes measured .7'

ISOO/um. There were‘no resorptlon cavxtles, osteons orl forming

~osteons within ‘their boundarieS' -Evidence otf previous

osteoblastlc actlvrty was prov1ded by the presence of osteocyte 1

lacunae in the 11nes and 1n the area: bounded by the llnes Thln.

sectlons from two others, both nales, had s1m11ar areas but the‘

dlstance separatlng the 11nes was 800 and 900 um.‘

For these Lndl\}duals it appears that there was a lengthy . .
perlod with 'no arrested growth. The. normal bone formatlon rate of .
Jdamellar bone 'is approxlmately 1-2 um per day (Lacr01x 1971

, Slssons 1971 Bloam and Fawcett 1975 Jaworsk1 1981) Assuming an7

average qrowth rate of 1.5 um per day theA1nterva1-separating.the

two . lines of ‘the first 1nd1v1dua1 was approx1mate1y 2-2.5 years‘

and: 1 1 5 years for the latter two 1nd1v1duals These intervals

/“
y 1nd1cate that these perSons enjoyed relatlvely good health

. durlng th1s t1me but other closely spaced 11nes formed later'

suggests that eplsodes of stress occurred much more frequently o

during the follow1ng years.“irli‘f“ ,{” B “ - ‘,i"h:~t‘ fi.

' The transverse llnes measured a cons1stent 10 um 1nf¢

l "

thlckness 1nd1cat1ng /ggat arrest perlods may have lasted .

_— : o N \ . 'g
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growth reoccurred The two rlght femora had several lines

‘ ‘neasurlng 5 _um  but “the remalnder were 10 um tthk. Thére was
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”con81derab1e var1ab111ty 1n the dlstance between the lines"but; ‘

that they appeared as double or trlple llnes\ The dlstances "

.between .most of the llneS'were too irregula ‘to conclude that‘

‘thin sections - may be attrlbutable to’ arrested growth durrng
R AV

, - many were separated by short dlstances suggestlng that the 12
‘1nd1v1duals w1th the transverse llnes may have been under

frequent nutrltlonal stress.‘ A few lines were so close together

R T

d1etary deflcrencxes or dlsease occurred on a regular basls.'{

It bxs suspected that the transverse 11nes observed in the:

periosteal bone apposxtlon. There is a sllght 1nd1catlon of a.”

~

. decrease m the number of 11nes w1th 1ncreasmg age (n =5, r=r-.

O 435y, > 0 10) although the number of 1nd1v1duals w1th both

v

'flines‘“ nd age assessments is 'small. A comparlson thh the Singh -

Index and lines (n =9 9, 0 319, P=> 0 10) also ‘indicates

that the number of lines tend to decrease w1th age 90551b1y'

,because of resorptlon However, ne1ther of these correlatlons was

unanove the lines durlng narrow cav ty w1den1ng. ance per1ostea1“i

51gn1f1cant. “Some 11nes are 1nterrupted by resorptlon cav1t1es

and osteons but endosteal resorptron would be more llkely to

bone app051t10n contlnues th.ou hout 11fey although at a slower

,o~j,rate (Frost 1973), ‘these 11 s would contlnue formrng durlng each
,feprsode of growth arrest but they mlght be~1ess frequent w1th

g aglng._ The number of lrnes and stature were hlghly negatlvely

con'elated (=7, r== o 804, P=<0. 05).‘Ta11er 1nd1v1dua1s .j o

were assoc1ated w1th fewer 11nes wh11e shorter 1nd1V1duals tended

[aE)
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to have'nore lines These resdlts suggest that growth in femoral

length was perlodxcally slowed or halted whlle growth in Cortxcal

,wldth, as ev1denced by cortlcal thlckness, contxnued The'

continued _ formatlon of these l}nes 1n adulthood would be

R unrelated to long bone grOWth if these llnes do represent

—n

' perlosteal apposxtlon, but llnes near the endosteal reglons may -

'represent the llnes formed earller as a result of problems that

™

Cp
spurt. "

The éortlcal ‘width of these‘ 12 . individuals  was  not

'
.

~ associated with stature and showed only a’ low corrélation. ‘with

122

‘occurred durlng growth pattlcularlyfdurlng the adolescent‘growth

 the number of lines (n,=“11,' r = 0.383, P'=> 0.10). One‘young.

nale, (LS7) “the youngest in the sample at‘age‘lS—ZO had 9 of

these transverse 1lnes 1n a.cortex neasurlng slxghtly below thep
nean shown by males. "This may 1nd1cate that he experlenced

'problems durlng growth and perhaps was Stlll havxng problems when

showed no‘ assoc1at10n probably because thecxmxﬂete range of

den51ty values from the lowest . to the hlghest were 1ncluded in_

this group.

“he died. Dens1ty and the number of: transverse 1tnes in. the cortex

' The transverse 11nes suggegt that the exper1ences of thxs‘

';segment of the populatlon were dlffereqx from those of the maln

.'group Slnce both males and females of d1fferent ages, but ma1n1y~.f
T?under 40 were '1nc1uded in th1s group 1t appears that thei‘
| "stressor was not based solely upon sex or age.v The ev1dence of ‘l
‘f!'&growth arrest-based on the cortlcal llnes suggests that the?

- problem nay have had a nutr1t10na1 ba51s or was 90531b1y related‘ "
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‘to illness. Why thlS group had these 11nes, wh1le the main group .
lacked these 11nes, 1s unknown They may have been an 1ndependent
Agroup unassoc1ated w1th the ma1n ‘group but burlal 1nto the same

. midden probably negates that possxblll'y

Status related nutrrtxonal stress‘mlght account for these
.ullnes since none.appear ln the bone;of 1nd1v1dua1s in the larger‘
Ugroup In ttmes of scarce resoqrces others 1n the &axn group may‘
have had prlorlty to sub51stence ltems Despxte the presence of
, growth arrest llnes xn the cortex, rap1d perxosteal appOSLtlon
must have occurred durlng ‘each phase of recovery ‘as these
H‘1nd1v1duals: show‘;a ‘sllght ‘galn in mean ’cortlcal thlckness
' (6.2l8‘:wn6';ih comparison to'the mean (6;2blnnu for_wthe \entlre
‘group. Nordxn s ;ndex als? reflects -this small gain with' a
correlatlon of 0\450 and a mean of 63 2 compared to 62.6 for the
‘total group. .The 1nd1v1duals with lines. averaged 7 cm taller
- 4163. 7' cm, sd = 4 19) than those of the naln group (156 17 cm, sd
= 7. 75) perhaps reflectlng greater nutrltlonal requlrements and
Mglncreased sens1t1$1ty to nutr1t10na1 stress.

'~ Student’s t. was used to test whether st tur. was

31gn1f1cant1y dlfferent between the group with lines and those of

‘the larger group w1thout 11nes. The results suggest that there{)'
'was a 51gn1f1cant dlfference in' mean stature (t— 2. 367 df. = 17, 4
P = 0. 05) The F test ‘was used to compare stature means. A
tlarge F value was’ obtalned, (Table 7, page 153) 1mp1y1ng that -

‘,there was a 51gnrf1cant d1fferénce 1n nean stature between the

- two' groups (F 11 83 df.x— 3, 15, = 0. 05). In fact thlS value dj?_ -

7}nfor F was also srgnlflcant at both the 0 01 and 0 005 leve}s.

P ".
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‘,occurrence would ‘be more llkely in sedentary groups

Both tests suggest that nean stature dlffers between the
'group thh llnes and the group ‘without llnes The large varxation‘
in. stature 1s dlfflcult‘to explaln. The differences mlght be the

result of genetlc factors,‘ dlet,' or Ln—mlgratlon of the group

with - 1xnes durlng some prevlous perxod

The- possessxon of thlck cort1ca1 bone by the people of Moxta

"
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(Lubell et al ‘ l986a) may be genetxc in orlgln or it may provide |

" an indlcatxon of the’ general health. and nutrxtlonal status of the

populatlon (Martln et al 198l Thxn cortlcal lxxmz ‘has. been

_observed '1n severe physlologlcal stress (Martxn and Armelagos

1979 Huss—Ashmore 1981) Skeletal tlssue responds to nutrltlonal '

'stress (Huss—Ashmore et al 1982) with marked effects ‘ot cortlcal

\,

PE
thickness (Hatch ﬁﬁt al. 1983) Tthk cortices . have been

_assocxated W1th osteoscleros1s (Stout and Snnnons 1979 )~
Ihcreased , cortlcal width, den51ty, and thlckenlng of * the
‘ perlosteum has = also _ been reported " in fluorlde—lnduced'

osteoscler051s (Guth?ge 1975 AlbaneSe 1977). HoweVer, 1n V1ew of

the apparently hlgh level of dental caries 1n the populatlon

(Lubell et alv \1986a) fluorlne probably was‘not 1nvolved Cook

o (1984)‘ cites Garn and.Solomon (1981) in report1ng that obese

Y

‘xndlvxduals have tthK cort1ca1 bone but Cook adds’ that this

»

' Thlok cort1ca1 bone has also been noted as. a consequence of

.v1tam1n A def1c1ency (Wolbach 1947 Nav1a and Harrxs 1980) whlch

v tcontlnues to be a major health problem 1n developlng countrlesf‘

v

‘;western EurOpe (Ntiaren 1967) A511ate as 1969 10% of Canadxans‘;

. o

‘ f(Oomen 1976 Sr1kant1a 1982) and has also been obserVed in

;;O‘
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availability and the quantit

had no liver stores of vitamin A and 20% had values equal to
those lat birth (Campbell 1973; Guthrie 1975). In trile United
Stetes, 338 of the population was affected, particularly those
;vith feduced food intakes such as low iﬁcome gro‘ups er those‘ on
reducing diets (Guthrie 1975; Wilson et al.1979; ‘Owen and Owen
1952)".'..‘ H‘unters and ga‘therers also may have been at risk during
.‘periods of food s,carc'ity because of seasonal' variation in the

”Lfood supply. '

‘.f‘ ‘ ,Prel iminary assessment of the available archéeological data “

X

on subsistence resources indicates that a periodic deficiency of

vitamin :A could have existed. .Mussels and snails bave no vitamin ,
) A act:lvlty and clams and oysters contain only small amounts

(Guthrle 1975; Adams and Richardson 1980 Penmngtqn and Church

L
1980). One pound of clams and 13-19 medium sized oysters (1 cup)

provide approximately 480 and’ 740 iﬁternational units (IU)
respectively, values far below the recommended dietary allowance
of 5000 IU pefvday for males and 4000, IU for females (Guthrie

1975; Adams and Richardson' 1980). "Reconmended ‘allowances in

'Canada and the United States, however, may differ from standards

recomnended for Buropeans. Seasonal avallability and preference

may have been_a. factor in the utilization ‘6f" clams and oysters.

Cfabs contain 2110 IU per 3.5_ognees -(Enningtoh and Church 1980)
ahd nllivgbt have preyided ,sig_nificant' anmﬁ;ts depending on "~ tﬁeir
| consumed. The vi‘ta'mjl.n A content
in crabs may be variable . as Gu rie (1975) and Adams and
Richardson (1980) 1decate llttle or

oS

v There are two nam sources of v1tam1 A (Ganguly and Murthy

vitamin A dontem: .

1 .

L
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1967; Roelé 1967; ‘Guthrie 1975). The biologically active form is
found preformed only in foods of animal Qrigin such as eggs,
heart, kidnéy, liver, and milk. Since the liver étorgs vitamin A,
it is tbe richest source but the content varies with the diét and
the season, with.a lower cdntenq‘stored in winter. The amount  in
thé liver rises with the ingréasiéq age of the animal and varies
with the species (Wilson et al. 1979). Fish liver oil frgm many

B

fish is rich in vitamin A, however, the liver of freshwater fish

oy

bas only 33-40% the potency of vitamin A (G5%§uly and Murthy
1967; Guthrie 1975). The precursors of vitamin A, the carotenes,
are found in the fr;its, leaves and roots‘of many plants. Their
potential value depends on the ability of humans and animals to.
copvert the carotene to vitamin A in the intestinal wall ‘where
vRamin A is absorbed. High intake 1eve1$ are necessary in ordé;
to meet daily requirements as only approximately 25450% of diet-
ary carotene is converted and carotene has approximately 50% lthe
potency of vitamin A (Wilgon et’a1,1979). - |

Probk9ms arise when more than S0% of vitamin A is derivedvas

carotene from vegetable material (Srikantia™1982). The high level
: . 7/

o
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of vegetable plants in the diet of many hunter—gatherers'

(Jelliffe et al. 1962; Maddock 1972;  Lee 1979) may have‘placed

many at risk of developing periodic deficiencies especially since -

most - plants are seasonally-available. The Hadza of northern

-Tanzania, with a diet composed of & high level of vegétable

foods, showed evidence of vitamin A deficiency in bqth _yoﬁnger

(13%) " and older (17.3%) adolescerits (Jelliffe 1962)." The

" introduetion of weanling diets based on vegetéble fodds (Cassidy

—~ ) ’ Ty



1980) may bave increased the risk of developlng a deflClency in
many hunter- gatherer groups, however,. prolonged lactation does
of fer some protection (erkantia'l982).

lhere is'at present no data available on the type of plants
that nay have forned a substantlal part of the diet at Moxta
Since vitamin A is fat soluble, the low fat content. of vegetable

protein (Srlkantla 1982) may have lowered the absorptlon of the

vitamin. In addltlon to the problem with absorptlon when dletary '

fat content Ls,low, the rapld passage of hlgh fiber plant foods

n

~through the intestinal tract tend to reduce the amount of

carotene released from 1ngested foad. Cooklng and_dxylng during

food preparation, also tend to -decrease the value of carotene in

plant, foods by at least 15—35% (Wilson et al. 1979) It is -

possible that the hunter—gatherers of M01ta, like the North west

Coast Indlans and the Yurok of California, con51dered plant focds

as relat1vely unlmportant (Oswalt 1978)., 'Nowhere did vegetable

bwslxm%éoaymmnmtmnofmed1mu“ﬂ(mm®b

1974: 214) for the peoples of the North West Coast.

The low protein and fat content of. nussels (ParnaLee - and
Klippel 1974) . may have réstticted the formation of a proteinf
complex (Guthrie 1975) that is_reqdired for the release of
vitamin A from liver storesland transportation to othef areas of
the body. A combmatmn of low fat-mussels and plants may have

, senously decreased the b].ologlcal ava11ab111ty of vitamin A from
' r I 4
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carotenes. Liver from terrestnal an1mals would have provided the

major- source of v1tam1n A wrth the addltlon of lesser quantltlesv _

’

* from kldney and heart (Pennmgton and Church 1980)



Vitamin A deficiency has been assoc1ated with linear enamel
hypopla51a (Sweeney et al. 1969; Albanese 1977; DeLuca 1980;
Blakey 1981; .Whitney and; Nunnelly 1981) and Harris lines
(Wolbach l947- Goodman and *Clark l9SIl Vitamins C, ahd D
def1c1enc1es in chlldhood have also been associated wlth llnear
enamel hypoplasxa and Har;ms line formatlon (Delyca 1980; Blakey

L]

1981; Goodman and Clark 1981). . o ' '
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Although vitamin deficlencies .do not wusually occur in:

:isolation (Guthrie 1975; Steinbock 1976), there was no apparent

vitamin D deficiency indicated by rickets or bone deformation -

(stini  1973). This may be ,because adequate %§posure to

ultraviolet radlatxon provided the major source of vitamin D

(Albanesé"T???T”'DeLDca 1982) It seems unl ikely that vxtamlh D

deflClency was a ‘problem for tle hunter—gatherers of Nblta .the

I3

'outdoor llfe—style and perhaps m1n1mal body qpverlng probably

I'wand usually eliminates the'need for further dietary additions .

ensured sufficient.expdsure to ultravxolet radiation to: produce’

 vitamin D in the skin.’ This .is the major source of vitamin D

\

'subperxosteal hemorrhages observed in vitamiﬁ C deficiency

KVilter 1967'- Steinbock 1976; Albanese 1977) were not obvious in
\.--..

the adults of thlS sample.“ The small amounts of v1tam1n C'

(Albanese 1977; DeLuca 1982). The thin Cortices in long bones and’

contalhed in the meat of liver and clans (Guthrle 1975 Adams and

Rlchardson 1980) may have protected them agalnst a def1c1ency '

when plant sources of v1tam1n C were in short supply

Nutt 1tlona1 stress may be related to the transverse l1nes in

the cortex . and may have 1nvolved a v1tam1n ‘A def1c1ency. ‘The
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7have provided insufficient _vitamin A for everyone and it may fot
oy ) "' + : ! . M @
have been eaten by the people. )

L

' varxable amounts of vitamin A in the liver of dlfferent species‘

' may have prov1ded 1nsuff1c1ent vitamin for all 1nd1v1duals. The

/
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success and the frequency of huntlng may have had an influence on ‘

{

the quantxty of vitamin " A avallab{e to the group. The 12~

/
individuals with’ transverse lines may. nbt\hgve’been accepted by

:, the main’ group since they xnclude the two females with parry

fractures and the male who was' shot in the foot. They may not

have obta1ned a share in the vxtamln containing organs after

every hunt. Hunters have been known to eat the 11ver at the klll—_

‘Slte (Lee - 1979) and br1ng the leftovers back to camp (Jelllffe‘

1§62). Dependlng on the amount consumed and stored in the 11ver

the successful hunters' may have obtaxned protectlon against ' a

def1c1encyt‘ The" total group size numbered approxlmately 57

(Lubell ‘et al. 198@3) and even 45 of these individuals would not‘

~ 7

“have obtalned sufficient da11y requlrements of v1tam1n A from 16

were)conparable to beef or lanb 11ver The vitamin A 1n the 11ver'

of Aurochs ' is unknown but may have been conparable to that of

' from the site are'those.of rabbxts, the sma11—51zedﬁ lxver may .

Slnce growth arrest lines in osteons have been compared to"'

>

Harris 11nes of arrested growth (Stout and Snnnons 1979) it seems

LN

' ounces of liver fraom the, anlmals they hunted even if the values

imodern ‘beef‘an1mals, Slnce 33 4% of the faunal bones recovered “

the growth arrest 11nes in cortlcal bone (Lacr01x 1971) and to ,

.fOrmation of cortlcal\growth.arrest lines. It appears that these‘ :

.“' .

reasonable to assume ‘that 51m11ar factors 1nf1uenced the ",'*"



12 individuals endured llﬁness or nutr1t1onal stress severe,

enough to cause eplsodes of growth arrest and death .by age 40 45,

A reductlon‘ 1n fbod lntake durrng Lllness or when seasonally

'produced food resources are in lxmlted supply increases the: risk

.

of a def1c1ency.

\

Durlng 1ntervals of vrtamxn A def1c1ency long bone growth‘

¢ may .be slowed or - halted because of  an. xmbalance : between
resorption | and formation (Guthrie 197,5} | B-loom\and Fawcett '1975;
Guyton‘ 1976- Whitney 'and Nunnellyv l981). : Resorption by
osteoclasts is reduced but osteoblasts continue to bulld bone on

-

perlosteal surfaces (Vaughan 1981) Based on an1mal studxes of

, skeletal growth in v1tamrn A def1c1ency states, long bones are'

short and thick due to the failure of endochondral bone growth
. and contlnued app051t10nal bone growth (Wolbach 1947).' The

continuation of long bone growth in preference 'to cortlcal width

_under condxtlons of nutrltlonal stress (Huss- Ashmore l981) is

unllke that observed in . v1tam1n A deflclency where there is a

-retardatlon  of long bone growth but , appos1tlona1 growth‘
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continues. The periosteal overgrowth observed ‘in vitamin A

def1c1ency (Irv1ng 1973) may have contrlbuted to the thxck'

fcortxcal bone at M01ta perhaps ever in_ those less obv1ously

,affected. "In an1ma1 studles, regardless of age, perlostealuT

| overgrowth s the ma]or effect (Barnlcot and Datta 1972)

. The p0551b111ty of a v1tam1n A def1c1ency could have "had

Sv‘several potentlally serlous conseguences for the people at Morta.

uThe, ab111ty of females to cOncelve 1s affected by seasonal food if

A

'fshortages (McElroy and wansend 1979) poss1bly as a result of2 a
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individuals. Resplratory and gastr01ntest1na1 tract Lnfectlons‘

' reduction in vitaminh A intake. Animal studies bave shown-that a
vitamin A- deficiency"is associated'with a"reduction in the
vfertlllty of both nales and females along with lower reproductlve

f success . (Moore 1967 Guthrle 1975 Guyton 1976 Navxa and Harrls

1980) Seasonal perlods of food scarclty could have had dlrect*

': effects on ‘the. blrth rate and populatlon size. It 1s temptxng to

‘suggest that 1ong lactatlon may not haVe been the only 1nfluence )

! k

on birth spac1ng. ' L ]_, | "x ' \

)
‘ -—

V1tam1n A def1c1ency produces other serious health problems

There is an 1ncreased rxsk of 1nfect10n in vitamin A deflclent

(Guthrie ‘1975) may have had serlous consequences on health and
longev1ty partlcularly for infants and youngsters The mortality

rate is unknown but these infecyions may have been the leading
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' cause of death in all age grougs. Based on examination and study, -

of lung .txssue from a series of mummies from Peru and ‘thili,

Allison (1984)‘ reports' that the 'major cause of deathp was
pneumonia. It was also suggested' that” infection and pneunonia
have probably been the leadlng cause of death for the past 8000

',

years.w

The generally low 1nc1dence of pathology 'in the-'skeletal'

‘naterlal at M01ta (Lubell and Jackes.LQBS) may have been due to

"the apparent 1ngestlon of tetracycllne ev1denced by 1abe11ng inl ;'u‘

;“‘-the bone.» Ingestlon of tetracycllne may have reduced the";;

_serlousness of lnfectlons and shortened recovery t1me Ther_‘.'u.f

::1978) 1s a p0551b111ty that mlght have reduced the effectlveness ,'

"i devélopment of bacter1a1 re51stance w1th low’ dosages (Mltscher,7



of ‘the antibiotic. Antibiotic resistant bacteria :havev been
‘reported in ccnnunities with no‘prior‘exposure .tO' canmerciall§
':‘produced antlblotxcs perhaps as a result of bacterlal exposure to
‘naturally occurrlng streptomyces produced antlbxotxcs (Dav;s
| and ‘Anandan 1970)' Inadvertent production and. inaestion 'of
‘antxblotlcs such as tetracyclxne by the people of Nubia and Ntnta
and perhaps by other groups may explaln the drscovery of

‘

antlblotlc reSLStant bacterla in later generatlons. The dose—

related levels lngested at M01ta are’ unknown but tbe general

"health of the populat1on may have' lmprowed along thh longev1ty

Osteoporosis ‘ - “"- C

The prevalence of osteoporosxs as 1nd1cated by the Slngh'
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Index (Slngh et al. 1970; Slngh et al 1972) was low. blngh '

. grades 2 and 3 osteoporosxs were present in' 1 male and 2 femalesu

[

| Borderline grade 4 osteoporosxs 1ncluded 1 female and 3 males. -

The low 1nc1dehce of osteopor051s (9%) melles.a\reduced risk’ of ]

LY

‘femoral neck fractures and dlsablllty for the na]orlty of the

populatlon.' The value of ' ‘the 1ndex 11es in 1ts ab111ty to

1dent1fy 1nd1v1dua1s potentlally at risk of: sustalnlng a femoral_‘

'nneck fracture (Wahneruet al 1973 Dequeker et a1. 1976)

Accordlng to Nordln s: Index (Barnett and Nordln 1960) determlned

Ibfrom antero~posterlor radlographs of the femur (Lubell et al.'

‘ 1986a), osteopor051s was not a problem in the populatlon., There

vwere no 1nd1v1dua15‘ w1th values of less than 46,- the value“:'

o con51dered to be the p01nt separatlng ostecporotlcs and nornals. S

S “The lack of agreement between the Slngh Index andgthe Nord1n



- Index may be due to the different ratES of ‘bone ldSs“between

cortical and trabeCular bone. Trabecular loss occurs at a faster

-rate than 1s observed in cortlcal bone (Mazess 1983) Other'
"studles have 1nd1cated that changes in trabecular bone show no-.

'relatxonshlp to changes observed in the cortlcal bone of the same'

f
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sample (Mielke et al. 1972) There was also a low: correlatlon‘"

' between ‘the Nordin Index and dlrectly measured cortlcal thlckness

' ( 0 380 P =< 0 05 28) and no- correlatlon betwegn the

index 'and endosteal porosity. Apparently cortlcal‘ thicknesses -

‘neasured on radlographs are not accurate representatlons of the’“

actual dlrectly measured thlckness of cortical bone (Van Gerven

v

.et al. 1969) because of ‘the 1nab111ty of rad1ographs to -

dlStlﬂgUlSh early’ endosteal bohe loss from conpact bone (Mazessf

1980) However, a‘ combxnatlon of radlographs and, d1rect
“‘neasurement of thickness can . 1nd1cate the amount of bone loss due

to endosteal remodellng (Mazess 1980)

1

The severlty of ,osteopor051s can also* be determlned by

‘ measur1ng cortlcal thlckness\and por051ty (Martln 1981) Direct

. ’ '
. measurements of cortlcal thlckness on the bone cores ° and

,‘calculatlon of p 051ty' 1n\the thln °sect10ns. 1nd1cated. that

g'females v'were‘ unaffected by osteoporosxs.,. Males' showed '

f,osteoporotlc bone loss by age 45 50 but there was no accompanylngh

J\loss 1n denSLty. Slnce there is. a loss of dens1ty assoc1ated w1th y

'age—related osteopor051s (Albanese 1977) these results suggest

"jlthat factOrs other than 1ncreas1ng age may have been lnvolved ‘A .

—

'f[';change 1n .hptrltlonal status mlght account for the early bone |

s in males..‘,"‘ S



According to Thompson‘et al. '(1981) ‘cortlcal bone denslty"

B out51de of - certaln 11m1ts may indicate pathology or alteratlons

due to the effect of 1nterment Calculated values for bone

density in many populatlons' of dxfferent ages and sex has
g 3

1nd1cated ‘that the average bone den51ty is 1.85 gm/cm 'thh a

3
range between l 60 gm/cm and 2 lO gm/cm Thompson et’al. 1981).

values outSLde the 1ower or‘upper limits are either 'pathological

or modified because of mineral replacement or removal by. ground
water. X
3
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The . bone ydensity of the Molta femora at 2.l2‘ gn/cth . for

3

miles (n. = 19) and 2.09 gm/cm for females (n = 11) is at the -

~ outer limits of normal’ density just describedlabove "In this case

the mean obscures those values falllng out51de the range. Three

males 1nclud1ng the youngest had densxty values below 1 60
3 *

gm/cm’ . Seven males and f1ve females had values above 2 10

3

;QUVCm . The th1ck cortlcal bone may account for these results or

0
\

. bone minerals may have‘beengreplaced of;added to the bone. .

SEM analysis revealed' a high,calcium " content .with-‘somey‘w'l'

¢

phosphorus and very small amounts of -other mlnerals such as iron

. and copper. The possxble effect of 1nterment on bohe den51ty'

could have been tested by correlatlng the length of bur1al tlne

and dens1ty but. a, lack of records prevented thlS type df

t

.t to replace phosphates 1n bone (Race et al 1972) Antemortem,

AR

- [
LN

‘lanaly51s. Slnce bur1a1 was 1nto the shell mldden calc1um may have-”.

; 1eached out of the shells and 1nto the bone. Carbonates are known,[.igt .

: Path0109y cannot be dlscounted in view of the hlgh denSLty and~h""‘\

' generally tthk bone of the M01ta people.. TUrnover rates ‘could:yv‘v"'”
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. ' ’ . . . v } .
‘not be measured but as previously discussed high turnover rates == = . -
. . . K . ' } ) . . ' 4
are associated with less dense bone and low rates are related to
. \ B ' ’ » ’ \ : A , i t . .
high density values. : L " ‘ B .
‘ . ‘ . g
’ A '
. . v
' v "y '
]
¥ .
\[ | ' \
. . ’ ,
! - “ L .
e k ' ! ) n .
4 i .
‘ ' ST !
. ‘ " B o b , 1
Y , o
" ' . e i - "
i ' N l' »
i i ’
' ' ) l '
‘ . . { .
i L ;
’ ! \:
,/ "‘ ' . ! .v“' .
- ‘ 9 , <
’ » “ S e ' '




L nater1a1 in shell mlddens is affected in thLS'manner is unknown

'CHAPTER V1

SUMMARY AND CONCLUSION |

'Bge estlmates could not be determlned by countlng osteons in

vthe th1n sectlons prepared fram the femoral bone of the Moxta do-

Sebastlao populatlon. Extensive areas in the thin sections werer‘

affected by an ash—gray discoloration. As a‘result'of‘this stain

the osteons were obscured 'and oSteon3 countS' could ot be

Obtained. If the: cenent llnes of the osteons could have been

outl1ned w1th haematoxylxn and ' eosin a count may have been

'~

a
poss;ble but attempts at-stalnlng were unsuccessful.

\

: Efforts to remove or lrghten the stain were unsuccessful

desplte the use of several dlfferent methods.. It 1s.assuned that.

" a comblnatlon of marlne shell soil m1nera1 and organlc materxal-

in- the mldden matrlx produced umknown chemlcal 'reactlons that‘

resulted in staining of the skeletal remalns whether all osseous
b

but the skeletal remalns assoc1ated w1th shell mater1al in three

-

d1fferent 51tes -were affected by 51m11ar dlscoloratlon.‘,fhe“

P

dlscoloratlon was, a ma]or problem in thls reSearch -and. needs to“
be"resolved as 1t presented serious 11m1tat1ons for m1cro¥«

. structural assessment:'

’

—

Although the m1crostructural features 1n some areas of thef

'

| falrly well. preserved 1n other areas.; Ultrasonlc cleanlng in ;H

but dehydratlon in alothol and xylene should have mmnlmlzed thesef‘iﬂ“-r‘“i

-4 ‘\4 K "\‘ o
L 13

th1n sectlons were dlsrupted,‘ dlstorted,‘ or. swollen they were;

RERL

. dlstllled water mlght have been responSLble for the dlstortlon,h‘tf"



i

effects.\The bone tissues.might‘also be‘showing changes result-

1ng from dlagenlc—processes.

v

' leferentlal areas of bone hardness in the thln sections -

resulted in poor Sectlon quallty and breakage durlng th1n sectlon

preparatxon. Laboratory stalns were unable to 1llum1nate _the

cause of the ash—gray stain or the reason for the varlatlon in

‘bone txssue hardness Perls Pru351an Blue ldentlfled 1ron as a

——

thin \rlm on the per1ostea1 surfaces, but sxnce iron ‘' was 'not‘
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present in the remalnder of the thin sectlons,¢ 1t appears that‘,‘

| iron. made no contrlbutlon to the varlable -areas of hardness

w1th1n the thln sectxons. The hlgh ca1c1um content of the ‘bone

as’ 1nd1cated by von Kossa s stain and the SEM ' nay have produced

'the uneven areas of hardness, although this is not certaln.

o
\\

‘ : N
\‘ There 1s no p0551b111ty of obta1n1ng quallty th1n sectlons

‘ffrom fraglle archaeolog1ca1 mater1a1 'such as the Moita. skeletal‘

'Vrenaxns or the ' Algerlan human rlbs when thls materlal is.

Jsubjected to gr1nd1ng and pollshlng It is too destructlve to

: unprotected bone élssue, ‘is extremely tlne consumlng, and a

great deal dé\vafuabie tissue is lost. The sawlng procedure used

t
';\\

w1th the bone cores was falrly nondestructlve, the w1dth of the ‘

cuttxng edge of the c1 cular saw blade accounted for the only

tlssue loss.,‘ . -“,y XV f t{ : f o .': A
. . - A o oo .
. .
The most practlcal solutlon is to embed fraglle skeietal

\

tlssue Skeletal materLaI 1s then protected, and there is less

"tlssue wasted and t1me lost A 1mm thlck sectlon of bone -

‘ _lremoved from the 9 o bone cores and embedded in. Ward s Blo— 4;

ygﬂplastlc prov1ded several th1n sectlons 80—100 um: tthk. Enbedded‘f"‘




p
po

bone mater1al us preserved as a permanent record of the skeletal

"

sanple Both the remaining unembedded bone core sanples and the

embedded samples can be restudxed w1th newer techmques as they.

L]

N
i
'

"in the future_

The removal of bone core samples is less destructlve to

valuable skeletal remains than the removal of cross-sections but :

lJ

there may ‘be a loss of mformatlon in compar;son to complete

cross—sections Removal of core samples from medlal, lateral

_posterlor and anterlor sltes might overcome some of the problens

and still retain the normal bone length; thlckness' and other

0

information forf future analysis. - The cores should be.marked on

medial or lateral sides,along‘wlth.a mark ;on the superior side to

‘maintain cor'rect orientation to the intact bone and to provide as

much 1nformat10n as posslble. Since the removal of small bone

' cores is less lnva51Ve and destructrve there is Na‘ greater
(\1

p0551b111ty that permlsS}on for thenr renoval can be obtalned.

4 o ‘

Th1s appears to be of partlcular concern when the skeletal txssue

o
\

mvolves a forelgn country or valuable museun collectlons.
Although a bone core’ is a small sample of the humn skeleton

1t can provide mfornatlon on the health status of a populatlon.

L ’I‘he 1nformatlon obtamed from hlstcmorphometry can be combmed'
' 'Qv,"w1th data from other techm.ques such as rad1ographs, scannmg‘

electron m1croscopy (SE‘M), _ trace element analys:.s and other

.
\

methods to proV1de a ‘more canplete p1cture of health. o

For mstance . Sﬂvl w1th 1ts x—ray equlpment prov1ded'

y

mformatlon on the trace elements 1n the femoral and nb sanples.

become avallable or they can be reanalyzed by other researchers :

138



: O
.,Although the ratio between calcium and phosphon)s was not

determined, SEM did indicate a higher level- of calcium than
p@sphorus and noted that other elements were present only to a
1imited extent. The ev1denoe of bacteria assoc1ated v} th the bone
- might not have been obtained if SEM bad not been used. SEM can be
a valuable’ suppleme-nt .to other techniques When ‘gathering
information from arehaeological bone .

‘.
Wi

""‘"‘ Since’ histological ~analysis for purposes = of age

’
i

1

xl‘f
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determination may not be possible with all archaeological '

5y

naterial other techniques must be utilized or new methods
. developed. ' Endosteal porolsity‘ and cortical thickpness are _not
dependabl‘e age indicators as nutritional problems or metabolic
dilseases can alter their values. Although the youngest definitely
aoed individual bhad a low soore for endosteal bone spaces this
might not be a consistent }indi.ng, in other individuals. .
.‘ It was emphatical shijfalized.‘how important the ages of
' individual skeletal fé&min;ﬂ‘are to any comparison. The lack of
estimated ages was a severe limitation when “ a conp‘arison} of
" results -was attempted. It was for this reason that Jackes k
(Lubell et al. 1984) data- on estimated ages was testeci in
this research. | ‘ 8 |
“ Although the age .e;timtes based on attrition grades are
st111 in.the prehminary stage of assessment they do appear to, be
‘reasonably accurate. Data presented in the literature on oort ical
”'.bone changes occurring. in modern populat ions and the average age

of onset of these changes tends to support, in many instances,

l,'th‘e. age changes oSSerVed in the Moita bone.‘. Some of the
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' ' A A
differences in ade changes between modern populations and the

Moita population may derive from ﬁ?e age estimates themselves or
4 ‘ B
the mxcroscoplc technlque of measurement. It is also possible

!
g '

that any lack of agreement may be the result of genetlcs, diet,
. /-
or populatlon dlfferences in the actlvxty levels of bunter- |

gatherers. - T

The menopausal loss of bopne density hy'Moita feﬂalesv_after
age 45 and males after 63 is in close agreement with modern data.
Max irmum cortxcal tthkness is reached by age 40 in. Moita males
and in present day males and females, Motta females show no loss

in cortical thicknegs for increased porosity but may not survive

0

" long enough for these Changes to become evident. Moita males show'

i

early 1oss in cortlcal width'along with an increase in ‘porOSLty"
vperhaps as a consequence of genetlcally determlned early aging.
Moita females show the changes in porosity and density‘that might
be expected during the reproductxve and iactationl cycles. In “

addltlon, sexual differences are clearly apparent.‘

i . \

It may be unrealistic to assume that bxologlcal processes in
prehistorlc populations-of 7000 BP were 1dent1ca1 to thoSe of

modern day populations. " The fact that females in thls research I,

L

did not lose cortical thlckness whlle males’ experlenced early

bone 1oss in canparlson to present day research flndlngs may

1
reflect a difference 1n the’blologlcal response to stress. \a
‘ ,

'?I Assumlng that blologlcal responses to stress were 51m11ar
and that diet was important in malntalnxng cortical thlckness‘ it
* then becomes!\apparent-that males were: undergoing same type of
'change. Rather than‘cort}callbone loss from the effects of early

- . . -



o

aging, males mayfhave been experimehting with, .or adapting to,

()
newer dxetary add1t1ons The stability in female cortical .

. thickness in comparxson to males suggests that females werg

generally followxng the usual dietary practlces:“TIf‘ dev1at10ns

~did occur there was no resyltlng bone loss.

: There may ‘be an addltxcnal explanatlon for the absence of'

. L . e , .-
cortical thinning and the increase in cortlcal _thlckness in

v‘females "An éccunulation of endosteai bone‘durfng pregnancy may
not have always been lost w1th subsequent lactation becauSe of
yloss either before b1rth or. 'in early 1nfancy Endosteal loss due
to osteoporotxc changes w;th 1ncreasxng age may not havée occurred

because females did not survive 1ong enough or the nenopause may

* have occurred somewhat - later “than 1t does in present day '

.populatlons The physically actlve lifestyle of a hunter—gatherer

female -may have had an effect on the thxckness of the cortlces
. w N
The actual  nutrient lntake 1s unknown but there 1is an

141

‘1nd1cat10n -of a pos51b1e d1etary v1tam1n A deflclency An o

lncrease in the number of . 1nfect10ns, lowered fertlllty or

' premature termlnatlon of pregnancy may have had quite an impact

on the'health and size of the populatlon.

N

The . ev1dence suggests that tetracycllnes were Lngested If'

"this dld 00cur, the frequency of 1nfect10ns nught have been‘

,decreased althOugh the effect of antlblotlcs can be’ lessened

) w1th the develcpnent of bacter1a1 re51stance. If sanples of adult o

”teeth had been avallable for thxn sectlonlng they could Have ‘been

examlned for ev1dence of tetraCycllne bandlng. The.presence of*

bandlng would have suggested contact w1th tetracycllne , durlng



some lines varied in width'moS‘ were‘sharp‘fine'lines with no

,probably were not responsxble for the fluorescence of the arrest

,Although they were tentatlvely 1dent1f1ed as bacterla, not one otl.

142

the formatlve stages of permanent tooth development, ahd it mlght

'have been p0551ble to alculate when that contact flrst occurred

The source of the pparent tetracyclxne labellng 1n the bone
is a problem.* Whether grain, lherbal renedxes or some . other
substance provxded a suitable culture medlum for the production

of the apparent tetracy line, has not been determmed Th&>.,

consistent pattern “of fl rescence in the arrest lxnes of the

L4

osteons, the inner lamellae of Haver51an canals. and the cortxcal

\

transvérse llnes are all su gestlve of in vivo. xngestxon This,

[l

type of pattern appears to be sxmxlar to the labelxng found thh

tetracycline ingestion in‘modern,ﬂedical‘treavment.' Even'though

-~ ,\

)

dfffusion of their marglnsqr _ \‘

If the fluorescence was due to autofluoresence there would
have been a more diffuse coverage of the bone Several areas of
diffuse - fluorescence on the perlosteal and endosteal ‘borders

might‘»be attributed to autofluorescencez but also to bacterial

‘s

or fun9al'sources. The hacteria assocxated with one bone sample

- mlght have produced thlS  type of dxspersed fluorescence but they

: oo S i
lines because _af the consistent™and regularchatterning of the

’

lines. - = L . IE RN

- The bacterla may have had an assoc1at10n w1th drsease and

v 3 —

illness in the populatlon but thlS could not be determ1ned ‘

#

«

these could be 1solated from the bone scraplngs in order to B

obtain a:positive 1dent1f1cat1on.‘ Any con51deratxon as possxble d

. ' : ) _—



‘ r:»‘ransverse 11nes in the cort1

'-: ‘indicate - that they were str’essed

disease agents would be merely speculative, | especially as they

Al

could have become assocxated with the bones durmg any - post— -

depos 1t iona 1 stage

"I‘hetranSLtlon from hunting and gathering to food production.

AV

appears to have been an unsettled and stressful perxod for the

: populatlon at Mo1ta. Illness or nutr1t10na1 stress dunng the

. -

growth penod is reflected by llnear enamel hypoplasm and Harrls
. 11ne formatxon The presence of these markers in ‘both the bones

' and t_eeth of adults indicates that these individuals survived_

SR

into- adul thood’ despite 's'tress—related‘events. Stress \Sas . ot

conflned to the formative years smoe adults show evidence  of

phys1cal\ mjury1 and growth dlsruptron as indicated : by the

cortical transverse lxnes and osteonal ‘growth arrest lines in the
» ' [ : 'q . .

‘
& ' . “ i
. . '
. .

femora. R ‘ . , ,.‘ -

°
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The ev1dence of  ‘stress . markers m all age groups rray.‘ ‘

‘- 1nd1cate malnutrition due to seascnal shortages in the ;food
supply or an early change in" subs:.stence fesouroes., Males appear
.to have been partlcularly affectch as’. ev1denced by early bone

' loss. er\fée the Mo1ta populatlon was in the later stages of the

Mesol1th1c, Lt is .expected that skeletal tlssues mlght show

| ev1dence of any change in subsmtence.

Lo
AN ’ . oy ’

The h1gh oorrelatlon between stature and the nuber of

111ness or ‘ seasonal food

:‘ushortages severe enough to have ha an effect on growth. _Even' in

I

neof the 12 1nd1v1duals_l

-adults,_ appomtlonal bone de sxtlon (transverse 11nes) showed ’

t
’

. penodlc streés.‘- Eva.dence of physmal trauma and phy51olog1ca1 -
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stress in thls small group of males and females under 40 years of |
-age may 1ndlcate nutrltlonal deprlvatlon because of lower status.
within the grOUp They may have mlgrated 1nto the area to take
-'advantage of ‘a w1der range of subsxstence resources

' éiatus ’may also be 1nvolved in the early loss of cortical
,thlckness in males over age 45 since females were not. affected byr
bone ‘loss; Cortical thlnnlng may have occurred before age 45 50
but = there were no males representlng the 40-45 year age group.

‘ Apparently the causatlve agent ‘was spec1f1c to males and may have
, been assoc1ated with status Consumptlon of alcohol produced fran
graln and its 1nvolvement with bone loss is uncertaxn since the ‘

' M01ta populatlon were supposedly in the pre-agrlcultural phase of

the tran51t10n from the Mesollthlc to the Neollthlc wild grdi

mlght have been gathered and utxllzed in: theﬂgsame manner as
cultlvated graln., Assumlng alcohol was produced and 1ntake ~was
status- related femaleS' may not have had’ contact ~with the

beverage.

! Y o . o
Another status-related male activity involves hunting. * The

"‘most experlenced and successful hunters might be expected to be

nales over: 40 years of age. If l1ver was connonly eaten at the

“klll site hunters uey have consumed .an excess of vitamin A with

resultant bone' ].OSS- . Co e “ A '.' -

The males in the group w1th cortlcal transverse 11nes were

Humder 40 years of age and would not be expected to show age

N
'related bone loss although several males d1d ‘not have age

-

'assessments. If they were of lower status they mlght ot have

",been permltted access to alcohol and may not have obtalned

. . L
R



sufficient vitamin A from organ meats.‘ o o

" 'Even though there was 'no apparent cortical thinning in these.

‘males there was ev1dence of endosteal ‘resorption‘ -in  several .

4.

nales 'I‘hxs suggests that cortlcal thmmng was Just conmencmg. '

It also may, suggest that they were gradually ach1ev1ng status or

]

. acceptance and were’ 1ntegrat1ng into the nam group.

It 1s d1ff1cult to 1solate a specxfxc cause  for . cortxcal

NI

bone loss in- males The fact that the populatmn at Moita, was' in

the transition suggests that there may have been some utlllzatxon

of ‘gram. Whether the gram was ,'gathered or obtamed from
experunentatlon with grain growing or m trade ls mknown There' .

-is also the pOSSLblllty that premature agmg, alcohol and excess A

mgestlon of vitamin- A were all 1nvolved

'+ The blologlcal ewdence 1n both the bones and teeth of all

,age groups in the Mo1ta populatlon suggests that problens with

‘ nutrltlon ‘or xllness were not of recent orlgm. It appears that
the people 11v1ng durlng the transxtlonal phase may have had

,problens w1th food shortages because of seasonal fluctuatlons in

' the food supply or madequate resources to prov1de for the needs

[

: of- an ‘-m'c:reasmg -populatxon. A change m subs:.stence strategles

LY

" populatlon m.mbers and 1nsuff1c1ent food resources.

A larger sample mlght have prov1ded more mformatmn " since

'l

N

CoL may have been necessary to overcome competltlon from 1ncre sing

145

the small sample used in thls reSearch dad not- have equlvalent o

'sets of data for all 1nd1v1duals. An absence of one or more sets

1

B 'of values . espec1a1

;mformatlon obtamed ‘nd affected the conclusmns. As an example,"

-age estunates, 11m1ted the amount of |



one male (L17) lacked‘an age assessment but endosteal bone loss

K‘Q

»and cort1ca1 thlckness measurements xndlcated an age canparable

to males over 40 w1th cortlcal thlnnlng.

!

Indlcatlons of early bone 1oss in males and retention of
W

. thick cortlces in females may have been a normal feature of this .

populatlon. It ‘ﬂay be possible to check the observations and

.conclusions in this research with other sltes in Portugal The

|l

neighboring sites of Cabeco da Annrelra and Cabeco da Axrudaf‘

(see’ Lubell and Jackes 1985) mlght provxde lnformatlon that‘ can
' o : - - ‘

be . used to determine when grain was first ' cultivated, - Whether

]

fluorescent labeling was present in the bone oﬁ either of ‘these

,populatlons,' and whether the health status was 1mproved at the

4Ne011th1c site compared to those of the Mesollthlc site at Moita.

]

Research in this diréction is. requlred to understand more

1

.completely _the health conditions that were: present durlng the

transition from hunfing and gathering to food production.
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‘ 1ndu1duals 57 and 35 compared.

Vmgh Low - ' High . Low
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TABLES LA

| E:xample of the ‘data obtamed in count two (PME) f:or'
the number of . res‘orptlon spaoes (porosity) .-

Ind1v1dua1 57 g
. g ‘ ‘ >‘1 ' 2 ! N ’
Cortical No. of spaces - 0.92 mm fields ‘Popbsity
area X om0 $
P 173 17.50: s 8 51 B
M o1/3 | 0 1083 7 31
E 1/3| -, 6.13 8. 18
Total 262 23 ... 100
L R=I139 . L e
I .
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'.‘v' ' ..\‘ ' . .
' The ' correlations -

/ ,
"// L et i e K
- TABLE 6a
Correlatlon Matrlx among the three oortxcar
areas (PME) in porosity counts ¢ne: and two.
P M E
P . 0.682 :
M 0.b26
E- £ 0.880 ;
TABLE 6b '

betweéen the mean number of resorption
., Spaces (porosity) per 0.92:mm 2 among the three cortical
. areas, ' periosteal (P), mid-cortical (M), and endosteal

.+ (E) in two.separate and independent cgunts. - - :

- Count; one‘

P . .M E . . P . M. E
P 0.610 0.185 . B~ 0.361 - 0.168
M ‘ . 0.429 M 0.178 °

E ) : () E , '

. Count two

o 152‘3
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’ Z TABLE 7
, ANOVA' SUMMARY TABLE FOR A(JJWPARISON OF MEANS
Source Degrees of Sum of Mean F Sighificance
, Freedom ' Squares ‘Squares of F - ,
‘Between 3 T 715.56  238.52 11.83- 0.05
(groups) ] - : T
Within 15 302.38 20.16 —_——
(groups) ' .
, Total 18 1017.94 ——— e

e
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