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ABSTRACT

The analysis of burned bone stumbles on the prablesised by the heat-
induced changes that seriously interfere with thethods adopted by biological
anthropologists. These changes especially affeet sinucture of bone leading to
fragmentation, dimensional modification, warping darracturing. As a result,
quantitative analysis based on measurements arghiwgiare usually overlooked due
to uncertainties regarding their ability to corhggirocess burned skeletal remains.

Although some pioneering research on this issisebleen carried out in the Past,
this remained sporadic and with little applicatfoom bioanthropologists. In addition, a
significant part of that research was either dgwedbon rather small samples of human
bones or on samples of faunal bones. Also, sonmer athiestigation was carried out by
extrapolating from the results obtained on unburslegletons, which is an inadequate
indirect approach. The present research tackleskthmblems by analysing present-day
cremations on a modern crematorium in order tostigate three distinct issues. The
first one regarded the relevance of heat-inducexgpivwg and thumbnail fracturing for
the determination of the pre-cremation conditiortref human remains. Secondly, the
implication of heat-related dimensional change exusal dimorphism and consequent
sex determination from calcined bones was addredsedlly, the value of post-
cremation skeletal weights for bioarchaeologic&ripretation of funerary contexts was
also investigated. This was done by examining husiaietons both prior and after
cremation on two different cremation samples: coamosed of recently dead cadavers
submitted to cremation; and another one composeédya$keletons recently exhumed.
The research demonstrated that, although heat@ddusarping and thumbnail
fracturing is much more typical of cremations oesfied cadavers, these features are
also present on the burned remains of defleshddteks. Therefore, the occurrence of
these features is probably related to the preservatff collagen-apatite bonds which
play an important role on the mechanical strendgthame. As for sexual dimorphism,
the results revealed that it is not significantlieeted by heat and that such differences
between females and males can be useful to classkfgown individuals according to
sex based on the univariate metric analysis of ireedc bones. Therefore, sex
determination of this kind of material needs notdty exclusively on the examination
of morphological traits which requires a multivégiaapproach. At last, logistic

regression coefficients that are able to estimageekpected proportion of the specific
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skeletal regions present on funerary assemblages dexeloped. This was carried out
in order to assist on the interpretation of therseuof action adopted during the
recovery of the skeletal remains from the pyre Hrar consequent deposition in the
grave. Such method was proven to be more dependladeprevious ones based on
weight references from unburned skeletons.

This research demonstrated that, although heatedlhbone changes can indeed
be very extensive, their analytical potential is completely wiped out. Nonetheless,
such analysis needs to be based on referencearéhapecific to burned bone to allow
for reliable insights. As a result, additional r@sdh is needed to better equip
bioanthropologists with new analytical techniquesrensuitable for the investigation of

burned human skeletal remains.

Keywords: burned bones; osteometry; cremation; -imelatced changes; funerary
archaeology; skeletal weights; taphonomy.
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RESUMO

A andlise de ossos queimados é seriamente difizujtalas alteracbes térmico-
induzidas que interferem com a fiabilidade das omtgias adoptadas pelos
antropdlogos bioldgicos. Essas alteracdes afecticglarmente a estrutura do 0sso
resultando em fragmentacdo, modificacdes ao niaglsdias dimensdes, deformacgéo e
fractura. Por essa razdo, a sua analise quarditbigeada em medicOes métricas e
pesagens nao € pratica corrente porque subsistandadurelacionadas com a
fiabilidade desta abordagem.

Apesar de alguns trabalhos pioneiros, a investigagssta area permaneceu
esporadica e com reduzida expressdao ao nivel daaplieacdo por parte dos
bioantropdlogos. Além disso, uma parte signifiatidessa investigacdo foi
desenvolvida a partir de amostras pequenas de bsgpanos ou a partir de restos
faunisticos. Outro tipo de abordagem baseou-stnapelacéo dos resultados obtidos
a partir de 0ssos ndo queimados para 0ssos quambdte € um procedimento
indirecto e inadequado. Esta investigacao proctaper face a estes problemas a partir
da analise de cremacgfes contemporaneas com o iebjelet estudar trés questdes
distintas. A primeira delas estava relacionada eontilidade da deformacgéo e das
fracturasthumbnail térmico-induzidas para a determinacdo da condig@ecremacao
de restos humanos. A segunda questdo dizia respeiimplicacbes das alteracoes
térmico-induzidas relativas a dimensédo do osso immrfismo sexual e subsequente
determinacdo do sexo em restos humanos calcinBish@dmente, foi também abordado
o valor do peso do esqueleto apos a cremacao patarpretacédo bioarqueoldgica de
contextos funerarios. O estudo baseou-se na am@ilésee pods-cremacao de duas
amostras de esqueletos distintas: uma composta cpgmacfes de cadaveres
recentemente falecidos e outra composta por creesagé esqueletos previamente
inumados.

Apesar da ocorréncia da deformacao e das fradtunasonailtérmico-induzidas
serem consideravelmente mais frequentes em cresma@®ecadaveres com tecidos
moles, este evento esta também presente nos cestwados de esqueletos sem tecidos
moles. Assim sendo, a sua ocorréncia esta provamdmrelacionada com a
preservacdo das ligacdes entre o colagénio e #eapae assumem um importante
papel na forca e resisténcia mecanicas do ossaelEgéio ao dimorfismo sexual, 0s

resultados revelaram que este ndo € significatimteneafectado por elevadas



temperaturas e que as diferencas métricas entreeresle homens podem ser Uteis para
a classificacdo sexual de individuos desconhecdpartir da analise univariada dos
seus restos 0sseos calcinados. Com efeito, a detedo do sexo deste tipo de material
nao precisa de basear-se exclusivamente no exattieamado de tracos morfologicos.
Finalmente, coeficientes de regressao logisticanfordesenvolvidos de forma a
estimarem as propor¢des esperadas das regidesnames@o esqueleto em conjuntos
funerarios. Estas ferramentas permitem ajudar aniopologo a reconstituir o gesto
funerario relacionado com a recolha dos o0ssos rdaepsua subsequente deposicdo na
sepultura. Foi demonstrada a maior fiabilidade aléétnica em relagdo a outras
previamente adoptadas em estudos bioarqueoldgibaseadas em referéncias de peso
desenvolvidas a partir de esqueletos ndo queimados.

A investigacdo demonstrou que, embora as alteraédmsco-induzidas no 0sso
possam ser vastas, o0 potencial de analise assarieste material ndo é completamente
eliminado. No entanto, tal andlise deve ter composde referéncias que sejam
especificas a ossos queimados de forma a pernfgréncias fiaveis. Assim sendo, €
necessaria investigacao adicional de forma a astéioantropdlogos de novas técnicas

de analise mais adaptadas ao estudo de restos teseranos queimados.

Palavras-chave: ossos queimados; cremacao; aksra&dnico-induzidas; arqueologia

funeraria; pesos do esqueleto; tafonomia.
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1. Introduction

1.1. Area of Interest

Bioanthropologists have become quite good at readind interpreting the
human skeleton in order to retrieve important infation regarding the biological
profile of an individual as well as the antemortepgrimortem and postmortem
circumstances pertaining to it. All this data ipesally important for investigations
from both the archaeological and forensic arenas ¥diich the skills of
bioanthropologists are often required. Althougloasiderable amount of information is
often collected from the inspection of unalterednln skeletal remains, this task is
usually more difficult to complete with bones atfst by a heat-source. Heat typically
produces extreme fragmentation of the bones acaoiegheby important alterations
preventing the use of some of the methods adoptédeir examination (Holck, 1986;
McKinley, 1989; Mayne Correia and Beattie, 2002;oifipson, 2002 and 2005;
Fairgrieve, 2008; Schmidt and Symes, 2008; Ube|ak@09). As a result, researchers
have been struggling on their quest to better wgtded the effects of heat on bone and
to find more reliable ways to undertake the bioesiblogical analysis of heat-altered
human remains.

The efforts of many researchers — from both bimamological and other
intimate scientific backgrounds — has undoubtedty to the improved knowledge of
burned bones which in turn contributed for the dgwment of new and more specific
analytical approaches to this kind of material. Tingestigation concerning this issue
will be listed and further discussed in the follagrisections. In a nutshell, it can be
stated that important contributions have been mailg,to name a few, by Baby (1954)
Binford (1963) and Buikstra and Swegle (1989) rdgay the differential effect of heat
on fleshed and unfleshed bone; by Gejvall (196@ntek (1975, 1976) Malinowski
(1969) and Van Vark, 1974, 1975) who discussed itmglication of heat-induced
dimensional change on sex determination; and bydtBridler ad Buikstra (1984),
Shipman et al (1984) and Thompson et al (2009) f@eassed on bone microscopic
changes caused by heat and their implication feeodsgical analysis. Despite the
efforts of these and several other researchessgiins evident that more investigation is
needed to further clarify the effects of heat oméda@nd their implications for the

interpretation of the circumstances surroundingtideend of the handling of the
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remains. Also, the implications of heat-induced nges on the assessment of the
biological profile needs to be further addressethore detail if we are ever to be able
to retrieve reliable information from human skeldvarned remains. Therefore, the
present investigation intends to contribute foisthrea of research regarding human
burned bones by adopting a bioanthropological metsge associated to the analysis of
heat-related taphonomy. The approach used in thsstigation — based on the
examination of cremated human remains in a modemmatorium — has been adopted
by several other researchers and allowed for tHeation of precious data (e.g.:
Gejvall, 1947; Malinowski and Porawski, 1969; Vaark, 1975; Rosing, 1977; Wahl,
1996; McKinley, 1993; Warren and Maples, 1997; Basd Jantz, 2004). Expectantly,
the present research brings new light into thectopbone heat-induced changes and its
implication for osteometric sex determination ofrfan remains as well as for the

identification of the circumstances surroundingtbdeand funerary behaviour.

1.2. Mankind, Fire and Human Remains

In order to make fire, one only needs some flammabatter, oxygen mixed
with fuel and a source of heat to start the combeisthain reaction (Figure 1.1.1).
However, fire is seen by humans as something nare & simple chemical reaction. It
became well mastered by mankind having an immenpadt on our daily lives and on
the evolution of our own genus. Such importancelamonstrated by the numerous
myths that describe how humans got acquainted fwghThose are part of the cultural
heritage of several populations from all continearid often attribute a divine origin to
fire. Many myths and legends describe how godsoomnesother supernatural beings
granted fire to mankind as can be seen by the thagsaregarding: the Cherokee’s
Thunderers; the Chinese Chu Jung (a deified mortia® Polinesian Mahu'ike; the
Mayan Tohil; the Micronesian Olifat; the Greek Peiheus (Figure 1.1.2); the
Melanesian Rokomautu; the Slavic Svarog; and alsomlbwu from the Akposso of
Togo (Mercatante and Dow, 2009).

Fire brought many innovations to our ancestors. iRstance, the cooking of
food helped improving nutritional and energeticake (Wrangham and Conklin-
Brittain, 2003; Carmody and Wrangham, 2009; Wranglaad Carmody, 2010). It may
thus have led to digestive adaptations such ademteéth, small hind-guts, large small

intestines, a fast gut passage rate and to theeddability to detoxify (Wrangham and
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Conklin-Brittain, 2003). This hypothesis has beespdted because reliable evidence
for the intentional use of fire was of only abo0R00 years (Pennisi, 2004) but
support for earlier dates of at least around 79688@ID00 BP have been made available
in the meantime (Goren-Inbar et al, 2004; Alpersdihet al, 2007; Roebroeks and
Villa, 2011). Another innovation provided by thentwlled use of fire regards its
lighting and thermal abilities which allowed mankito occupy new habitats and spread
throughout some unbearable regions of the globechwhbtherwise, would be
impossible to inhabit (James, 1989). Fire also ma&ead our skills to explore food
resources whether by hunting through large-scakeniional fires whether by
improving fertility of crop fields with controlledurnings (Lentz, 2000; Lewin and
Foley, 2004; Miller, 2005). The advantages providadthe use of fire have been
numerous. However, as soon as fire was handledubyahs, the probability of the
occurrence of events leading to burned skeletalamsnincreased. For instance,
antemortem lost teeth may have been burned onhiseantd burned human remains may
have been the result of accidental fires. Thesetame examples of non-funerary
contexts in which burned human remains can evdgtb& found on archaeological
contexts.

Another very important usage for fire, which i®ne directly linked with the
contexts in which burned human skeletal remaindared, regards funerary practices.
Cremation is an old practice which was first usedrd) Prehistory. As it seems, the
most ancient burial including burned bones was doum Lake Mungo, Australia
(Bowler et al, 1969). Two dates have been propdsedhis burial. One radiocarbon
dating indicated it to be as old as 25000 BP (Bowleal, 1969) but a more recent
luminescence dating pushed this estimation backO@0 BP (Bowler, 2003). Either
way, this is by far the most ancient known deliberaurial regarding burned human
skeletal remains, although the intentional or amaidl burning of the remains cannot be
stated for sure. In the Americas, a cremation bufiea 3 years-old child located in
Eastern Beringia was dated back to 11500 BP (Petteasl, 2011). This evidence
suggests that cremation was firstly adopted alnaisthe same time in both the
Americas and Europe. The most ancient finding comieg European human burned
bones is the one from the Mesolithic site of Ali\dionnaz in Switzerland which were
dated to 9700 BP (Carrefio, 2001). Further to tbrsmation was a very popular
practice since the Neolithic at least in Europeer€fore, burned bones can be found on

archaeological sites from several chrono-cultuoaltexts.
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Although cremation is still used as a funerarycpss, the major portion of cases
involving burned bones investigated by bioanthrogdts are nowadays resulting from
other kinds of contexts. Besides fire-related hadeis and suicides, also mass-fatality
incidents, accidental fires, natural disasters @wgt-cremation identification of remains
among others, involve burned human skeletal remaeyne Correia (1997) and
Thompson (2003) made a comprehensive review ofisisise previously. Therefore,
bioanthropologists have been joining the forenssaris called to investigate these cases
but their analytical skills are often impaired lne textreme fragmentation and the heat-
induced changes usually present in burned bonesa Asult, more reliable methods
specific to the analysis of burned bones have leelemand and research in this field

iIs becoming increasingly more dynamic.

OXYGEN

Figure 1.1.1: Diagram of the combustive chain rieact
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Figure 1.1.2: Prometheus Brings Fire to Mankind ifiHeh von Fuger, 1817).
Sammlungen des Fursten von und zu Liechtensteidx/a Wien.
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1.3. Research Review

The research regarding burned skeletal remaissblean profiting from the
interaction between the archaeological and foreagoas. These two fields have often
joined forces in order to improve our understandihbone changes caused by heat and
their implication for bioanthropological analyses.g.: Baby, 1954; Piontek, 1976;
Rosing, 1977; Holck, 1986; Buikstra and Swegle, 39 cKinley, 1993; Etxeberria,
1994; Thompson et al, 2009; Goncalves et al, 2GHdicalves et al 2011b). Of course,
this communication between the two fields is neit@w nor specific to burned bones.
Although the chronologies of the materials undadgtand their specific aims differ to
some degree, both deal with the same object ofystuitie human skeleton. In several
contexts, this often constitutes the only biologaacument available for analysis since
it is the most resilient component of the humanybdebrtunately, it allows for the
retrieval of a lot of information regarding the lmgical and ontological profile of a
given individual. In forensic research, that hedgsablishing the positive identification
of unknown remains. Furthermore, bone analysis algo give insights about the
circumstances surrounding death and the postmoef@sodes affecting the remains.
While adopting an interdisciplinary approach, theabthropologists are provided with
the macro-analytical skills that allow them to remwt interpret the bones in order to
reconstruct someone’s life and eventually, someodeath. However, this task is much
more challenging when the skeletal remains have b#ered by a heat source because
this interferes with the reliability of conventidn&echniques which have been
developed on unburned skeletons and rarely testeduoned remains (Symes et al,
2008).

The investigation of burned human bones has bddressed for at least 160
years. In 1849, a highly publicized trial took maa Boston, United States, regarding
the Parkman-Webster murder case (Bemis, 1850)ntaaty of bone and teeth burned
in a furnace were then analysed by medical doeodsa dentist in order to determine if
those were from the victim — George Parkman — dndny fracture was in fact
antemortem. Therefore, this investigation was edraut in a legal context. Still on the
matter of positive identification, Lepkowski and @olz (1903) specifically described
the heat-induced changes fifty years later and vaésthe time, one of the rare

exceptions to this otherwise quite barren fieldexfearch. The investigation on burned
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bones remained sporadic and went on intermittesitiyng the first half of the 20
century. During this extended period, anthropolabanalysis had a strong emphasis on
anthropometric methods following the work done emesal researches that aimed to
correlate metric patterns with intelligence, crialimclination and even social or racial
hierarchy (Morton, 1839; Lombroso, 1876; Galton8@:8Galton and Schuster, 1906;
Jurmain et al, 2000). Apparently, this anthropometrew gave privilege to unburned
skeletal remains and may have led to the sidelimhdurned bones which were
obviously not metrically suitable for that kind arfialysis.

Nonetheless, some sporadic work was publishedhgluie first half of the 20
century, especially in Germany (Gebhardt, 1923; rBéh 1932; Merkel, 1932;
Krumbein, 1934; Burri et al, 1935; Thieme, 1937 da®38). Burned bones have also
been investigated in France (Muller, 1945; Mullad &uidoux, 1945; Dechaume and
Derobert, 1946), in Poland (Lepkowski and Wachhdl@03; Wrzosek, 1928), in
Sweden (Gejvall, 1947) and in the United Stateshé®s 1941; Krogman, 1943; Webb
and Snow, 1945). The main topics addressed by tlessarchers were related to the
effect of heat in bones and its implication forranpological analyses. This issue was
also addressed microscopically by Forbes (1941)s@mesults are addressed in section
1.4.2. Most of those investigations were developeder the forensic arena. However,
the work of Krumbein (1934) and Webb and Snow (}94B8re among the first to
reportedly examine archaeological materials.

It was mainly on the second half of the"2€entury that research on burned
bones became more intense and experimentatioedtarhave an essential role for the
description and understanding of the effects ofthea the human skeleton.
Archaeological research started to contribute nsoiestantially to the field during the
1950s and the 1960s (Baby, 1954; Binford, 1963) wad especially interested in
adopting a comparative approach to interpret ahaesmations. In order to do so,
Malinowski (1969) recorded the weight of cremaifdemales and males from modern
cremations. The recording of percentage skeletajhi® to estimate the proportion of
the mineral component of bone was carried out bgttér and Peterson (1955).
Additional experimental investigation came from thedico-legal arena with Glnther
and Schmidt (1953) documenting the effect of firetbe skull. By this time, several
other works were being published, especially inUinéed States and the Northern and

Central Europe, thus demonstrating the increasitegest regarding burned bones (e.g.:



Cremains - Introduction

Gejvall, 1955 and 1969; Wells, 1960; Chochol, 19Bbkladal, 1962; Kloiber, 1963;
Merbs, 1967; Lisowski, 1968; Bowler et al, 1969;|liMawski and Porawski, 1969).

The leading role of the United States and Nortrerd Central Europe on the
investigation of burned skeletal remains was rec#d on the following decade by the
influential work of several authors from these o (Dokladal, 1970; Thieme, 1970;
Binford, 1972; Buikstra and Goldstein, 1973; Stkvahnd Piontek, 1974; Piontek, 1975
and 1976; Herrmann, 1976; Rosing, 1977; Dunlop81%tewart, 1979). In addition,
the pioneering work of Forbes (1941) regarding ihieroscopic analysis of burned
bone was continued by Bonucci and Graziani (19&jsanyi (1975) and by Herrmann
(1976, 1977).

During the 1980s, the research on burned bonesased significantly and its
geographical distribution became more wide-spr&gberimental research addressing
both macroscopic and microscopic heat-induced asognstituted a large amount of
the work produced during that decade (Thurman antmdve, 1981; Grupe and
Herrmann, 1983; Bass, 1984; Bradtmiller and Bu#&s®hipman et al, 1984; Endris and
Berrshe, 1985; Gilchrist and Mytum, 1986; Schuli286; Wilson and Massey, 1987;
Buikstra and Swegle, 1989; Holland, 1989; Spennenaard Colley, 1989). After some
initial work done by Gejvall (1947, 1969) regarditige thickness of the skull and by
Van Vark (1974, 1975) on a number of selected hosex determination using
osteometric features was further investigated theroauthors. This time, the petrous
portion of the temporal bone was examined for seximorphism by Schutkowski
(1983) and by Schutkowski and Herrmann (1983). dditeon, Holland (1989) re-
addressed the impact of heat-induced shrinkageoore ranial measurements and its
implication for bioanthropological analysis. Alsegarding the reconstruction of the
biological profile, the estimation of age-at-death sub-adults was investigated by
Wahl (1983) while the potential of assessing agstologically was addressed by
Bradtmiller and Buikstra (1984). The publication ofsults about archaeological
materials made also part of the literature enrightims field during the 1980s (e.g.:
Kunter, 1980; Caselitz, 1981; Holck, 1986) whichswarther added by work from the
forensic arena (e.g.: Eckert, 1981; Heglar, 1984dditionally, another research
innovation referred to the analysis of trace elemesn burned bone for dietary
reconstruction (Price and Kavanagh, 1982; Deniral,€1985; Runia, 1987; Herrmann,
1988).
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As for the 1990s, the heat-induced changes to b@mt on being further
investigated (Etxeberria, 1994; McKinley, 1994; MayCorreia, 1997; Mays, 1998;
Huxley and Kdésa, 1999). Microscopic analysis becdraquently addressed (Nelson,
1992; Nicholson, 1993; Holden et al, 1995a, 199895c; Stiner et al, 1995; Taylor et
al, 1995; Quatrehomme et al, 1998) Also followingyous work, histological age-at-
death estimation was furthermore addressed by @msijand Schutkowski (1993); trace
elements analyses were carried out by Grupe &08ll), Person et al (1996) and Subira
and Malgosa (1993); positive identification wascdssed by Greévin et al (1998); and
new investigation regarding the weight of cremaiuese now published for British and
American populations (McKinley, 1993; Warren andgWs, 1997). As for the major
innovations achieved on this decade, these weaterkto: research specifically dealing
with the problems on the differentiation betweetearortem lesions and heat-induced
fractures (Mayne, 1990; Reinhard and Fink, 1994hrigot et al, 1997 and 1998;
Herrmann and Bennett, 1999); the potential of DN#&ieval from burned bones (Duffy
et al, 1991; Brown et al, 1995; Sweet and Sweed5}t9%nd the potential of human
albumin for the biomolecular investigation of ppsepulations (Cattaneo et al, 1994 and
1999).

On the last decade, burned bone was investigatedgh a lot of perspectives
continuing the research carried out in previouss/eas a result, the issue regarding the
identification of antemortem skeletal lesions washfer addressed by several authors
(Bohnert et al, 2002; de Gruchy and Rogers, 20@hePand Smith, 2004). Heat-
induced changes were also investigated duringdéeade (Christensen, 2002; Brooks
et al, 2006; Kalsbeek et al, 2006; Thompson andd€ku2007; Symes et al, 2008).
Among these, macroscopic analysis addressed theinteeed changes on colour,
dimension, warping and fractures (Thompson 200242dhd 2005; Walker and Miller,
2005; Walker et al 2008; Gongalves et al, 2011hg alterations in the crystal structure
were also further investigated especially with #im of assessing its potential to
identify heating events in bone (Stiner et al, 208drovell and Stiner, 2001; Rogers
and Daniels, 2002; Hiller et al, 2003; Enzo e28l07; Hanson and Cain, 2007; Munro
et al 2007; Bergslien et al, 2008; Piga et al, 200fbmpson et al, 2009; Harbeck et al,
2011; Squires et al, 2011). In addition, skeletaights have been again examined
resorting to the analysis of modern cremations ftom United States, Thailand and
Portugal (Bass and Jantz, 2004; Chirachariyavaj, &006; Deest, 2007; Goncgalves et
al, 2010; Deest et al, 2011; May, 2011). New DNsge@ch was also carried out (Staiti
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et al. 2004; Williams et al, 2004; Wurmb-Schwarka&t2004; Ye et al, 2004) along
with the potential of trace elements analyses omdiuli bones (Brooks et al, 2006;
Harbeck et al, 2011). In the latter subject, théingaof cremated bone was also
addressed (Lanting et al, 2001; Olsen et al, 200&) investigation of past populations
has also provided for many publications (eg.: Baekis, 2000; Duday et al, 2000;
Blaizot and Georjon, 2005; Le Goff and Guillot, 30(Richier, 2005; Ubelaker and
Rife, 2007; Curtin, 2008; Wahl, 2008). Finally, theavestigation of positive
identification on burned skeletal remains was fartiaddressed during this decade
(Bassed, 2003; Bush et al, 2006; Blau and Brig84,12 Hill et al, 2011; Lain et al,
2011).

Although the investigation carried out in this partar field has become
increasingly more prolific, it never achieved thevdl of research developed on
unburned material. Despite this, the investigategarding burned skeletal remains has
been extremely important for several reasons. Bsswlemation being often the only
funerary ritual used for some chronological pericdsl geographical regions and
burned bones being more resilient to post-depaositidissolution than unburned bones
(Mays, 1998), the challenges involving their anislysas led to several methodological
innovations. Therefore, the investigation of thisdk of material drove Biological
Anthropology to get more sophisticated and increglgi more reliable. Despite this,
some research in the field of burned bone is miidising and therefore required for the
further improvement of this reliability. For insta® the assessment of bone heat-
induced change on large human samples has beemseltried out and, apart from a
few exceptions (Van Vark et al, 1996; Wahl, 1996nGalves et al, 2011b; Gongalves,
in print), it has been practically non-existenniore recent work. As a result, we have
had little notion of the factors involved in heatuced change. In addition, the
potential of osteometric techniques for the sexemeination of burned human skeletal
remains has not been addressed systematically rge kamples of contemporary
individuals from populations other than Swedishr{\Wéark et al, 1996; Wahl, 1996).
Therefore, osteometry has been recurrently leftafubioanthropological analysis of
burned bone due to the uncertainties regardingustworthiness. Also, skeletal weight
references specific to burned skeletons are lacking weight analysis have been
relying on references from unburned skeletons -h ag those from Lowrance and
Latimer (1957, In Krogman andsdan, 1986) and Silva et al (2009) — which are

probably unsuitable. Consequently, bioarchaeoldbgidgaterpretation of bone
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assemblages may be based on the flawed assummiibbdth kinds of skeletal remains
are comparable. Given all the problems stated ghedditional research is needed to
fill the gaps and eliminate the frailties still pent in the field of burned bone. The
present investigation intends to be a contribuiiorthis regard. Expectantly, it will

bring new light into these issues which have bemrlp addressed in the past.

1.4. Microscopic Heat-induced Changes

In order to comprehend the specificities regardhmganalysis of burned bones,
one needs first to be able to know and understdrat shanges are induced on them by
heat. Biological Anthropologists are usually verglhacquainted with the bone macro-
changes that can be observed at the gross leveleV4w, these are the result of changes
at the ultrastructural level that have been ingaséid for several decades. A review of

these investigations is here addressed.

1.4.1. Heat-induced Transformation Stages

A summary of the literature regarding the stadeseat-induced transformation
has been carried out by Mayne Correia (1997). Trsam$2003, 2004) reviewed it later
after carrying out experimental research. Althougbth outlined the same four
descriptive stages, these authors sometimes desatpaut the intervals of temperature
at which each stage is experienced by bone. Thesevals overlap, so some of the
events related to each stage may be taking plaudtaneously.

The first stage — dehydration — refers to the bagakof the hydroxyl bonds and
the loss of water leading to subsequent reductiomveight (Mayne Correia, 1997;
Thompson, 2003). After scanning electron microscapedysis (SEM), dehydration was
characterized by bubbles in the external lamellag ly cracking (Mayne Correia,
1997). Both authors agree that dehydration occppsoximately between 100° C and
600° C. Both the loss of weight leading to shrirkamd the formation of fractures
during this stage have direct implications for bittetopological analysis because they
interfere  with osteometric techniques and enhanca&gnientation respectively
(Thompson, 2004).

As for decomposition, this takes place at 500-800%ccording to Mayne
Correia (1997) and at 300-800° C in the perspedivEhompson (2003, 2004). During
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this stage, organic components (mucopolysacchara#sgen, amino acids, etc.) are
decomposed and changes in porosity can be obse&tdd.analysis shows an increase
in the diameter of both the crystals and the laeuallhough bone structure is still
recognised (Mayne Correia, 1997). Decompositiorddeto a loss of mechanical
strength which leads to further fragmentation (Thson, 2004).

In the third stage — inversion — the carbonatesrameved and magnesium is
released causing additional loss of weight (Mayr@ré&a, 1997). Viewed at the
scanning electron microscope (SEM), cracks are waled the matrix becomes
increasingly more homogenous while lacunae becas® perceptible and eventually
fade out. At this point, contrasting views regagdahanges in the hidroxiapatite crystal
structure have been put forward. Some authors atwatehidroxiapatite converts into
tricalcium phosphate (Posner, 1969; Holden et 885b; Stiner et al, 1995) while
others did not observe such event (Shipman eB84;1Rogers and Daniels, 2002). The
inversion stage was indicated to occur between ©08Ad 1100° C by Mayne Correia
(1997) and between 500° C and 1100° C by Thomp2004). The recrystallization
process also interferes with bioanthropologicahtegues because it causes changes in
size and shape (Thompson, 2004).

Finally, the last stage refers to fusion and isftgg by melting and coalescence
of the crystal matrix (Thompson, 2003). An increaserystal size can be observed
while considerable dimensional reduction of bonkesaplace during this stage

especially hampering osteometric techniques (Thompz004).

1.4.2. Histological Structure

The opinions differ regarding the effect of heattbe histological structure of
bone. Forbes (1941) was probably responsible fer first publication focusing
specifically on the effects of increasing heat lo@ microstructure of bone. He detected
an increase in prominence of the canaliculi in cacbppone while the osteons became
smaller. Then, the lamellae started presenting seogranulates and the lacunae
gradually became distorted and presenting hazy estyvacbutlines until eventually
disappear. Finally, the matrix turned into a flergular homogenous surface with only
a few lacunae. Cancellous bone displayed an appeamaf coarse granularity in the
lamellae before losing definition until completetgnishing. In mildly burned bones,

lacunae and canaliculi could still be detectablefodunately, Forbes (1941) was not
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able to establish at which times and temperaturestructural changes took place, but
he stated that adult bone was subject to a Burlaareffor intervals ranging from 25
seconds to 10 minutes.

Herrmann (1977) stated that bone structure chasigadicantly when heated to
temperatures above 700-800° C. He mentioned aatexie the size of osteons. Despite
this, Herrmann (1977) argued that histological @gfanation is still possible to achieve.
Bradtmiller and Buikstra (1984) observed an inceesthe diameter of osteons in 10
cm sections of femur experimentally heated at 6CG0°At this temperature, the
haversian systems themselves were not particuédfcted by heat so these authors
stated that histological age estimation througleastcounting was still achievable in
bone heated up to 600° C.

On the other hand, Nelson (1992) obtained resulite gimilar to those from
Forbes (1941) on femoral sections of dissectedwaadaHe recorded a decrease in the
size of osteons of about 16.7% while the canalseased 10.5%. In this case, the
samples were heated to temperatures ranging beta@#hC and 815° C. Although
these results differ from the ones presented bytBriller and Buikstra (1984), Nelson
(1992) also concluded that osteon counting wouldbeoparticularly affected by heat-
induced shrinkage, although he admits that the sipp@ould happen under different
experimental conditions.

Hummel and Schutkowski (1993, In Fairgrieve, 208&8)ted that histological
features are still discernable in bones heatedou@00° C. This observation was
corroborated by Holden et al (1995b) and this teatpee was further extended to
1400° C using the SEM. The latter authors experiatlgrheated human femoral bone
at temperatures ranging from 200° C to 1600° Chdgh the lamellar structure was
lost at burning levels near 800° C, the haversarals and the lacunae were preserved
up to 1400° C. In addition, Holden et al (1995b)ravable to clearly distinguish
between low and highly mineralised osteons in bdrested up to 1200° C by using
microradiographic analysis.

Hanson and Cain (2007) experimentally burned boora s§heep on a campfire.
These authors decided to use qualitative categoatber than to make a quantitative
description of the heating based on temperaturgesanlherefore, it is not possible to
make a direct comparison with some of the previesgarches. No structural changes
were observed for bones heated at low and at lodilnre temperatures. In contrast,

some cracks emanated from the haversian canals egium heating level. At

13



Cremains - Introduction

medium/high temperature, the histological strucwere no longer seen in the areas of
the bone displaying a white colour. Also, crackteeged outwards from the haversian
canals. If heated at a high level, the resultiraxks were wide in the white areas of the
bone. Finally, extremely high temperatures ledhe loss of histological structures
throughout all bone.

Cattaneo et al (1999) experimentally burned humash mon-human bones at
temperatures ranging from 800° C to 1200° C inrotdeeproduce the intensities of
combustion experienced in house and car fires.rTrhain goal was, among others, to
assess the potential of histological techniquesditermining the human origin of
burned bones. As a result, these authors statédhindnaversian systems were clearly
distinguished. This corroborates the conclusionmfHolden et al (1995b) who found
preserved histological structures in bones hedtedrs high temperatures.

The differences regarding the results from all arghare probably related with
variations on the experimental design which inctudestinct intensities of combustion
and diverse heat sources. For instance, Squiresal e(2011) examined both
archaeological and experimentally burned samples proposed that differential
duration of combustion is an important factor relyay the preservation of bone
microstructure. Therefore, this parameter may Is® aksponsible for the different
results obtained previously. Despite these diffeesnthe abovementioned results seem
to indicate that under some conditions, the anslgdithe histological structure of
burned bone — focussing on age estimation or owlé¢termination of the human origin

of the remains — is prevented only at extremely hemperatures.

1.4.3. Bone Mineral Structure

The effects of heat on bone mineral structure hals® been addressed
previously, especially with the aim of determiniggnuine burning events (Shahack-
Gross et al, 1997; Koon et al, 2003; Enzo et a)72®iga et al, 2009; Thompson et al,
2009) and of assessing the potential in dating atedhbones (Lanting et al, 2001;
Olsen et al 2008). These investigations have mafobused on the changes of
hidroxiapatite crystals and on the heat-relatedatians of the crystallinity index (Cl),
but the carbonate/phosphate ratio (C/P) and tHeoogl/carbonate ratio (C/C) have also
been addressed (Thompson, 2009). The Cl measweawxdilr of the crystal structure

and composition within bone (Stiner et al, 2001oiMipson et al, 2009). In this case, CI
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increases as crystals get larger and as crystattgte becomes increasingly more
ordered (Munro et al, 2007; Thompson et al, 208&8yond being heat-related, this
process also occurs naturally after death andharesed by weathering and by burning
(Stiner et al, 2001; Surovell and Stiner, 2001 aRg al, 2009; Thompson, 2009). Also,
the organic content of bone (Trueman et al, 2008) diagenetic changes in porosity
(Nielsen-Marsh and Hedges, 1999) have been lingedltvalues. This parameter has
been measured using three different methods: >diffraction (XRD); small-angle x-
ray scattering (SAXS); and fourier transform inf@duspectrocopy (FTIR).

Bonucci and Graziani (1975, in Nicholson, 1993)duX&D and pointed out that
the first identifiable heat-induced ultrastructuchlanges of bone take place at 350° C
and consist in the thickening of the hidroxiapatitgstals. Thickness is defined as the
smallest size of the crystallite (Hiller et al, 3)0When bone is submitted to 900° C,
their orderly crystalline structure is disintegatéBonucci and Graziani, 1975, In
Hanson and Cain, 2007).

Also using XRD analysis, Shipman et al (1984) foangradual increase in the
size of hidroxiapatite crystals in sheep bonesdteibm room temperature to 525° C.
That increase became more rapid from this poirtbug45° C and the structure became
more crystalline. Shipman et al (1984) proposetl itha heat-related increase in crystal
size is made at the expenses of the smaller csystadugh coalescence. With slightly
different observations, Rogers and Daniels (20@#)cluded that the major changes
occurred between 600° C and 800° C. Holden et%85(d and 1995c) also stated that
recrystallization began at 600° C. For Shipman €1384), no additional changes were
detected beyond 645° C while Rogers and Daniel®2?@tated that crystal size,
microstrain and lattice parameters remained alrmmsstant only at temperatures above
800° C until carbonated calcium hidroxiapatitetsthto decompose at 1200° C. As for
Holden et al (1995b), fusion of crystals occurred@0° C and was prolonged until the
temperature reached 1400° C. Eventually, bone alimaelted at 1600° C. Another
heat-induced change observed by Rogers and Dg@iel®) consist in the increasing
formation of calcium oxide (CaO) at temperatureghbr than 700° C although Holden
et al (1995a) had recorded this event only at teatpees above 900° C. Roger and
Daniels (2002) argue that this discrepancy mayueetd the differences in the age of
the donors.

Hiller et al (2003) used SAXS to investigate theatdeduced changes in
crystallites in a sample of sheep bones experinigiteated at 500° C, 700° C and 900°
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C. An increase in crystallite size was found flbrspecimens and thickness increased
more than ten times at the highest temperature Waat monitored. The shape also
changed with heat, assuming a more homogeneousg-like appearance in samples
heated at 500° C and displaying a more variabla far those heated at 700° C. Hiller
et al (2003) found no new mineral formation. The-pkistent hidroxiapatite merely

developed into a more crystalline version of itself

Experimenting on human femoral bones analysedugiroXRD, Piga et al
(2009) found a very gradual increase in crystalitee up to 700° C. This process
became more rapid after this point and was espgdrgkbnse at temperatures above
800° C at least up to 1000° C. Also, the duratibthe burning had an important effect
on the mineral structure as crystallite size augetem parallel to time increase.

Using sheep bone analysed with the FTIR, Thomgsah (2009) found that the
measuring of the CI is not a very reliable indicatd the temperature of burning
because this is not the only factor affecting heToone region from where the sample
was taken and the FTIR method that was used irndughe Cl value. Surovell and
Stiner (2001) had previously demonstrated thaedsfices in sample preparation can
also affect results. Nonetheless, Thompson etl9Rconcluded that the ClI, as well as
the C/P and C/C ratios can still help determinihgdne was subject to low or high

intensity burnings.

1.4.4. Surface Morphology

Shipman et al (1984) and Nicholson (1993) carriad ammprehensive studies
focusing on the effects of heat on the morpholofyipane surface. Faunal bones were
used in their experiments. The observations fromsehauthors are quite similar
although some variations were noted which can be rbsult of the different
temperature intervals used for each experimentandifferent SEM magnifications
(Table 1.1.1). Shipman et al (1984) and Nichols#98) used amplifications from 15x
to 15000x and 25x to 15000x respectively. Regrsttateither systematically stated at
which amplification specific changes were indeedearied although Nicholson (1993)
did it for a few temperature ranges. Also, Shipratal (1984) differentiates five stages
while Nicholson (1993) discriminates only four dist stages although the latter
presents an intermediate period between the tmddthe fourth stages. In particular,

some noteworthy heat-induced changes in morphaogypointed out by both authors.
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These refer to: the undulating surface and obsérvwadscular canals at temperatures
lower than 200° C; the glassy appearance displaydobones heated at approximately
300° C; the frothy appearance of bone surface meddeated at 400-700° C; and the
melting and coalescence of particles into largercsires with very variable shapes at
temperatures above 800° C. Some of the differebeegeen both statements may be
the result of the different temperature intervale@ed for the analysis. For instance,
Nicholson (1993) described a rougher surface witials grains at the hotter end of

stage 1 (200° C) while Shipman et al (1984) deedrilne same feature only in stage 2
(185-285° C). Nonetheless, the temperatures redodieing the analyses by both

authors are not very contrasting. At the higheshpteratures, Nicholson (1993)

recorded a more varied surface structure than Sinpet al (1984), but this may have

been the result of observation under different nfagtions.

The observations made on this issue demonstrat@d tile analysis of the
surface morphological heat-induced changes have smtential for the identification
of burned bone and for the estimation of the appmnate temperature at which bone
was heated to. However, Nicholson (1993) states tthia estimation can only have
accuracies of about £ 100° C at best. Such methagy be misleading because
weathering and fossilization of bone mimics bonatteduced features (Nicholson,
1993; Hanson and Cain, 2007).

1.5. Macroscopic Heat-induced Changes

As seen by the literature review carried out irtisacl.3, the bioanthropological
investigation has focused on several aspects ofounones. Nonetheless, there are still
many questions either in need of answers or urigetisily answered. Although the
level of understanding of the heat-induced charayed®one improved in the last few
decades, we still are not completely aware of tfiece of these changes on the
reliability of the macroscopic methods that are vamtionally used in Biological
Anthropology.

Macroscopic heat-induced changes have been retyrienestigated in the
Past. These investigations focused essentiallyvendistinct heat-related features. One
of this refers to chromatic variations. The renmragnifour refer to structural bone

changes and are due to warping, fracture, sizevanght alterations.
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Table 1.1.1: Heat-induced morphological changebare surface (SEM).

Shipman et al (1984)

Nicholson (1993)

Stage 1 Surface gently undulating;
Stage 1 Undulating surface; subchondra?0° C vascular canals occasionally visible.
20 to| bone with vascular canal; boneSt 1 Rougher surface with small grains;
age
<185° C | intact and continuous. 200?’C small pores and cracks present;
vascular canals prominent.
Irregular  surface with  small
Stage 2 N
granular asperities separated |by
185 to| _ - -
tiny pores and fissures; bone intact
<285°C _
and continuous.
No pores and asperities; glassy and
Stage 3
085 . smoother than stage 1; polygon&tage 2 Glassy layer formed by char; Surface
(o]
cracking; demarcated plates an800° C is granular or particulate.
<440° C .
perpendicular to bone surface.
Surface spherical particles are frothy
Stage 3 d | I I I ki
and less regular; polygonal crackin
| | 400° C g polyg g
Stage 4 Surface highly particulated gn (LM).
440 to <| earlier stages rapidly followed hyStage 3 Subchondral bone is pitted (mag.| =
800° C frothiness. 500° C <1000 x) or frothy (mag. = >1000 x).
Stage 3 Subchondral bone becomes less pitted
600° C and very frothy.
Variable surfaces: 1) frothy areas;
Stage 3/4 | melting; and 2) recrystallization of
700° C particles into nodular and rod-like
forms
Pitted surface with raised areas
surrounding the vascular canals
Stage 5 ' | Stage 4 (<1000 x); At higher magnifications,
Particles melt and coalesce into _ _ _ _
800 to <800 to| hidroxiapatite crystals coalesced into
larger structures. )
<940°C >900° C | larger structures; donut-shaped raised

areas surrounding the vascular can

possible hexagonal plates

als;
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Figure 1.1.3: Heat-induced morphological changebame surface (SEM) as described
by Shipman et al (1984). Keg) stage 1; b) stage 2; c¢) stage 3; d) stagestagg 5; f)
stage 5 at higher magnifications. Adapted from Biaip et al (1984).
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Figure 1.1.4: Heat-induced morphological changebame surface (SEM) as described
by Nicholson (1993). Key: a) sheep phalange, umdtedi) sheep phalange, 300° C; ¢)
sheep phalange, 400° C; d) mid-brown sheep astisiga) black sheep astragalus; f)
mid-grey sheep astragalus; g) sheep phalange, G003 sheep phalange, 600° C; i)
sheep phalange, 900° C; j) white sheep naviculboidy k) light blue, light grey and
white sheep phalange ; I) pigeon tibiotarsus, @@Bcale bar = 1 micron except (b), (e)
and (I) where scale bar = 10 microns. Adapted fiioholson (1993).
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1.5.1. Colour

Colouration has been investigated by several resees and chromatic changes
were explained to be the result of heat-induceetations in the chemical composition
of bone, especially regarding its organic compon¢Bhipman et al, 1984; Buikstra and
Swegle, 1989; Mayne Correia, 1997; Thompson, 200dis leads the bone to assume
new colourations which sequentially range betwemenvh, dark grey, black, light grey
and white. Also, it was demonstrated that coloursasnewhat correlated with the
intensity of combustion (e.g.: Shipman et al., 19B#xeberria, 1994; Mays, 1998;
Walker and Miller, 2005; Walker et al, 2008). Howey this correlation is not
straightforward because other factors, such asexiigen intake during cremation or the
combustion environment, play also a part in the@gtatic variation (Walker and Miller,
2005; Walker and Miller, 2008). Also, individual nation in the ability to perceive
colour and post-depositional colour changes magrfiete with that assessment
(Shipman et al, 1984). Nonetheless, the heat-irbome and teeth colourations still
help determining if these are pre-calcined or c&ldi Colour discrimination has also
been pointed out as a valuable indicator of thegmee of collagen in bone (Walker and
Miller, 2005; Walker et al, 2008).

1.5.2. Warping

The warping feature was proposed as an indicattveopre-cremation condition
of the remains (Baby, 1954; Binford, 1963; Etxeiagri994) although this statement
has been disputed (Buikstra and Swegle, 1989; ®pesamn and Colley, 1989; Whyte,
2001). Preliminary results of this project regagdthe analysis of dry human skeletons
have also confirmed the latter position (Gongaktesl, 2011b).

As part of an investigation regarding the archagiold remains from the Hopewell
people, Baby (1954) experimentally burned a whiglshied cadaver and some dissected
green bones. This author also referred to restdta tremated dry bones although the
origin of this material was not mentioned in thep@a Baby (1954) stated that dry
bones do not exhibit warping. The same conclusias reached by Binford (1963) who
only found this event on the experimentally burreeletal remains of a monkey

cadaver. Recently macerated bones and archaedlbgites with 1500 years were also
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experimentally burned under the same investigaéiod no warping was present on
them. All remains were burned in a charcoal firew&rt (1979, In Fairgrieve, 2008)
obtained similar results to those presented by dth{1963) on defleshed and dried
specimens. Thurman and Willmore (1981) experimgnbalrned 8 human humeri in an
oak fire. From these, half still had flesh whileetremaining half had been recently
defleshed by caustic methods. They found warpingpiih cases but regrettably did not
make observations on dry bones. Buikstra and SwE§89) presented contrasting
results from those published previously. Theseastfound warping on archaeological
human bones, fleshed human bones and recentlysdetlehuman bones that were
experimentally burned in open-air oak fires. Thensaobservation was made by
Spennemann and Colley (1989) who also found warpitey the cremation of a dry
archaeological human humerus. Etxeberria (1994)echout a burning experiment in
both recently human defleshed bone and human dmg Bamples and found warping
only on the former. As for Whyte (2001), this evevdas present in fleshed, recently
defleshed and dry faunal bones cremated on opesxqerimental pyres. Finally,
Goncalves et al (2011b) found warping in dry hunibmmes burned at a modern
crematorium fuelled on gas thus further demonstgatthat this feature is not
exclusively linked to the burning of fleshed boweso recently defleshed bones.
Several explanations have been proposed for tber@nce of warping events.
Binford (1963) suggested that it could be the testithe contraction of muscle fibres.
Instead, Spennemann and Colley (1989) argued hieatrapping of heat in the shaft
hollow could lead to the bending of the bone. AsTthompson (2005), the explanation
was laid on the contraction of the periosteum amdthe different distribution of
collagen within bone. Following the last hypothesBoncalves et al (2011b) argued
that the occurrence of warping events could dementhe preservation of collagen and
the consequent preservation of collagen-apatiteldavthin bone thus being unrelated

with the presence of soft tissues.

1.5.3. Fractures

Along with warping, differences regarding the pattef fractures have also
been associated to the pre-cremation conditionhef remains. A categorization of
fractures can be consulted in figure 1.1.5. In ttése, most authors agreed that

thumbnail fractures — or transverse curved frastar@vere exclusively the result of the
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burning of fleshed and green bones. Other fraghateerns have been linked to either
fleshed/green bones or dry bones. However and exthlkkmbnail fractures, none has
been indisputably pointed at as discriminatorshef ppire-cremation condition of human
remains. Krogman (discussed in Webb and Snow, 18%8d “checking” to dry bones
but Baby (1954) observed this feature in both #nsl fleshed bones although only
superficially for the former. In addition, this &ot associated deep longitudinal
fractures to dry bones and deep transverse fractorleshed/green bones. The same
observation on dry bones was carried out by Binf(ii63) but deep longitudinal
fractures and transverse serrated and curved feschave this time also been detected
on fleshed bones from a monkey. As for Thurman \Afitmore (1981), deep serrated
transverse fractures and diagonal fractures wared@n fleshed bones while serrated
fractures near epiphyses and deep parallel-sidectuiies were present on recently
defleshed bones. Buikstra and Swegle (1989) poioteddeep and long longitudinal
shaft fissures and deep transverse splitting aggl@iesent on fleshed and green bones.
On the other hand, dry bones presented shallowla@mgl longitudinal fissures and
shallow and infrequent transverse splitting. In o, concentric cracks in the
popliteal area of the femur were found for fleshmmhes but were absent on green
bones. Etxeberria (1994) found both transverselangitudinal fractures on recently
defleshed long bones while dry bones were longmaltli fragmented. Longitudinal and
transverse cracks were found on fleshed, greemignblones by Whyte (2001).

Given all these statements, it becomes evidentdivarse or even contrasting
observations have been presented thus complicaliaginterpretation of the pre-
cremation condition of the remains. Furthermorenyndistinctions between fleshed,
green and dry bones seem to rely only on differerafedegree of specific kinds of
fractures rather than on the presence/absencensé thery same features. As a result,
their description becomes quite subjective. Propabis may have been caused more
by differences regarding the intensity of combustibetween each experimental
cremation than by differences in the pre-crematimmdition of the remains.

As previously mentioned, thumbnail fractures appedre the only heat-induced
feature that has been recurrently indicated assaridiinator of the pre-cremation
condition of skeletal remains. In the experimen¢satibed above for heat-induced
warping, both Baby (1954) and Binford (1963) did fiad thumbnail fractures as a
result of the burning of dry bones. Thurman andimMéle (1981) found them in both

fleshed and recently defleshed bones but did nperxent on dry bones. As for
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Buikstra and Swegle (1989), these authors alsorteghadhe absence of this feature on
dry bones. However, Goncgalves et al (2011b) dematest that thumbnail fractures
were also produced during the burning of that kofidnaterial so its application as
reliable indicator of the pre-cremation conditidnhaman remains was jeopardized. As
for justification regarding the occurrence of thural fractures, no explanations have
been proposed until now. However, Gongalves ef@l1b) suggested that, like for
warping, it may also be related to the preservatiorollagen.

4]
fvrevernnnld

Figure 1.1.5.: Heat-induced fractures. a) trangvensd longitudinal fractures in long
bone; b) thumbnail or curved transverse fractune®oing bone; c) patina or reticular
fractures in articular surface; d) separation ahail tables or delamination fractures; e)

dendritic fractures in cranium (Photo: J. P. Ruas).

1.5.4. Dimensional Changes

It has been previously mentioned that the heataeduransformation of bone

encompasses four distinct transformation stages thatlthese can be observed at
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specific, although overlaid, intervals of temperat(Mayne Correia, 1997; Thompson,
2004). The last stage — fusion — is arguably thetmelevant for osteometric analysis
since heat-induced dimensional changes are mosgagulal during this phase.

Heat-induced dimensional change has also been oiject of some
experimental studies (Malinowski and Porawski, 13&8ntek, 1975; Herrmann, 1977,
Grupe and Herrmann, 1983, In Fairgrieve, 2008; Bndter and Buikstra, 1984;
Holland, 1989; Hummel and Schutkowski, 1989, Inrgia@ve 2008; Thompson, 2005).
The degree of shrinkage obtained on these expetsnteas been quite varied. This
variation was explained to be the result of diffexes in temperature of combustion
(Herrmann, 1977; Shipman et al, 1984; Thompson,5g0differences in mineral
content, differences between compact and spongg fidarrmann, 1976, In Fairgrieve
2008) and differences in the orientation of colladerils (Hummel and Schutkowski,
1989 In Fairgrieve, 2008).

Dimensional changes on burned bones have been saddrepreviously,
especially because of its impact on the applicatain osteometric techniques.
Malinowski and Porawski (1969) examined the measerds of several cranial and
postcranial features and found a reduction in sarging between 0.7 mm and 7 mm
for the former and between 1.2 mm and 12 mm forldkter. Regrettably, the relative
shrinkage was not accounted in this study. Strzalkd Piontek (1974) found heat-
induced shrinkage to be of about 10.5-17.6% foreapghyses of long bones and of
about 10.2-19.3% for some cranial measurementsntd@n (1976, In Fairgrieve 2008)
stated to have found shrinkage up to 1-2% in bagnents burned to temperatures
below 800° C. In contrast, bone segments burnekd@d-1200° C presented 14-18%
shrinkage. Grupe and Herrmann (1983, In Fairgrie@@8) found a 12% size reduction
for measurements on spongy bones. Shipman et 8#)Xhtained a similar result on
animal bone. Bones burned below 800° C recordesl lesn 5% of shrinkage on
average while bones burned above that temperatesemed a mean shrinkage of 15%.
Bradtmiller and Buikstra (1984) recorded 5% ovesallinkage on human femur burned
at 600° C but stated that the bone may expandtislipefore shrinking. The small
percent shrinkage on bones heated up to 800° Crwelssen these experimental
researches was also confirmed by Holland (1989) meorded 1-2.25% of reduction
on sections of the occipital bone. Thompson (2G66ihd a wide range of dimensional
changes on bones burned at different temperat@@g°;( 700°; 900°), for different

lengths of time (15’; 45’) and measured at differ@oints after removal from the
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furnace (5’; 15’; 25"). A variation between -4.5%d13.0% for those burned up to 500°
C was recorded. An interval between -1.7 and 198 found for bones burned up to
700° C. As for those burned at 900° C, the relatwat-induced dimensional changes
varied between -3.9% and 37.7%. Both reduction exjghnsion was found to occur

thus confirming the statement of Bradtmiller andikBtra (1984). The mean value

recorded by Thompson (2005) regarding eleven feat@and 25’ after removal from the

furnace, was of 3.2% at 500° C, 7.3% at 700° Clan@% at 900° C.

The potential of osteometric sex determination Hasen occasionally
investigated in the Past. In theory, morphologg=tual dimorphism is not as affected
by heat-induced changes as osteometric featurethéother hand, metric analysis has
one advantage over morphological analysis whicthés possibility of assessing sex
through a univariate approach. Morphognostic femturequire a multivariate
examination which is very often impossible to futfn fragmentary cremains (Piontek,
1975; Fairgrieve, 2008). Osteometric analysis isnglcated by heat-induced
dimensional changes affecting bone which can be dverse according to the
variables abovementioned in this section. Overcgniins obstacle is not an easy task.
Buikstra and Swegle (1989) recommended the use aufri@ction factor which goes
from 0% to 10% depending on the degree of comhusiiothe organic phase. Then,
such selection of the calibration factor appearsbéoa very subjective procedure
although one may infer that calcined bones shoalddsrected using the largest figure
because shrinkage is more substantial at this.stégedo not know how accurate such
procedure is indeed.

Although at the light of our current knowledge, @msional changes are indeed
unpredictable and may lead to differential shrirkag calcined bones, several authors
stated that osteometric sexual dimorphism is @tésent on this kind of human remains
(Gejvall, 1969; Malinowski, 1969; Piontek, 1975,7869 Rosing, 1977; Holck, 1986;
Wahl, 1996). Nonetheless, its potential for sexedsination was described as being
limited (Dokladal, 1962; Strzalko and Piontek, 19Rosing, 1977; Holck, 1986;
Thompson, 2002 and 2004; Fairgrieve, 2008). Dedpiie some success has been
obtained regarding the sex determination of indigld from burned bones thus
encouraging its further investigation. The thickse$ the skull, the diameters of the
humeral head and the thickness of the shafts flr@fémur, humerus and radius were
proposed as valuable sex discriminators by Ge{t869) who developed is research on

a modern crematorium fuelled by gas in Stockholime $ample was composed of 50
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males and 49 females and provided for metric raef@e regarding sex determination.
Van Vark (1975) and Van Vark et al (1996) investghseveral sexually dimorphic
cranial and post-cranial features on a sample & dfales and 115 females also
cremated in Stockholm in 1971. Several procedum® \wvestigated in both this and a
series of unburned skeletons from Amsterdam and #pplied to these two and to a
series of skeletons from the Bronze Age. The redolt the Stockholm series — for
which sex and age was known — were extremely goodhie male individuals and
reasonable for the female individuals. The formerencorrectly sex classified on 92%
of the cases while the same procedure was suct@ssf@% on the latter. Noticeably,
the results for the Stockholm burned series waghtty better than the results for the
Amsterdam unburned series thus demonstrating tke&iaranalysis was not prevented
by heat-induced changes. In addition, Schutkowd4i88) and Schutkowski and
Herrmann (1983) obtained reasonable results bygudistriminant function analysis on
the petrous bone. The research was developed sokafed pars petrosae from males
and another 47 from females. The correct classificaanged from 67.0% to 73.4%.

1.5.5. Skeletal Weights

Heat-induced weight loss occurs mainly during tklehydration and
decomposition stages as a result of the removavatér and of the pyrolisis of the
organic component (Hiller et al, 2003; Thompson040 Several investigations
experimentally addressed heat-induced weight |&Ssipe and Hummel (1991)
recorded the pre- and post-cremation weight ofetlieenoral samples of compact bone
from modern pigs. They found an increase in weigiss according to increasing
temperature which was of almost 60% on a sampledouto 1000° C. An accelerated
weight reduction was recorded at 200-300° C an@08t1000° C, although only one
sample revealed the latter result. From 400° Q@Y €, the increasing weight loss was
very gradual. Loss weight was also addressed bgoReet al (1996) using burned
cortical bone from cows. About one third of redantoccurred in samples heated up to
400° C for an hour. Only 5% additional weight legss recorded from this to 700° C
thus reproducing the results from Grupe and Hun{a91).

Hiller et al (2003) estimated that their modernegheamples of cortical bone
lost about 31-56% of their original weight afterpeximental burning which included

the following range of temperatures: 500° C; 700&i@l 900° C. Several samples were
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burned at different lengths of time (15’; 45). four different samples burned at 900°
C, the smallest weight reduction was of 43% on aebbeated for 45 minutes while
another one submitted to the same intensity of emtidn experienced 52% of weight
loss. Enzo et al (2007) found an association betvwmme weight loss and increasing
temperature. The former was only of about 17% wthensample of cortical bone was
heated at 900° C which is quite small when compatiddthe values obtained by other
researchers on samples that were heated at arstemd@erature (Grupe and Hummel,
1991; Hiller et al, 2003). Such difference may Bplained by the fact that Enzo et al
(2007) used archaeological bone so it is possibé this had already experience
substantial weight loss.

Samples of cortical bone from modern white-tailetber were also
experimentally burned by Munro et al (2007) fron® £5to 900° C in 25° C increments.
Once again, their results demonstrated a relatiprisétween temperature and weight
loss. This was of about 23% up to 325° C. Themadteased quite substantially after
325-350° C. and the reduction stabilized after 4508t which point it was of about
40%. The maximum difference between pre- and postibg weight was of 43% at
900° C. Given the previous investigations, it sed¢inas most of the weight reduction
occurs at somewhat low intensity burns (<400° C).

The issue of skeletal weights has also been askebtesising a different
perspective. Rather than estimating the weight &sbe bone level, some researchers
have documented skeletal weight at the populageall This has been done in order to
use it as an analytical tool for the assessmenhefcompleteness of assemblages
involving burned human skeletal remains (McKinl&@993; Warren and Maples, 1997).
In theory, the weight of cremains can be comparedhese reference weights and
therefore make inferences about their completerf&ssh documentation has already
been carried out for several populations (Table2).1ISome of the first studies were
carried out in Europe by Malinowski and Porawsli62) on a Polish population, by
Herrmann (1976, In Duday et al 2000) on a Germapuladion and by McKinley
(1993) on a British population. Then, some othadists were completed in the United
States (Sonek, 1992 In Bass and Jantz, 2004; WanetMaples, 1997; Bass and Jantz,
2004; Van Deest et al, 2011). Finally, an additiostady on a Thai population was
carried out by Chirachariyavej et al (2006).

The mean skeletal weight of the burned skeletepsrted on all those studies

presented a large variation. The European sammes apparently quite lighter than the
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ones from the United States and Thailand. Given ttihe weighing procedure was in
some cases unmentioned, the variation in skeletgjhis may be the result of different
courses of action regarding this operation. In toldi the variation observed within and
between the several studies has also been propodeel the result of age, sex and
regional differences (McKinley, 1993; Bass and 3a004; Chirachariyavej et al,

2006; May, 2011; Van Deest et al, 2011). Indeedegative correlation between age
and weight was found by several researchers (MabBkband Porawski, 1969; Bass
and Jantz, 2004; Chirachariyavej et al, 2006; M2%11) and females recurrently
weighed less than males — a fact also demonstomtathburned skeletons (Silva et al,
2009). As for the regional differences, Bass amdz)g2004) and May (2011) point out
that there is considerable variation in the obesitte and the body weight of the
different living populations in the United Statekwever, this does not seem to explain
the very dissimilar results obtained on two samjfiesh California by Sonek (1992 In

Bass and Jantz, 2004) and Van Deest et al (201ijachariyavej et al (2006) also

indicated that body weight has a positive corretativith skeletal weight. In addition,

these authors also stated that different coffing lead to variation regarding the weight

of cremains.

Table 1.1.2: Mean weights for burned skeletal resaf females and males (in grams).

Author Females Males
g n g n
Malinowski and Porawski (1969) 1540 - 2004 -
Herrmann (1976, In Duday et al 2000) 1700 226 1842167
McKinley (1993) 1616 6 2284 9
Sonek (1992 In Bass and Jantz, 2004) 1875 63 28016 7
Warren and Maples (1997) 1840 40 2893 51
Bass and Jantz (2004) 2350 155 3379 151
Chirachariyavej et al (2006) 2120 55 2680 55
Van Deest et al (2011) 2238 363 3233 365

The weight of burned skeletal remains has beemn dge a wide range of

purposes. For example, it has been indicated ageaxi@an to estimate the minimum
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number of individuals and the sex of an individakhough this approach certainly has
some frailties (Duday et al, 2000; McKinley and Hor2001; Fairgrieve, 2008).
Although sexual dimorphism is indeed present, ciesmare often incomplete —
especially in archaeological contexts — and magt teaerroneous estimations. The same
goes for the attempt to establish the minimum nundfendividuals. The exception
relies only with unusually large assemblages ofmaies which may suggest the
presence of more than one individual. Another @pgibn of skeletal weights is related
to the reconstruction of the funerary behaviour gmectice of Past populations.
Reference weight values have been used for conngaramalysis with remains from
cremation burials in order to estimate the thormagis of their retrieval and deposition
in the urn or grave (Holck, 1986; Murray and Ro%893; McKinley, 1994; Murad,
1998; Smits, 1998; Duday et al, 2000; Richier, 2@B&nc¢alves, 2007; Goncalves et al,
2010). In addition, the proportion of the skeledahtomical regions has been used to
estimate if this presents a typical configuratiorciemation burials (Duday et al, 2000;
McKinley and Bond, 2001; Blaizot and Georgeon, 20BR&chier, 2005; Goncalves,
2007; Goncalves et al, 2010). This could thus ssigtieat specific bones have been
selected from the pyre to be buried. In order t&erthe comparison, the proportion of
the skeletal regions has been compared directlywdight references obtained from
unburned skeletons such as those from Lowrancd.atuher (1957, In Krogman and
Iscan, 1986) and from Silva et al (2009). Howeveis t#ind of analysis does not take
into account that heat-induced weight loss can ilferentially experienced by each
skeletal region and that the extreme fragmentatfocremains prevents the anatomical
identification of all bone fragments. As a resslich comparison must necessarily be
biased because burned and unburned skeletons reagnprdifferent proportions. In
addition, the portion of undetermined fragmentsfien too large to not be accounted

for.

1.6. The Research Questions and Objectives

The current investigation aims to contribute fatther insights on three specific
issues by collecting data from modern cremationecgssed in a gas fuelled
crematorium. The main question regards the osteansstx determination of unknown
calcined skeletal remains, but other subjects edlabd the skeletal weight and to the

bone heat-induced changes are also addressed arfdrdrer described next to this
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section. Although it is not the main research qoasof this thesis, the latter issue is
firstly addressed in order to contextualize alldfimgs according to heat-induced bone
changes. In summary, these are the main goalssathibsis:

1) Assess the potential of heat-induced warping amdnbmail fracturing on
bone for the determination of the pre-cremationditoon of human remains;

2) Determine the impact of heat-induced dimensionangles on skeletal
sexual dimorphism and on the potential of osteameéx determination;

3) Assess the potential of skeletal weights and skieleroportions for

bioanthropological analysis.

1.6.1. The Pre-cremation Condition of Remains

As a complement to the preliminary results of tthesis already published
(Goncalves et al, 2011b), additional results reiggrdhe occurrence of heat-induced
warping and thumbnail fracturing on bone, as wedl their potential for the
determination of the pre-cremation condition of tlienan remains are presented. These
intend to tackle some of the issues that were aalt ghreviously. In order to do so, the
sample was enlarged and both features were nowiegdnon two different samples.
One of these was composed of cadavers crematedadtsyndeath and the other one
was composed of dry skeletons that had been inldnfr several years before
actually being submitted to cremation. The exanommabf these two samples allowed
for a comparative analysis in order to detect vana between them concerning the
occurrence of the two features which have recugrenor intermittently, in the case of
warping — been pointed out as discriminating gatef the pre-cremation condition of
the remains. In addition, the enlargement of thea allowed for the carrying out of
the statistical analysis which had not been coreplefior the publication of the
preliminary results due to its small size at timeeti This allowed for the investigation of
a number of factors regarding its potentially siigant effect on the occurrence of both
events. As a result, the duration and temperatucerabustion were investigated. Also,
the pre-condition of the remains, the period olumiation for the dry skeletons, the age-
at death and sex were included in the analysis #élogving for the investigation of

multivariate factors. The main purpose of this fpecesearch was then to determine
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the differences on the prevalence of warping andhtimail fractures between cadavers
and skeletons thus assessing its usefulness foeghmation of the pre-cremation

condition of the remains.

1.6.2. Heat-induced Dimensional Changes

The previous researches regarding heat-induced ngioreal changes
demonstrated that, although the mean percent slgask obtained by the several
experiments were somewhat uniform, the variatiorthiwi both pre-calcined and
calcined bones was quite substantial. The presepic tregarding heat-induced
dimensional changes encompassed three objectivess, i aimed to document the
amount of shrinkage observed in both pre-calcinedl @lcined bones processed in a
modern crematorium. This was done by comparing pmed post-cremation
measurements on dry bones. Such documentatiorhedrtbe still quite limited amount
of research carried out in this particular fieléc8ndly, the mean percent shrinkage for
calcined bones was used as a correction factoratirate standardized metric
references used on the sex determination of unbuskeletons. This procedure
intended to assess if such a calibration improvesl dccuracy of osteometric sex
diagnosis and if this could therefore be relialjpplaed to calcined bones. Thirdly, the
potential of colour assessment in order to rougldiermine the amount of shrinkage
was investigated. In order to do this, the blackisarred bones were separated from the
whitish calcined bones and the mean percent shgeskaf each were then calculated to
assess if the former had shrink lesser than therlaf successful discrimination
between less size-affected bones and more sizetedfeoones could eventually be
helpful to determine what kind of shrinkage corni@ttfactors — if such procedure is
proven to be reliable — should be used on a spebifirned bone. Therefore, the
investigation on heat-induced dimensional changess velosely linked to the

investigation regarding the osteometric sex deteatron.

1.6.3. Osteometric Sexual Dimorphism

Different parts of the skeleton may be subject tffeknt intensities of
combustion. Therefore, dimensional change may bé&asting between specific bones

from the left and right sides of the body. In agbdif variation from one skeleton to
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another may also be present. This complicates @reat extent any osteometric
analysis. Nonetheless, this research tried to assasich a procedure was still useful
regarding sex determination. The investigation wasied out in a modern gas-fuelled
crematorium which does not completely recreatectirabustion conditions present on
ancient cremations or modern accidental or incalasgaths associated with fire events.
However, the sequence of heat-induced transformatidoone was maintained for this
sample since it is dependent of temperature (akiego in section 1.4.1). Based on
this sequence, the calcined bones examined inirthestigation forcibly experienced
dimensional changes since most of them were buahéeimperatures higher than 800°
C. As a result, mean relative shrinkage must haentof about 12-18% based on a
review of previous researches (Strzalko and Pigrit8k4; Herrmann, 1977; Grupe and
Herrmann, 1983, In Fairgrieve, 2008; Shipman e1@84; Thompson, 2005).

The analysis of osteometric sex determination omdxl bones included three
objectives. The first research subject approaclyeithib investigation was to document
the preservation of all measurable features thateweere taken into account. In
addition, the investigation of eventual factorsngfigantly related with preservation was
carried out. Therefore, the effect of specific bgital traits — age and sex — and of the
intensity of combustion on preservation was exathifiéis investigation was done in
order to determine the potential for the use oéastetric techniques on this kind of
material. The present research also assesseduélseéixnorphism was indeed retained
by calcined bones despite possible differentiainglage. This was carried out on two
different samples. The first one was composed aebdrom individuals cremated right
after death and the second was composed of drysbfvom previously inhumated
skeletons. Finally, another aim of the investigatiwas to find out if classification
according to sex on completely cremated skeletalanes could be achieved on a
Portuguese population based on population-spetiétric references developed from
calcined bones. If proven to be reliable, suchaggdure would contribute considerably
for the bioanthropological analysis of skeletalrid remains.

Three different osteometric strategies were adoptédst, the blind sex
determination of individuals — for which the sexsalenown — has been attempted by
using a sex discriminating cut-off point. Secondhg same operation was carried out
by using logistic regression coefficients. Finallg, abovementioned, sex classification
was carried out by calibrating the standardizedrimetferences developed on the

collections of identified unburned skeletons frohe tUniversity of Coimbra. This
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calibration was done according to two specific rgkege correction factors
recommended by both this investigation and by Brakand Swegle (1989).

Although osteometric traits should maintain onlgugporting role in relation to
morphological traits for the estimation of sex, tbemer may well be often the only
diagnostic features available for analysis wherlidgavith burned remains. Although
the preservation of measurable features is thelldshiheel regarding cremains, the
multiplicity of available techniques developed feex determination enhances the
opportunities for establishing this key parametethe biological profile. Therefore,

this investigation intends to be a contributionhis particular field.

1.6.4. Skeletal Weights

Skeletal weights were also investigated in the enriproject. Following the
studies mentioned in section 1.5.5, values for Plogtuguese population were now
obtained. This was done for two main reasons. Rtratlowed for the comparison with
other weight references for burned skeletons. Tihe was to compile Portuguese
population-specific weight references and to deiteemf substantial variation was
present between this and the already publishedersfes from other geographical
regions. Once more, the analysis was carried otwondifferent samples: cadavers and
skeletons. The variation in skeletal weight wasestigated accordingly to the pre-
cremation condition of the remains, age-at-deatk, duration and temperature of the
combustion. This was done to determine if any effdctors had a significant effect on
the weight of the cremains. Expectantly, the nefsremces intend to be useful for the
analysis of both archaeological and forensic cdsteXlithough weight analyses can be
problematic — especially in disturbed contextsudaig only incomplete sets of human
remains — they can still be of some use, partibulahen supported by other kinds of
data such as the estimated minimum number of iddals. It can be suggestive of the
presence of more than one individual in a giverem$dage and of the consequent
commingling of remains (Duday et al, 2000). In &ddi, the variation between the
expected and observed representation of skelegbn® can point towards the
incompletion and scattering of the remains overartban one location. This procedure
has been followed previously by some researchessesin section 1.5.5.

Secondly and to contribute for the analyses reggrttie skeletal representation,

a comparison with weight references for unburneeles&ns (Silva et al, 2009) was
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carried out with the aim of determining to whatesitthe heat-induced weight loss and
the incomplete anatomical identification of bonagiments interfere with the natural
proportions of each skeletal region. This is imaottbecause such interference may
lead to the inadequacy of the weight referencegldped on unburned skeletons — such
as the ones from Lowrance and Latimer (1957, Ingkran andsgcan, 1986) or Silva et
al (2009) — when used as comparison for assembtdgasrned skeletal remains. As a
result, the documentation of references for skefat@portions that are more suited for
the analysis of burned bones was also carriedTdus. kind of analysis has previously
been used to recreate the mode of retrieval ofdirains from the pyre and their mode
of deposition in the place of burial (see sectiob.3). The adoption of references
specific to assemblages of burned bones in singtalb could lead to more reliable
results regarding the interpretation of funerargctice from archaeological remains.
We believe that the use of the current weight esfees developed on unburned
skeletons lead to the flawed overestimation of dsridisplaying atypical skeletal
proportions. This is probably the result of incoetpl and differential anatomical
identification of bone fragments which tends tonbere easily achieved for the cranium
and the trunk than for the limbs (Duday et al, 20d@Kinley and Bond, 2001; Duday
et al, 2009). Therefore, the potential for the adwopof references specific to burned

skeletal remains was investigated.

1.7. Thesis Structure

This thesis was built based on the typical sdienformat: introduction >
material and methods > results > discussion > csimh. Therefore, its structural
arrangement and comprehension are quite straigidfdr The introductory text
presented in the previous pages attempted to g the reader with the specificities
regarding the bioanthropological analysis of buriete. Chapter 2 focuses on the
material that was examined in this study and thehous that were used for its
fulfilment. That chapter describes the equipmemduf®r the cremation of the remains
and the burning process itself. Then, the samplespeesented in detail. Finally, the
methods followed to attain every research aim @ explained.

The objectives of this study were outlined in gectl.6. Each of these was dealt
independently from the others as autonomous togissa result, all of these have

separate and specific sections regarding theirltseq€Chapter 3) and respective
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discussion (Chapter 4). Although the research at-hm&luced dimensional changes is
closely linked to the topic regarding sexual dintosm, it was dealt separately so that
the documentation of this event and the investigatif the factors related to it could be
addressed on their own. Also, this allowed makexss Iburdensome the structure of the
thesis which would have otherwise become more cexp@ind more difficult to
apprehend. Nonetheless, some of the results olbtdmrethe dimensional changes
analysis were afterwards adopted for the investigaif osteometric sex determination.
At last, the conclusion (Chapter 5) makes an aeenof the findings resulting

from this research and their importance for biataganthropology and bioarchaeology.
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2. Material and Methods

2.1. The Crematorium

2.1.1. The Cremator

Permission was granted by the municipal authoritieBorto for the collection
of quantitative data at the local crematorium (FAdlL.1.). The cemetery of Prado do
Repouso uses a Diamond Mark Il cremator from J.S@elton (United Kingdom).
Plans of this equipment can be consulted in fig#es2 and 2.1.3. This kind of
cremator runs on gas. It has been coated in brickis composed of three different
platforms (or hearths) thus forming three rathestidct functional chambers. The
admission of the human remains is carried out tyinothe loading gate onto the top
chamber at the beginning of the cremation. The gpts vertically and is located at
the anterior end of the cremator. The platform lo@ top chamber has been built in
brick and displays several openings running throigimd acting as a mesh in order to
allow for the disarticulated bones to fall onto thlatform of the lower intermediate
chamber. Two other smaller gates are located gidkeerior end of the cremator. These
gates slide horizontally and have small circulaathresisting spyglasses that allow for
visual inspection during the cremation. After ths concluded, a metal rake is
introduced through these gates in order to shoeeréimains onto the recollection
interface situated in the ground chamber.

The platform of the intermediate chamber has atsmtbuilt in brick but has no
openings. It gathers most of the remains fallirmgrfthe top chamber during cremation.
However, both the top and intermediate platformsndb run completely across the
length of the chambers thus presenting a gap at ppbesterior end. This causes some
remains — especially those from the feet — todatb the ground floor.

The Diamond Mark Il cremator has two main burngeced at the vault of the
top chamber. This position allows directing thenfeadownwards at the axial skeleton
which is more resilient to fire than the limbs. $heburners thus act over the top
platform on which the body is placed at the begigrof the operation. A third burner —

the entry burner — is present at the posterioradriie ground chamber of the cremator.
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This can be used for pre-heating the oven andailfee end of the cremation to further
burn the wood residues from the coffin. The thrambrs are also able to inject air into
the chambers. The extraction of the remains isezhout through the retrieval chamber

at the lower posterior end of the cremator aftéhgang them into a tray.

Figure 2.1.1.: The crematorium of Prado do RepdBsoto, Portugal).
2.1.2. The Cremation

The cremation was constantly monitored by the tetdms who adjusted the
combustion protocol according to the requiremenftsagh cadaver or skeletal remains
being processed. This adjustment consisted onelleetsre use of the three burners and
on the regulation of gas and oxygen intake durimg operation with the aim of
attaining a balance between combustion efficiemay smoking emission. ldeally, the
combustion gases should be as less opaque aslpossibrder to do that, the cremator
should be pre-heated when the cremation takes.place

After loading of the remains into the top chambkthe cremator, the wooden
coffin was entirely consumed by fire after 15-30nates. In the meantime, the body
was reasonably protected from it. The time spenthis process varied considerably
according to several factors such as type of weag of the coffin, temperature of

combustion and oxygen intake.
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Figure 2.1.2.: 3D section of the Diamond Mark Heémator (J. G. Shelton). Key: a) top
chamber; b) intermediate chamber; c) ground chamtberetrieval chamber. The

scheme was kindly provided INecropolis, Lda.

The time spent on the pyrolisis of the soft tisswas also widely variable and
ranged from 30 minutes to much longer periods. Wguatook about 60 minutes but it
could take up to 120 minutes or more to completeiyove the soft tissues, especially
on the first cremation of the day because the ct@nveas still fairly cooled. Along with
some of the factors abovementioned, also the idosgies of each individual most
probably affected the amount of time spent on eaemation. Among these, sex and

age were apparently important factors because am&htb be more robust than women.
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As a result, men usually took longer to cremat@ tvamen and the same happened for
youngsters when compared to the elderly. Howewirgrofactors must have had an
effect on the duration of the cremation procediter instance, the thickness and
anatomical distribution of insulative skin, body seaand muscle also influence
considerably the length and temperature of the atiem (Wells, 1960; Warren and

Maples, 1997; Pope and Smith, 2004).

o
o
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n
o
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ANTERIOR

Figure 2.1.3.: Cross-section of the Diamond Matlciemator (J. G. Shelton). Key: a)
anterior loading gate; b) top chamber; c) postesigerior gate; d) postero-inferior
gate; e) intermediate chamber; f) recollectionrfiatee between the ground chamber and
the retrieval chamber; g) retrieval chamber; h)miairners; i) secondary burner. The

scheme was kindly provided Iecropolis, Lda

With the ongoing cremation, soft tissues gradudibappeared and the skeleton
started to be directly exposed to heat. At thisipaignificant changes affect bones that
are essentially caused by the loss of water, ocgaminponents and carbonates along

with the debatable conversion of the hydroxyapattgstal structure into beta-
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tricalcium phosphate and the melting and coalesc@fdhe crystal structure (Mayne
Correia, 1997; Thompson, 2004; Thompson, 2005)aAssult, bones become more
brittle and begin to fragment, fracture, warp, skhiand change in colour

Some of the disarticulated bones and the combustsidues fell onto the
platform of the intermediate chamber through thenapgs of the upper platform. This
caused further fragmentation of the bones. Aftemation was completed, the burners
were switched off and the cremator was alloweddtd down. When temperature got to
about 600-700° C, the cremains still remaining loe wpper platform were manually
shoved to the intermediate platform. This was edrout through the anterior loading
gate and the postero-superior gate. Then, the nsmaere further shoved to the
recollection interface located at the posterior efdhe third and lower platform by
using the posterior-inferior gate. Here, the aintifation allowed the cremains to cool
down. At the same time, this caused the screerfisgroe of the charcoals which were
boosted away from the human remains. The cremam® wthen dragged into the
recipient placed on the retrieval chamber and lijnaken out from the cremator. It was
at this point that the bone analysis was carried Afterwards, the second part of the
cremation procedure finally took place. The boregifnents were grinded by using a
mechanical cremulator powered by electricity. Taato the ash-like appearance of the

human cremations.

2.2. The Sample

The research was carried out on a sample of 53# adimated individuals.
This sample was composed of two distinct kinds viman remains. The first one
included the remains from individuals cremated safter death which were classified
as cadavers. The second sample included the rerfnamsndividuals who have been
primarily inhumated for some years and subsequeetthumed and cremated.
Cremation was thus used as a secondary practi@seTtemains were classified as
skeletons.

The samples of cadavers and skeletons were notsemative of a natural
population and therefore did not mirror the selorage distribution and the ancestry of
the population living in Portugal. Several factersre responsible for this scenario. As
stated before, differential preservation affectbd skeletal remains of females and

males. In addition, only adult individuals were st for the samples in order to avoid
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bias regarding sex determination. Therefore, noasiuits were included. Also, only
Portuguese individuals were included on the sangp@piarantee that all of them shared
the same ancestry. However, this was not a stfaigidrd procedure because some
individuals could present mixed ancestries. AltHoug some cases the admixture was
somewhat clear, in other cases only with the hélpelatives it could be pinpointed.
Sometimes, not even the relatives were aware oplatety sure of the deceased’s own
ancestry. Finally, the sample was not the resullystematic sampling because not all
cremated skeletal remains were available for argalys

As stated previously, several topics were addrebgdtlis research. This led to
the compilation of different sub-samples accordioghe differential preservation of
diagnostic features. The specific description ofsth sub-samples will be further
described on the following sections that addres$ ¢éapic of research. For now, only

the overall samples are thus described.

2.2.1. The Cadavers

The sample of cadavers included 401 individualsleslanade up the larger part
of the sample with a total of 233 (58.1%) indivitbugOn the other hand, 168 (41.9%)
female individuals provided data for the presergeagch. Additional individuals —
especially females — have been monitored but na das been collected from their
remains because of poor heat-related preservafiore males ended up being analysed
because females burned skeletal remains exhibdedep fragmentation thus allowing
for fewer data collection. Although the sample aflavers was over-represented by
males, this was more the result of preservatioated| issues than the result of the
natural demographic death profile.

The individuals were aged between 27 and 105 yadrst the time of death
(Table 2.2.1). The mean age was of 71.4 yearstold tndicating that most of the
deceased was elderly (Fig. 2.2.1). About 90% ofsdraple of cadavers was composed
of individuals over 50 years-old so there was dittlepresentation of younger
individuals. In fact, only one individual was lebsn 30 years-old at the time of death.
When broken down by age cohorts, the interval 688Fears-old presented the largest
frequency on the female sample. As for the males, interval of 70-79 years-old

presented the largest number of individuals.
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Table 2.2.1: Age and sex composition of the sampileadavers and skeletons.

Cadavers Skeletons
Age Cohort Females Males Total Females Males Total

20-29 0 1 1 0 3 3
30-39 1 9 11 2 2 4
40-49 13 16 29 2 1 3
50-59 17 33 50 2 6 8
60-69 20 50 70 4 5 9
70-79 32 58 90 20 10 30
80-89 69 52 121 11 3 14
90-99 15 13 28 8 4 12
>100 1 0 1 0 0 0
Unknown 0 1 1 18 32 50
Total 168 233 401 67 66 133

The duration of the cremation of cadavers rangedden 50 and 210 minutes
(mean = 93.8) while the maximum temperature valftiech 750° C to 1050° C (mean =
925.8). The details regarding the intensity of castlon are presented in table 2.2.2
according to sex and to age. The sample of 24Vishahls was divided into three age
cohorts. The remaining 160 individuals were nofuded in this accounting because
their cremation procedure was somewhat more in&i@nd thus complicated its
codification in terms of the duration of the comioms. In some cases, the cremation
was completed with the cremator being turned offtfe later stage of the operation.
The second cremation of the day coincided with hubceak so the cremator was
switched off during this period of about 60-90 ntesi This contributed for further
cremation although also accompanied by the grach@ing down of the remains. The
temperature gradually decreased but the crematerstith heated to temperatures of
about 600° C when the remains were retrieved despithat rather extended time span.
In other cases, the same course of action was edi@hthough this turn the cremator
was switched off for longer periods of time. Th@ncided with the last cremation of
the day. If the remains were to be delivered omlyre following day, these were left in

the cremator overnight. As a result, the combusivas not fuelled but was still taking
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place during the night due to the high temperapuesent in the chambers. Eventually,
the temperature decreased until it reached abodf 20by the morning. Given the
specificities of these two combustion protocolsytiwere not used to calculate the
average durations and maximum temperatures of cstiolbuthat are given in table
2.2.2 It is also important to notice that the lattefers to the maximum temperature
reached on each cremation and that this was retandmg 25° C increments. For
instance, a maximum temperature of 910° C was mditd 900° C and a maximum

temperature of 917° C was rounded to 925° C. .

Table 2.2.2: Descriptive statistics for the inténsif combustion regarding the

cremation of cadavers according to sex and agercoho

Females Males
Age

Duration Temperature Duration Temperature
Cohort

n Mean SD Mean SD n Mean SD Mean SD
0-59 21 993 198 8857 678 41 98.9 23.0 93172.7
60-79 29 928 244 9147 629 61 957 27.8 9346B.1
>80 54 86.0 214 9218 579 35 94.0 21.6 94251.7

2.2.2. The Skeletons

The sample of skeletonized individuals was consiolgrless numerous than its
cadaver’s counterpart. It included 133 individuafel presented a more balanced sex
ratio. The sample was composed of 67 females (504th 66 males (49.6%) with ages
ranging from 23 to 99 years-old. The mean age wWa&lal years-old and the 70-79
years-old age cohort presented the largest freqggerfor both females and males
(Figure 2.2.1). Because the skeletons were alrdadyticulated and removed from soft
tissues, the cremations took less time and attaifeeder temperatures thus
fragmentation was not as severe as in the caseeafadavers. The most part of these
skeletons were not claimed by their relatives dred rhunicipality proceeded with the
cremation of the remains in order to free some dbuslots at the cemetery.

Unfortunately, some of the cemeterial records vilecemplete so the age-at-death was
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not disclosed for many of these individuals. In sowases, this parameter was

successfully obtained on the Instituto dos Registbiotariado (Civil Records Office).

=100 Females Males
90-99 |

80-89 |
7079 | |
B0-69 | |
50-59 | |

40-49

30-39 ‘_l

20-29

= J CADAVERS

g0 60 40 20 20 40 60

o

=100 Females Males
90-99 | |

80-89 | |

70-79 |

B0-69 | |

50-59 |

40-49 |
30-39
20-29 |

SKELETONS

20 15 10 5 0 5 10 15

=100 Females Males
g0-93 |

80-89 |

70-789 |

60-69
50-59 |

40-49

30-38

UNBURNED

20-28

18 10 5 0 5 0
Figure 2.2.1: Age-pyramids for the sample of buroadavers, burned skeletons and

unburned skeletons.
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The duration of the cremations of the skeletongednbetween 15 and 120
minutes (mean = 28.4). The maximum temperaturesgidoetween 450° C ad 950° C
(mean = 742.3). This calculation was obtained osample of 105 skeletons. The
remaining 28 skeletons were not included for theesaeasons pointed out on the case
of the cadavers — the cremator had been switchfetbiopart of the cremations. The
details regarding the intensity of combustion adow to each sex are presented in
table 2.2.3.

Table 2.2.3: Descriptive statistics for the inténsif combustion regarding the

cremation of skeletons.

Females Males
Duration Temperature Duration Temperature
n Mean SD Mean SD n Mean SD Mean SD
52 284 9.8 7423 1456 53 30.0 17.0 728187.4

2.2.3. The Unburned Skeletons

A sample of 82 skeletons inhumated at Prado do &&powas also
osteometrically analysed. These were un-reclaimethbir living relatives and were
therefore ordained for cremation. The sample wasposed of 41 females (50.0%) and
41 males (50.0%) with ages ranging from 27 to ®ry®Ild. The mean age was of 73.3
years-old (n = 45) and the 70-79 years-old age tqgiresented the largest frequencies
for both females and males (Figure 2.2.1). As lhergample of skeletons, the cemeterial
records were incomplete so age-at-death was natrkfior many of these individuals.
Again, age-at-death in some cases was obtainedheniristituto dos Registos e
Notariado (Civil Records Office).
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2.3. The Methodology

2.3.1. Heat-induced Warping and Thumbnail Fractures

Two samples were used for the analyses. The dimst was composed of 96
cadavers from adults with ages ranging from 35 Zoy8ars-old (mean =71.4; sd =
14.7). It included 41 females and 55 males cremsteoh after death. The duration of
the cremations ranged between 60 and 145 minuteanm 98.7 minutes; sd = 25.7)
for 58 of the cadavers. The remaining 38 cadavere Weft to burn and cool overnight
therefore being removed from the cremator only ba subsequent morning. The
maximum temperature attained by the cremation gabetween 750° and 1050° C
(mean = 944.0° sd = 60.7). All cadavers enterexl dremator fully dressed and
enclosed in wooden coffins.

The second sample was composed of 88 skeletons dcutts. The age was
known for only 56 of these and ranged from 23 toyBfrs-old (mean = 69.7; sd =
17.3). The sample was composed of 41 males andmdlés previously inhumated for
at least five years before being eventually exhunaed cremated. The mean
inhumation period was of 15.2 years (sd = 14.1;.mrn5; max. = 72). As far as
macroscopic inspection can detect, apparentlytissites had been completely removed
from all bones. The cremation of 79 skeletons thbtween 15 and 105 minutes (mean
= 34.8 minutes; sd = 20.7) while the remaining 8lstons were burned and left to cool
overnight. The mean maximum temperature was of0P3D.(sd = 141.5). The laying of
the skeletal remains on the cremator was divedsifsome were contained by plywood
boxes, others were merely wrapped in a shroud beddmaining ones were placed
directly on the cremator on top of a plywood board.

As stated in section 2.1.2., the cremation protaeosied widely in function of
the requirements of each assemblage of human reniE@ number of active burners
and the oxygen intake was set or rectified by #whnicians during the cremation
according to its progress. This was dependent ofaenaus circumstances related to the
biological profile of the deceased, the pre-crearationdition of the remains, the pre-
cremation heating status of the cremator or thee tgb container used for the
confinement of the remains. The cremation process mot entirely followed by the
author because during this time, the analysis@fé&mains from the previous cremation

was often taking place. Therefore, only the apprmate maximum temperature was
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recorded for each cremation. Both this and the w@mnof the cremains from the
cremator were carried out exclusively by the tectams. After the cremation and before
cremulation, the remains were visually inspected feat-induced warping and
thumbnail fractures. For the first of these feadureones were checked for unusual
bending of the diaphysis and of their heat-fractueads (Figure 2.3.1.). The second
feature was searched for on the diaphysis of laeb (Figure 2.3.1). The overall data
recording form of each cremated individual includegk, sex, duration of combustion,
maximum temperature of combustion, bone and the begion where the heat-induced
feature was detected. In some cases, the spegaifiargs) of the bone was recorded. For
skeletons, the time span between death and crama#ie also documented.

The statistical analysis was somewhat different dach of the heat-induced
features. Multivariate associational statisticseveot used for the investigation of the
warping events due to the small amount of bongdaligg this feature thus requiring a
much larger sample to allow for reliable inferencédternatively, non-parametric
Mann-Whitney tests were carried out in order tocghéor differences between the
group of skeletons presenting warping and the gadigkeletons not presenting it. The
investigated factors were age, time span from déatlcremation and maximum
temperature of combustion. Sex and duration of emtidn were not analysed due to
small sample sizes.

As for thumbnail fractures, logistic regression lgses were carried out. The
required sample size was calculated using thevimtig formula based on the work of
Peduzzi et al (1996). In the equation, k is the Ineinof covariates and p is the smallest
of the proportions regarding the positive and nggatases in the sample (Equation
2.3.1).

N=10*k/p

Equation 2.3.1: Calculation of the required sangte for logistic regression analysis.

Two different models were investigated with thepgmse of assessing if these
were significantly associated to whether or notntbnail fractures occurred during
cremation. The first one regarded age, sex and sppa@ from death to cremation and
aimed to check if biological parameters had a ficant effect on the frequency of

thumbnail fractures. Time span was added to thislehas a way to approximately
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account for post-depositional degradation of catagrhe second model referred to the
intensity of combustion and therefore included daraand maximum temperature of
combustion. Although logistic regression was udbe@ main goal was not to find

predictive models but rather to assess if the aatewn of several factors had any
significant effect on the frequency of thumbnaddiures. All statistical analyses were

carried out using the Statistical Package for theied Sciences (SPSS), version 14.0.

Figure 2.3.1: Heat-induced warping and thumbnaittinre. Left — warped tibia from
the Iron Age site of Altera (Portugal); right — thbnail fractures on a long bone from
the Roman Age site of Encosta de Sant’Ana (PorjuBalbotos: J. P. Ruas.
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2.3.2. Heat-induced Dimensional Changes

Visual inspection of the bone heat-induced colauas carried out with the aim
of separating the calcined bones from the preqoettibones. Those presenting the
typical colours of calcined bone — white, light yr@nd light blue — on roughly more
than 90% of their surface were classified as cattirAny bone presenting a colour
other than the typical calcined shades on aboutentlman 10% of the surface was
included in the pre-calcined category. This proceduas taken to assess if differential
percent shrinkages between pre-calcined and cdltioees could be detected.

A sample of 54 calcined skeletons was analyseddardo document the effect
of heat on the dimensions of bones. This was coetpot34 females with ages ranging
from 30 to 99 years-old and 20 males with ages éetv27 and 95 years-old. As for the
pre-calcined bones, a sample of 15 skeletons walysad. It included 12 females with
ages varying from 45 to 92 years-old and 3 maldb ages between 72 and 76 years-
old.

The skeletons were subject to measurements in nontp the cremation and
re-measured after it. The measurements were caotiedhree times with a digital
standard calliper and the median value was recorddidstandard measurements
included in the analysis are described in tabl8sl2and 2.3.2. In addition, those are
also illustrated in figures 2.3.2 to 2.3.6. The alggion of the measurements of the
humerus and femur was adapted from the guidelih@dgaotin and Saller (1957). The
description of the measurements of the talus amchiwaus was adapted from Silva
(1995). The description of the measurements ofsthaller tarsals was adapted from
Harris (2009). Some of the measurements were iediwch the analytical protocol only
at a later stage and therefore present smallerlsamfhese were the humeral articular
width, the talus trochlear length, the length ahd tvidth of the load arm of the
calcaneus and all the measurements from the cutt@djavicular and the cuneiforms.
The late inclusion of these standard measuremeagsdwe to several reasons. Prior to
the field research, the set of measurements wastiahally small because the time
available for analysis was short. However, when ititeraction with the cremation
operators became more fluid, an increase in tims gained thus allowing for the
analysis of extra features. In addition, otherudesd with good preservation rates were

identified during the first year of research thesnlg added to the analytical protocol.
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This was the case of the humeral articular widtid ahe additional standard
measurements from the talus and calcaneus. Ashésitnall tarsals, the research of
Harris (2009) was very useful by demonstrating tsiatistically significant sexual
dimorphism was present in them on unburned skedetds a result, and given that
many of those bones are well preserved after ciemaihey were also added to the
research. Regrettably, the late inclusion of tHeatures led to smaller samples than the
ones obtained for the original measurements from hbmerus, femur, talus and
calcaneus.

Bones presenting poor preservation or pathologiesions — especially
osteoarthritis — were discarded from the analy§lee humeral articular width was
included in table 2.3.1 although it was not momtbrfor heat-induced shrinkage.
However, this feature was used on other analysssatitl be reported in later sections.
The selection of the standard measurements followedmain criteria. First of all,
small features from spongy bones were chosen bedhese tend to be better preserved
than other features composed of compact bone suthedength of the diaphysis. On
the other hand, features for which the sex detatimn accuracy has been
demonstrated to be higher than 80% were selectad.Wias done for the humerus and
the femur (Wasterlain and Cunha, 2000), for thest@nd the calcaneus (Silva, 1995)
and for the small tarsals (Harris, 2009).

The intra-observer variation regarding the measargnof the osteometric
features was determined by calculating the techmicar of measurement. This was
done on a sample of 20 bones for most standard urerasnts investigated in this
research. The humeral articular width and the hedjtboth the intermediate and the
lateral cuneiforms were not examined due to thealssample sizes.

The rate of shrinkage was calculated by quantifyihe relative difference
between the dimension of the cremated bones anddimension before cremation.
Sexual differences regarding shrinkage were theessed by using both parametric and
non-parametric independent samples testing. Thectsah of the tests depended on
whether or not the assumptions of the parametratyais were met. The effect of the
intensity of combustion on shrinkage was invesédatsing the duration and the
maximum temperature of combustion as variables.tiMallinear regression analysis
was carried out to investigate the combined effetctboth these variables. The
prediction value of the model was tested on anpgaddent sample of 39 bones. The

predicted values were compared to the observeagdyvalnd its eventual correlation was
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assessed by using a t- test for paired samplessw@peANOVA tests were used to
further understand the effect of both combustidateel variables on bone dimensional
change. The statistical analyses were carried puskng the Statistical Package for the
Social Sciences (SPSS), version 14.0.

HUMERAL HEAD
TRANSVERSE DIAMETER

HUMERAL ARTICULAR
WIDTH

EPICONDYLAR BREADTH

Figure 2.3.2 — Standard measurements of the lefiehus. Proximal is up.

FEMORAL HEAD
TRANSVERSE DIAMETER

Figure 2.3.3 — Standard measurements of the lefifeProximal is up.
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Table 2.3.1: Standard measurements of the humferasy, the calcaneus and the talus.

he

Standard o
Bone Acronyms Description
Measurement
Head Transverse HHTD Projected line from the most anterior point to t
Diameter most posterior point of the humeral head.
Head Vertical HHVD Projected line from the most proximal point to t
Diameter most distal point of the humeral head.
Humerus ) Distance of the most laterally protruding point
Epicondylar ) .
HEB the lateral epicondyle from the corresponding
Breadth o . '
projection of the medial epicondyle
_ _ Mesio-lateral width of the distal articular surfag
Articular Width HAW _
composed of the capitulum and trochlea.
Head Transverse EHTD Projected line from the most anterior point to the
. Diameter most posterior point of the femoral head.
emur
Head Vertical EHVD Projected line from the most proximal point to t
Diameter most distal point of the femoral head.
Talus . From theM. flexor hallucis longugiroove to the
Maximum . .
L H TML most anterior point on the head measured parallel
engt _ _
to the sagittal axis of the trochlea.
Description Maximum length of the trochlear articular surfa
from Silva | Trochlear Length ~ TTL on the midline measured parallel to the sagittal
(1995) axis of the trochlea.
Calcaneus _ Projected line from the most posterior point of
Maximum .
CML tuberosity of the calcaneus to the most
Length . : : :
anterior/superior point of the cuboidal facet.
Projected line from the most posterior point of
Load Arm _ )
L h CLAL posterior articular surface for the talus to thestn
engt . o .
anterior/superior point of the cuboidal facet.
Description Projected line perpendicular to long axis from t
from Silva | Load Arm Width CLAW | most lateral point of the posterior articular sagfa
(1995) to the most medial point of tleistentaculum tali

he

Le

he

ce

the

the

0]

he
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Table 2.3.2: Standard measurements of the smadllgar

ce

g

D

St

ne

the

of

ne

the

he

ne

the

Standard o
Bone Acronyms Description
Measurement
Projected line from the proximal articular surfa
Length CL _ _
to the distal articular surface.
. Projected line from the medial facet articulatir
Cuboid Breadth CB . _
with the lateral cuneiform to the lateral surfac
_ Projected line from the cuboid tuberosity on the
Height CH
plantar surface to the dorsal surface.
Distance from the projected line between the
most proximal points at the medial and the lateral
Length NL _ _
) edges of the proximal articular facet to the mq
Navicular _ ) _
distal point of the distal surface.
Projected line from the tubercle to the most
Breadth NB .
lateral point.
With the distal surface resting on one arm of the
Length MCL _ ) _ _
calliper: distance to the most proximal point.
Medial Projected line from the most medial point to tk
_ Breadth MCB . _
Cuneiform most lateral point on plantar view.
_ Whit the plantar surface resting on one arm of
Height MCH _ . . .
calliper: distance to the most superior point.
With the proximal surface resting on one arm
Length ICL ] ) _ _
the calliper: distance to the most distal point
Intermediate Projected line from the most medial point to tk
_ Breadth ICB . .
Cuneiform most lateral point on dorsal view.
_ With the dorsal surface resting on one arm of
Height ICH ) _ o _
calliper: distance to the most inferior point.
With the distal surface resting on one arm of t
Length LCL . ' . .
calliper: distance to the most proximal point.
Lateral Projected line from the most medial point to tk
) Breadth LCB _ _
Cuneiform most lateral point on dorsal view.
. With the dorsal surface resting on one arm of
Height LCH

calliper: distance to the most inferior point.
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CALCANEUS MAXIMUM LENGTH

TALUS MAXIMUM LENGTH

TALUS
TROCHLEAR LENGTH

LOAD ARM LENGTH

CALCANEUS LOAD ARM WIDTH

Figure 2.3.4 — Standard Measurements of talus afwhmeus. Left talus: distal is up.
Right calcaneus: distal is left.
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Figure 2.3.5 — Standard measurements of the cudadd navicular. Top row: Left

cuboid. Distal is up. Bottom row: Right navicul@istal is up/Distal view.
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Figure 2.3.6 — Standard measurements of the cunefoTop row: Left medial

cuneiform. Distal is up. Intermediate row: leftanhediate cuneiform. Distal is up.
Bottom row: Right lateral cuneiform. Distal is up.
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2.3.3. Osteometric Sexual Dimorphism

2.3.3.1. Post-cremation Preservation of Diagndstigtures

The remains of cadavers and skeletons were amhiyseder to assess the post-
cremation preservation of the standard measurenmpuéstigated on this research.
Along with the features enumerated and describeskation 2.3.2 regarding the heat-
induced dimensional changes, also the internalt@awydcanal of the petrous bone was
investigated. All cases were coded as “preservietiiei feature was intact and therefore
allowed for measurement. The reverse condition seaed as “unpreserved”. This was
carried out to determine the potential for the aopof osteometric methods on
calcined human skeletal remains.

The operation was completed on a sample of cadaaed on a sample of
skeletons. The first one was composed of 118 iddals with ages ranging from 34 to
97 years-old (mean = 71.3; sd = 15.1). Females wapeesented by 52 individuals
while the remaining 66 were males. As for the dkele, the sample was composed of
50 females and 44 males. The overall sample oh@8&iduals presented ages varying
from 23 to 92 years-old (mean = 70.8; sd = 18.3).

The remains were thoroughly scrutinized after ct@nalooking for specific
osteometric features of the humerus, the femur, ténsals and the petrous bone.
Examples of preserved features are presentedureB2.3.7 and 2.3.8. For some of the
overnight cremations, the remains were cooled emdaygthe morning to allow for the
opening of the loading gate and for the specifiadpacking of the humeri and the
femurs which were then visually inspected and mmeakif well preserved. The bones
were then returned to the cremator and subjecheousual recovery of the remains
using the metal rake. As a result, the observatinade on the humeri and the femurs
burned on overnight cremations were not includedtha analysis regarding the

preservation of osteometric features so that thelt®would not become biased.
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Figure 2.3.7: Preserved features on calcined fetalus and calcaneus.
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3cm

Figure 2.3.8: Preserved features on two calcinéwpe bones.

The relative frequency of preserved elements whsileded for each feature on
its own and for each bone by including all of thieiherent standard measurements.
Therefore, the latter referred to the preservatibany of the monitored features on a
specific bone. The statistical analysis of the dataed to assess the effect of several
variables on the preservation of these featurese, Agx, duration and maximum
temperature of combustion were thus investigatadtheory, these variables would
hardly account for all the variation found on theegervation of the standard
measurements though. One major additional factas kedated to the fragmentation
caused by the recovery of the remains from the atermAs mentioned previously, this
was done by using a metal rake to remove the remfeam the platforms and to gather
them at the posterior end of the cremator. Thisgaare thus contributed for the further
fragmentation of the bones. However, it was nobanted as a variable because no
objective way was found for the measuring of thstetion caused by this operation.
Therefore, although the effect of the other abovdioeed variables was indeed
statistically analysed, these forcibly explain omplgrt of the variation found on the
preservation of the osteometric features. Resatiarding this issue must thus be dealt
with caution.

The statistical analysis adopted a multivariatpragch whenever the sample
size allowed it. Rather than looking for predictoodels, logistic regression analysis
was used to investigate the functional relatiorsihigtween the independent variables —
age, sex, duration and maximum temperature of cetidmu— and the dichotomous

dependent variable (preserved; unpreserved). Giliah a major factor — the post-
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cremation recovery of the remains — was not inaludethe list of variables, the search
for logistic models able to predict the preservatd specific features was considered to
be a somewhat futile exploit. Nonetheless, logistgression was still adopted to assess
if each one of the monitored variables on its owd # the interaction of the variables
had a significant effect on the preservation of tbatures. Only the coefficients of
significant logistic models were presented on #slts section.

Regrettably, the sample size and the ratio of pveskkunpreserved features did
not allowed for the inclusion of the four variables the same logistic model.
Therefore, some of these were sometimes investigagparately and the models
included only the amount of variables supportedigysample size. The calculation of
the minimum required sample size was carried oueézh bone using the formula —
equation 2.3.1 — based on the work of Peduzzi @to46).

The further exploration of the significant relaiships indicated by the logistic
regression analysis was carried out by using umiterstatistics. The tests that were
selected for the univariate statistical analysigetheled on the level of measurement of
the dependent variables. Ratio scaled dependeiables were investigated by using
the parametric t-test for independent samples @ntin-parametric Mann-Whitney test
depending on whether or not the assumptions wete Thes was the case for the age
variable and for the maximum temperature of combnsPearson chi-square tests were
used for the assessment of the effect of sex addration of combustion on the state of
preservation of the osteometric features.

A comparison of the results for the cadavers amdHe skeletons was done in
order to investigate if the variance in preservattmuld be attributed to differences
regarding the demographic composition of the sasnai® to differences regarding the

intensity of combustion.

2.3.3.2. Sexual Dimorphism

Sexual differences regarding the size of calcibedes were investigated with
the purpose of determining if heat-induced shrirkaljminated the sexual dimorphism
intrinsic to the human skeleton. Two samples wemnalysed. The first one was
composed of 370 cadavers. It included 154 femal#s ages ranging from 39 to 105
years-old (mean = 75.0 years-old; sd = 14.5) ar@lrddles with ages varying from 27
to 99 years-old (mean = 68.4; sd = 14.8). All creams lasted for more than 60
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minutes and one of them took 250 minutes, not atddoy with the individuals
cremated overnight. The maximum temperature of amtitn ranged between 750° C
and 1050° C. Maximum temperature was less thah 8d0r only 2.4% (n = 9) of the
cremations.

The second sample was composed of 103 skelettns.iricluded 51 females
aged between 30 and 99 years-old (n = 41; meank 3d = 15.1) but the age-at-death
was unknown for 10 of them. The sample also inc@fgal 52 males with ages ranging
from 27 to 95 years-old (n = 25; mean = 65.9; sii82) although age-at-death was
unknown for 27 of them. All the cremations took mtinan 15 minutes. Several of them
took more than 60 minutes but this had less to db skeletal resilience to heat and
more to do with functional aspects related to thadydtimetable of the technicians.
Some skeletons had been left on the cremator diluimgh time so the duration of the
combustion was much longer than the time requioedHe calcination of the remains.
The maximum temperature achieved during the crematvaried between 450° C and
950° C.

The time period for the cooling of the bones wagrde. Sometimes, these were
measured right after their recovery from the cremaDther times, the bones were
already completely cooled down when measured. Ttveed and the osteometric
features examined for this analysis were enumeisatddiescribed in section 2.3.2. The
measurements were limited to the bones displaymegtypical white, light blue and
light grey colours produced by calcination. Otheloars — usually black or dark grey —
could be present on less than 10% of the bonecutfeough. The measurements were
performed three times and the median value wagdedon millimetres. Those were
carried out with a digital standard calliper. Theedfications regarding the
demographic profile — age and sex — and the condmugtrotocol were recorded.
However, age was not known for all skeletons.

The assessment of the lateral angle was carri¢dooucasts regarding the
internal auditory canal (IAC) because this feattmald not be measured directly on the
bone. A light bodied dental casting material — €udt President® — was used for this
procedure following Norén et al (2005). The bondasie was cleaned and coated with
Vaseline before the application of the siliconetio@ IAC in order to make its removal
after setting easier. For the measurement of tieealeangle (Figure 2.3.9), the cast was
bisected according to the major axis of this featlihe angle regarding the intersection

of the posterior external surface of the petrouseband the adjacent edge of the IAC
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(Graw et al, 2003; Graw et al, 2005; Norén et @03 Goncalves et al, 2011a) was then
taken on the sectioned surface by using the meagstobls of the Adobe Photoshop
CS2® software (Gongalves et al, 2011a). The measnts were performed three

times and the median value was recorded in degrees.

Figure 2.3.9: Schematics for the measurement datkeal angle of the internal

auditory canal.

The assessment of sexual dimorphism was precegedome analytical
procedures. Given that two types of samples — aadaand skeletons — have been
assembled for the current research, the prospexrobining them into a single pooled
sample was investigated. As a result, the bone riBoas of cadavers and skeletons
were compared to assess if the mean differencesebat them were statistically
significant. This was carried out by using bothgmaetric and non-parametric tests for
independent samples — t-test and Mann-Whitney festther procedure regarded the
decision on whether or not the bones from the regid left sides should be analysed
separately or if the results of one side couldebably extrapolated to the other side. In
order to do that, bones from both sides were iny&®d to assess if these were
significantly correlated to each other and thereftispense the analysis of both sides.

The sexual differences were investigated by usinegparametric t-test and the
non-parametric Mann-Whitney test depending on wdretin not the assumptions of the

former had been met.
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2.3.3.3. Sex Determination

The classification of individuals according to seas attempted on test-samples
by using three different procedures. The firsthadsie was carried out by using cut-off
points to discriminate individuals from two testygales: one composed of cadavers and
another one composed of skeletons. As a resulyithdls presenting scores above the
cut-off point were classified as males while thdiwiduals presenting scores under the
cut-off point were classified as females. Two dif& cut-off points were used for the
non-cranial features. One consisted on the standdedences recommended by Silva
(1995) and by Wasterlain and Cunha (2000) for #iastand calcaneus and for the
humerus and the femur respectively. These stanaeds developed on the Portuguese
collection of identified skeletons from the Univigysof Coimbra and are commonly
used on Portuguese skeletal remains thus explaitthgdoption for the present
research. These references were designated as B@oigtandards”. The goal of this
procedure was to document the accuracy of standspdsifically developed from
samples of unburned skeletons on the sex clagsificdcom burned skeletal remains.
The Coimbra Standards were developed on the skesletd individuals who lived
during the later half of the focentury and the first third of the 2@entury and Padez
(2003, 2007) found a positive secular trend for Bugtuguese population during the
latter. Therefore, the Coimbra Standards were deisteorder to assess if this process
may have led those standards to be somewhat adijiespgesent day cremated skeletal
remains. As for the IAC, the cut-off point was takeom previous researches (Graw et
al, 2003; Norén et al, 2005).

The second kind of cut-off points were calculatadimy this investigation
according to the sexual dimorphism analyses caroigd by this research. The sex
pooled mean values of each standard measuremesnt tives used as cut-off points
specifically developed from calcined skeletal ramsailThis course of action allowed for
the comparison with the Coimbra Standards and filieréo document if the use of the
new references improved the rate of correct classibn. Because the samples had the
same amount of females and males, the calculafitireanean value of the sex pooled
sample followed the procedure used by other aut{®leck, 1978; DiBennardo and
Taylor, 1979; Silva, 1995; Wasterlain and Cunhad@0 As a result, the midpoint

between the male and female means was used at potnt.
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The test-sample of cadavers was composed of thaims from individuals other
than those composing the sample used for the sehomrphism analysis. This was
done so that the cut-off points made availableHgylatter would not be tested on the
same sample from which they were developed on. Thidd have produced some
biased results. The amount of individuals composiegtest-samples varied depending
of the osteometric feature (Table 2.3.3). For nstatdard measurements, females were
in lesser amounts than males so the latter compiheeldrger part of the test-samples.
These had relatively few females because it wasldédo favour the sample regarding
the sexual dimorphism analysis so that this woeld&sed on larger groups. This meant
that most test-samples were composed of only 1@lfsralthough the number of males
was usually quite large.

The test-sample of skeletons was the same onefosdte sexual dimorphism
analysis. No biased results were produced becdugseut-off points used for the sex
determination were the ones developed from the kawlpcadavers. Regrettably, the
test-sample of skeletons was very small for manyefstandard measurements so these
results were merely indicative and could not beabty used for any comparison with
the results from the test-sample of cadavers. Nehets, the sex classification results

were presented as a small documentation of theaxgof the cut-off points.

Table 2.3.3: Composition of the test-samples fa $lex classification according to

discriminating cut-off points.

()
e A N A N
= § £ :83%::sEE&S3
g @ T T I I LL L — — @) O
Females 10 10 11 - 10 10 10 - 10 -
Cadavers
Males 35 57 8 - 46 59 32 - 13 -

Females 5 14 4 3 9 10 29 7 13 3

Skeletons
Males 9 14 12 2 9 10 28 10 21 8

The second attempt to classify the test-samplesrding to sex was carried out
by using logistic regression analyses for the humethe femur, the talus and the
calcaneus. This was done by testing the predigiawer of each standard measurement
and by doing the same with two-predictor logistiodals referring to specific bones.

Larger models were not tested due to the smalldfizbe samples. It was only in rare
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cases that two or more standard measurements weressfully preserved on the same
bone, so most regression analyses were performeckelatively small samples. No
logistic models based on features from differemdsoof the skeleton were tested also
because of small sample sizes.

The accuracy of the regression coefficients watetein three different ways.
First, the same sample from which the coefficiemse calculated was classified. With
the aim of avoiding bias that could result fromstiprocedure, an independent test-
sample was then also classified according to sk Was much smaller though (Table
2.3.4). The third test-sample was composed of skedeand had the same composition

of the one presented in table 2.3.3.

Table 2.3.4: Composition of the test-samples fergbx classification according to the

logistic regression coefficients.

(D)
o) (| | @)
£ & F S 8382 8 2 2 2 %
= N I T T+ < T T = —
n T T T o o F O O
Cadavers Females 33 62 25 18 42 55 30 26 47 21
(same sample) Males 33 62 25 19 42 55 30 39 47 29
Cadavers Females 10 10 8 - 10 10 10 - 10 -
(independent sample) Males 10 10 11 - 10 10 10 - 10 -

A third attempt to determine the sex of the indinats composing the test-
sample was carried out. This was done by usingdifferent references regarding the
calibration of the cut-off points developed frombumed skeletons to fit into the
specificities of burned skeletons. Firstly, the meeercent shrinkage value obtained
from the analysis regarding the heat-induced dimea$ changes of larger bones —
humerus, femur, talus and calcaneus — was useccasextion factor of the Coimbra
Standards. The rate of shrinkage was thus usedliiorate the standardized cut-off
point of each specific osteometric feature. Thec@etr shrinkages of specific standard
measurements were not used for this procedure altleet small sample sizes which
were usually under 15 cases. The overall mean lesédcl from 150 features was
considered to be a safer bet and therefore adopesbndly, the calibration method was

based on the correction factor of 10% recommengdsiuikstra and Swegle (1989).
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As mentioned above, Padez found a positive setrgllad affecting the stature of
the Portuguese population since the beginning ef 268" century (2003, 2007).
Therefore, secular trend may be interfering with tiliability of the Coimbra standards
when applied to contemporary populations. For thason, we decided to examine a
Contemporary Sample and thus investigate if thibreion of the cut-off points drawn
from it would be more adequately used than the ®GoamStandards on the sex
determination of the calcined sample. Several nmreasents taken on a sample of
unburned and un-reclaimed contemporary skeletoos fPrado do Repouso (see
section 2.2.3) were thus recorded and the sex gooéan was used as reference for the
calibration.

The two calibration methods were performed twiceoatding to the Coimbra
Standards and to the references from the Contemyp8eample. The calibrated cut-off
points were subsequently tested on the overall Eaofpcadavers that was used for the
assessment of the sexual dimorphism on calcinedshand on the sample of skeletons
previously described on table 2.3.3. The compasitd the sample of cadavers is
presented in table 2.3.5. The documentation oattweiracy regarding sex classification
allowed for the comparison between the two strategihe main goal was to identify
the most appropriate correction factor and the rnapgtropriate reference values from
the Coimbra Standards and the Contemporary Sample.

All statistical analyses of the several studiesfquared in section 2.3.3 were

carried out using the Statistical Package for theiéd Sciences (SPSS), version 14.0.

Table 2.3.5: Composition of the test-sample of vada for the sex classification

according to the calibration methods.

Q

° QO 0 a s

5 § £ 28 3% E 23 E 5%
& @ T T T T & § F F O DO
Cadavers Females 33 62 25 18 42 55 30 26 47 21

Males 33 62 25 19 42 55 30 39 47 29
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2.3.4. Skeletal Weights

2.3.4.1. The Anatomical Identification

The weight of bone fragments was recorded accordirgach specific bone. As
a result, the proportion of determined bones wasl @s an indicator for the anatomical
identification of each skeletal component. This weasried out in order to assess if
anatomical identification of bone fragments wastesd to the demographic profile and
to the intensity of combustion. As a result, theriarace regarding the rate of
anatomically identified bone fragments (RAI) wawdstigated according to several
factors — age, sex, duration of combustion and mam temperature of combustion.
The RAI consists on the adding of the weights frah identified bones thus
representing the full determined bones weight asdelative proportion in relation to
the overall weight — including both determined amdietermined bones — provided for
the rate of anatomically identified bone fragmeiitse 2 mm fraction was not used for
this calculation.

The analysis was carried out on two different sasplhe sample of cadavers
included 116 individuals. This was composed of &hdles with a mean age of 74.5
years-old (sd = 15.1; min.: 41; max.: 97) and ofné&les with an average age of 68.6
years-old (sd = 14.8; min.: 34; max.. 93). The secesample was composed of 88
skeletons which included 49 females with ages ranfiom 46 to 99 years-old and 39
males with ages varying from 23 to 92 years-oldwEleer, age-at-death was known for
only 24 females and 21 males.

After the cremation, skeletal remains were lefceml for a while. This could
take from 60 minutes to several hours in the cakdhe overnight cremations.
Afterwards, the cremains were usually analysedndguB0-90 minutes. The remains
were sieved using a 2 mm mesh in order to sepiager bone fragments from bone
chips which were dismissed as ash and thereforghedi separately. The remaining
portion was inspected for metal objects which weraoved by using a magnet. Other
objects such as plastic buttons, portions of boickharcoals were also taken out of the
assemblage. The cremains were then analysed atahacally attributed to a specific
bone whenever possible. The unidentified bone feagmwere included in a category

of undetermined bones. When all the remains hach liegpected, each bone was
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weighed by using a digital scale that allowed fue tveighing up to one decimal case
(max.: 2000 g; error: 0.1 g).

Rather than looking for predictor models, multipbgression analysis was used
to investigate the functional relationships betwé#en independent variables and RAI.
Given that the extraction of the cremains from themator was not accounted as a
variable, the prediction of RAI would have therefobeen a somewhat useless
procedure in this case. The calculation of theimim required samples was carried

out by using the statistics calculator’s applicatavailable atwww.danielsoper.com

The further investigation of any predictor variabkgnificantly correlated to RAI was
carried out by using basic inferential statistiathwthe aim of assessing what sort of
differences were present between groups. These theretest, the Mann-Whitney test
and the one-way ANOVA test. The latter was followsg Games-Howell post-hoc
tests. In addition, differences between the sampfesadavers and skeletons were

investigated by using both these kinds of teststhadPearson chi-square test.

2.3.4.2. The Weight of Cremains

The overall weight of skeletal remains was recdroteorder to investigate for
differences regarding the demographic profile. ddiaon, the effect of the intensity of
combustion on the weight of the remains was alsestigated. The samples and the
procedures used for this analysis were the san®ilded in section 2.3.4.1. This time
though, both the overall weight excluding the 2 rfraction and the overall weight
including the 2 mm fraction were used for the statal analyses.

Once again, multiple regression analysis was uséddvestigate the functional
relationships between the independent variablege; aex, duration and maximum
temperature of combustion — and the dependentblariahich in this case was the
overall skeletal weight. The detection of predistimodels was thus not the aim of this
procedure. The statistical analysis included theeséests mentioned in the previous
section for the further investigation of the sigeaht correlations between variables. In
addition, t-tests for independent samples were @sethe assessment of the nature of

the differences regarding the cadavers and thetsked.
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2.3.4.3. The Skeletal Representation

The absolute weight and the relative proportioneath bone regarding the
overall weight of the skeleton were recorded ineor investigate sexual differences.
The samples were composed of individuals for whilreedegories were anatomically
identified. However, the sternum and the patellarewnot included in the analysis
because these bones were absent on a large anforerha@ins and would therefore
narrow the sample. As for the hyoid, this bone added to the cranium category. As a
result, the sample of cadavers was composed oé28lés with ages varying from 43
to 93 years-old (mean = 70.5; sd = 16.1) and ofimBtes aged from 34 to 90 years-old
(mean = 67.1; sd = 14.7). Therefore, 84 cadavers aeamined. On the other hand, the
sample of skeletons was composed of 31 femalesngrfigpm 30 to 92 years-old and
30 males with ages between 27 to 92 years-old pfdeedure regarding the analysis of
the cremains was already described in section.2.3.4

Following the bone representation analysis, thenesavas done for the
proportion of each skeletal region. These are bHgigreater anatomical regions that
include the cranium, the trunk, the upper limbs tnallower limbs. Bone elements that
were not included in the skeletal analysis by boaiegories were now considered this
time. Therefore, the cranium included the skulg thandible and the hyoid. The trunk
included the vertebrae, the ribs and the sternum.upper limbs included the scapulae,
the clavicles, the humeri, the radii, the ulnae #rel bones from the hand (including
carpals). The lower limbs included the os coxae,fémora, the patellae, the tibiae, the
fibulae and the bones from the foot (including &8k

The effects of age, sex and the rate of anatomuahtification on the
representation of each skeletal region was invaty using Pearson bivariate tests
regarding selected pairs of variables and multiglgression analysis regarding all
variables. Further analysis was carried out in otddetter understand the results from
the multiple regression. That included the caldéaraof t-tests for independent samples,
one-way ANOVA and Kruskall-Wallis tests. Tukey H&IDd Mann-Whitney statistics
were carried out as post-hoc tests.

The results for the representation of the skelet¢glions were statistically
compared with those obtained by Silva et al (2G9a sample of unburned skeletons
by calculating single-sample t-tests. Because ttesults were not presented according

to each skeletal region, their data was adaptecduing the values of each bone

69



Cremains — Material and Methods

category into those four categories. As a reshd, relative mean weight obtained for
the cranial region was of 19.54%. The trunk regioesented 16.57%. The upper and
lower limbs presented 17.28% and 45.94% each. TDode@ standard deviation was
also calculated so that the effect size of eacplesisample t-test could be estimated.
This was afterwards interpreted by following theammendations of Cohen (1988).
The differences between the samples of cadavetsskeletons regarding the
representation of each skeletal region were Stalst assessed. A two-way ANOVA
could not be used to investigate the differencesor@ing to sex and to the pre-
cremation condition of the remains because thenagsons of normal distribution and
homogeneity of variances were not met. SPSS doé¢soffer a non-parametric
alternative to two-way ANOVA. Because the re-camdifion of the scale dependent
variables (the representation of the cranium, truper limbs and lower limbs) into a
dichotomous variable in order to use the log-linetatistic would weaken the
differences inherent to them, basic inferentialistias were chosen instead of complex
inferential tests. This meant that the relationdhgween sex and each skeletal region
and between pre-cremation condition of the remand each skeletal region was
carried out one at a time without investigating thieraction between the two factor

variables.

2.3.4.4. Estimating the Proportion of Skeletal Ragi

Linear regression statistics were carried out oheotto investigate if the weight
proportion of each skeletal region could be predidtom the RAI. Besides the data for
the burned cadavers and skeletons, the data prbbigé owrance and Latimer (1957,
In Krogman andscan, 1986) and by Silva et al (2009) were alsouhet! so that the
relative weight of the remains from skeletons thave been completely identified
according to anatomical region could contributehe equation. The formula for the

calculation of the expected proportion is preseiidequation 2.3.2.

Expected Percentage = Constant + (RAI * RAI coéedfitfor each skeletal region)

Equation 2.3.2: Calculation of the expected praporof the skeletal regions on burned

remains.
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Besides the data obtained from the unburned samfhe linear regression
coefficients were also based on a sample of 12@atiens. These included 54 females
aged between 43 and 93 years-old and 76 malesbhefgwden 27 and 92 years-old.

The testing of the coefficients from this methogswcarried out on an
independent test-sample composed of 20 contempandiyiduals cremated at the
modern crematorium. The sample included 10 cadafefemales; 5 males) and 10
skeletons (5 females; 5 males). Although the srslalbene fragments may sometimes
not be recovered from the cremator, we postulatat normal representation of each
skeletal region was present in all cremains. Tleegfany variance when compared
with the standardized references was consideredbetoother than the result of
incomplete recovery of the remains.

The difference between the mean predicted valodgree mean observed values
was assessed by using a Wilcoxon signed ranksltesiddition, Pearson correlation
was calculated in order to investigate the assoaidtetween both variables.

For the interpretation of the proportions obtaireed each case, a comparison
was carried out with the predicted value. As a ltesll observed values inside the
respective interval — with a range of £1 standardiation (1SD) — were interpreted as
being normally represented. In contrast, the austliwere interpreted as having a
tendency to over-representation or under-repregsentalepending of the case. In
addition, intervals with a range of +2 standardidigens (x2SD) were also created.
Given this interval, the outliers were then inteted as being strongly over-represented
or under-represented depending of the case. Thietakeinburned references from
Lowrance and Latimer (1957, In Krogman agdah, 1986) and subsequently adapted
by Richier (2005) were also used to analyse thésemple in order to make a
comparison with the results obtained on the presesstigation. As such, the lower
and upper bounds of the intervals used for theapné¢ation were 50% apart from the
mean proportion of each skeletal region. Theseelangervals were used so that a
conservative approach would be adopted while ughig method which is not
calibrated for burned skeletal remains. Thereftre,cranial interval ranged from 10%
to 30%. The trunk interval ranged from 8.5% to 2.9 he upper limbs interval ranged
from 9% to 27% and the lower limbs ranged from 32.8 67.5%. All proportions
inside these intervals were therefore interpretebdeang normally represented.

The regression coefficients and the skeletal urdmireferences were also tested

on a sample of archaeological cremation burialsnmFPortugal, these included one
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primary burial and three urned burials from the Rarmmecropolis of Encosta de
Sant’Ana in Lisbon (Gongalves et al, 2010) — bustwms 3, 4 and 5. Two urned
burials from the Iron Age necropolis of Cerro FuwadNCF1 and NCF2 — in Beja were
also included (Goncalves, 2007). One urned burMl12) from the Iron Age
necropolis of Altera in Mora was added to the san{doncalves, 2007). Finally, two
Roman urned burials from the Praca da Figueiraisbhdn were also included — PFOO
and PFO1 (Gongalves, 2007). From France, the samgleled four in situ burials — 7,
80, 136 and 479 — from the Roman necropolis of t8ddarbe in Marseille (Richier,
2005) and another four urned burials from SaintebCen-Plane (Colmar), a necropolis
from the Bronze Age and the Ancient Hallstatt (Btdiand Georjon, 2005) - S-O/1, S-
O/2, 36 and 64/1. Although the correction of théeipretative results from both
methods on the archaeological sample could obwousi be assessed, it still allowed
documenting the variability regarding their use.

All statistical analyses were carried out witte tStatistical Package for the
Social Sciences (SPSS 14.0).
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3. Results

3.1. Heat-Induced Bone Thumbnail Fractures and Warp

The frequency of bone warping and thumbnail freeguwas assessed for the
sample of burned cadavers and burned skeletonsrédudts are presented in figure
3.1.1. Although the features were present on bathpées, its frequency was much
larger on cadavers. For these, only one female ag®tl— presented no warping while
three females — with ages of 44, 71 and 81 years-@nd one male aged 63 presented
no thumbnail fractures. These five individuals weremated at temperatures higher
than 850° C for 80-140 minutes. For the samplekefetons, thumbnail fractures were
more often present than warping (Figure 3.1.2). détails for the skeletons presenting

these features are given in tables 3.1.1 and 3.1.2.
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Figure 3.1.1. Absolute and relative frequenciefedt-induced warping and thumbnail

fractures on the sample of cadavers and skeletons.
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Almost all cadavers displayed heat-induced warpind thumbnail fractures, so
these variables had too little variance to allow Statistical analyses. Therefore, this
was carried out only for the sample of skeletonsweler, the statistical investigation
of the warping events could not rely on the analydilogistic regression models due to
the small sample size which was not compatible Withratio of present/absent cases
(8/80). This would stipulate a minimum required géamof 220 cases for two factor
variables. The sample did not meet the requirerserdgach factor was investigated on

its own.

Table 3.1.1: Details of the skeletons displayingtheduced warping.

No. Sex Age Duration °C Bone Region Colour Timarsp
35 M 23 15 450 Long bone Diaphysis Not recorded eary
38 M - 20 450 Long bone Diaphysis Not recorded dary
148 M - 30 890 Radius Diaphysis  Almost all white  years
323 M - 45 600 Tibia Diaphysis Pale white; white19 years
339 F 92 80 525 Tibia Diaphysis Not recorded 7 year
490 F 78 40 600 Longbone Diaphysis Not recorded yeafs

The differences according to sex and to durationcarinbustion were not
statistically addressed with a Pearson chi-squese bnce more because of the small
amount of cases presenting warping. The remainfogofs were investigated using
Mann-Whitney non-parametric tests. No significaiffiedences were found between the
group of skeletons with warping events and the groiskeletons absent of warping
events according to age and to time span from deattremation (Table 3.1.3). In
contrast, a statistically significant differencetla¢ .05 level was detected according to
maximum temperature of combustion. The magnitudinefdifference was medium to
large according to Cohen (1988).

In order to investigate if any of the variables nbared for this analysis was a
significant factor regarding the presence of thuailfnactures, logistic regression
analyses were then carried out. Because of thd saraple size, a single model could
not reliably test all variables monitored for eacemation. Therefore, both duration and

maximum temperature of combustion were used to fammlogistic model while a
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second model was composed of sex, age and timesgpandeath. The first model was

used to investigate the effect of the intensitgahbustion on the occurrence of heat-

induced warping and thumbnail fractures. The seconadel was used to investigate if

this event was significantly linked to biologicalchtaphonomic parameters.

Table 3.1.2: Details of the skeletons displayingtheduced thumbnail fractures.

No. Sex Age Duration °C Bone Region Colour Time Span
34 F 83 40 730 Long bone Not recorded Not recorded 7 years
35 M 23 15 450 Long bone Diaphysis Not recorded 7 years
38 M - 20 450 Long bone Diaphysis Not recorded 45 years
Black endocortex
257 M 65 15 600 Long bone Not recorded . 7 years
White exocortex
_ ~ Black endocortex
267 F 54 30 720 Long bone Diaphysis _ 7 years
White exocortex
337 83 75 750 Long bone Diaphysis Not recorded 7 years
339 92 80 525 Humerus Diaphysis Not recorded 7 years
_ ~ Black endocortex
346 M 82 70 900 Long bone Diaphysis _ 7 years
White exocortex
348 69 Overnight 925 Long bone Diaphysis Not recorded 7 years
349 F 72 30 500 Long bone Diaphysis Not recorded 46 years
350 70 30 625 Long bone Diaphysis Not recorded 50 years
_ _ Black endocortex
360 M 90 25 550 Femur Diaphysis _ 11 years
White exocortex
361 F 78 25 550 Long bone Diaphysis Not recorded 20 years
384 F 85 20 800 Long bone Diaphysis Not recorded 7 years
490 F 78 40 600 Long bone Diaphysis Not recorded 7 years
507 F 78 Overnight 800 Femur Diaphysis Not recorded 7 years
512 M - 75 800 Long bone Diaphysis Not recorded 5 years
525 M 55 30 750 Long bone Diaphysis Not recorded 7 years
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For the assessment of the effect of intensity ahlmastion on thumbnail
fracturing, a minimum sample size of 90 cases weuired given the ratio of
present/absent thumbnail cases. The logistic reigmesvas carried out although only 85
cases were available for statistical analysis salt® must be dealt with some caution.
The duration of combustion was divided into threeugs (0-25’; 26-110’; overnight)
and maximum temperature was used as a ratio svalable (mean = 763.9; sd =
139.8). When considered on its own, only maximumperature was indicated as a
significant factor at the .05 level (Table 3.1.#he omnibus test found that the model
was significant although only temperature remaittesl only significant factoryf =
7.13; df = 2; p = .028). However, the model onlplaxned for 12% of the variation in
whether thumbnail fractures were present or nottoAshe second model, sex was used
as a dichotomous variable while age and time sp&an fleath to cremation were used
as ratio scaled variables. When these variables w@nsidered out of the model, none
was found to be significant (Table 3.1.5). The nmiadlas not significant eithernt =
2.14; df = 3; p = .544).

Table 3.1.3: Descriptive statistics and Mann-Whjttest results regarding the median
differences between the groups with and withouipimay events according to age, time

span since death and maximum temperature of comhust

Effect

n Mean S.D. Median Range MW  Sig.
Size

Present 5 65.2 264 74.0 69.0
Age 118.0 .785 -
Absent 51 70.2 16.5 75.0 72.0

_ Present 6 153 153 7.0 38.0
Time Span 2395 912 -
Absent 82 15.2 141 9.0 67.0

Present 6 587.5 167.2 562.5 450.0
Temperature 95.0 .013 -27
Absent 80 762.2132.7 800.0 450.0
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I
1cm

Figure 3.1.2. Heat-induced features found on sikletmains. Left: bone warping
present on the tibia of individual 323. Centralnbowvarping present on the radius of

individual 148. Right: thumbnail fractures presentthe long bone of individual 38.

Table 3.1.4: Results for the logistic regressioalysis regarding the effect of the

intensity of combustion on the occurrence of thuaibinactures.

Out-of-Model Model
Score df Sig B SE Odds Ratio  Sig.
Duration 1.237 1 .267 .489  .413 1.63 .236
Temperature 5395 1 .020 -.004 .002 1.00 .023
Constant - - - 1.736 1379 5.68 .208

n=85
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Given the significant effect found for the maximwemperature of combustion
with the logistic regression analysis, statistitadting was carried out in order to
investigate the mean maximum temperature diffeenbetween the skeletons
presenting thumbnail fractures (mean = 684.2; 46%2) and the skeletons presenting
no such features (mean = 768.7; sd = 134.0). Asstatlly significant difference was
indeed found for the thumbnail feature (t = 2.387= 84; p = .021; d = .59) with a
small to medium effect size according to Cohen 898his means that the skeletons
presenting thumbnail features were cremated atfgigntly lower temperatures than

skeletons free of these features.

Table 3.1.5: Results for the logistic regressioalysis regarding the effect of sex, age

and time span since death on the occurrence oftihainfractures.

Out-of-Model Model
Score df Sig. B SE Odds Ratio  Sig.
Sex 125 1 724 .404 .608 1.50 .506
Age 1.554 1 212 .027 .020 1.03 .180
Time Span .001 1 .976 .004 .020 1.00 .859
Constant - - - -2.857 1.613 .06 .076

n =56
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3.2. Heat-induced Dimensional Changes

3.2.1. Measurement Error

A sample of 20 individuals was assembled in ordercalculate the intra-
observer variation for some of the standard measemés. Results for the absolute
technical error of measurement (TEM), the relagwer of measurement (% TEM) and
the coefficient of reliability (R) are presentedable 3.2.1.

The %TEM was less than 3% for most standard meamme thus
demonstrating good repeatability. However, a qlarge intra-observer %TEM was
obtained for the lateral cuneiform breadth thusadéng some repeatability problems.
Nonetheless, the R was close to 1.0 for all stahdeeasurements indicating that only a
small portion of the measurement variance preserthé sample was the result of

measurement error.

Table 3.2.1: Absolute technical error of measurdnGEBM), relative technical error of
measurement (% TEM) and coefficient of reliability elected standard measurements.

Std. TEM Std. TEM
Measurements (mm) YOTEM R Measurements (mm) HTEM R

HHTD 0.16 1.14  0.999 CL 0.15 254 0.996
HHVD 0.23 1.76  0.996 CW 0.26 2.64 0.993
HEB 0.14 0.94 0.999 CH 0.16 451 0.993
FHTD 0.12 0.78  0.999 MCL 0.10 2.09 0.998
FHVD 0.17 0.84 0.999 MCW 0.10 3.78 0.996
TML 0.13 0.91 0.999 MCH 0.11 1.74 0.998
TTL 0.24 2.01  0.995 ICL 0.15 531 0.992
CML 0.14 0.45 0.999 ICW 0.07 256 0.998
CLAL 0.21 1.16  0.998 LCL 0.10 4.43 0.996
CLAW 0.23 1.39 0.997 LCW 0.08 8.06 0.994
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3.2.2. Relative Dimensional Changes

The results for the heat-induced bone dimensi@hanges are presented in
figure 3.2.1. The percentage of bone reduction ednigom 9.7% to 19.2%, with the
femoral head vertical diameter showing the smatlegfree of shrinkage and the cuboid
breadth presenting the largest degree of shrink&bese results were obtained on
calcined bones from both the right and the lefesido the samples referred to the
amount of bones and not to the amount of indivislaalalysed. In addition, the sample
included bones from both females and males.

Larger bones — humerus, femur, talus and calcanguesented a mean percent
shrinkage of 11.97% (n = 150) while the small tBrshrunk 16.19% (n = 218) on
average. A substantial difference between bonesppiosite sides from the same
individual was sporadically detected (Figure 3.2.2)

The results regarding the heat-induced dimensiechainges of pre-calcined
bones are presented in figure 3.2.3. The rate ohlsdge presented for each bone
included the standard measurements which weresearialysed for the calcined bones.
However, these were all combined to estimate tmeepé shrinkage of each bone, that
is, the humerus, the femur and all the tarsals. mian rate of shrinkage was much
smaller for pre-calcined bones than for calcineddso In addition, an increase on the
dimensions of two bones was observed. That wasabe for the head vertical diameter
of a charred humerus and the load arm width ofaared calcaneus from two females.
The former increased 0.14% and the latter incre@s&s in size.

The results indicated that a visual inspectionhef ¢olour palette displayed by
bones was able to differentiate between less anck reat-induced shrunk bones.
However, the highest rate found for pre-calcinechdéso was of 11.7% on an
intermediate cuneiform which was well inside thega of variation found for calcined

bones. Therefore, the colour inspection was natedynteliable.
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Figure 3.2.1: Descriptive statistics for the petage of dimensional change experienced by thereaddbones. SD = standard deviation.
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Figure 3.2.2: Differential shrinkage on the rightldeft cuboids from individual 331.
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Figure 3.2.3: Descriptive statistics for the ratelimensional change experienced by the
pre-calcined bones.
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3.2.3. Influent Factors

For the larger samples of calcined bones, it wasipte to investigate if females
and males presented differences regarding the ahtshrinkage. The descriptive
statistics are given in table 3.2.2. No significdifferences were found for any of the

features.

Table 3.2.2: Descriptive and inferential statistmsthe sexual differences regarding

heat-induced dimensional change.

Standard Mean _ _
Sample n S.D Median Range Value Sig.
Measurement (%)
Female 10 -12.49 5.12 - -
HHVD 536% .598
Male 10 -11.22 5.38 - -
Female 21 -11.76 4.08 - -
TML .750% .459
Male 12 -10.71 3.55 - -
Female 11 -14.03 4.46 1477 1450
CML 49.0° .087
Male 15 -10.14 5.37 9.25 16.83
Female 11 -14.48 6.09 1546 1712
CL 52.0° .413
Male 12 -16.71 6.11 18.19 18.09
Female 20 -15.71 5.19 17.06 2248 b
MCL 134.0° .849
Male 14 -15.20 6.75 16.73  20.18
Female 12 -16.23 4.41 - -
ICL 1.637% .116
Male 11 -12.28 6.98 - -
Female 15 -19.14 550 1898 21.16
LCL .785% 440
Male 10 -17.20 6.85 20.08 2241

2 T-test;” Mann-Whitney test.
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As for the intensity of combustion, a multiple regsion was carried out in order
to investigate its effect on the rate of shrinkayesample of 432 bones was examined
including both calcined and pre-calcined elemefitse duration of combustion was
used as an ordinal scaled variable with four ingirgatime intervals (0-40’; 41-80’; 81-
120; overnight). Maximum temperature was used rati@a scaled variable. The pre-test
correlations demonstrated that both duration of lmestion [r (432) = .097; p = .022]
and maximum temperature of combustion [r (432)59;4 = .000) were significantly
correlated to the rate of shrinkage, although tmmér was only so at the .05 level. The
model was significant [F (2, 429) = 57.5; p = .0@0]d accounted for 21% of the
variation on the rate of shrinkage (Table 3.2.3)widver, only maximum temperature
of combustion contributed with a significant prdiin power to the equation. When
tested on an independent sample of 39 bones, #dicggd shrinkage rate (mean =
13.12; sd = 3.05) and the observed rate (mean 3918d = 6.80) were significantly
different according to the t-test for two relatesnples (t = -2.59; df = 38; p =.013; d =
-.55). Therefore, the regression equation was hilat @ reliably predict the shrinkage
rate from the intensity of combustion.

In order to better understand the isolated efdéthe duration of combustion on
shrinkage, further testing was carried out usingre-way ANOVA. It found a
significant difference between the four levels ([€aB.2.4). The post-hoc Games-
Howell tests indicated that bones burned for Ol a significantly smaller mean rate
of shrinkage than bones burned for 41-80" and 8I-1ut the former was not
significantly different from bones burned and leftcool down overnight. These were
only statistically different form bones burned &%-120’. As for bones burned for 41-
80’ and 81-120, the rate of shrinkage was notificantly different between them.

Maximum temperature of combustion was divided ititcee different groups
and a one-way ANOVA was carried out to investigé&tasolated effect on shrinkage
(Table 3.2.5). The results showed that the ratehahkage increased with temperature

and the differences between temperature intervats statistically significant.
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Table 3.2.3: Summary of the linear regression amfpr duration and maximum

temperature of combustion predicting the rate atdeduced shrinkage.

B SEB Beta t Sig.
Duration of Combustion 133 271 .021 490 .624
Maximum Temperature of Combustion .022 .02 456 480. .000
Constant -3.800 1.549 -2.45 .015

Table 3.2.4: Descriptive and inferential statistegarding the rate of heat-induced

dimensional change according to four levels of tonaof combustion.

Time
] ) ] Games-
(Maximum n Mean SD Min. Max. F df Sig. Eta Sig.
Howell
Temperature)
1-0-40 lvs2 .000
215 -10.89 6.73 +.70 -29.61
(674.6° C) 1vs3 .000
2 -41-80’ lvs4 792
109 -1455 7.25-91 -31.05
(771.9° C) 2vs3 522
10.15 .000 .26
3-81-120° -
30 -16.11 4.95 -32.30 2vs4 .052
(727.5° C) 8.43
4 - Overnight -
-11.77 7.30 -24.75 3vs4 .004
(730.5° C) 1.01
Table 3.2.5: Descriptive and inferential statistegarding the rate of heat-induced
dimensional change according to three levels ofimarm temperature of combustion.
) ~ Games- )
Temperature n Mean SD  Min. Max. F Sig. Sig.
Howell
1.500-649°C 157 -8.35 5.68 -0.20 -26.02 lvs?2 .000
2.650-799°C 91 -13.08 7.03 +0.70 -31.0571.56 .000 lvs3 .000
3.800-950°C 145 -16.70 5.85 -3.15 -32.30 2vs 3 .000
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3.3. Osteometric Sexual Dimorphism

3.3.1 The Preservation of Diagnostic Features

3.3.1.1. The Humerus

3.3.1.1.1. The Cadavers

The results for the post-cremation state of pkegem of the humeral standard
measurements on the sample of cadavers are préseriigure 3.3.1. The head vertical
diameter was the most often found with preservatioitable for measurement. The
epicondylar breadth was more susceptible to fragatiem and thus less often available
for osteometric examination.

An investigation into the relationship between estaf preservation and a
number of factors was carried out. The list of peledent variables included age, sex,
duration of combustion and temperature of combuastio

The “humerus total” category was used as an outcditi@otomous variable
(unpreserved; preserved). However, the humeraludati width was excluded from the
analysis so that the sample would be enlarged #bito 78 cases. Unpreserved features
were represented by 35 bones while 43 bones peskseneéserved features. The sample
included 36 females and 42 males. As for the indéeet variables, age was used as a
ratio scaled variable (mean = 69.7 years-old; stb4). The age of females ranged
from 43 to 97 years-old while the age of males eahigom 34 to 93 years-old. Sex was
used as a dichotomous categorical variable (F; Maximum temperature of
combustion was also used as a ratio scaled varidltle average temperature of
combustion was of 935.9° C (sd = 57.6; max. = 10%6; = 800). The average duration
of combustion was of 101.7 minutes (sd = 30.7; n®%80; min. = 60). This variable
was turned into a dichotomous variable (0 to 100% to 200).

Only three variables were included in the logisiodel — sex; duration of
combustion; and temperature of combustion — inrotdellow for a reliable analysis.

The minimum required size of the sample was of @ges. Age was therefore
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investigated on its own. When each of the thre@lbbes of the model was considered
on its own, sex)f = 1.52; df = 1; p = .218), duration of combust{gh= .511; df = 1; p

= .475) and temperature of combustigh< .13; df = 1; p = .715) were not significantly

correlated to the state of preservation. Whennalependent variables were considered
together, the model was also not significaﬁt:( 2.03;df=3;n=78; p =.567).
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Figure 3.3.1.: Absolute and relative frequencies poéserved humeral standard
measurements after cremation. Key: humeral headswesise diameter (HHTD);
humeral head vertical diameter (HHVD); humeral epitylar breadth (HEB); amount
of bones with at least one preserved standard mexasuat considering HHTD, HHVD
and HEB = humerus total (HT); amount of bones olegfor the HT analysis (Sample

HT); humeral articular width (HAW); amount of bonelsserved for the HAW analysis
(Sample HAW).

The mean age difference between bones with preseavel unpreserved
features was assessed by calculating an indepesdemples t-test. The group with
preserved features was younger (n = 35; mean 5 68.6 17.1) than the group with

unpreserved features (n = 43; mean = 73.6; sd 9)1&nd the difference was

87



Cremains — Results

statistically significant at the .05 level (t = 2;3df = 76; p = .021; d = .54). The
magnitude of the difference was medium to largeh@p 1988).

3.3.1.1.2. The Skeletons

The preservation of the humeral standard measumsmegarding the sample of
skeletons is summarized in figure 3.3.1. As seertHe sample of cadavers, the head
vertical diameter was the most often preserveddst@hmeasurement for the sample of
skeletons. The “humerus total” category did notude the articular width because this
would turn the sample a lot smaller and less remtasive.

The sample included 48 females and 43 males. Tl maximum temperature
of combustion was of 751.8° C (sd = 140.2; max56;9nin. = 450). Average duration
of combustion was of 110.4 minutes (sd = 264.8; .n%a1020; min. = 15) and this
variable was computed into a categorical variabté three levels (0 to 25’; 26 to 1107,
overnight).

Sex, duration and temperature of combustion (ujpvesl n = 58; preserved n =
33), were chosen to fit a three-variable model Whiequired a sample composed of at
least 83 cases. The effect of age (unpreserved 30;=preserved n = 17) on the
preservation of humeral features was assessed byingi a non-parametric
independent-samples test. When on its own, duratfacombustion was a significant
predictor of humeral preservatiogf € 6.59; df = 1; p = .010). Sex*(= .32; df = 1; p =
.859) and maximum temperature of combustigh=(.13; df = 1; p = .723) were not
significant factors affecting preservation. Whenthbandependent variables were
combined, the model did not significantly predicthether or not a humeral
measurement would be preserved after crematiorei{t= 6.88; df = 3; n = 91; p =
.076).

The further examination of the significant effe€tdaration of combustion was
carried out by calculating a Pearson chi-squaresulRe demonstrated that humeral
features were more often preserved than expectetthéoskeletons burned for 26-110°
(Table 3.3.1). The opposite was found for the skeke burned for 0-25’ and this
difference was statistically significant with a med to large effect size (Cohen, 1988).

88



Cremains — Results

Mann-Whitney statistic found no significant diféeice (U = 181.0; p = .101)
between preserved features (n = 17; median = #a&ffge = 51) and unpreserved
features (n = 30; median = 73.5; range = 72) raggrithe age of the individuals. As for
sex, a Pearson chi-square test was carried outthtiaim of investigating its effect on

humeral preservation. No significant difference Wasd (Table 3.3.2).

Table 3.3.1: Chi-square analysis of the prevaleatepreserved and unpreserved
humeral features according to the duration of castibn. Expected prevalence is

presented in brackets.

n O0to25 26to110° Overnight ¥ p Phi

Preserved 36 6(14) 25 (17) 5 (4.5) 13.5801 .39
Unpreserved 55 32 (24) 21 (29) 2 (2.5)
Total 91 38 46 7

Table 3.3.2: Chi-square analysis of the prevaleatepreserved and unpreserved

humeral features according to sex. Expected pregals presented in brackets.

n  Unpreserved Preserved 5 p
Females 50 32 (32) 18 (18) 001 971
Males 44 16 (16) 28 (28)
Total 94 60 34

3.3.1.1.3. The Pooled Sample

The preservation of humeral features was not fsogmtly different between
cadavers and skeletons (Table 3.3.3). Howeverrdhelts regarding the intensity of
combustion were quite different. For this analybisth cadavers and skeletons burned
overnight were excluded from the sample. A Peadursquare found a statistically
significant difference between cadavers and skedetoegarding the duration of
combustion (Table 3.3.4). Skeletons were more dftened for shorter periods of time.

The effect size was large, according to Cohen (L1988 addition, maximum
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temperature of combustion was also significantffedent at the .01 level (t = 11.0; df =
160; p = .000; d = -1.86) between cadavers (n =ni@n = 935.9; sd = 57.6) and
skeletons (n = 84; mean = 748.0; sd = 144.3). Tieetesize was large (Cohen, 1988).
Results indicated that, although cadavers andetked had been subject to
different intensities of combustion, humeral preagon was not significantly different

between them.

Table 3.3.3: Chi-square analysis of the prevaleatepreserved and unpreserved
humeral features according to the pre-crematiordition of the remains. Expected
prevalence is presented in brackets.

n Unpreserved  Preserved y? p
Cadavers 78 43 (47) 35 (31) 146 .226
Skeletons 87 56 (52) 31 (35)
Total 165 99 66

Table 3.3.4: Chi-square analysis of the prevaleoic&eombustion time periods on

cadavers and skeletons. Expected prevalence ismtegsin brackets.

n  0-100’ 101-200’ v p Phi
Cadavers 78 40 (59) 38 (19) 49.98%00 -55
Skeletons 84 83 (64) 1 (20)
Totals 162 123 39

3.3.1.2. The Femur
3.3.1.2.1. The Cadavers
The preservation of the femoral standard measurmmen the sample of

cadavers is summarized in figure 3.3.2. The heaticaé diameter was most often

preserved than the head transverse diameter.
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Given that the sample was composed of 77 femaaé$ it only sustained a
logistic model with three independent variables.e Taffect of age on femoral
preservation was therefore assessed without integaevith the other independent
variables. The “femur total” category was usedtfar statistical analysis. The group of
unpreserved features was composed of 48 boneshangroup of preserved features
included 29 bones. The sample was the same asnthdeascribed for the humerus on

the sample of cadavers.
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Figure 3.3.2. Absolute and relative frequencies ppéserved humeral standard
measurements after cremation. Key: femoral headvexse diameter (FHTD); femoral
head vertical diameter (FHVD); amount of bones vetHeast one preserved standard
measurement considering FHTD and FHVD = femur t@kil); amount of bones
observed for the FT analysis (Sample FT).

When considered on its own, se € .01; df = 1; p = .943), duration of
combustion f* = .57; df = 1; p = .452) and maximum temperatureambustion * =

1.22; df = 1; p = .269) were not significant fastomlhe logistic model was also not
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significant §* = 2.95; df = 3; n = 78; p = .399). Age was ngngficantly different (U =
535.0; p = .057) between the group of bones witbsgrved features (n = 30; median =
65.0; range = 59) and the group of bones with sgxed features (n = 48; median =
72.8; range = 58).

3.3.1.2.2. The Skeletons

The preservation of femoral standard measurenmntbe sample of skeletons
Is summarized in figure 3.3.2. Preservation wasilainfor both features but was
considerably worse than the results obtained fistimple of cadavers. The measurable
features were better preserved on the female sample

The identification of significant predictors redarg the preservation of standard
measurements was attempted by carrying out a iogeggression analysis using “femur
total” as the outcome variable. The sample usedhisranalysis was the same as the
one described for the humerus. However, in thig cady 20 bones presented preserved
features while 71 bones presented unpreservedrésatGiven this ratio, the femoral
sample only allowed for the outlining of a logistmodel with two independent
variables (Peduzzi et al, 1996). Duration and maxmtemperature of combustion were
chosen so that the effect of the intensity of costibn on femoral preservation could be
properly assessed. No two-variable logistic regoaswas carried out for age and sex
because the sample requirements were not fulfilldterefore, these variables were
analysed with basic inferential statistics.

When on its own, duration of combustiqﬁ € .11; df = 1; p = .738) was not
significant while temperature of combustioff € 4.17; df = 1; p = .041) was a
significant predictor of humeral preservation a tB5 level. When both independent
variables were combined, the model did not sigaiftty predict whether or not femoral
features would be preserved after crematjdr=(4.43; df = 3; n = 91; p = .109).

The further analysis regarding the mean maximuemperature of the group
with preserved femoral features (mean = 695.5; sd4%.3) and the group with
unpreserved femoral features (mean = 767.6; sd 5013emonstrated a slightly
significant difference at the .05 level (t = 2.068;= 89; p = .042; d = .51). The effect

size was medium (Cohen, 1988).
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The mean age was not significantly different (113.0; p = .061) between the
group with preserved features (n = 10; median 5;7#&nge = 45) and the group with

unpreserved features (n = 37; U = 73.0; range = 69)
3.3.1.2.3. The Pooled Sample

A statistically insignificant difference betweeadavers and skeletons was found
regarding the state of preservation of the femfmaiures f* = 3.43; df = 1; p = .064).
Because the sample of the femur was the same as#tefhumerus, it has already been
demonstrated that duration of combustion and maxinte@mperature of combustion
were significantly different between the two grougscording to the pre-cremation
condition of the remains (see section 3.3.1.1.3)eré&fore, although cadavers and
skeletons experienced different intensities of costibn, femoral preservation was not

significantly different between them.
3.3.1.3. The Talus
3.3.1.3.1. The Cadavers

The preservation regarding the talar standard meamnts on the sample of
cadavers is presented in figure 3.3.3. Resultscatdd that the trochlear length was
better preserved than the maximum length.

The sample used for inferential analysis includ@db®nes with unpreserved
features and 38 bones with preserved featuresast s@mposed of 52 females and 66
males. Sex was used as a dichotomous variable JFAYk was used as a ratio scaled
variable (mean = 71.2 years-old; sd = 15.1). The @igfemales ranged from 43 to 97
years-old while the age of males ranged from 3@3qgears-old. The average duration
of combustion was of 413.0 minutes (sd = 437.2; .i%a%020; min. = 60). Duration of
combustion was turned into a categorical variahié& whree levels (0 to 100’; 101 to
200’; overnight). Maximum temperature of combustiwas treated as a ratio scaled
variable and the mean value was of 940.3° C (stl.Z; nax. = 1050; min. = 750).
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Sex, duration of combustion and maximum temperadireombustion formed

the logistic model to investigate its effect oratgbreservation. Age was not included

because the sample size and the preservationaatiol not reliably sustain a fourth

independent variable (Peduzzi et al, 1996). Thecamé variable was the *“talus

maximum length” because the sample was larger tharone from the “talus total”

category. This was done because the talus trochéeayth included the analytical

protocol only at a later stage of the research peesented a much smaller sample. The

effect of age on preservation was assessed bylaahguan independent-samples t-test.
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Duration of combustion was identified as having igni§icant effect on
preservation at the .01 level when consideredniim §* = 9.68; df = 1; p = .002). In
contrast, sexyf = .25; df = 1; p = .619) and temperature of contibns(y® = 2.40; df =
1; p = .121) were not indicated as significant dest When all independent variables
were considered together, the model was signifiaanthe .01 level in predicting
whether or not a humeral measurement would be esafter crematiorp& = 12.46;
df = 3; n = 118; p = .006). The variance in whethienot a measurement was preserved
that could be predicted from the linear combinatdrihe three independent variables
was of 14.0% as indicated by the Nagelkerke Rowever, duration of combustion
remained the only significant predictor of the egqura(Table 3.3.5).

Table 3.3.5: Logistic regression regarding theestdtpreservation of the talar standard

measurements (cadavers).

Variable B SE Odds Ratio Sig.
Sex -235 .418 .79 573
Duration of combustion .808 269 2.24 .003
Temperature of Combustion.005 .003 1.00 147
Constant 3.0673.149 21.48 330

In order to further describe the significant effettduration of combustion on
the preservation of talar measurements, a Peatsesyoare analysis was carried out
(Table 3.3.6). This demonstrated that bones buoweinight were more likely than
expected to preserve some of their standard measate when compared to bones
burned for 0-100’ or for 101-200'. This differeneas statistically significant and the
effect size for this association was small to med{Cohen, 1988).

Mean age was not significantly different (t = .387 = 116; p = .744) between
the bones with preserved features (n = 38; mead.5; 8d = 13.3) and the bones with

unpreserved features (n = 80; mean 71.5; sd =.15.9)
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Table 3.3.6: Chi-square analysis of the prevalesfcereserved and unpreserved talar
features according to the duration of combusticed&vers). Expected prevalence is

presented in brackets.

n 0 to 100’ 101 to 200’ overnighty® p Phi
Preserved 38 7(13) 11 (12) 20 (13) 9.95 .0@®
Unpreserved 80 33 (27) 27 (26) 20 (27)
Totals 118 40 38 40

3.3.1.3.2. The Skeletons

The summary for the preservation of the talar medde features on the sample
of skeletons is displayed in figure 3.3.3. The maxin length was more often preserved
than the trochlear length and the preservationtdkeast one of these features was
observed for half of the sample.

The sample regarding the maximum length was usethéoinferential analysis.
Therefore, the sample was the same previously ibescfor the sample of skeletons
(see section 3.3.1.1.2). Sample size and presenvattio required the logistic
regression analysis to be performed with threepaddent variables — sex, duration of
combustion and maximum temperature of combustibased on the recommendations
of Peduzzi et al (1996). This model was compose#Babones with preserved features
and 43 bones with unpreserved features. Age wassiigated by calculating an
independent-samples test.

When considered on its own, se € .95; df = 1; p = .329), duration of
combustionf? = 3.34; df = 1; p = .068) and maximum temperatfreombustion* =
.051; df = 1; p = .821) had no significant effenttalar preservation. The model did not
significantly predict whether or not a femoral fe& would be preserved after
cremation as wellf = 4.77; df = 3; n = 91; p = .189).

Mean age differences between the bones with preddeatures (n = 25; median
= 78.0; range = 72) and the bones with unpresefeatires (n = 22; median = 73.0;
range = 69) were not statistically significant (2%6.5; p = .212).
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3.3.1.3.3. The Pooled Sample

Pearson chi-square statistic was carried out with aim of investigating the
differences in talar preservation according to fire-cremation condition of the
remains. A statistically significant difference wiasind (Table 3.3.7). Preservation of
the maximum length was better than expected fdegkes and worse than expected for

cadavers. The effect size was small to medium daogpto Cohen (1988).

Table 3.3.7: Chi-square analysis of the prevalasfcereserved and unpreserved talar
features according to the pre-cremation conditibnthe remains (pooled sample).

Expected prevalence is presented in brackets.

n  Unpreserved Preserved 5 p Phi
Cadavers 11884 (75) 34 (43) 6.49 .011.175
Skeletons 94 51 (60) 43 (34)
Totals 212 135 77

A Pearson chi-square statistic demonstrated thdaveas were significantly
more often burned for 101-200’ and burned overnitfain skeletons (Table 3.3.8).
Also, a significant difference regarding temperataf combustion (t = 13.08; df = 207,
p = .000; d = -1.87) was found at the .01 levemleein cadavers (n = 118; mean =
940.3; sd = 61.2) and skeletons (n = 91; mean 8751 = 140.2).

Results suggested that significant differencesr@sgrvation could be related to
also significant differences regarding the intgnsit combustion between cadavers and

skeletons.
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Table 3.3.8: Chi-square analysis of the prevaleiceadavers and skeletons according
to the duration of combustion for the talar preagon (pooled sample). Expected

prevalence is presented in brackets.

n 0 to 100’ 101 to 200’ overnighty® p Phi
Cadavers 11840 (69) 38 (22) 40 (27) 71.0 .00058
Skeletons 91 83 (54) 1(7) 7 (21)
Total 209 123 39 47

3.3.1.4. The Calcaneus

3.3.1.4.1. The Cadavers

The post-cremation preservation of the calcastaldard measurement on the
sample of cadavers is presented in figure 3.3.4€ Mlaximum length was the better
preserved feature and the load arm width was thsevdveasurements were possible
for only about 1/5 of the cases.

The power of age, sex, duration of combustion arcimum temperature of
combustion as significant predictors regarding pheservation of calcaneal standard
measurements was once more assessed based osuhle i the maximum length.
This was done instead of using the “calcaneus’totkgory to maximize the sample
already described for the other bones. The sammgleded 91 bones with preserved
features and 27 bones with unpreserved features.delscription of the sample was
previously carried out for the analysis of the $alu

The size of the sample and the ratio regardingptteservation of calcaneal
features only allowed for the inclusion of two \adaies in the logistic model (Peduzzi et
al, 1996). Therefore, it was decided to test twaiakdes at-a-time. First, the
demographic profile was analysed by using age ards variables. Then, the intensity
of combustion was also investigated. This modeledito investigate the effect of both
duration and maximum temperature of combustionhenpreservation of the standard
measurements from the calcaneus. When consideriésl @nn, age;¢ = 1.44; df = 1; p

= .231) and sexyf = .236; df = 1; p = .627) had no significant effea preservation.
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When both independent variables were consideredthieg the model was also not
significant * = 1.53; df = 2; n = 118; p = .465).
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Figure 3.3.4: Absolute and relative frequencies poéserved calcaneal standard
measurements after cremation. Key: calcaneal mawinength (CML); amount of

bones observed for the CML analysis (Sample CMlgicaneal load arm length
(CLAL); calcaneal load arm width (CLAW); amount tiones with at least one
preserved standard measurement considering CMLLGItAl CLAW = calcaneus total

(CT); amount of bones observed for the CT anal&asnple Total).

When considered on its own, duration of combustias a significant factor at
the .01 level * = 10.20; df = 1; p = .001). In contrast, maximuemperature of
combustion did not significantly affect preservatiof the calcaneal maximum length
(¢* = .180; df = 1; p = .671). When both independeatiables were considered
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together, the model was significant at the .01 ll¢ye= 10.88; df = 2; n = 118; p =
.004). Results are presented in table 3.3.9.

The further investigation of the effect of duratia combustion on the
preservation of calcaneal features demonstratemjrafisant difference between the
three groups (Table 3.3.10). Bones burned overnigite more often preserved than
expected and the opposite was found for the remgitiine periods. The effect size was

small to medium according to Cohen (1988).

Table 3.3.9: Logistic regression regarding theestditpreservation of calcaneal standard

measurements (cadavers).

Variable B SE  Odds Ratio Sig.
Duration of combustion .924 302 252 .002
Temperature of Combustion002 .004 1.00 .634
Constant -3.9583.521 .019 261

Table 3.3.10: Chi-square analysis of the prevaleoicgreserved and unpreserved
calcaneal features according to duration of combuigtadavers). Expected prevalence

is presented in brackets.

n 0 to 100’ 101 to 200’ overnighty® p Phi
Preserved 27 5(9) 5(9) 17 (9) 13.2001 .34
Unpreserved 91 35(31) 33 (29) 23 (31)
Total 118 40 38 40

3.3.1.4.2. The Skeletons
Results regarding the calcaneal standard measutemedicated that the

maximum length was the most often preserved featurehe sample of skeletons
(Figure 3.3.4).
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The maximum length was used for the logistic regjogs analysis in order to
identify significant factors associated to the estat preservation. The sample was the
same one used for the talus, but was composed bb28s with preserved features and
63 bones with unpreserved features. The size ofdngple and the preservation ratio
allowed for a logistic model with two independemtriables — duration and maximum
temperature of combustion (Peduzzi et al, 1996 €Hect of age and sex were
assessed with basic inferential statistics.

Duration of combustionyf = .83; df = 1; p = .363) and maximum temperattre o
combustion * = 2.40; df = 1; p = .121) were not significant ttars affecting
preservation when considered on its own. The ma@sl not a significant predictor as
well () = 3.47; df = 2; n = 91; p = .177).

The mean ages between the group of bones witreness features (n = 17;
median = 78.0; range = 51.0) and the group of bansunpreserved features (n = 30;
median = 73.5; range = 72.0) were not significadifferent (U = 181.0; p = .101). In
addition, no statistically significant differenceasv found between sexes regarding

calcaneal preservation (Table 3.3.11).

Table 3.3.11: Chi-square analysis of the prevalefiggeserved and unpreserved

calcaneal features according to sex (skeletong)e&rd prevalence is presented in

brackets.
n Unpreserved  Preserved y? p
Females 50 37 (35) 13 (15) 73 .392
Males 44 29 (31) 15 (13)
Total 94 52 42

3.3.1.4.3. The Pooled Sample

Beside the significant difference regarding theation and temperature of
combustion between cadavers and skeletons whichalveady demonstrated on the
pooled analysis for the talus (see section 3.3),.80 significant difference regarding

the preservation of the calcaneal maximum lengtk feand (Table 3.3.12). Results
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demonstrated that, although skeletons and cadaweses subject to different intensities
of combustion, no significant difference in calcalngreservation was found.

Table 3.3.12: Chi-square analysis of the prevaleoic@reserved and unpreserved
calcaneal features according to the pre-crematmmditon of the remains (pooled

sample). Expected prevalence is presented in bisacke

n Unpreserved  Preserved y? p
Cadavers 11827 (31) 91 (87) 1.30 .254
Skeletons 94 28 (24) 66 (70)
Total 212 55 157

3.3.1.5. The Cuboid

3.3.1.5.1. The Cadavers

Figure 3.3.5 displays the results for the predeymaof the cuboid standard
measurements on the sample of cadavers. The lefgile cuboid was the most often
preserved feature. No inferential statistics wasied out for the cuboid preservation
due to the small size of the sample composed an&dwith preserved features and 49

bones with unpreserved features.

3.3.1.5.2. The Skeletons

The results for the preservation of standard measents of the cuboid on the
sample of skeletons are presented in figure 3&s5reviously seen for the sample of
cadavers, the length of the cuboid was the moshgiteserved feature. Preservation of
at least one measurable feature was found fordfdtie sample (n = 21). The sample

was composed of 25 females and 17 males. Averag®ialu of combustion was of
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163.9 minutes (sd = 328.5; max. = 1020; min. =HiR)this variable was turned into an
ordinal scale variable with three levels (0-25’; #6110"; overnight). The average
maximum temperature of combustion was of 693.48dC<123.3; max. = 925; min. =
500) for the “cuboid total” category.

A logistic model with two variables was supportedthe sample according to
the recommendations of Peduzzi et al (1996). Thezefduration and maximum
temperature of combustion were included in the rhoflee same procedure was not
followed for age and sex because the sample side ndt met the minimum

requirements, so those were analysed separately.
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Figure 3.3.5: Absolute and relative frequencies peserved cuboid standard
measurements after cremation. Key: cuboid length);(€uboid breadth (CB); cuboid

height (CH); amount of bones with at least one gme=d standard measurement
considering CL, CB and CH = cuboid total (CT); ambaf bones observed for the CT

analysis (Sample Total).

Duration of combustionxf =.06; df = 1; p = .814) and maximum temperature o
combustion ¢ = .14; df = 1; p = .711) were not significant farst affecting
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preservation when considered on its own. The madsl not a significant predictor as
well ()* = .30; df = 2; n = 40; p = .860).

The mean age difference between the group of peddrones (n = 13; median
= 78.0; range = 62.0) and group of unpreserved o@me= 12; median = 71.5; range =
39.0) was not statistically significant. In additjoPearson chi-squared statistics also

demonstrated no significant difference regarding(3able 3.3.13).

Table 3.3.13: Chi-square analysis of the prevaleoicgreserved and unpreserved

cuboid features according to sex. Expected preealenpresented in brackets.

n Unpreserved  Preserved y? p
Females 25 12 (13) 13 (13) .099 .753
Males 17 9(9 8 (9
Total 42 21 21

3.3.1.5.3. The Pooled Sample

Chi-square statistics demonstrated a significaiférgince between cadavers and
skeletons regarding the preservation of cuboidufeat(Table 3.3.14). These preserved
less often than expected for the cadavers and aftae than expected for the skeletons.

This difference was medium to large (Cohen, 1988).

Table 3.3.14: Chi-square analysis of prevalencereserved and unpreserved cuboid
features according to the pre-cremation conditibnthe remains (pooled sample).

Expected prevalence is presented in brackets.

n Unpreserved  Preserved y? p Phi
Cadavers 57 50 (41) 7 (16) 16.9000 .414
Skeletons 42 21 (30) 21 (12)
Totals 9 71 28
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A Pearson chi-square statistic was carried outvestigate the prevalence of the
duration of combustion according to the pre-creamationdition of the remains (Table
3.3.15). A statistically significant difference wésund and the effect size was large
according to Cohen (1988). Cadavers were less ditened for 0-100’ than expected
and the opposite was found for the remaining leg€lime. The opposite scenario was
found for the skeletons. Also, cadavers (mean =330; sd = 67.9) were burned at
higher temperatures than skeletons (mean = 693.48 G 123.3) and this difference
was statistically significant at the .01 level (12.13; df = 95; p =.000; d = 2.48).

Results suggest that significant differences irs@neation may have been the
result of also significant differences regarding tintensity of combustion between

cadavers and skeletons.

Table 3.3.15: Chi-square analysis of the prevalef@adavers and skeletons according

to the duration of combustion for the cuboid. Expdcprevalence is presented in

brackets.
n  0to 100’ 101 to 200' overnighty? p Phi
Cadavers 57 12 (27) 20 (12) 25 (18) 39.2000 .64
Skeletons 40 34 (19) 1(9) 5(12)
Totals 97 46 21 30

3.3.1.6. The Navicular
3.3.1.6.1. The Cadavers
Results regarding the preservation of the standaedsurements from the

navicular on the sample of cadavers are givengaré 3.3.6. Preservation was very

poor for both the navicular length and the navicudaeadth. This prevented any
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statistical investigation in order to find signdiatt differences between preserved (n = 1)
and unpreserved (n = 56) features according to s&ye, duration of combustion and

temperature of combustion.
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Figure 3.3.6: Absolute and relative frequencies poéserved navicular standard
measurements after cremation. Key: navicular ler{fth); navicular breadth (NB);

amount of bones with at least one preserved stdndaasurement considering NL and
NB = navicular total (NT); amount of bones obsenfed the NT analysis (Sample

Total).

3.3.1.6.2. The Skeletons

The results for the preservation on the sample kaflesons regarding the
standard measurements of the navicular are digplenyégure 3.3.6. Preservation was
better for males than for females. The small siz¢he sample prevented inferential

statistics. It included 9 preserved bones and 3itaserved bones.
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3.3.1.6.3. The Pooled Sample

The state of preservation of the navicular featuvas better than expected for
skeletons and worse than expected for cadaverdg(TaB.16). This difference was
significant and the effect size was medium to laxrgeording to Cohen (1988).

A statistically significant difference was foundrfduration and maximum
temperature of combustion between cadavers andtskslas previously demonstrated
during the cuboid analysis. Therefore, significdifterences in preservation could be
related to also the significant differences regagdhe intensity of combustion between
cadavers and skeletons.

Table 3.3.16: Chi-square analysis of the prevaleoicereserved and unpreserved
navicular features according to the pre-cremationddion of the remains (pooled
sample). Expected prevalence is presented in biacke

n Unpreserved  Preserved y? p Phi
Cadavers 57 56 (51) 1 (6) 10.4001 .323
Skeletons 42 33 (38) 9 (4)
Totals 99 89 10

3.3.1.7. The Medial Cuneiform
3.3.1.7.1. The Cadavers

Figure 3.3.7 presents the results for the pretervaf the medial cuneiform
regarding the sample of cadavers. The length stdnogeasurement was the better

preserved feature. No inferential statistics wereied out because of the small size of

the sample which was composed of 7 preserved oS0 unpreserved bones.
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Figure 3.3.7: Absolute and relative frequenciepreserved medial cuneiform standard
measurements after cremation. Key: medial cuneifength (MCL); medial cuneiform
breadth (MCB); medial cuneiform height (MCH); ambwif bones with at least one
preserved standard measurement considering MCL, M@ MCH = medial
cuneiform total (MCT); amount of bones observed floe MCT analysis (Sample
Total).

3.3.1.7.2. The Skeletons

Preservation of the measurable features of thaahedneiform on the sample
of skeletons is given in figure 3.3.7. The lengtandard measurement was the most
often preserved. Males presented preserved feanoes often than females.

The sample and the preservation ratio allowed Herdlaboration of a logistic
model composed of two independent variables — duraind maximum temperature of
combustion (Peduzzi et al, 1996). The same proeedas not followed for age and sex
because the sample size did not met the minimumireggents. The effect of age and
sex on preservation was therefore investigated raggqp using basic inferential
statistics. The sample was the same describeceeésl the cuboid and included 23
bones with preserved features and 17 bones witreaapred features.
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Logistic regression analysis demonstrated that tiduraof combustion ¢ =
1.63; df = 1; p = .202) and maximum temperatureasfibustion* = .311; df = 1; p =
.577) were not significant predictors of the swit@reservation when considered on its
own. The model was not significant eithgf € 1.80; df = 2; n = 40; p = .407).

The mean ages of the group of bones with presdeadres (n = 14; median =
75.5; range = 62.0) and the group with unpresefeatures (n = 11; median = 76.0;
range = 31.0) were not significantly different (U76.5; p = .979). In addition, sex had

no significant effect on preservation either (Taki@.17).

Table 3.3.17: Chi-square analysis of prevalencegmed and unpreserved features on

the medial cuneiform according to sex (skeletoRgpected prevalence is presented in

brackets.
n  Unpreserved Preserved 5 p
Females 25 13 (15) 12 (10) 145 .228
Males 17 12 (10) 5 (7)
Total 42 25 17

3.3.1.7.3. The Pooled Sample

Besides the significant difference regarding doraind maximum temperature
of combustion between cadavers and skeletons pgyicobserved, a statistically
significant difference regarding the state of preagon of the features of the medial
cuneiform was also found (Table 3.3.18). Presemmatias better than expected for
skeletons and worse than expected for cadaversefféet size was large according to
Cohen (1988).

Once more, results suggested that significant reiffees in preservation could
be related to also significant differences regaydire intensity of combustion between

cadavers and skeletons.
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Table 3.3.18: Chi-square analysis of the prevaleoic@reserved and unpreserved
features according to the pre-cremation conditidnthee remains for the medial

cuneiform (pooled sample). Expected prevalencedsgmted in brackets.

n Unpreserved  Preserved v p Phi
Cadavers 57 50 (39) 7 (18) 24.6000 .499
Skeletons 42 17 (28) 25 (14)
Totals 99 67 32

3.3.1.8. The Intermediate Cuneiform

3.3.1.8.1. The Cadavers

The results regarding the preservation of thermméeliate cuneiform on the
sample of cadavers are presented in figure 3.38.l1dngth standard measurement was
the most often preserved feature while the heitdridard measurement was the least
often preserved feature. The preservation of featwas better for the sample of males

The sample size and the preservation ratio suppertegistic regression with
two independent variables included in the modeti(Rei et al, 1996). Therefore, it was
decided to test two variables at-a-time. First, deenographic profile was analysed by
using age and sex as variables. Then, the inteaitgmbustion was also investigated.
The sample was the same as the one described psbvior the cadavers (see section
3.3.1.5.1). It was composed of 20 bones with pweskrfeatures and 37 bones with
unpreserved features.

Considered on its own, ag¢ € .00; df = 1; p = .995) and se} € 3.70; df = 1;

p = .054) were not significant factors for preséinia The logistic model was not
significant eitherf* = 4.00; df = 2; n = 57; p = .135).

Considered on its own, duration of combustigh< 2.54; df = 1; p = .111) and
temperature of combustiop?(= .487; df = 1; p = .485) were not significanttfas for
preservation. The logistic model was not signiftogh = 3.28; df = 2; n = 57; p = .194).
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Figure 3.3.8: Absolute and relative frequenciespdserved intermediate cuneiform
standard measurements after cremation. Key: intdiatee cuneiform length (ICL);
intermediate cuneiform breadth (ICB); intermediat@eiform height (ICH); amount of
bones with at least one preserved standard measot@onsidering ICL, ICB and ICH
= intermediate cuneiform total (ICT); amount of bemobserved for the ICT analysis

(Sample Total).

3.3.1.8.2. The Skeletons

Figure 3.3.8 gives the results for the preservatod the features of the
intermediate cuneiform on the sample of skeletdime length standard measurement
was the most often preserved feature.

The logistic model was composed of two variablesllofang the
recommendations of Peduzzi et al (1996) regardegpse size. The intensity of
combustion was therefore analysed. However, theodesphic profile was investigated
separately due to the small sample size regardyegwanich did not allow for a two-
variable logistic model. It demonstrated that dorabf combustiony = 2.32; df = 1; p
= .128) and maximum temperature of combustjgn=(1.79; df = 1; p = .181) were not
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significant factors for the state of preservatidmew considered on its own. The logistic
model was not significant as welf’(= 3.21; df = 2; n = 40; p = .201). The sample
included 21 bones with preserved features and h@dwith unpreserved features. The
sample has been previously described for the culmadi/sis (see section 3.3.1.5.2).
The effect of age on the preservation of the in&ghiate cuneiform was not
investigated due to the small sample size (predemve 16; unpreserved n = 9). On the

other hand, the effect of sex on preservation veasignificant (Table 3.3.19).

Table 3.3.19: Chi-square analysis of the prevaleoicgreserved and unpreserved
features on the intermediate cuneiform according sex (cadavers). Expected

prevalence is presented in brackets.

n Unpreserved  Preserved y? p
Females 25 14 (13) 11 (12) .32 .569
Males 17 8(9) 9 (8)
Total 42 22 20

3.3.1.8.3. The Pooled Sample

Preservation of the intermediate cuneiform was ebethan expected for
skeletons and worse than expected for cadaverthhutifference was not significant
(Table 3.3.20). In contrast, it has been previoustynonstrated that cadavers and
skeletons were significantly different regardinge tlduration and temperature of
combustion. Therefore, no significant differences preservation were detected
although significantly different intensities of cbastion were found between cadavers
and skeletons.
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Table 3.3.20: Chi-square analysis of the prevaleoic@reserved and unpreserved
features according to the pre-cremation conditidnth® remains for the middle

cuneiform (pooled sample). Expected prevalencedsgmted in brackets.

n Unpreserved  Preserved v p
Cadavers 57 38 (34) 19 (23) 2.79 .095
Skeletons 42 21 (25) 21 (17)
Totals 99 59 40

3.3.1.9. The Lateral Cuneiform
3.3.1.9.1. The Cadavers

Figure 3.3.9 presents the results for the preservaif the lateral cuneiform on
the sample of cadavers. The length standard measuatevas the most often preserved
feature while the height measurement was the liégss preserved feature.

The sample size and preservation ratio allowedhertesting of a logistic model
with two variables (Peduzzi et al, 1996). Therefdrath the intensity of combustion —
duration and maximum temperature of cremation —theddemographic profile — age
and sex — were tested through logistic regresdibe. sample was the same described
for the remaining small tarsals and was composezbdiones with preserved features
and 31 bones with unpreserved features.

When considered on its own, agé € .10; df = 1; p = .921) and se} € 2.52;
df = 1; p = .112) were not significant factors tbe preservation of the measurable
features. The logistic model was also not significg® = 2.74; df = 2;: n = 57; p =
254).

When considered on its own, duration of combusfign= 1.11; df = 1; p =
.291) and maximum temperature of combustigh=2.34; df = 1; p = .126) were not
significant factors for the preservation of the swable features. The logistic model
was not significant as welf{ = 3.79; df = 2; n = 57; p = .150).
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Figure 3.3.9: Absolute and relative frequencieprefserved lateral cuneiform standard
measurements after cremation. Key: lateral curiftength (LCL); lateral cuneiform
breadth (LCB); lateral cuneiform height (LCH); ambwf bones with at least one
preserved standard measurement considering LCL, &&BLCH = lateral cuneiform

total (ICT); amount of bones observed for the L@i&lgsis (Sample Total).

3.3.1.9.2. The Skeletons

The results for the preservation of the standardsmements of the lateral
cuneiform on the sample of skeletons are presentédure 3.3.9. As previously seen
for the sample of cadavers, the length standardsumement was the most often
preserved feature. Preservation of at least onesunalale feature was found for more
than half of the sample.

The logistic model included two independent vdeabas recommended by
Peduzzi et al (1996). Although the intensity of tmstion was assessed with a logistic
regression, the small sample size for age did hmvdollowing the same procedure to

investigate the effect of the demographic profilepoeservation.
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When considered on its own, logistic regression alestrated that duration of
combustionf? = 1.07; df = 1; p = .301) and maximum temperatfreombustion* =
2.30; df = 1; p = .129) were not significant predis of the state of preservation. The
model was also not significanf’(= 2.68; df = 2; n = 57; p = .262). The sample
previously described for the small tarsals was u#teddas composed of 25 preserved
bones and 15 unpreserved bones.

The effect of age on preservation was not testexltd the small sample size
(preserved n = 15; unpreserved n = 10). Sex wasstigated and no significant effect
was found (Table 3.3.21).

Table 3.3.21: Chi-square analysis of the prevaleoicereserved and unpreserved
features on the lateral cuneiform according to (&keletons). Expected prevalence is

presented in brackets.

n  Unpreserved Preserved 5 p
Females 25 18 (16) 7 (10) 267 .102
Males 17 8(11) 9 (7)
Total 42 26 15

3.3.1.9.3. The Pooled Sample

Although significant differences in duration and ximaum temperature of
combustion were present between cadavers and ahglato statistically significant
difference regarding the state of preservatiorheflateral cuneiform features was found
(Table 3.3.22). Preservation was better than erdetdr skeletons and worse than

expected for cadavers.

115



Cremains — Results

Table 3.3.22: Chi-square analysis of the prevaleoicgreserved and unpreserved
features according to the pre-cremation conditidnthe remains for the lateral

cuneiform (pooled sample). Expected prevalencedsgmted in brackets.

n Unpreserved  Preserved v p
Cadavers 57 32(28) 25 (29) 3.15 .076
Skeletons 42 16 (20) 26 (22)
Totals 99 51 42

3.3.1.10. The Internal Auditory Canal
3.3.1.10.1. The Cadavers

The results for the post-cremation state of predgemw of the humeral internal
auditory canal (IAC) of the petrous bone on the [gasiof cadavers and skeletons are
presented in figure 3.3.10.

The size of the sample and the ratio — 40 unprese®6 preserved — regarding
the preservation of the petrous bone feature orsaneple of cadavers allowed for the
inclusion of four variables in the logistic modBleduzzi et al, 1996). When considered
on its own, ageyf = .71; df = 1; p = .790), sex’(= .002; df = 1; p = .964), duration of
combustionf? = .014; df = 1; p = .905) and maximum temperatfreombustion* =
.019; df = 1; p = .889) had no significant effeat mreservation. When all independent
variables were considered together, the model Vgasnat significanty® = .119; df = 4;
n=118; p =.998).
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Figure 3.3.10: Absolute and relative frequenciepraserved internal auditory canals
after cremation. Key: internal auditory canal (IA@mount of bones observed for the

IAC analysis (Sample Total).

3.3.1.10.2. The Skeletons

The results for the post-cremation preservatiothef IAC are given in figure
3.3.10. The ratio on the sample of skeletons —rg§&aserved; 47 preserved — allowed
for the testing of a logistic model composed ofethwariables. Therefore, age was
investigated separately. When considered on its, eex §° = .125; df = 1; p = .724),
duration of combustionxf = 2.257; df = 1; p = .133) and maximum temperatfre
combustion f* = .087; df = 1; p = .768) had no significant effea preservation. The
model was also not significang?(= 2.643; df = 4; n = 86; p = .450). Age was not
significantly different between the group of bomath preserved features (mean = 71.9;
sd = 20.5) and the group of bones with unpresei@atires (mean = 69.5; sd = 16.4).
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3.3.1.10.3. The Pooled Sample

No significant differences were found between wada and skeletons (Table
3.3.23) although the intensity of combustion wagnigicantly different between both
kinds of remains (see section 3.3.1.3.3).

Table 3.3.23: Chi-square analysis of the prevaleoiceoreserved and unpreserved
features according to the pre-cremation conditiénthe remains for the internal

auditory canal (pooled sample). Expected prevalenpeesented in brackets.

n  Unpreserved Preserved p
Cadavers 57 32 (28) 25 (29) 315 .076
Skeletons 42 16 (20) 26 (22)
Totals 99 51 42

3.3.2. Measurement Error

A sample of 17 individuals was assembled in ordecdlculate the intra- and
inter-observer variation for the measurement of thgeral angle. The variation
regarding other measurements addressed in thi®sdws been estimated previously
(see section 3.2.1).

The absolute technical error of measurement was3.47° for the intra-
observations. The relative error of measurement e¥a3.32% and the coefficient of
reliability was of 0.92. As for the inter-obserwariation, the absolute technical error of
measurement was of 12.67°, the relative error cdsmement was of 3.88% and the
coefficient of reliability was of 0.51.

The relative error of measurement was less thario4%oth the inter and intra-
observations thus demonstrating reasonable repigtabhe coefficient of reliability
was close to 1.0 for the intra-observer variatiogigating that only a small portion of
the measurement variance present in the samplahgasesult of measurement error.
However, the same indicator was much smaller fag thter-observations thus

demonstrating that the replicability of the metheas somewhat problematic.
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3.3.3. Sample Coherence

Cadavers and skeletons were compared with each atteording to bone
dimensions to assess if both could be combinedan#larger pooled sample. This was
done by checking for differences between femaleavas and female skeletons and
between male cadavers and male skeletons. Onlgritpest amples were tested. Results
were contrasting for both females (Table 3.3.24) males (Table 3.3.25). Although for
most cases the difference between the means wasigroficant, the opposite was
found for the humeral head vertical diameter onfémale sample and for the lateral
cuneiform length on both the female and male sasnflbe effect size was small to
medium for the first standard measurement, largehfie second on the female sample
and medium to large for the second on the male kaaqrording to Cohen (1988).
Given that statistically significant differencestween both samples were found for
some cases, it was decided to analyse them indep#ydrom each other and therefore

not risk to loose any coherence by creating a mbsdenple.

3.3.4. Bilateral Asymmetry

In order to assess if bones from the left and tpbt Isides were significantly
different according to size, statistics were pemfed on a number of standard
measurements which presented large enough samplesdavers> 10 pairs). Results
indicated that the size of the left and right bonese not significantly different at the
.01 level (Table 3.3.26). Given these results,tieasurements from the right side were
selected for the analysis regarding sexual dimerphiLeft-sided bones were used

when the right ones were absent.
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Table 3.3.24: Descriptive and inferential statstiegarding the standard measurements

of female skeletons and cadavers (in mm).

Female Std. _ Mann . Effect
Sample n Mean SD Median Range Sig. .
Measurement Whitney Size
Skeletons 14 36.37 2.17 36.43
316.0 .028 -24
HHVD Cadavers 72 37.86 2.84 37.69 15.22
Pooled 86 37.61 279 37.45 15.22
Skeletons 29 4432 2.88 4514 11.58
508.0 .381 -
TML Cadavers 40 45.14 277 45.08 15.76
Pooled 69 4480 283 4510 16.62
Skeletons 13 64.70 6.08 64.13 20.13
249.5 .068 -
CML Cadavers 57 67.75 3.69 67.22 19.81
Pooled 70 67.24 432 66.90 25.18
Skeletons 16 19.61 1.79 19.39
76.5 .140 -
LCL Cadavers 14 20.74 255 21.26
Pooled 30 20.14 221 19.90
Skeletons 13 13.11 .95 12.86
19.0 .017 -52
LCB Cadavers 8 14.03 .98 13.85
Pooled 21 1346 1.04 13.28
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Table 3.3.25: Descriptive and inferential statstiegarding the standard measurements

of male skeletons and cadavers (in mm).

Male Std. _ ~ Effect

Sample n Mean SD Median Range value Sig.

Measurement Size
Skeletons 14 42.08 4.28 42.48 16.0

642.0 .16F -
HHVD Cadavers 19 4345 280 43.36 19.63
Pooled 33 4331 3.00 43.27 20.10
Skeletons 12 55.88 5.54 56.26 22.51

1315 .088 -
HEB Cadavers 33 58.04 330 5791 17.97
Pooled 45 57.47 406 57.37 22.90

Skeletons 28 50.05 3.47 50.14 14.46 5

-.661 511 -
TML Cadavers 62 50.55 3.22 50.52 16.48
Pooled 90 50.39 3.29 50.42 17.53
Skeletons 21 75.22 592  75.98 18.95

528.5 .274 -
CML Cadavers 60 77.27 459  76.88 23.06
Pooled 81 76.74 501 76.56 24.30
Skeletons 12 33.20 2.73  33.37 10.32

94.0 .926 -
CL Cadavers 16 33.66 3.77 33.14 12.70
Pooled 28 3346 331 3334 12.70
Skeletons 17 23.34 2.08 23.19 7.14

96.0 .860 -
MCL Cadavers 13 23.23 3.84 23.75 14.06
Pooled 30 2329 291 23.38 14.06
Skeletons 11 21.05 146  21.32 4.42

79.0 .01 -39
LCL Cadavers 29 2242 123 2254 4.88
Pooled 40 22.04 141 22.17 5.76

2 Mann-Whitney test’ t-test.
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Table 3.3.26: Mean differences between left ankttignes (in mm).
Std

Side n Mean SD MedianRange Test Sig
Measurement

Left 17 37.99 2.98 - -
HHTD _ 258% 800
Right 17 37.92 3.18 - -

Left 41 42.43 3.00 - -
HHVD _ -.006% .995
Right 41 42.43 2.85 - -

Left 12 3869 3.40 3956 9.72 .
FHTD _ -314° 754
Right 12 3899 360 39.26 9.84

Left 33 4153 3.32 40.66 13.66 b
FHVD ) -1.983" .047
Right 33 42.02 3.15 4152 14.28

Left 11 48.77 5.01 46.29 13.91 b
TML ) -.445 .657
Right 11 4899 460 49.04 13.94

Left 10 29.05 3.31 28.19 11.56 b
TTL ) -.357 721
Right 10 29.24 270 28.74 9.24

Left 10 7238 853 71.19 28.03 b
CML ) -1.070° .285
Right 10 7340 6.82 7294 20.73

Left 14 4345 1186 4040 46.70
IAC - 722 470
Right 14 46.78 16.74 43.50 58.20

2 T-test;” Wilcoxon signed ranks test.

3.3.5. Sexual Dimorphism

The mean size of female and male features of theehus, femur, talus and the
calcaneus were investigated to assess if sexul@reliices were present on calcined
bones of cadavers. This was carried out on samytesequal amount of females and
males. Results are given in table 3.3.27 and detraded that statistically significant
differences were present on all standard measutsnieime magnitude of the difference

between both sexes was large according to Cohé&8)19
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Table 3.3.27: Descriptive and inferential statsstfor the standard measurements (in
mm) of the humerus, femur, talus and calcaneusa{ead).
Standard Measurement Sex n Mea&D. t df Sig. d

Female 33 33.762.82

-9.03 64 .000 2.25
HHTD Male 33 39.16 1.97
Pooled 66 36.463.64
Female 62 37.742.98

-10.93 122 .000 1.97
HHVD Male 62 43.51 2.89
Pooled 124 40.63 4.11
Female 25 50.483.35

-7.88 48 .000 2.23
HEB Male 25 58.32 3.67
Pooled 50 54.405.27
Female 18 36.471.98

-6.74 34 .000 2.25
HAW Male 18 41.24 2.26
Pooled 36 38.853.20
Female 42 35.872.08

-9.49 82 .000 2.09
FHTD Male 42 40.95 2.77
Pooled 84 38.413.53
Female 55 37.642.18

-9.99 108 .000 1.20
FHVD Male 55 43.02 3.34
Pooled 110 40.33 3.89
Female 30 45.572.93

-6.88 58 .000 1.76
TML Male 30 50.97 3.15
Pooled 60 48.274.06
Female 26 27.782.37

-5.40 50 .000 1.50
TTL Male 26 31.48 2.58
Pooled 52 29.963.08
Female 47 67.713.95

-10.656 92 .000 2.20
CML Male 47 76.92 4.42
Pooled 94 72.316.23
Female 21 40.472.63

-9.063 40 .000 2.80
CLAL Male 21 47.41 2.33

Pooled 42 44.804.62
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Tables 3.3.28 and 3.3.29 give the descriptive sitesi and results for the non-
parametric tests regarding the difference betweenmeans of females and males of
additional standard measurements. The calcanedldoa width was included in this
table due to its small sized sample. Significaffedences between sexes were found for
the load arm width of the calcaneus, the lengtthefcuboid and the length and breadth
of the lateral cuneiform with various degrees dé&fsize though. This was medium to
large for the calcaneal feature, small to mediumtifie lateral cuneiform length and
medium to large for the remaining standard measein¢sn(Cohen, 1988).

Sexual dimorphism of the small tarsals was alsesaesl for the sample of
skeletons which was larger than the sample of cadaler some features. Results are
presented in tables 3.3.30 and 3.3.31 and demtetstaasignificant difference between
females and males for all cases.

As for the IAC on the sample of cadavers, the femaean lateral angle (n = 26;
mean = 49.57; sd = 13.07) and the male mean laaglé (n = 28; mean = 50.30; sd =
17.00) were not significantly different from eader. The sex-pooled mean angle was
of 49.95° (sd = 15.10). The sample of skeletonsigeal for somewhat different results.
The female mean score (n = 15; median = 56.50;erang4.40) was quite larger than
the male mean score (n = 21; median = 48.60; rangd.90). This difference was
almost statistically significant at the .05 level € 97.0; p = .052). The sex-pooled
mean lateral angle was of 49.78° (sd = 14.93). smeples used for the calculation of
the sexual differences were much smaller than theuat of preserved bones because

several casts were not good enough to allow fonteasurement of the lateral angle.
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Table 3.3.28Descriptive and inferential statistics for the stard measurements (in

mm) of the calcaneus, cuboid and navicular (cadwver

Std. ' Mann '

Sex n Mean S.D. Median Range ) Sig. r

Measurement Whitney
Female 7 34.192.33 35.57 5.63
3.000 .001 -.76
CLAW Male 11 38.80 2.06 38.87 7.81
Pooled 18 37.013.12 37.08 13.09
Female 6 30.242.10 29.26 5.03
21.0 .046 -.43

CL Male 16 33.66 3.77 33.13 12.70

Pooled 22 32.733.69 32.34 12.75

Female 2 22.30 .75 22.30 1.06
CB Male 9 2523289 26.24 9.29

Pooled 11 24.702.85 23.63 9.29

Female 4 21.211.44 21.28 2.81
CH Male 5 2152 234 21.15 5.52

Pooled 9 21.381.88 21.15 5.52

Female O - - - -
NL - - -

Male 5 18.67 1.15 19.20 3.08

Female 2 34.192.77 34.19 3.91
NB Male 5 36.69 2.20 36.98 3.91

Pooled 7 3597245 36.14 6.90
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Table 3.3.29Descriptive and inferential statistics for the stard measurements (in

mm) of the cuneiforms (cadavers).

Std. _ Mann _
Sex n Mean S.D. Median Range _ Sig. r
Measurement Whitney
Female 4 19.801.28 19.78 2.49
MCL Male 13 23.23 384 23.75 14.06
Pooled 17 22.423.69 22.89 14.06
Female O - - - -
MCB - - -
Male 2 19.81 573 19.81 8.10
Female 2 25.361.64 25.36 2.32
MCH Male 6 29.69 1.59 30.03 4.18
Pooled 8 28.61249 29.33 6.87
Female 7 15.131.22 15.67 3.14
35.5 .056 -
ICL Male 20 16.32 1.10 16.29 3.84
Pooled 27 16.011.23 16.10 5.02
Female 5 13.741.18 13.95 2.98
ICB Male 12 14.09 1.36 14.17 4.58
Pooled 17 13.991.29 14.03 4.58
Female O - - - -
ICH - - -
Male 1 2053 - - -
Female 14 20.74255 21.26 9.82
121.0 034 -32
LCL Male 29 2242 123 2254 4.88
Pooled 43 21.871.91 21.87 1.91
Female 8 13.853.03 13.85 3.03
27.0 .023 -.46
LCB Male 16 15.29 8110 15.29 8.10
Pooled 24 14.808.10 14.94 1.70
Female O - - - -
LCH - - -
Male 3 1853 4.65 20.78 8.44
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Table 3.3.30: Descriptive and inferential statsstfor the standard measurements (in

mm) of the cuboid and navicular (skeletons).

Mann
Standard . . .
Sex n Mean SD Median Range.Whitney Sig. r
Measurement
U
Female 10 29.02 2.01 28.10 5.59
10.0 .001 -.70
CL Male 12 33.20 2.73 33.37 10.32
Pooled 22 31.30 3.19 31.15 12.28
Female 4 19.61 2.10 18.79 4.48
CB Male 6 2469 3.00 24.59 7.46
Pooled 10 22.66 3.66 22.25 10.26
Female 8 19.30 1.22 19.39 4.08
10.0 .008 -.63
CH Male 10 21.82 1.78 22.27 5.30
Pooled 18 20.70 1.99 20.13 6.87
Female 2 17.63 .96 17.63 1.65
NL Male 8 1694 2.28 15.89 5.81
Pooled 10 17.08 2.05 16.48 5.81
Female 1 36.25 - - -
NB Male 7 3459 299 35.19 9.29
Pooled 10 34.79 2.83 35.27 9.29
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Table 3.3.31: Descriptive and inferential statsstfor the standard measurements (in
mm) of the medial, middle and lateral cuneiformee(stons).
Standard _ Effect

Sex N Mean SD Median Range. Value Sig.
Measurement Size

Female 15 20.42 1.89 - -
MCL Male 17 23.34 2.08 - -
Pooled 32 2197 2.46 - -
Female 8 1425 1.11 14.06 3.58 .
6.0 .003 -71
MCB Male 10 16.79 153 16.72 4.79
Pooled 18 15.66 1.85 15.45 6.64
Female 9 26.27 260 2552 9.17 b
18.0 .017 -54
MCH Male 11 29.13 2.32 28.82 6.62
Pooled 20 27.84 280 27.47 10.82
Female 11 1460 1.42 14.37 4.90 b
20.0 .014 .54
ICL Male 10 16.56 2.05 16.02 6.42
Pooled 21 1553 1.97 15.24 7.77
Female 5 12.70 1.17 12.44 2.83
ICB Male 7 15.07 1.80 15.34 4.77
Pooled 13 14.09 1.93 13.67 6.67
Female 2 18.31 2.48 18.31 3.51
ICH Male 5 18.23 3.28 18.92 8.59
Pooled 7 18.25 2.86 18.92 8.59
Female 16 19.61 1.79 19.39 6.21 b
46.0 .038 .40
LCL Male 11 2105 146 21.32 4.42
Pooled 27 20.20 1.78 20.02 6.21
Female 13 13.11 .95 12.86 3.18 b
25.0 .050 -43
LCB Male 8 14.01 13.58 13.58 3.51
Pooled 21 13.46 1.09 13.19 3.69
Female 3 18.59 .58 18.85 1.07
LCH Male 4 20.17 179 20.14 4.29
Pooled 7 1950 1.56 19.00 4.42

4.137* .000 1.47

2 T-test;” Mann-Whitney test.
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3.3.6. Sex Classification

3.3.6.1. Discriminating Cut-off Points

Standardized cut-off points (Silva, 1995; Wasterland Cunha, 2000) were
used for the sexing of cadavers of known-sex froresa-sample with the aim of
documenting their reliability when applied to cakid bones. This test-sample was
independent from the sample of cadavers which wssd uo investigate sexual
dimorphism in section 3.3.5. This was done so thatcut-off points calculated from
the latter could be tested on a different sample #voiding a biased testing and so that
the results from both references could be comptresch other. In addition, both cut-
off points were also used to classify accordingé® the test-sample of skeletons. The
latter was the same used for investigating sexinabigphism on section 3.3.5.

Results regarding the Coimbra Standards are givéigures 3.3.11 and 3.3.12.
Females were all correctly allocated on both taestfes of cadavers and skeletons. In
contrast, the sex determination of males was veoy.pl'he rate of correct classification
of males was apparently worse for skeletons tharcéolavers. However, some test-
samples were especially small so any inference Idhbe taken with caution. The
epicondylar breadth allowed for the better resatishe sex pooled sample with three
quarters of the males being correctly classifiedsiimmary, the standardized cut-off
points did not reliably classify the test-samplesaading to sex.

The sex classification of the individuals compgsine test-samples by using the
sex pooled means from the sample of cadavers agffcpbints are given in figures
3.3.13 and 3.3.14. Classification remained verycsssful for females and improved
substantially for males on the test-sample of cadavlhe talar maximum length was
the only feature presenting less than 80.0% ofectrelassification of males. Results
were not as positive for the test-sample of skaket®nly the humeral articular width
presented correct classification over 80.0% of satkes but the amount of tested bones
was extremely small. On the largest of all testysas) a large misclassification of
males was recorded for the talar maximum length.
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Results indicated that the new cut-off points waie successful at classifying
the test-samples according to sex than the CoinSieendards developed from a
collection of unburned skeletons. Contrastinglye tise of the new cut-off points

demonstrated to be more successful for cadavensfonaskeletons.
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SEX CLASSIFICATION USING THE COIMBRA STANDARDS
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Figure 3.3.11: Sex classification of the cadaveest-sample by using the cut-off points
(given in mm) from the Coimbra standards.
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Figure 3.3.12: Sex classification of the skeletdast-sample by using the cut-off points
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FEMALE CADAVERS @ Correct Olncorrect
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Figure 3.3.13: sex classification of the cadaveégst-sample by using the new cut-off

point (given in mm) specific to calcined bones.
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Figure 3.3.14: sex classification of the skeletarest-sample by using the new cut-off

point (given in mm) specific to calcined bones.
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A small test was carried out in order to assesheaf Coimbra Standards for
unburned skeletons could be reliably used for #he dassification from pre-calcined
bones. Therefore, the sex determination of 27 pleireed cases (24 females; 3 males)
was attempted. From these, only 19 (70.4%) wereectly classified according to sex
previously to the cremation. After it, the sex segrattained for the pre-cremated bones
was maintained for 23 of them and altered for thkeio 4. For the latter, the
classification shifted from male to female. Thigftshllowed for the increase of the
correct sex classification to 85.2%.

The sex classification of the sample of cadavenmgushe IAC was not
attempted due to the lack of sexual dimorphism doan it. Sexual differences were
very small for the sample of skeletons. Nonetheless classification was attempted on
the latter by using the 45° cut-off point recommeghtdy Norén et al (2005) in order to
investigate if those were sufficient to allow faxsdetermination. As a result, 73.3% of
females (n = 15) and 38.1% of males (n = 21) wereectly classified. Only about half
of the sex-pooled sample was correctly classif&E1§%). Therefore, the cut-off point

of 45° revealed to have no sex discriminating pomiezn used on burned skeletons.

3.3.6.2. Regression Analysis

3.3.6.2.1. The Humerus

The results for the logistic regression analysgarding the prediction of sex
using each humeral standard measurement are prdsanttable 3.3.32 and figure
3.3.15. Sex was successfully determined for maaa 80.0% of the cases regarding the
sample from which the regression coefficients hdeen calculated. The sex
determination of a small independent test-sampeiged for classification rates higher
than 80.0% as well (Figure 3.3.15). The articulativprediction was not tested on an
independent sample due to the small amount of ¢haeéprevented the compilation of
an independent sample.

Logistic regression was also conducted to assdkge iEombined measurements

of the transverse and vertical diameter of the hahteead could distinguish between
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females and males. This sample was composed oihdiduals (26 females; 28
males). The descriptive statistics are presentddhlle 3.3.33. When both independent
variables were considered together, they signiflgapredicted whether or not an
individual was a maleyf = 43.03; df = 2; n = 54; p = .000). The NagelkeiRe
indicated that 73.3% of the variance in whethenatrindividuals were males could be
predicted from the linear combination of the twodependent variables. The
standardized coefficients and the odds ratios eesepted in table 3.3.33. This model
correctly predicted 82.1% of the females and 80d8%e males. The coefficients were
applied to an independent test-sample of cadavemgpposed of 10 females and 10
males. All of them were correctly classified acdogdto sex.

Table 3.3.32: Coefficients for the logistic regiess regarding each humeral

measurement calculated from the sample of cadavers.

B SE Odds Ratio Sig.

HHTD .891 213 2.437 .000
Constant  -32.753 7.878 .000 .000
HHVD .661 A11 1.937 .000
Constant  -26.919 4.545 .000 .000
HEB .904 270 2.469 .001
Constant  -49.415 14.90 .000 .001
HAW 2.104 .820 8.202 .010
Constant  -81.727 31.91 .000 .010
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Figure 3.3.15: Accuracy of the logistic regressomefficients on the sex classification
of the cadavers based on humeral standard measuseriée coefficients were tested
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on the very same sample from which these were leaiéti and on two test-samples
composed of cadavers and skeletons.

Table 3.3.33: Descriptive statistics and coeffitsefor the logistic model using the
humeral head transverse and vertical diameterayeasl).

Odds
Sex n Mean S.D. B SE _ Sig.
Ratio

Female 26 33.81 2.80

HHTD 825 302 228 .006
Male 28 39.16 1.98

Female 26 37.92 2.96
HHVD A77 217 1.19 .415
Male 28 43.24 3.37

Constant - - - - -37.626 10.732.000 .000

3.3.6.2.2. The Femur

The results for the logistic regression of eachdahstandard measurement are
presented in table 3.3.34 and figure 3.3.16. Tdreect sex classification was of 80.0%
or higher for both sexes using the same sample fwhioh the regression coefficients
were calculated while this percentage increaseflOt®% when an independent test-
sample was used.

Table 3.3.34: Coefficients for the logistic regress regarding each femoral

measurement calculated from the sample of cadavers

Odds
B SE Ratio Sig.
FHTD 782 160 2.187 .000
Constant -29.896 6.105 .000 .000
FHVD  .759 142 2.137 .000

Constant -30.376 5.663 .000 .000
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Figure 3.3.16: Accuracy of the logistic regressooefficients on the sex classification
of the cadavers based on femoral standard measat®nide coefficients were tested
on the very same sample from which these were leaiéli and on two test-samples

composed of cadavers and skeletons.
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The combination of the two femoral head standardsuweements was used to
assess if this logistic model successfully disangwéd the sample of calcined bones
according to sex. This was composed of 32 femates3@ males and the descriptive
statistics are displayed on table 3.3.35. This rhemmificantly discriminated females
and males ¢ = 56.17; df = 2; n = 69; p = .000). The NagelkeFeindicated that
74.4% of the variance in whether or not individuatre males could be predicted from
the linear combination of the two independent \@es. The standardized coefficients
and the odds ratios are also presented in tabl833.8he latter suggest that the odds of
correctly classifying an individual according tacseproved by 94% if the size of the
transverse diameter was known and by 35% if the sizhe vertical diameter was also
known. This model correctly predicted 87.5% of females and 86.5% of the males.
Its application to an independent test-sample obthi 90.0% of correct sex

classification for both the samples of females @f0¥and the males (n =10).

Table 3.3.35: Descriptive statistics and coeffitsefor the logistic model using the

femoral head transverse and vertical diametersa(ead).

Odds
Sex n Mean S.D. B SE ~ Sig.
Ratio
Female 32 35.52 1.92 .664 274 1.94 015
FHTD
Male 37 41.05 2.77
Female 32 37.15 2.31 .299 .246 1.35 .225
FHVD
Male 37 42.80 2.98
Constant - - - - -36.860 8.840 .000 .000

3.3.6.2.3. The Talus

Results for the logistic regression of each stamhaaeasurement from the talus
are presented in table 3.3.36 and figure 3.3.1thoAigh the p-value indicated that both
are significant predictors, the trochlear lengtlovaéd for a classification rate under

70.0% for the female sample. In contrast, the s=go@m for the maximum length
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allowed for successful sex allocations in more t8@0% of the sample. The test of the
logistic model of the talar maximum length on adependent sample was successful
for 100.0% of females and 90.0% of males. An assesst of the sex determination
power of the logistic regression including both theximum length and the trochlear

length was not carried out due to the small siz@fcombined sample.

Table 3.3.36: Coefficients for the logistic regiess of the talar measurements

calculated from the sample of cadavers.

Odds
B SE Ratio Sig.
TML .683 175 1.980 .000
Constant -32.849 8.421 .000 .000
TTL 576 145 1.780 .000

Constant -16.613 4.262 .000 .000

3.3.6.2.4. The Calcaneus

The results for the logistic regression of the nmaxn length and the load arm
length of the calcaneus are presented in tabl8Band figure 3.3.18. Used separately,
both standard measurements were significant padicif sex allowing for accuracies
higher than 80.0% regarding the sex allocatiorhefihdividuals composing the sample
from which the regression coefficients were cal®daThe independent sample testing
was successful for all individuals when using thalcaneal maximum length.
Independent testing was not carried out for theazadal load arm length because of the
small size of the sample. The same reason prevémeeflirther exploration of logistic

regression regarding the addition of other indepanhdariables.
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Table 3.3.37: Coefficients for the logistic regieasof the calcaneal measurements
calculated from the sample of cadavers

Odds
B SE Ratio  Sig.
CML .549 111 1.732 .000

Constant -39.628 8.018 .000 .000
CLAL 1.060 333 2.885 .001
Constant -46.607 14.81 .000 .002
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Figure 3.3.17: Accuracy of the logistic regressooefficients on the sex classification
of the cadavers based on talar standard measurenidm coefficients were tested on
the very same sample from which these were cakail@nd on two test-samples

composed of cadavers and skeletons.
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Figure 3.3.18: Accuracy of the logistic regressooefficients on the sex classification
of the cadavers based on calcaneal standard mesnise The coefficients were tested
on the very same sample from which these were leaitrli and on two test-samples

composed of cadavers and skeletons.
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3.3.6.3. The Calibration Method

The overall rate of shrinkage of the larger borse® (section 3.2.2) was applied
to the recommended cut-off points of Silva (199%) af Wasterlain and Cunha (2000)
in order to evaluate if the new values were morecassful in correctly classifying
individuals according to sex. The re-configuratiminthe standard cut-off points into
new values was done using a correction factor &6 &8d is given in table 3.3.38.

In general, the new cut-off points promoted thearradassification of females
on the sample of cadavers. Most of the males weassified according to sex but this
result was very contrasting with the results oladifor the female sample. The femoral
head vertical diameter was the only standard measamt allowing for successful
classification rates above 80.0% for both sexes.

The poor sex classification obtained with thelralied values could eventually
be related to differences between the populatiomfwhich the standard cut-off points
were calculated and the contemporary populatione hanalysed. Therefore,
measurements were carried out on a relatively laegeple of contemporary skeletons
with the aim of assessing if secular trend was céffg the dimensions of the
Portuguese population. In fact, all standard measants presented larger dimensions
for the contemporary population (Table 3.3.39). sTliifference was statistically
significant for the transverse and vertical diamgetaf the humeral and femoral head
and for the maximum length of the calcaneus (T&839). In contrast, the larger
dimensions for the maximum length of the talus #redhumeral epicondylar breadth of
the contemporary sample were not significantlyedtéght from those of the Coimbra
Collection. Nonetheless, even in these cases tif@atad cut-off points adapted from
the contemporary collection proved to be more adegjfor the sex classification of the
contemporary individuals (Table 3.3.38). Althougkxsdetermination was more
successful, correct classification of the female@a was still low for all features but

the femoral head vertical diameter.
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Table 3.3.38: Sex classification of the sampleasfavers with cut-off points calibrated
according to the rate of shrinkage of 12%. Calibratvas carried out for the Coimbra

Standards and the cut-off points from the Contemuydsample.

Coimbra Standards Contemporary Sample
Calibrated Calibrated
Cut-off Cut-off
Cut-off Females Males Cut-off Females Males
(mm) (mm)
(mm) (mm)
62.8%  100.0% 76.7%  95.6%
HHTD 39.38 34.67 40.94 36.04
(n=43) (n=68) (n=43) (n=68)
41.7%  98.3% 70.8%  95.8%
HHVD 42.36 37.29 44.42 39.10
(n=72) (n=119) (n=72) (n=119)
41.7%  100.0% 58.3%  100.0%
HEB 56.63 49.85 57.71 50.80
(n=36) (n=33) (n=36) (n=33)
84.6%  86.4% 86.5% 84.1%
FHTD 42.84 37.71 43.81 38.57
(n=52) (n=288) (n=52) (n=88)
61.5%  93.0% 75.4%  91.2%
FHVD  43.23 38.06 44.29 38.98
(n=65) (n=114) (n=65) (n=114)
62.5%  91.9% 62.5%  91.9%
TML  52.00 45.78 52.21 45.96
(n=40) (n=62) (n=40) (n=62)
38.6%  100.0% 63.2%  96.7%
CML  75.50 66.46 78.45 69.06
(n=57) (n=60) (n=57) (n=60)

In order to assess if the correction factor of I@Zommended by Buikstra and
Swegle (1989) can be reliably used on the cremainsadavers, both the Coimbra
standards and the cut-off points from the ContemporSample were calibrated
according to it. Results are presented in table48.3and demonstrated that sex
classification was more successful and balancedrdity to sex than the results
obtained by using the correction factor specificatblculated during this research.
Correct classification above 80.0% was obtainedusing the transverse and vertical

diameters of the humeral head, the vertical diamefethe femoral head and the
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maximum length of the calcaneus. With the exceptdrthe humeral epicondylar
breadth, the remaining features allowed for acdeasagear 80.0% for both sexes.

Table 3.3.39: Mean dimensions of the contemporanyme according to sex and t-test

results for the difference between the Coimbradstasts and the Contemporary values.

Mean Mean t-test
Standard , , .
Sample n Contemporary S.D Coimbra Coimbravs. Sig. d
Measurement
(mm) (mm)  Contemporary
Females 28 37.82 1.58
HHTD Males 35 43.44 2.93
Pooled 63 40.94 3.70 39.38 5.496 .000 -.89

Females 31 40.94 2.06
HHVD Males 38 47.25 3.24

Pooled 69 44.42 4.19 42.36 4.075 .000 -.65
Females 32 52.49 3.62

HEB Males 39 61.99 4.57
Pooled 71 57.71 6.31 56.63 1.439 155 -
Females 35 40.83 2.36

FTD Males 41 46.35 3.02
Pooled 76 43.81 3.88 42.84 2.172 .033 -.31
Females 35 41.31 2.18

FVD Males 41 46.83 2.65
Pooled 76 44.29 3.68 43.23 2.507 .014 -.35
Females 41 49.68 2.85

TML Males 38 54.94 3.49
Pooled 79 52.21 4,11 52.00 454 651 -
Females 39 74.43 3.90

CML Males 37 82.69 6.18
Pooled 76 78.45 6.58 75.50 3.906 .000 -.55
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Table 3.3.40: Sex classification of the sampleasfavers with cut-off points calibrated
according to a correction factor of 10% (Buikstrad &swegle, 1989). The calibration
was carried out for the Coimbra Standards and tbeoff points from the

Contemporary Sample.

Coimbra Standards Contemporary Sample
Calibrated Calibrated
Cut-off Cut-off
Cut-off Females Males Cut-off Females Males
(mm) (mm)
(mm) (mm)
72.1%  95.6% 86.1%  89.7%
HHTD  39.38 35.44 40.94 36.85
(n=43) (n=68) (n=43) (n=68)
94.1%
59.7%  98.3% 80.6%
HHVD 42.36 38.12 44.42 39.98 (n=
(n=72) (n=119) (n=72)
119)
61.1% 100.0% 66.7%  97.0%
HEB 56.63 50.97 57.71 51.94
(n=36) (n=33) (n=36) (n=233)
86.5% 84.1% 92.3%  77.3%
FHTD 42.84 38.56 43.81 39.43
(n=52) (n=88) (n=52) (n=288)
85.1%
75.4%  91.2% 83.1%
FHVD  43.23 38.91 44.29 39.85 (n=
(n=65) (n=114) (n=65)
114)
77.5%  90.3% 77.5%  90.3%
TML  52.00 46.80 52.21 46.99
(n=40) (n=62) (n=40) (n=62)
52.6%  98.3% 84.2%  96.7%
CML  75.50 67.95 78.45 70.61
(n=57) (n=60) (n=57) (n=60)

The documentation of the accuracy of the calilokatgethod regarding this
research’s estimated rate of shrinkage for largeeb@12%) on the sample of skeletons
is presented on table 3.5.41. In general, the codlassification was low regardless of
the references — Coimbra Standards or Contemp8&@mple — used for the calibration.
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Nonetheless, the results were more balanced reggtice sex allocation of females and

males when the latter were used.

As for the documentation of the correct classifaraof the sample of skeletons

by using the 10% correction factor recommended bik®ra and Swegle (1989), the

results are presented in table 3.5.42. All buthbmeral head vertical diameter using

the calibration from the Coimbra Standards werecesgful on less than 80% of the

cases. Given the large sample of the talus, infgortant to notice that this bone also

allowed for relatively high rates of sex allocation

Table 3.5.41: Sex classification of the samplekeletons with cut-off points calibrated

according to the rate of shrinkage of 12%. Calibratvas carried out for the Coimbra

Standards and the Contemporary cut-off points.

Coimbra Contemporary
Calibrated Calibrated
Cut-off Cut-off
Cut-off Females Males Cut-off Females Males
(mm) (mm)
(mm) (mm)
60.0% 77.8% 80.0% 66.7%
HHTD 39.38 34.67 40.94 36.04
(n=5 (n=9) (n=%5 (=9
71.5% 85.7% 92.9% 78.6%
HHVD 42.36 37.29 44 .42 39.10
(n=14) (n=14) (n=14) (n=14)
100.0% 91.7% 100.0% 83.3%
HEB 56.63 49.85 57.71 50.80
(n=4) (n=12) n=4) (=12
66.7% 88.9% 77.8% 77.8%
FHTD 42.84 37.71 43.81 38.57
(n=9) (=9 (n=9) (n=9)
50.0% 70.0% 70.0% 70.0%
FHVD 43.23 38.06 44.29 38.98
(n=10) (n=10) (n=10) (n=10)
69.0% 92.9% 72.4% 92.9%
TML 52.00 45.78 52.21 45.96
(n=29) (n=28) (n=29) (n=28)
61.5% 90.5% 69.2% 81.0%
CML 75.50 66.46 78.45 69.06
(n=13) (n=21) (n=13) (n=21)
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Table 3.5.42: Sex classification of the samplekeletons with cut-off points calibrated

according to a correction factor of 10% (Buikstrad &swegle, 1989). The calibration

was carried out for the Coimbra Standards and tir@énporary cut-off points.

Coimbra Contemporary
Calibrated Calibrated
Cut-off Cut-off
Cut-off Females Males Cut-off Females Males
(mm) (mm)
(mm) (mm)
60.0% 77.8% 80.0% 66.7%
HHTD 39.38 35.44 40.94 36.85
(n=5) (n=9) (n=5) (n=9)
92.9% 85.7% 92.9% 71.4%
HHVD 42.36 38.12 44,42 39.98
(n=14) (n=14) (n=14) (n=14)
100.0% 75.0% 100.0% 75.0%
HEB 56.63 50.97 57.71 51.94
(n=4) (n=12) n=4) (=12
77.8% 77.8% 77.8% 77.8%
FHTD 42.84 38.56 43.81 39.43
(n=9) (=9 (n=9) (n=9)
70.0% 70.0% 80.0% 60.0%
FHVD 43.23 38.91 44.29 39.85
(n=10) (n=10) (n=10) (n=10)
82.8% 78.6% 82.8% 78.6%
TML 52.00 46.80 52.21 46.99
(n=29) (n=28) (n=29) (n=28)
61.5% 81.0% 84.6% 71.4%
CML 75.50 67.95 78.45 70.61
(n=13) (n=21) (n=13) (n=21)
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3.4. Skeletal Weights
3.4.1. The Anatomical Identification

3.4.1.1. The Cadavers

Figure 3.4.1 presents the descriptive statistiegamding the mean rate of
anatomically identified bone fragments (RAI). Thesdues were obtained by dividing
the absolute weight of the identified fragments thg total weight of the skeletal
remains for each individual and then multiplyindyt 100. The summary statistics are
presented according to sex and to age greli® (years old; >70 years old). Males

presented larger RAI than females for the >70 yeltggroup and the reverse scenario
was found for thec70 years-old group.
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Figure 3.4.1: Descriptive statistics for the meate rof anatomically identified bone

fragments (%) according to sex and age group (@&davSD = standard deviation.

Multiple regression analysis was carried out ideorto investigate the effect of
age, sex, duration and maximum temperature of cstiduon RAI. Although thea

priori calculation of the sample size required it to batoleast 118 individuals when
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using four predictor variables (alpha level = .@fiticipated effect size = .15; statistical
power level =.80), this was still carried out désphe sample only including 116 cases.
Age and maximum temperature were used as ratiedaeariables. Sex was used as a
dichotomous variable (male; not male) and duratbbrcombustion was used as an
ordinal variable with three levels (0-100’; 101-208vernight). The correlation matrix
found a significant effect of sex and duration ofmbustion on the dependent variable
(Table 3.4.1). In addition, it found some collinearbetween sex and age thus
indicating that these variables contained simiidorimation.

The model significantly predicted RAI [F (4; 114)10.42; p = .000]. However,
only sex and duration of combustion significantgntibuted to the prediction (Table
3.4.2). The model only explained 24.7% of the varein RAI.

Table 3.4.1: Means, standard deviations and intexladions for rate of anatomical
identification (%) and predictor variables for temple of cadavers (n = 116).
Variable Mean SD 1 2 3 4

Rate of Anatomical Identification 415 10.0.085 .237** .459** .056

Predictor Variable

1. Age 71.2 151 - -.194* .085 -.013
2. Sex .56 .50 - - .033 .054
3. Duration of Combustion .99 .83 - - - -.082

4. Maximum Temperature of
_ 938.6 2.1 - - - -
Combustion

Fp<.05; **p< .01

The further investigation of the effect of sex oMIRfound a significant
difference between females and males (t = -2.603; t14; p = .010; d = .49) with a
small to medium effect size according to Cohen 89®ifferences between age
cohorts for each sex were also examined because solimearity was found between
sex and age. As a result, Mann-Whitney tests fausthnificant difference at the .05
level (U = 173.5; p = .021; r = -.32) between ##0 years-old age group (median =
40.9; range = 32.3) and the >70 years-old age gfmaglian = 34.3; range = 53.35) for
the female sample. The opposite was found for thke sample (U = 385.0; p = .062).
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Table 3.4.2: Multiple regression analysis summaryalge, sex, duration of combustion

and maximum temperature of combustion predicting tlate of anatomical
identification (cadavers).

Model B SEB Beta t Sig.
Constant 25.20012.977 1.942 .055
Age -056 .055 -.085-1.023 .309
Sex 4009 1.653 .201 2.425 .017
Duration of Combustion 5600 .981 .466 5.709 .000

Maximum Temperature of Combustion.013 .013 .082 1.014 .313

As for the duration of combustion, a one-way ANOWAS used to investigate
the differences between the three levels accoririgAl. A significant difference was
found at the .01 level [F (2, 113) = 24.97, p =0,06ta = .31]. Post-hoc Games-Howell
tests revealed that no significant difference wasél between the 0-100’ and the 101-
200’ levels (p = .838). In contrast, significanffeiences were found between the O-
100’ and the overnight levels (p = .000) and betwd#ee 101-200' and the overnight
levels (p = .000). The descriptive statistics aespnted in figure 3.4.2.
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Figure 3.4.2: Descriptive statistics for the meate rof anatomical identification (%)
according to the duration of combustion (cadave&3B) = standard deviation.
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3.4.1.2. The Skeletons

Figure 3.4.3 gives the descriptive statistics floe mean RAI on skeletons
according to sex and age group. However, the “téields contemplate both skeletons
of known-age and skeletons of unknown age. Multiglgression analysis was once
again carried out, but this time age was left duhe equation because this parameter
was unknown for several individuals. Therefore, thedel included sex, duration of
combustion and maximum temperature of combustidre & priori calculation of the
sample size required it to be of at least 76 imbligls when using three predictor
variables (alpha level = .05; anticipated effezest .15; statistical power level =.80)
which was compatible with the sample of 85 indiathu Sex was used as a
dichotomous variable (male; not male). Duratiorcambustion was used as an ordinal
variable with three levels (0-25’; 26-120’; overhi)y Maximum temperature of
combustion was used as a ratio scaled variable. cbmeelation matrix found no
significant effect of any of the factors on the eegent variable (Table 3.4.3). As a
result, the model did not significantly predict R (3; 81) = .855; p = .468].
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Figure 3.4.3: Descriptive statistics for the meate rof anatomically identified bone

fragments (%) according to sex and to age group. total columns include both the
known- and unknown-age skeletons. SD = standaruiav.
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Table 3.4.3: Means, standard deviations and intexladions for rate of anatomical

identification (%) and predictor variables for themple of skeletons (n = 85).

Variable Mean SD 1 2 3
Rate of Anatomical Identification 50.37 12.29 .100.125 .017
Predictor Variable
1. Sex 45 .50 - -.146 -.103
2. Duration of Combustion .68 .640 - - -.011

3. Maximum Temperature of Combustion 751.7 141.8 - - -
Jp< .05; **p< .01

3.4.1.3. The Pooled Sample

The descriptive statistics presented in figured3iddicate that the mean RAI for
the sample of skeletons was considerably highen tha one from the sample of
cadavers. Significant differences between them vie@unad for both females (t = 2.82;
df = 98; p = .006; d = -.57) and males (t = 5.50=dL02; p = .000; d = -1.28). The
effect size was medium to large for females angeldor males (Cohen, 1988).
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Figure 3.4.4: Descriptive statistics for the meate rof anatomically identified bone
fragments (%) according to sex. SD = standard tienia

155



Cremains — Results

With the aim of investigating if duration of combios was somewhat related to
the weight differences regarding the pre-cremationdition of the remains, a Pearson
chi-square test was carried out. The test confirmethtistically significant difference
between cadavers and skeletons on the duratiorewfation (Table 3.4.4). The analysis
indicated that cadavers were more likely left torbfor 101-200’ or overnight than for
less than 100’. The opposite occurred for the s@eke

Table 3.4.4: Chi-square analysis regarding the gleexce of cadavers and skeletons’

remains in function of duration of combustion. Ecieel prevalence is presented in

brackets.
n 0to 1000 101 to 200’ overnight  »? p  Phi
Cadavers 116 40 (67) 37(22)  39(27) 62.4 000557
Skeletons 85 76 (49) 1 (16) 8 (20)
Totals 201 116 38 47

Figure 3.4.5 indicates that cadavers have beenebtuat higher temperatures
than skeletons. A statistically significant diffeoe at the .01 level was found between
them regarding the mean maximum temperature of astidn (t = 11.381; df = 199; p
= .000; d = -1.83). Therefore, skeletons were syateally burned at lower
temperatures than cadavers.
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Figure 3.4.5: Descriptive statistics for the maximtemperature of combustion (°C)
according to the pre-cremation condition of the honmremains. SD = standard

deviation.

3.4.2. The Weight of Cremains

3.4.2.1. The Cadavers

Multiple linear regression was carried out in artteinvestigate the relationship
of four factors — age, sex, duration of combustaord maximum temperature of
combustion — with skeletal weight on 116 individuahge and maximum temperature
of combustion were used as ratio scaled variablelewex was used as a dichotomous
variable (male; not male) and duration of combumsticas considered as an ordinal
variable with three different levels following tipeocedure used in section 3.4.1.1. The
model was significant [F (4, 116) = 33.86, p = p@dd explained 53.3% of the
variation observed in skeletal weight (Table 3.4#)ich indicated a large effect
(Cohen, 1988). All variables except for maximum penature of combustion were
significant factors in the model.
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Table 3.4.5: Multiple regression analysis summangage, sex, duration and maximum

temperature of combustion predicting skeletal wefgadavers).

B SE. B t Sig.
Constant 903.18 557.18 1.62 .108
Age -216.23 73.50 -.191 -2.94 .004
Sex 736.97 7356 .652 10.03000
Duration of Combustion 98.26 4353 .144 226 .026

Temperature of Combustion  .855 .583 091 147 .145

The significant factors indicated by the regressioodel were further
investigated. Table 3.4.6 gives the descriptivéisiies regarding mean weight of the
skeletal remains of both females and males acoptdimge group<{(70 years-old; >70
years-old). The mean weight of males was considetalger than the mean weight of
females for both age groups and for the age-pogtedp. The difference between the
pooled mean weights was of 789.1 g. The t-testdauto be statistically significant at
the .01 level (t = -10.401; df = 114; p = .000; d198). When divided by age,
significant differences between both sexes were fdand for the<70 years-old age
group (t =-5.44; df = 49; p =.000; d = 1.70) dadthe >70 years-old age group (t = -
8.607; df = 63; p = .000; d = 2.14). The effectesiar sex and weight was large for
every case according to Cohen (1988).

The results for the inferential statistics regagdihe difference of the mean
weight of the two age groups were contrasting. B@ sample of females, that
difference was statistically significant at the 18tel (t = 2.951; df = 49; p =.005; d = -
.87) and the effect size was large. In contra#, rttean difference for the sample of
males was not statistically significant (t = 1.528; = 63; p = .132). Correlation
statistics regarding weight and age as ratio scabrihbles also did not find any
significant relationship for the male sample at tB& level [r (65) = -.232; p =
.063].These results suggested that age was rdiatde variation on skeletal weights

for the female sample but the same was not truthéosample of males.
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Tale 3.4.6: Mean weight (g) of the skeletal remamsluding the < 2 mm fraction

(cadavers).
Females Males Sex-Pooled
Age
0-70 >70 Pooled 0-70 >70 Pooled 0-70 >70 Pooled
Group
N 17 34 51 34 31 65 51 65 116

Mean 1845.2 1556.0 1652.4 2520.5 2354.9 2441.5 2295.4 1937.0 2094.6
S.D. 344.2 3229 3545 4494 4227 4414 524.0 0647563.8
Minimum 980.0 923.3 923.3 1486.71512.0 1486.7 980.0 923.3 923.3
Maximum 2419.6 2276.8 2419.6 3805.3 3286.8 3805.3 3805.3 3286.8 3805.3

Duration of combustion was divided into three @liéint intervals (0 to 100’; 101
to 200’; overnight). The cadavers presented langean weights for the longest periods
of duration of combustion. Weight was therefore obleel for significant differences
according to those intervals (Table 3.4.7). Theltdser the one-way ANOVA indicated
an almost statistically significant difference fibre sample of females. However, the
Games-Howell post-hoc comparison found no signitichfferences between the levels
of duration of combustion. No significant differenm bone weight was found for the
sample of males as well. Additional testing of fla@ale and male groups in function of
age group for each sex was not carried out bedaisspartition would turn the samples
too small to allow for any reliable inferential w$tics. Therefore, duration of
combustion was indicated as a significant factoly omhen interacting with the
remaining variables of the regression model.

The results for the weight of cremains includifg t< 2 mm fraction are
presented in table 3.4.8. These are presentedder ¢o allow for comparisons with
other studies which have reported burned skeletgivis without excluding the < 2
mm fraction (Warren and Maples, 1995; Bass andzJa@02; May, 2011). Although
inferential statistics have been carried out, thesest be considered with caution
because the values potentially refer not only toebweights but also to other non-
human residues such as the ash from the woodeim coftlay from the coating of the

cremator. Sexual differences were significant at.0l level (U = 432; p = .000; r = -
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.63). In addition, weight differences for femalestvibeen the<70 age group (median =
2507.5; range = 1950.7) and the >70 age group @ned092.7; range = 1739.1) were
also significant at the .05 level (U = 163.0; p022; r = -.35). In contrast, male weight
differences between th&/0 age group (median = 3107.8; range = 2535.2)laac70
age group (median = 2940.4; range = 1965.5) focthmains weight including the < 2
mm fraction were not significant, at least at thg l@vel (U = 384.0; p = .060).

As for the weight of the < 2 mm fraction itselénfiales weight (mean = 574.3;
sd = 189.3) and males weight (mean = 591.5; sd ©6)3were not significantly
different (t = -.542; df = 114; p = .589). No sificant differences (U = 249.0; p = .424)
were found for the female sample between<th@ age group (median = 540.2; range =
649.6) and the >70 age group (median = 529.6; ran§66.9). The same result (t =
1.68; df = 63; p = .098) was found for the diffecerbetween the70 age group (mean
=618.9; sd = 126.7) and the >70 age group (mea®il=5; 148.7).

Table 3.4.7: One-way ANOVA results for the mean ghei(g) of skeletal remains
according to each interval of combustion time (vads).
Duration of N 95% Confidence

_ Mean S.D. F df  Sig
Combustion Interval

0-100’ 17 1498.1 388.8 1298.2;1698.9
Female 101-200’ 19 1678.8 312.1 1528.4;1829.23.096 2 .054
Overnight 15 1793.8 315.6 1619.1; 1968.6
0-100’ 23 23825 5139 2160.3;2604.7
Male 101-200’ 18 2471.1 4428 2250.9; 2691.2.312 § 733
Overnight 24 24759 373.2 2318.3; 2633.5 o2
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Table 3.4.8: Mean weight (g) of the skeletal remaimcluding the < 2 mm fraction

(cadavers).
Females Males Sex-pooled
Age Group <70 >70 Pooled <70 >70 Pooled <70 >70
n 17 34 51 34 31 65 51 65

Mean 2451.1 2144.5 2226.7 3146.1 2916.4 3036.5 2914.5 2497.0

S.D. 4645 4375 470.1 479.1 470.8 4858 5749 5604.
Minimum 1286.7 1280.9 1280.9 2036.0 1901.9 1901.9 1286.7 1280.9
Maximum 3237.4 3020.0 3237.4 4571.2 3867.4 4571.2 4571.2 3867.4

3.4.2.2. The Skeletons

Multiple regression analysis was carried out whie fiim of investigating the
correlation of three independent variables — sarattbn and maximum temperature of
combustion — with skeletal weight on 85 individugk®ex was used as a dichotomous
variable, duration of combustion was used as amakrdcaled variable divided into
three levels and maximum temperature of combustias used as a ratio scaled
variable following the procedure explained in sattB.4.1.2. Age was not included in
the model because it would reduce considerablys#imeple size. It was thus analysed
separately. The model was significant at the .92llg= (3, 85) = 11.23, p = .000] and
explained for 26.8% of the variance in skeletalghei According to Cohen (1988), this

was a medium to large effect. Only sex was a digant factor though (Table 3.4.9).

Table 3.4.9: Multiple regression analysis summany $ex, duration and maximum
temperature of combustion predicting skeletal wef{gkeletons).

B SE. B t Sig.
Constant 1580.82250.17 6.32 .000
Sex 489.17 88.51 .525 5.53000
Duration of Combustion -44.31  68.79 -.06164 .521

Temperature of Combustion  -.125 .309 -.03811 .686
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Given the results obtained for the multiple regmassfurther analysis was
carried out. Table 3.4.10 presents the descriiaBstics regarding the composition of
the sample of skeletons. Excluding the < 2 mm imacthe mean weight of males was
larger than the mean weight of females. The metiarence between both sexes was
statistically significant at the .01 level (t =162; df = 86; p = .000; d = 1.33). The

effect size was large (Cohen, 1988).

Table 3.4.10: Descriptive statistics for the meaaights (g) of the sample of skeletons

according to sex.

Without < 2 mm fraction With < 2 mm fraction
Female Males  Sex-pooled Female Males Sex-pooled
n 49 39 88 49 39 88
Mean 1440.6  1967.4 1674.1 1803.6 2313.5 2029.6
S.D. 395.5 397.6 473.94 497.1 435.6 533.0
Minimum  688.3 1245.1 688.3 856.9 1389.0 856.9
Maximum 2263.2  2644.1 2644.1 2882.5 3160.4 3160.4

Descriptive statistics for the mean and median ltsigccording to sex and to
age group are presented in figure 3.4.6. Becawssdample of skeletons of known-age
was small, it was not possible to infer about tlye-eelated differences regarding
skeletal weight for each sex as was carried outiqusly for the sample of cadavers.
Instead, correlation statistics were used to ingast the relationship between age and
weight for both the female and male samples. Thewd®a bivariate statistic found a
statistically significant negative correlation females at the .05 level [r (24) = -.440; p
= .032]. Therefore, skeletal weight decreased alith the increase of age. As for

males, no significant correlation was found [r (21)255; p = .265].
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Figure 3.4.6: Median and mean weights (g) of thea of skeletons according to sex
and age group. SD = standard deviation.

As for the burned skeletal weights including the2<mm fraction, sexual
differences were statistically significant at tbé level (t = -5.05; df = 86; p =.000; d =
1.09) and the effect size was large according tbe@o(1988). The female < 2 mm
fraction (median = 285.5; range = 978.7) and théemrga2 mm fraction (median =
348.7; range = 509.9) were not significantly diffier (U = 872.0; p = .483).

3.4.2.3. The Pooled Sample

Table 3.4.11 presents the descriptive statisticshfe mean weights according to
the pre-cremation condition of the remains, the @gep and sex. For both females and
males, the mean weight of the cadavers was latgmn the mean weight of the
skeletons whatever the age group being considered.

The mean weight difference between the sampleadad\wers and skeletons was
statistically significant for both females (t = 28 df = 98; p = 006; d = -.94) and males
(t = 5.500; df = 102; p = 000; d = -1.13). The effgize was large for both samples
(Cohen, 1988). In order to determine if the coringsskeletal weights were caused by

the dissimilar composition of the samples regardigg, the differences between both
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samples regarding the mean skeletal weight acaptdimge group were assessed. This
was done for both females and males. Results itetidhat the statistically significant
difference was also present when the samples voenpared according to age groups.
Therefore, the significantly different mean weiglstween cadavers and skeletons
were not the result of the dissimilar age compaosif both samples. The effect size
was large according to Cohen (1988). HT® female age group was not tested due to

the small size of the sample of skeletons.

Table 3.4.11: Descriptive and inferential statstior the mean weights (g) of the

female and male samples according to the pre- ¢cr@meondition and to age group.

Females Males
Age Groups <70 >70 <70 >70
Condition Cad.  Skel. Cad. Skel. Cad. Skel. Cad. |.Ske
n 17 5 34 20 34 11 31 10
Median 1894.8 1697.4 1585.1 1219.6 2466.5 19447 23531728.8
Range 1439.6 525.5 1353.5 1142.7 2318.6 1372.6 17741280.2
Mann-Whitney 132.0 57.0 57.0
Sig. - .000 .001 .003
Effect Size r=-.51 r=-.51 r=-.47

As seen for section 3.4.1.3., a statistically digant difference was found for
the duration of combustion according to the prepaion condition of the remains.
Cadavers were more likely left to burn for 101-200'overnight than for 0-100’. The
opposite occurred for the skeletons.

The statistically significant difference regarditng mean maximum temperature
of combustion to which cadavers and skeletons Hseen submitted to, was also
previously presented (see section 3.4.1.3) and dstrated that skeletons were
systematically burned at lower temperatures thaaers.
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3.4.3. Skeletal Representation

3.4.3.1. The Cadavers

Figure 3.4.7 gives the descriptives statistics tfag absolute mean weight in
grams of each bone category. In all cases, thelbsmean weight of each bone
category was larger for males than for females.s Tdifference was statistically
significant for most of the bone categories at thg level (check appendix Al).
However, the skull presented significant differenoaly at the .05 level. When turned
into percentage values — by calculating the retatweight of each bone according to the
total weight of the remains — the male sample sldolasger representation of almost all
bone categories than females (Figure 3.4.8). Theexteption to this scenario was the
skull. In this case, females showed a larger remtasion than males. The significant
differences at the .01 level observed for the alisahean weights were also present for
the relative mean weights of the skull, the hahe, tibiae and the fibulae categories
(Appendix A2). The humerus, the radius and the foasented significant sexual
differences at the .05 level. The relative meanghteof these bones presented lesser
significant differences than their absolute meanghtecounterparts while the skull
revealed the reverse scenario. No significant difiees were found for all other bones.

Statistic tests were carried out in order to idgnsignificant correlations
between the representation of each skeletal regioranium, trunk, upper limbs and
lower limbs — and three factor variables — sex, agd RAI — on 84 individuals.
Multiple regression analysis was then used for rthdtiple testing of variables. The
sample was compatible in size with the testing ofd&pendent variables (alpha level =
.05; anticipated medium effect size = .15; statadtpower = .80). Sex, age and RAI
were the factors tested for the effect on the gation of each skeletal region. Sex
was used as a dichotomous variable (male; not mBh& remaining factors were used

as ratio scaled variables.
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Sex and RAI were significantly correlated to tlepresentation of the cranial
region (Table 3.4.12). Table 3.4.13 shows thatrttuelel combining all factors was
significant and had a large effect size accordmgbhen (1988). Age was the only
factor not contributing significantly for the egicat. As for the trunk, its percentage
was significantly correlated to RAI. The model vadso significant for the trunk with a
medium to large effect size (Cohen, 1988). Sex ageé were not significant
contributors to the model. The upper and lower Bmkere both significantly correlated
to sex and RAIL The models were able to signifigantredict their relative
representation and a large effect size was fourmbrding to Cohen (1988). The
statistics for the multiple regressions can be glhed more comprehensively in the
appendices (A3 to A6). These results demonstratetl age was not significantly

correlated with the relative representation of ahthe skeletal regions.

Table 3.4.12: Correlation pre-testing for the nplétiregression statistics (cadavers).

Cranium Trunk Upper Limbs Lower Limbs

r -.289 .093 .316 337
Sex

Sig. .004 .200 .002 .001

r 144 -.145 -.077 104
Age

Sig. .096 .095 244 173

r 498 .543 767 .888
RAI

Sig.  .000 .000 .000 .000

Table 3.4.13: Results for the multiple regressiegarding the preservation of each
skeletal region (cadavers). The prediction modelities the variables sex, age and rate

of anatomically identified bone fragments.

F df Sig.  Effect Size
Cranium 18.56 3;80 .000 .39
Trunk 12.85 3;80 .000 .30
Upper Limbs 4451 3;80 .000 .61
Lower Limbs 122.8 3;80 .000 .82
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Given the results, the relative mean weights ohlemmales and males were
checked for differences regarding the four skeletgjions. As a result, the t-tests
explained in more detail the role of sex on thalative mean weights. With the
exception of the cranium, all other regions presgrarger representation for males
(Table 3.4.14). Significant sexual differences wévend for all regions with the
exception of the trunk. The effect size was mediararge according to Cohen (1988).
Results thus demonstrated that the cranium hadgarlaepresentation on the female
sample than on the male sample. In contrast, these was found for the upper and
the lower limbs.

The sex-pooled relative mean weight of each sitetegion was compared with
the sex-pooled relative mean weight observed byaS#t al (2009) with the aim of
statistically investigating the differences betwéle@m. This was done by calculating a
series of one-sample t-tests. A significant diffiee at the .01 level was found for the
cranium (t = -22.85; df = 84; p =.000; d = 2.8hk trunk (t = -41.03; df = 84; p = .000;
d = 6.33), the upper limbs (t = -46.28; df = 84; 000; d = 8.60) and the lower limbs (t
=-54.67; df = 84; p =.000; d = 9.97). The magi&twf the difference between all cases
was large according to Cohen (1988). In fact, it watremely large for the trunk and
the limbs regions which presented effect sizes ngreater than the cranium. This
result suggests that the latter was more succéssfigntified on the burned remains
than the other regions.

The RAI was divided into three groups (25-36.9B%:46.99%; 47%-70%).
Each group comprised 28 individuals. Table 3.4.0&gthe descriptive statistics for
these groups according to the mean representatieaahn skeletal region. Given that
correlation tests identified RAI as a significaattor, this division was done with the
aim of investigating if any significant differencesuld be found between the three
levels of RAI regarding the four skeletal regiols a result, a one-way ANOVA
statistic was carried out for the cranium, the krand the upper limbs (Table 3.4.16). A
Kruskall-Wallis test was calculated for the lowemlbs because the assumption
regarding the homogeneity of variances was not fet. comparison with Silva et al
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(2009) was carried out, this time for each of thee¢ groups on each skeletal region
(Table 3.4.15).

Table 3.4.14: Descriptive and inferential statstior the relative mean representation

of the cranium, trunk, upper limbs and lower linfbadavers).

_ Cl1 99% ~ Effect
Sample n MeanS.D. Median Range Test Sig.
Min. Max. Size
Females 29 13.58 2.71 - - 12.19 14.97

2.735 .008 -.63

Cranium Males 55 11.86 2.75 - - 10.87 12.85

Total 84 12.45 2.84 - - 11.63 13.27

Females 29 6.09 2.68 - - 472 7.47

-.847 .440 -

Trunk Males 55 6.54 2.04 - - 580 7.27

Total 84 6.38 2.28 - - 5.73 7.04

Females 29 492 1.73 - - 403 5.80 -
Upper .001 .73
_ Males 55 6.41 2.34 - - 556 7.25 3.012
Limbs

Total 84 5.89 2.26 - - 5.24 6.54

Females 29 15.01 4.45 13.72 19.70 12.7217.29
Lower 428.0 .001 .38

Males 55 1840 4.62 18.40 19.79 16.7320.06
Total 84 17.23 4.81 17.70 20.15 15.8418.61

Limbs

2 T-test;” Mann-Whitney test.

The representation of each skeletal region augrdentth increasing RAI. A
significant difference between the three levelfkail was found for the representation
of all skeletal regions with large effect sizes{€n, 1988). The Tukey HSD and Mann-
Whitney post hoc calculations, after Bonferroniuestinent of the p-value, indicated that
this significant difference was present in everynpiade comparison. The exception to
this was the mean difference between the firstthadecond RAI groups for the cranial
region. In addition, the significant difference fibre pairwise comparison of the first

and second RAI groups and the second and third &Aups of the trunk were
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significantly different only at the .05 level. Thesults suggest that at least for the two

first levels of RAI, the anatomical identificatiaf cranial fragments was not as affected

by cremation related fragmentation as were thektiamd the limbs’ bone fragments.

The statistical comparison of the relative meanghisi for each skeletal region with the

values observed by Silva et al (2009) on the idiedticollection of unburned skeletons

from the University of Coimbra (Portugal) foundigrsficant difference in all cases.

Table 3.4.15: Descriptive statistics regarding thkative mean representation of the

skeletal regions according to the rate of anatoligicdentified bone fragments. One-

sample t-tests for comparison with Silva et al @0ére also presented (cadavers).

Median Range CIl99% Silva et al (2009)
RAI n Mean S.D.

Min Max  T-test Sig.

[25;37[ 28 11.27 2.76 - - 9.83 12.72 -15.854  .000
Cranium [37;47[ 28 11.94 2.50 - - 10.63 13.25 -16.055 .000
[47;65] 28 14.15 2.50 - - 12.84 15.46 -14.145 .000
[25;37[ 28 4.96 182 - - 401 591 -33.786 .000
Trunk [37;47[ 28 6.34 196 - - 531 7.37 -27.635 .000
[47;65] 28 7.85 2.10 - - 785 7.37 -21.930 .000
[25;37[ 28 4.09 146 - - 3.32 485 -47.806 .000
IL_Ji:anbe: [37;47[ 28 5.65 138 - - 493 6.38 -44.652 .000
[47;65] 28 7.93 197 - - 6.90 896 -25.171 .000
[25;37[ 28 12.28 1.74 1228 1.74 11.3713.19 -102.345 .000

t?r;vbesr [37;47[ 28 17.57 3.39 17.57 3.39 15.7919.34 -44.337  .000
[47;65] 28 21.83 3.05 21.83 3.05 20.2323.43 -41.857 .000
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Table 3.4.16: Inferential statistics regarding tieéative mean representation of the

skeletal regions according to the rate of anatolgicaentified bone fragments

(cadavers).
RAI Value df Sig. Eta Pairwi.se Sig
Comparison

[25:37[ 1 .599°

Cranium  [37;47] 9.429% 821 000 .44 2 .000°
[47:65] 3 .006°

[25:37] 1 027

Trunk [37;47] 15.206% 821 000 .52 2 .000°
[47:65] 3 014°

[25:37] , 1 002

Upper Limbs [37;47[ 39.734% a1 .000 .70 2 .000°
[47:65] 3 .000°

[25:37[ 1 .000"

Lower Limbs [37;47[ 80.78°2 2 .000 .81 2 .000"
[47:65] 3 .000"

Pairwise comparison: 1 = [25;37[ and [37;47[; 25;B7[ and [47;70]; 3 = [37;47[ and
[47;70].? One-way ANOVA:? Kruskall-Wallis test® Tukey HSD;® Mann-Whitney test
after Bonferroni adjustment of the level of sigcéfnce to .017.

3.4.3.2. The Skeletons

Figure 3.4.9 gives the descriptive statistics reigg the absolute mean weights
of each bone category according to sex. Significhfiéerences between females and
males are flagged (Appendix A3). Males showed heakibnes than females in all
categories. The difference was statistically sigaiit in all cases excepting for the os
coxae. However, these results were only signifianthe .05 level for the skull, the
mandible, the vertebral column, the ribs, the stzpand the tibiae.

When turned into relative values, the represematioeach bone was larger for
males than for females in most cases (Figure 3. 4H@wever, the skull, the vertebral
column and the os coxae were more representedeofethale sample. The hand was

172



Cremains — Results

the only bone category presenting significant skxdiierences at the .01 level
(Appendix A4). The skull, the humeri, the radii atfie fibulae presented sexual
differences at the .05 level. All other bones hadatistically significant differences.

Multiple regressions were carried out in ordedé&ermine if sex and RAI were
significantly correlated to each one of the skéletgions. This time, age was not
included in the regression model due to the snaafide of skeletons of known-age.
Results for the paired correlations are presemtddtle 3.4.17 and the results using the
regression model are shown in table 3.4.18. SexR#dwere significantly correlated
to the representation of the cranial and the upp#s regions (Appendices A9-A12).
The model for the cranium was significant with aa#into medium effect size while the
model for the upper limbs was significant as welhva large effect size according to
Cohen (1988). Only RAI was significantly correlatgith the trunk and the lower limbs
regions and was the only significant contributothte equation which had a large effect
size in both cases (Cohen, 1988).

Table 3.4.17: Correlation pre-testing for the nplétiregression statistics (skeletons).

Cranium Trunk Upper Limbs Lower Limbs

r -297  -.071 327 .180

Sex
Sig. .010 294 .005 .083
r 344 .703 811 834

RAI
Sig. .003 .000 .000 .000

Table 3.4.18: Results for the multiple regressiegarding the preservation of each
skeletal region (skeletons). The prediction modeludes the variables sex and rate of

anatomically identified bone fragments.

F df Sig.  Effect Size
Cranium 8.09 2;58 .001 19
Trunk 29.65 2;58 .000 49
Upper Limbs 82.56 2;58 .000 .73
Lower Limbs 72.62 2;58 .000 71
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Figure 3.4.9: Descriptive statistics of the absolobne mean weights (g) of the skeletoBggnificant difference at the .01 level between
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the absolute mean weight of females and mal&gynificant difference at the .05 level.
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With the aim of further understanding the resuftshe multiple regressions, an
investigation into the sexual differences of eakbletal region was carried out. In
comparison with the male sample, the significatahger representation of the cranium
on the female sample of cadavers was also presetiieosample of skeletons (Table
3.4.19). The reverse scenario observed for thesliatbthe sample of cadavers was also
present on the sample of skeletons. Sexual diffe®mvere significant for both cases.
In contrast to the observations made on the cadaf@nales presented a larger relative
mean weight of the trunk in comparison to malesnédbeless, this difference was not
statistically significant.

A series of one-sample t-tests was carried oubriber to investigate the
differences between the sex-pooled relative meaghigeof each skeletal region of the
sample of skeletons and the relative mean weigtugiged by Silva et al (2009). A
significant difference was found for the craniun¥ (#5.321; df = 60; p = .000; d = .93),
the trunk (t = -18.028; df = 60; p = .000; d = 3,5e upper limbs (t = -26.422; df =
60; p = .000; d = 5.98) and the lower limbs (t €.2245; df = 60; p = .000; d = 6.62).
The magnitude of the differences was large accgrthnCohen (1988), although it was
much smaller for the cranial region than for thkeotregions. This suggests that the
anatomical identification was more successful fiar ¢ranium than for the trunk and the
limbs.

The RAI was identified as a significant factortbé relative mean weight of all
skeletal regions by the correlation matrices. Tiogeg a post-hoc comparison of three
different levels of RAI was completed to assessdifferences between them. The
descriptive statistics for this analysis are presgrin table 3.4.20 and the one-way
ANOVA results are given in table 3.4.21. The lev&®RAI compiled for the sample of
skeletons were different from the levels of RAI goled for the sample of cadavers due
to clear differences in the successful anatomubahtification of the remains. Skeletons
presented greater RAI than cadavers so the leaeldchbe built differently to allow for
more equal sized samples. Results demonstratedhibatlative mean weight of the
cranium presented no significant differences adogrtb the level of RAI. The opposite
was found for the other skeletal regions. This asggested that the anatomical
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identification of cranial fragments was not as eciée by cremation related
fragmentation as were the other skeletal regions.

Table 3.4.19: Descriptive and inferential statstiaf the relative mean representations

(%) of the cranium, trunk, upper limbs and lowenbis (skeletons).

Cl1 99% ' Effect
Sample n MeanS.D . T-Test Sig. .
Max. Min. Size
Females 31 17.66 5.48 15.65 19.67
_ 2.392 .020 -.63
Cranium Males 30 14.84 3.51 13.53 16.15
Total 61 16.27 4.80 15.04 17.50
Females 31 9.94 2.78 892 10.96
Trunk Males 30 953 3.17 8.35 10.71
Total 61 9.74 296 898 10.50
Females 31 6.36 229 552 7.20
Upper -2.647 .011 .69
Males 30 8.28 3.26 7.06 9.50
Total 61 7.30 295 6.55 8.06
Females 31 17.52 7.06 14.93 20.11
Lower -1.403 .166 -
Males 30 20.11 7.32 17.37 22.84

Total 61 18.79 7.25 16.94 20.65

543  .589 -

Limbs

Limbs

The comparison of the results obtained in thisegtigation with the relative
mean weights for each skeletal region from Silvale2009) indicated a significant
difference in all cases but one (Table 3.4.20). Wtlee third level of RAI (55% to
78%) was considered, the cranial region presentestatistically significant difference
between both relative mean weights. Therefore, rdmults suggest that although
complete anatomical identification of the burnetha;s was not accomplished, most
of the cranial region was successfully identifidthe same was not observed for the

remaining skeletal regions.
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Table 3.4.20: Descriptive statistics for the refatmean weight (%) of the cranium,
trunk and limbs according to the levels of the rateanatomically identified bone

fragments (RAI) on the sample of skeletons.

Median Range CI199% Silva et al (2009)
Min Max  T-test Sig.

RAI n Mean S.D.

[28;47[ 20 15.42 4.86 - - 12.31 18.52 -3.799 .001
Cranium [47;55[ 21 15.18 3.62 . - 12.93 17.42 -5.528 .000
[55;78] 20 18.28 5.38 - - 14.84 21.72 -1.045 .309
[28;47[ 20 7.36 1.59 - - 6.52 8.56 -54.122 .000
Trunk [47;55] 21 9.30 2.36 . - 7.84 10.77 -30.999 .000
[55;78] 20 12.40 2.55 . - 10.77 14.03 -14.418 .000
[28;47[ 20 4.60 1.34 4.79 491 3.74 545 -25.348 .000
IL_JiF:npbeSr [47;55[ 21 7.44 193 7.55 8.55 6.24 8.64 -14.095 .000
[55;78] 20 9.87 2.67 9.60 945 8.16 11.57 -7.330 .000
[28;47[ 20 11.99 2.81 11.44 10.95 10.2013.79 -42.476 .000
t:)r:fsr [47;55[ 21 18.49 4.06 18.59 14.62 15.9721.01 -23.364 .000

[55;78] 20 25.92 6.21 27.47 24.86 21.9429.89 -12.438 .000

3.4.3.3. The Pooled Sample

An attempt to estimate the differences betweernstmple of cadavers and the
sample of skeletons regarding the relative mearghteof the skeletal regions was
carried out. The descriptive statistics for thecdlit® mean weight of each skeletal
region according to the pre-cremation conditiorthed remains are presented in table
3.4.22 for the female sample and in table 3.4.23tHe male sample. The difference
between cadavers and skeletons was not statigtgighificant in all cases but the trunk
in the female sample. A significant differencela t05 level was found for this skeletal

region with a medium effect size according to Cofi&88).
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Table 3.4.21: One-way ANOVA results for the relatimean weight of each skeletal
region according to the rate of anatomically idieedi bone fragments (RAI) on the

sample of skeletons.

RAI _ Post
%) Value df Sig. Eta RAI hoc

[28;47[ - -

Cranium [47;55] 2.782° 528 070 - - -

[55;78] - -

[28;47] 1 .021°

Trunk [47;55] 24.856% 528 000 .68 2  .00CF

[55;78] 3 .00T

[28:47[ 1 .000°

Upper Limbs [47;55] 35.940° 2 000 .77 2  .00(f
[55;78] 3 .00%

[28;47] 1 .000°

Lower Limbs [47;55] 37.219° 2 .000 .79 2  .o0oC"
[55;78] 3 .00¢f

Pairwise comparison: 1 = [28;47[ and [47;55[; 228;A7[ and [55;80]; 3 =
[47:;55] and [55;80]% One-way ANOVA;® Kruskall-Wallis test;® Tukey
HSD; ¢ Mann-Whitney test after Bonferroni adjustment bé tlevel of
significance to .017.

When the absolute mean weights were turned intativel values, the
insignificant difference found for most of the skl regions on the former analysis
was only maintained by the lower limbs on the lafite both females and males (Tables
3.4.24 and 3.4.25). The other regions presentedgmifisant difference between
cadavers and skeletons. For both sexes, a sigmtiffckarger relative mean weight of
the cranium, the trunk and the upper limbs was dofor the sample of skeletons in

comparison with the sample of cadavers.
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Table 3.4.22: Descriptive and inferential statstaf the absolute mean weight (in
grams) of each skeletal region according to thecpgenation condition of the remains

on the female sample.

Cl199% _ Effect
Females Sample n Mean S.D _ T-Test Sig. .
Max.  Min. Size

Cadavers 29244.45 69.17 208.96 279.94
Cranium Skeletons 31 248.27 6298 217.16 279.37
Total 60 246.42 65.51 223.91 268.93
Cadavers 29113.11 56.83 83.95 142.26
-2.215 .031 .57
Trunk Skeletons 31 146.31 59.09 117.12 175.49
Total 60 130.26 59.90 109.68 150.84
Cadavers 29 88.71 36.62 69.92 107.50 583
Skeletons 31 94.95 4540 7252 117.37
Total 60 9193 41.16 77.79 106.08
Cadavers 29273.22 106.38 218.64 327.80
Lower 319 751 -
Limb Skeletons 31 263.07 137.13 195.34 330.80
imbs

Total 60 267.98 225.95 310.01

-224 824 -

Upper 562 -

Limbs

As observed previously for the study of the totaight in section 3.4.1.3, a
Pearson Chi-square test revealed a statisticajhjifgiant difference between cadavers
and skeletons regarding the duration of combus{idable 3.4.4). The analysis
indicated that cadavers were more likely left torbfor 101-200’ or overnight than for
0-100’ while the opposite occurred for the skelstoflso, figure 3.4.5 indicated that
cadavers were significantly burned at higher temfpees than skeletons. Therefore, the
greater RAI values for the sample of skeletons wmossibly related to the lower

intensity of the cremation process.
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Table 3.4.23: Descriptive and inferential statstaf the absolute mean weight (in
grams) of each skeletal region according to thecpgenation condition of the remains

on the male sample.

Cl199% _

Males Sample n Mean S.D _ T-Test Sig.
Max. Min.
Cadavers 55297.86 82.82 268.04 327.68

_ 210 .834
Cranium Skeletons 30 294.04 75.38 256.10 331.97
Total 85 296.51 79.84 273.79 319.34
Cadavers 55169.67 64.23 146.54 192.79

-1.471 .145

Trunk Skeletons 30 192.93 78.85 153.25232.61
Total 85 177.88 70.17 157.82 197.94
Cadavers 55161.12 64.65 137.84 184.39

Upper -411  .682
Skeletons 30 167.63 78.55 128.10 207.16
Total 85 163.41 69.48 143.55 183.28
Cadavers 55465.07 145.05 412.85 517.29

Lower 1.511 .135
Skeletons 30 409.91 186.72 315.94 503.88

Total 85 445.60 162.07 399.27 491.93

Limbs

Limbs
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Table 3.4.24: Descriptive and inferential statstef the relative mean weight (%) of
each skeletal region according to the pre-crematimmdition of the remains on the

female sample.

_ Cl1 99% ~ Effect
Females Sample n Mear5.D Median Range _ Value Sig.
Max. Min. Size

Cadavers 291358 2.71 13.63 9.60 12.1914.97
Cranium Skeletons 31 17.66 548 18.33 23.16 14.9620.37

228.0 .001 -.42

Total 60 15.68 4.80 - - 14.04 17.34
Cadavers 29 6.09 2.68 - - 472 T7.47
-5.45¢ .000 1.41
Trunk Skeletons 31 9.94 2.78 - - 857 11.32
Total 60 8.08 3.33 - - 6.94 9.23
Cadavers 29 492 1.73 - - 403 5.80
Upper -2.749 008 .72
. Skeletons 31 6.36 2.29 - - 5.23 7.49
Limbs
Total 60 5.66 2.15 - - 493 6.40
Cadavers 2915.01 4.45 13.72 19.70 12.7217.29
Lower 371.0* .246 -
Limb Skeletons 31 17.52 7.06 16.33 27.36 14.0321.01
imbs
Total 60 16.31 6.03 - - 14.24 18.38

2 Mann-Whithey test® T-test.
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Table 3.4.25: Descriptive and inferential statstef the relative mean weight (%) of

each skeletal region according to the pre-crematommlition of the remains on the male

sample.
_ Cl 99% ~ Effect
Males Sample n MeanS.D Median Range _ Value Sig.
Max. Min. Size
Cadavers 5511.86 2.75 - - 10.87 12.85
' -.4.316 .000 .95
Cranium Skeletons 30 14.84 3.51 - - 13.07 16.60
Total 85 1291 3.34 - - 11.95 13.87
Cadavers 55 6.54 2.04 6.29 957 580 7.27 b
345.0° .000 -.48
Trunk Skeletons 30 953 3.17 9.13 12.72 7.93 11.12
Total 85 7.59 2.86 - - 6.77 8.41
Cadavers 55 6.41 2.34 6.43 9.17 556 7.25
Upper 549.9° .011 -.28
Limb Skeletons 30 8.28 3.26 7.66 1269 6.64 992
imbs
Total 85 7.07 2.83 - - 6.26 7.88
Cadavers 5518.40 4.62 19.79 19.69 16.7320.06 b
Lower 720.5° .337 -
Limb Skeletons 30 20.11 7.32 1943 17.82 16.4223.79
imbs

Total

85 19.00 5.73

17.36 20.64

2 T-test;” Mann-Whitney test.

3.4.4. Estimating the Proportion of Skeletal Region

Linear regression analysis was carried out in otdegoredict the proportion of

each skeletal region according to the rate of anatlly identified bone fragments. As

a result, RAI (mean = 46.1; sd = 13.7) was a sicguift predictor for all skeletal regions

at the .01 level (Table 3.4.26). The effect size weedium for the cranium and large for

the remaining skeletal regions. The coefficientsth@ linear regressions are presented
in table 3.4.27.
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Table 3.4.26: Results for the predicting valuehaf tate of anatomically identified bone
fragments (RAI) on the proportions of the craniding trunk and the limbs.

Mean (%) SD F df Sig.  Effect Size
Cranium 13.89 422 43.16 1;130000 24
Trunk 7.72 3.33 178.201;130 .000 .58
Upper Limbs 6.41 3.04 373.19; 130 .000 74
Lower Limbs 18.06 7.25 450.531; 130 .000 a7

The testing of the coefficients was carried out am independent sample
composed of 20 contemporary cremated individuasndgJthe Wilcoxon signed ranks
test, no significant mean differences were founsvben the prediction values obtained
from the equation and the actual proportions reabfor the cranium (Z = -1.045; p =
.296), the trunk (Z = -.821; p = .411), the upperbls (Z = -.597; p = .550) and the
lower limbs (Z = -1.605; p = .108). In additiongetlPearson bivariate statistic found a
significantly positive correlation at the .05 levstween each prediction value obtained
from the equation and the respective actual prapomeported for the cranium (r =
A458; p =.042), the trunk (r = .491; p = .028k tipper limbs (r = .461; p = .041) and
the lower limbs (r = .714; p = .000). Thereforeg firediction was fairly accurate for the
test-sample composed of 20 cases.

The standard deviation of each skeletal region IET&x%.26) was added and
then subtracted to the predicted value to estaltfishupper and lower bounds for the
interpretative intervals. For comparison, the ulibcated references from Lowrance
and Latimer (1957, In Krogman angtan, 1986) were also used for the interpretation of
the test-sample to check for its reliability by ngithe percentage values adapted by
Richier (2005).
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Table 3.4.27: Summary of the linear regression yaimlfor rate of anatomically
identified bone fragments (RAI) predicting the psgmns of the cranium, the trunk,

the upper limbs and the lower limbs.

B SEB B

_ RAI 154 .023 .499*
Cranium
Constant 6.785 1.126
RAI .185 .014 .760*
Trunk
Constant -.795 .665
_ RAI 191 .010 .861*
Upper Limbs
Constant -2.386 475
RAI 466 .022 .881*
Lower Limbs

Constant -3.434 1.056

* Significant at the .01 level.

The calibrated method using the regression coefffis fairly predicted the
proportions of the skeletal regions on cremain®ld®3.4.28 to 3.4.31). As a result,
these proportions were almost all interpreted asnabwhen using the intervals based
on the +1SD. However, 8.8% of the cases were aatkied +1SD intervals. When using
the £2SD intervals, all proportions were interpdetess normal and therefore correctly
classified. The analysis using the un-calibratethioe revealed to be unsuitable for the
classification of an important part (27.5%) of test-sample (Tables 3.4.28 to 3.4.31).
Although the cranial region was always successfalyssified, the other skeletal
regions were misclassified in some cases. Thisespscially so for the limbs for which
the major part of the cases were incorrectly di@ski The use of the weight references
from Lowrance and Latimer (1957, In Krogman ardah, 1986) systematically
interpreted each misclassified skeletal region asng under-represented thus
demonstrating that those were not suitable forahalysis of cremains with small to

medium RAI.
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Table 3.4.28: Test of the regression coefficieotstfie cranium on the contemporary

sample. The results regarding the un-calibratedhoaeare also presented.

#  Sample Sex RAL Expected Observed 1 SD 2 SD LL50%
(%) % %
184 Cadaver Female49.40 14.39 17.63 Normal Normal Normal
186 Cadaver Female60.51 16.10 13.30  Normal Normal Normal
315 Cadaver Male 54.57 15.19 15.15 Normal Normal Normal
332 Skeleton Female 73.14 18.05 24.84 Over  NormalNormal
345 Cadaver Male 65.23 16.83 17.71  NormalNormal Normal
350 Skeleton Male 51.31 14.69 22.73 Over NormalNormal
356 Cadaver Male 63.59 16.58 16.29  Normal Normal Normal
360 Skeleton Male 63.86 16.62 15.49  Normal Normal Normal
367 Skeleton Male 50.06 14.49 13.54  Normal Normal Normal
368 Skeleton Male 54.36 15.16 18.32  Normal Normal Normal
375 Skeleton Male 52.48 14.87 19.55 Over NormalNormal
426 Skeleton Female 50.9 14.62 13.66  NormalNormal Normal
437 Cadaver Female50.18 14.51 16.46  NormalNormal Normal
448 Cadaver Female50.34 14.54 13.63  Normal Normal Normal
449 Cadaver Male 53.38 15.01 12.90 Normal Normal Normal
463 Cadaver Female53.19 14.98 17.94  NormalNormal Normal
480 Skeleton Female 69.89 17.55 21.04  Normal Normal Normal
482 Cadaver Male 53.35 15.00 12.50 Normal Normal Normal
490 Skeleton Female 53.98 15.10 11.97  Normal Normal Normal
530 Skeleton Female 59.74 15.98 16.10  Normal Normal Normal
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Table 3.4.29: Test of the regression coefficiemts the trunk on the contemporary

sample. The results regarding the un-calibratedhoaeare also presented.

RAI Expected Observed

Number Sample Sex t1SD +2SD LL50%
(%) % %
184 Cadaver Female49.40 8.34 5.03 Normal Normal Under
186 Cadaver Female60.51 10.40 11.93  NormalNormal Normal
315 Cadaver Male 54.57 9.30 7.18 Normal Normal Under
332 Skeleton Female 73.14 12.74 13.85 NormalNormal Normal
345 Cadaver Male 65.23 11.27 8.00 Normal Normal Under
350 Skeleton Male 51.31 8.70 9.87 Normal Normal Normal

356 Cadaver Male 63.59 10.97 10.90 Normal Normal Normal
360 Skeleton Male 63.86 11.02 10.51 Normal Normal Normal

367 Skeleton Male 50.06 8.47 10.69  Normal Normal Normal
368 Skeleton Male 54.36 9.26 7.49 Normal Normal Under
375 Skeleton Male 52.48 8.91 9.88 Normal Normal Normal
426 Skeleton Female 50.9 8.62 12.33 Over NormaNormal
437 Cadaver Female50.18  8.49 8.72 Normal Normal Normal
448 Cadaver Female50.34 8.52 9.34 Normal Normal Normal
449 Cadaver Male 53.38 9.08 8.23 Normal Normal Under
463 Cadaver Female53.19 9.05 11.99 Normal Normal Normal
480 Skeleton Female 69.89 12.13 12.02  Normal Normal Normal
482 Cadaver Male 53.35 9.07 8.34 Normal Normal Under
490 Skeleton Female 53.98 9.19 10.60  Normal Normal Normal

530 Skeleton Female 59.74 10.26 12.52 Normal Normal Normal
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Table 3.4.30: Test of the regression coefficients the upper limbs on the

contemporary sample. The results regarding the alibrated method are also

presented.
Number Sample Sex RAI Expected Observed +1SD +2SD LL50%
(%) % %

184 Cadaver Female49.40 7.05 6.16 Normal Normal Under
186 Cadaver Female60.51 9.17 6.40 Normal Normal Under
315 Cadaver Male 54.57 8.04 7.96 Normal Normal Under
332 Skeleton Female 73.14 11.58 11.97  NormalNormal Normal
345 Cadaver Male 65.23 10.07 10.19  Normal Normal Normal
350 Skeleton Male 51.31 7.41 5.69 Normal Normal Under
356 Cadaver Male 63.59 9.76 11.90 Normal Normal Normal
360 Skeleton Male 63.86 9.81 10.35 Normal Normal Normal
367 Skeleton Male 50.06 7.18 8.31 Normal Normal Under
368 Skeleton Male 54.36 8.00 9.96 Normal Normal Normal
375 Skeleton Male 52.48 7.64 9.07 Normal Normal Normal
426 Skeleton Female 50.9 7.34 7.55 Over  NormalUnder
437 Cadaver Females0.18 7.20 7.28 Normal Normal Under
448 Cadaver Female50.34  7.23 7.61 Normal Normal Under
449 Cadaver Male 53.38 7.81 11.02 Over  NormalNormal
463 Cadaver Females3.19 7.77 4.25 Under Normal Under
480 Skeleton Female 69.89 10.96 8.40 Normal Normal Under
482 Cadaver Male 53.35 7.80 12.01 Over NormalNormal
490 Skeleton Female 53.98 7.92 8.02 Normal Normal Under
530 Skeleton Female 59.74  9.02 6.75 Normal Normal Under
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Table 3.4.31: Test of the regression coefficients the upper limbs on the
contemporary sample. The results regarding the alibrated method are also

presented.

RAI  Expected Observed
Number Sample Sex +1SD +2SD LL50%
(%) % %

184 Cadaver Female49.40 19.59 20.58  NormalNormal Under
186 Cadaver Female60.51 24.76 28.88  NormalNormal Normal
315 Cadaver Male 54.57 22.00 24,27  Normal Normal Normal
332 Skeleton Female 73.14 30.65 22.48 Under Normal Under
345 Cadaver Male 65.23 26.96 29.33  NormalNormal Normal
350 Skeleton Male 51.31 20.48 13.02 Under Normal Under
356 Cadaver Male 63.59 26.20 24.49  NormalNormal Normal
360 Skeleton Male 63.86 26.32 2751  NormalNormal Normal
367 Skeleton Male 50.06 19.89 17.51  NormalNormal Under
368 Skeleton Male 54.36 21.90 18.59  NormalNormal Under
375 Skeleton Male 52.48 21.02 13.98 NormalNormal Under
426 Skeleton Female 50.9 20.29 17.36 NormalNormal Under
437 Cadaver Females0.18 19.95 17.70  NormalNormal Under
448 Cadaver Females0.34 20.02 19.77  NormalNormal Under
449 Cadaver Male 53.38 21.44 21.23  Normal Normal Under
463 Cadaver Females3.19 21.35 19.01 Under Normal Under
480 Skeleton Female 69.89 29.13 28.42  NormalNormal Normal
482 Cadaver Male 53.35 21.43 20.51  NormalNormal Under
490 Skeleton Female 53.98 21.72 23.39  NormalNormal Normal
530 Skeleton Female 59.74 24.40 24.36  Normal Normal Normal

The calibrated method was also tested on a sanfiechaeological cremation
burials (Table 3.4.32). Although a tendency forpatsl representation of the skeletal
regions was often found using the +1SD intervatdy e four cases that was confirmed

by using the +2SD intervals. The trunk was underesented on two cremation burials
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from Sainte-Croix-en-Plane - S-O/1 and 36. The ufipghbs were over-represented in
one urned burial from Altera (MT12) and anotheragburial from Sainte-Croix-en-
Plane (64/1). These results contrast with the oiained from using the un-calibrated
method which, in comparison with the calibrated hodt inflated the number of cases
presenting abnormal distribution of skeletal regidhindicated an under-representation
of at least one skeletal region on 11 burials. hecalibrated method was not able to
find any case of over-representation.
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Table 3.4.32: Test of the regression coefficiemtsucwhaeological cremation burials. The resultamgigg the un-calibrated method are also presented.

Cranium Trunk Upper Limbs Lower Limbs
Case RAI Exp.% Obs.% +1 2 LL Exp.% Obs.% £1+2 LL Exp.% Obs.% +1+2 LL Exp.% Obs.% +1+2 LL

Bustum 414 13.2 11.8 N N N 6.9 3.5 U N U 5.5 4.2 N N U 15.9 21 N N U
ESA-U3 295 113 115 N N N 4.8 3.9 N N U 3.3 1.8 N N U 10.3 32 N N U
ESA-U4 65.6 16.9 15.4 N N N 111 12.3 N N N 10.1 7.8 N N U 27.1 30.1 N N N
ESA-U5 375 126 13.0 N N N 6.2 5.5 N N U 4.8 5.7 N N U 14.0 43 N N U
NCF1 58.7 15.8 11.8 N N N 9.9 13.8 O N N 8.8 4.6 Uu N U 239 86 N N N
NCF2 316 11.7 10.2 N N N 5.1 0.9 U N U 3.7 9.3 O N N 11.3 211 N N U
MT12 36.9 125 8.5 N N U 6.1 0.9 Uu N U 4.7 13.7 O O N 13.8 713 N N U
PFOO 72.7 18.0 18.8 U N N 12.4 16.7 O N N 11.5 5.5 Uu N U 304 21.7 Uu N U
PFO1 66.8 17.1 10 Uu N U 11.3 5.5 Uu N U 10.4 11.8 N N N 277 968 O N N
SB-7 83 19.6 16 N N N 14.2 12 N N N 13.5 14 N N N 53 41 N N N
SB-80 85 19.9 18 N N N 14.5 16 N N N 13.9 13 N N N36.2 38 N N N
SB-136 77 18.6 13 U N N 13.1 18 O N N 12.3 12 N N N325 34 N N N
SB-479 68 17.3 15 N N N 11.5 11 N N N 10.6 15 O N N283 27 N N N
S-O/1 693 175 25.4 O N N 11.8 3.0 u U U 10.9 15.0 O N N 28.9 25.9 N N N
S-0/2  86.7 20.1 22.2 N N N 14.8 11.0 Uu N N 14.2 20.1 O N N 7. 334 N N N
36 76.0 18.5 17.2 N N N 13.0 5.6 u U U 12.1 16.3 O N N 32.0 36.9 N N N
64/1 71.3 17.8 17.0 N N N 12.1 11.7 N N N 11.2 18.4 O O N 829. 242 N N N
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4. Discussion

4.1. Heat-induced Warping and Thumbnail Fractures

The results demonstrated that heat-induced wargmbthumbnail fractures do
not exclusively occur on fleshed and green boAékough detected on a minority of
cases, those features were also present on dstskelwith a prevalence of 8.0% in the
case of warping and 21.6% in the case of thumbraitures. The latter feature was
more frequently found than bone warping which wsgeeially uncommon on female
skeletons. No significant factors were linked te tbccurrence of these heat-induced
bone changes with the exception of maximum tempegat

These results confirmed previous findings regaydihe detection of heat-
induced warping on burned dry bones (Buikstra anedie, 1989; Spennemann and
Colley, 1989; Whyte, 2001; Gongalves et al, 201ah) contrast with the divergent
observations made by some other researchers basadhall samples (Baby, 1954;
Binford, 1963; Etxeberria, 1994). In addition, tee®sults also did not confirm the
presence of thumbnail fractures as an exclusiveatar of the burning of fleshed and
green bones (Binford, 1963; Buikstra and Swegle89]19 This investigation
demonstrated that, both these features seem tor ocwependently of the
osteobiographic profile, the combustion protocal #me condition of the remains prior
to cremation. However, their occurrence is muchenfaequent for fleshed bones than
for dry bones.

As stated above, no specific osteobiographic parars — age and sex —
appeared to be related to the occurrence of warg@imgord (1963) suggested that this
could be related to the contraction of musclesleshied cadavers but Thompson (2005)
stated that contracting muscles would hardly be &blbend bones. Spennemann and
Colley (1989) found this feature on a burned hurdanhumerus and proposed that
warping could result from excessive heat trappedhenbone medullary cavity. This
could thus occur during the burning of both dry aea-dry bones. Thompson (2005)
disputed this hypothesis stating that the porousireaof bone would prevent the
trapping of heat on the medullary cavity. Altermaty, Thompson (2005) argued that
warping could be the result of the contractionha periosteum or the anisotropy in the

collagen distribution within the bone cortex. Gdrea et al (2011b) investigated part
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of the sample here analysed and proposed thatlitl & related to the preservation of
the collagen-apatite bonds and that this wouldiin be consequently related to age and
sex. The explanation for this being that collagegreddation begins during life and
gradually increases with age (Collins et al, 20B@&upos et al, 1999) and that post-
menopausal women are more prone to experiencepustesis and consequent loss of
skeletal strength (Brickley, 2002). As a resultypyiag events should in theory be more
uncommon on the dry bones from females when cordp@r¢he dry bones of males.
Sexual differences regarding its relative frequeweye not statistically analysed due to
the small sample size so no definite conclusiomsbeminferred. Despite this, warping
was indeed more frequent for males than for femalesboth samples of cadavers and
skeletons — thus being in compliance with that axation.

As for age, no significant effect on warping waseded thus contrasting with
the hypothesis proposed by Gongalves et al (20Ndm)etheless, this may be the result
of the age composition of the sample. The meanvageof 69.7 (n = 56; sd = 17.3;
min. = 23; max. = 99) and only eight individualsre/éess than 50 years-old. Given that
younger individuals were poorly represented, paossible that the sample was too age
biased thus preventing the statistical analysetetect eventual significant age-related
effects. The time span from death to cremation alss investigated. It was used as one
way to approximately account for postmortem coltagegradation — which increases
with time — and thus infer about its influence twe bccurrence of heat-induced bone
warping. However, no significant effect was found.

The effect of the intensity of combustion on thewcence of warping was also
investigated. Although no significant relationships detected regarding the duration of
the cremation, the reverse scenario was foundhermaximum temperature attained
throughout the burning. In general, the skeletoresgnting warping were burned at
lower temperatures than those for which such feattas absent. This event apparently
makes little sense. In theory, if warping is moreng to occur at lower temperatures,
bones burned at higher temperatures should algdaglisuch feature given that they
have also experienced those lower temperatures gatem time of the combustion.
However, the occurrence of warping may be lesse@lto the degree of temperature
and more related to the fluctuation of temperatmd its effects on collagen. When
submitted to a gradually increasing temperaturagen will merely contract, but will
develop a contractile force if heated at a constamperature (Zioupos et al, 1999).

This force will drag along the mineral componenthi& collagen-apatite bonds are still
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well preserved (Bartsiokas, 2000). Such event megglaen the contrasting mean
temperatures between the group of skeletons disgjawarping and the group of
skeletons not displaying warping. In some cases\pégature may have increased
rapidly thus preventing the collagen to develop abevementioned contractile force.
Nonetheless, this is merely a speculative explanatbecause the temperature
fluctuation was not entirely recorded on this reskeaTherefore, it was not possible to
know in detail the heat-related dynamics for anyhef cremations and compare it with
the occurrence of heat-induced features.

As for the thumbnail fractures, the results frdms tinvestigation contrast with
previous researches that found no such featurdsuomed dry bones (Binford, 1963;
Buikstra and Swegle, 1989). Therefore, those dsuapport the allegations linking this
feature to the exclusive burning of fleshed andegrbones (Binford, 1963; Guillon,
1987; Herrmann and Bennett, 1999; Whyte, 2001)stated previously, no significant
age and sex-related associations with its occueremere detected. The feature was
found on both sexes and on adults ranging fromoZ®tyears-old. The time span from
death to cremation was added to the logistic medehat eventual degradation of both
pre- and postmortem collagen could be approximadelgounted for. However, no
significant relationship with thumbnail fracturesasvfound for it as well, when
considered on its own. In addition, the model wias aot significant thus indicating
that the interaction between the three variables m@ able to explain the variation
regarding the occurrence of the thumbnail fractures

The maximum temperature was once more indicated significant predictor
for the logistic model regarding the intensity ohabustion. In contrast, the duration of
combustion had no detectable significant effecttloe occurrence of the thumbnail
fractures. The results indicated that skeletonsqming this feature were burned at
lower temperatures than the skeletons in which theye absent. The same scenario
was found for the heat-induced warping so this swaygest that both features actually
have the same aetiology and therefore are relatddthe preservation of collagen-
apatite bonds. Both features could correspond todifferent manifestations regarding
the bone response to the same mechanical stresseredvent which in this case was
heat. If this hypothesis is correct, the contradulrce experienced by bone when heated
at a constant temperature (Zioupos et al, 1999)dctend to different features
depending on the strength of the collagen-apattedb. If so, bones would warp to

some extent if these bonds were well preservedtlmeraise fracture at once when
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exposed to stress exceeding their ultimate strerigtifiact, this reproduces the bone
biomechanics observed in vivo for bending fractui@sllinane and Einhorn, 2002).
However, one may argue that the situations areowiparable because bending loads
do not produce thumbnail fractures on living paserAs illustrated by figure 4.1.1,
those merely cause a transverse fracture and laasmall isolated bone fractured
fragment on the concave side of the bending (Catlnand Einhorn, 2002). This
probably takes place because heat-induced boneingaip basically different from
antemortem bone bending. The latter is due to mmechlaloading extrinsic to the bone
while the former is due to the contractile forcérimsic to bone that manifests itself
during cremation. Therefore, these produce twoetbfit kinds of fractures. In fact,
mechanical loads would hardly be able to form segee fractures so close to each
other as often seen for heat-induced thumbnaitdras. Further research specifically
focussed on the eventual association of warpingtanchbnail fractures is required to

confirm this explanation.

Figure 4.1.1. Bending fracture.

As stated previously, this research was not caroetl under laboratorial
conditions. It was susceptible to the requiremesftcommercial cremations which
obviously are not compliant with scientific expeental analysis. The remains were
burned at a wide range of temperatures and dusatgoording to the needs of each
specific cremation. In addition, while some skdletanains were placed in the cremator
inside a wooden box, others were only containedatshroud. Although it was not
possible to follow a homogeneous procedure, thieadt allowed demonstrating that

the occurrence of heat-induced warping and thunhbreaatures is not linked to very
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specific burning conditions. In contrast, these néwewere documented for a much
diversified set of burning conditions.

The results obtained on this research confirmedotoeirrence of heat-induced
warping on burned dry bones. Although some auth@d already documented it
(Buikstra and Swegle, 1989; Spennemann and CdIR89; Whyte, 2001; Goncalves et
al, 2011b), contrasting results have been publishetie past (Baby, 1954; Binford,
1963; Etxeberria, 1994). In addition, thumbnailkfraes were also found on the same
kind of human remains, although it had not beenentesl on previous researches
(Binford, 1963; Buikstra and Swegle, 1989). Thetcadhictions regarding the warping
events added to the failure to document the presehthe thumbnail fractures on the
precedent attempts could be related to the smalpkasizes used until now. Both these
heat-induced features — especially warping — werte qarely observed on the sample
of 88 skeletons. Therefore, much smaller samplesgnted their detection on burned
dry bones. In contrast, heat-induced warping angmtinail fractures were very
frequently found on fleshed burned bones and tbhezetonfirms the results from
previous researches (Baby, 1954; Binford, 1963; k&wa and Swegle, 1989;
Etxeberria, 1994; Whyte, 2001).

The confirmation regarding the occurrence of hedticed warping and
thumbnail fractures events in burned dry bonesdtelp deconstruct the preconceived
belief that those were exclusively linked to therng of fleshed and green bones. This
led to the possible misinterpretation of some agohayical funerary practices (Rubini,
1997; Bartsiokas, 2000; Gongalves, 2007; Ubelaket Rife, 2007; Curtin, 2008;
Duncan et al, 2008). Ideally, the estimation of fhre-cremation condition of the
remains should therefore be supported by othecatdis such as the representation of
the skeletal elements — if most bones are accodatgthen the secondary cremation of
disarticulated bones is not as probable — or thegmce of clothing-related artefacts like
buttons or fibulae — which are suggestive of thespnce of a dressed cadaver.

Instead of being directly related to the presenteait tissues, heat-induced
warping and thumbnail fractures are more probaiolked to the preservation of the
collagen-apatite bonds and consequent preservatibane mechanical properties such
as toughness and elasticity. As a result, thedbsisese bonds prevents most dry bones
from responding to heat-induced stress in the saarmer that fleshed and green bones
usually do. However, its preservation on dry bomesy still be good enough to allow

for the occurrence of heat-induced warping and tmeml fractures and therefore
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mislead the researcher to think that the crematias carried out on fleshed or green

skeletal remains.

4.2. Heat-Induced Dimensional Changes

The visual inspection of bone colour successfuiscidiminated between bones
presenting less shrinkage and bones presenting sharkage. Colour inspection could
thus be useful in order to pinpoint calcined bos&sengly affected by heat-induced
shrinkage. However, some pre-calcined bones predesiirinkage similar to the one
observed for the calcined bones so colour did maquivocally discriminate bones
according to degree of heat-induced dimensionaigha

This research contributed for additional documemtategarding heat-induced
dimensional change. As expected, calcined bonesepted larger degrees of shrinkage
than pre-calcined bones. The overall shrinkageHerformer (-14.5%) was more than
three times larger than the latter (-4.1%). Thessilts were very similar to previous
researches regarding dimensional change on cadwbniones (Herrmann, 1977;
Holland, 1989, Bradtmiller and Buikstra, 1984; Thasan, 2005) and on calcined bones
(Herrmann, 1976 In Fairgrieve 2008; Herrmann, 1&hipman et al, 1984; Thompson,
2005). However, no size increase was found fotatter as did Thompson (2005). Pre-
calcined and calcined bones do differ in the degfdeat-induced dimensional changes
and several factors are significantly linked testhierrmann (1976 In Fairgrieve 2008;
1977) pinpointed the distribution of bone typesom® of those factors. Until now,
investigation has strongly suggested that compaee lshrinks lesser than spongy bone
(Van Vark, 1974; McKinley, 1994; Thompson, 2005jrgaeve, 2008). This may be
related to compositional differences regarding eéh@go types of bone. Although there
has been some contrasting results, the literateweew carried out by Guo (2001)
indicates that compact bone has a higher densiydi and ash fraction than cancellous
bone. Although the phosphorus content is similabfth, the former has a significantly
larger calcium component. In addition, the watemteat is larger for cancellous tissue
(27%) than for cortical tissue (23%). This lowemsi#y of cancellous bone may be
related with the fact that it is more actively redathed and thus less mineralized than
cortical bone (Guo, 2001). The results of the presesearch were all obtained on

spongy bones so the issue of differential shrinkaggveen these and compact bones
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was not specifically addressed. When calcinatios achieved, larger bones — humerus,
femur, talus and calcaneus — experienced 12% ofkslge while the small tarsals
experienced more than 16% of shrinkage. Some irapbviariations were thus detected
within spongy bones according to their size. Ip@ssible that different distribution of
cortical and trabecular tissues on those specifimeb led to different percent
shrinkages. However, we can only speculate ifd &aything to do with this.

Temperature was also pointed out as a factor witkigaificant effect on
shrinkage by Herrmann (1976, In Fairgrieve 200877)9 This was confirmed by
Shipman et al (1984) who reported a positive cati@h between both variables. In
fact, the results obtained during the present ityason also demonstrated that
shrinkage significantly increased with temperatmd thus confirmed that the latter has
a significant effect on the rate of dimensionalra@ The duration of combustion was
not indicated by Herrmann as a criterion but aifigant effect of this factor regarding
dimensional change was detected this time. Howether, results were not linear.
Although the percent shrinkage increased with tilmenes burned and left to cool
overnight (11.8%) presented similar mean percenblsdge than those burned for the
smallest amounts of time (10.9%).

The increasing shrinkage according to increasingp tof combustion that was
found in this research has been previously repdstedihompson (2005). However, he
had no equivalent sample regarding the overnighipsa so no direct comparison with
his investigation can be carried out on this isdde.reported that as bones cooled
down, the shrinkage event was still occurring. gigewve (2008) stated that the
thermodynamic laws imply that a contraction ondireension of bone is expected until
it achieves the temperature at which the pre-criemaheasurements were recorded.
Apparently, the results for the overnight samplendb fit into this explanation if they
are based only on the duration of combustion. Aigioit has been left to cool down for
several hours, the mean shrinkage was not signtficéarger than the other samples
burned for lesser amounts of time. This suggesisttie explanation probably lies on
the interaction of time and temperature of comlomstMany of the skeletal remains
processed overnight were left on the cremator —clwvhvas switched off — taking
advantage of the already heated setting which wamed on the preceding cremations.
Therefore, instead of being subject to increasiaigpperature, those remains were
subject to decreasing temperatures. Thompson (2@@&jes that heat-induced

expansion of bone occurs especially at low intgnbiiirnings but that it is often
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overridden by heat-induced shrinkage. The resuidtaioed in the present investigation
are in compliance with this statement, given that @vernight bones experienced less
shrinkage. Thompson (2003) argues that the degfeshmnkage would be more
substantial in the absence of heat-induced expanksidhe present case, the bones were
not measured at different moments of the burninghsoresults are just based on the
final measurements carried out after the combustiés a result, the dynamics
regarding each bone heat-induced dimensional ckathgeughout the cremation were
not documented. The events reported by Thompso@5§28nd further explained by
Fairgrieve (2008) must have also been experiengeithdo samples used in the present
investigation, but a more detailed record of theas wegrettably not achieved.

As for the relationship between bone mineral congemd shrinkage, Herrmann
(1976, In Fairgrieve 2008; 1977) found higher petcshrinkages for males in
comparison to females which were associated toehigercentages of bone mineral.
However, no similar scenario was found on the presesearch. In fact, females tended
to display more shrinkage than males although tifilerence was not statistically
significant. In addition, Herrmann’s findings seem contrast with other researches.
Huxley and Késa (1999) estimated the percent shgekof carbonized and calcined
bones from foetuses and found a decrease in barteacton with increasing age and
therefore, with consequent increase in minerabratGuo, 2001). In addition, the mean
shrinkage rates observed in foetuses were quigerdahan the ones found for adults in
the present research and in the investigationswdral other authors (Herrmann, 1977;
Bradtmiller and Buikstra, 1984; Holland, 1989). $hefindings suggest that as the
process of mineralization progresses, bones bedes® vulnerable to heat-induced
shrinkage. Therefore, this occurrence does nahtiit the abovementioned conclusion
presented by Herrmann (1976, In Fairgrieve 2008719

Given that so many factors apparently have a sggmt effect on dimensional
change, the failure to find a predictive equatiorotigh multiple linear regression was
not surprising. The predictive power of the dunatiand maximum temperature of
combustion was investigated but it only accounted2i% of the variation observed for
the shrinkage rate. As a result, the equationdaitepredict dimensional change on a
test-sample. Thompson (2005) had already reachdds@onclusion stating that such
an attempt was unworkable given the too many viasalinat must be accounted for and

the little knowledge that we have of them.
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The limitations of these results are mainly relatgth the research design. It
was not possible to constantly monitor the crenma#ind the effect of thermodynamic
events on the dimension of bones. Therefore, tha wder only to the final stage of
those events. In addition, the measurement of ¢latufes was not always the same
regarding the time elapsed since the removal ofré¢ieains from the cremator. This
could vary from a few minutes to several hours.réfaee, the analytical circumstances
were much diversified and there is no way to knaw lthis may have affected the data
collection. Nonetheless, the percent shrinkagebdtin pre-calcined and calcined bones
were consistent with previous researches so thostations probably did not affect
significantly the results.

The data regarding the shrinkage rate could eviyntallow for the calibration
of standardized osteometric references into adapteis suited for reliable sex
determination using calcined bones (as seen inoge8t3.5). Such course of action has
already been suggested by Buikstra and Swegle }198fich recommended a
correction factor of 10%. This would be an impottinding because such procedure
could be adopted worldwide and applied to alreadistent population-specific

standards.

4.3. Osteometric Sexual Dimorphism

4.3.1. The Post Cremation Preservation of Diagadstatures

Results demonstrated that the demographic prqhige and sex) of the
individuals and the intensity of the burning (disatand maximum temperature of
combustion) do not completely explain the variarme the preservation of the
measurable features of calcined bones. Althouglsaweral cases, some of these
variables were significantly linked to preservatitims did not occur systematically in
all cases.

Age had no significant effect on the preservabbmeasurable features in most
cases. It was only for the humeral features thahger people showed better preserved
features than older people on the sample of cadademetheless, even in this case the
mean ages revealed that both groups were mainlypased of elderly. The significant

effect of age may have been thus concealed by dkd aomposition of the sample
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which did not include many young and middle adultse research found no significant
effect of sex on the preservation of any of thedsorAlthough males are usually more
robust than females, this apparently had no sicamti effect on preservation. Whenever
the demographic profile was tested by assessingdiver of the interaction of age and
sex on the preservation of bone features, no sigmif effect was found as well. These
conclusions applied to both samples of cadaverskelgtons.

As for the intensity of combustion, the resultgeva little more heterogeneous.
For cadavers, the duration of combustion had afgignt effect on the preservation of
the talar and the calcaneal features. On this das®es burned and left to cool down
overnight presented more preserved features thgeceed. However, no such
significant effect was found for the intermediated or the lateral cuneiforms — the
other two features investigated on this issuehé&oty, the better preservation of bones
subject to cremation for longer periods of timeespite the cremator being switched off
— was somewhat unexpected. These have been altowembl off gradually during the
night and it is possible that although they becomere brittle when hot, bones
structurally re-acquire some resilience as heatedses. While burning, bone is perhaps
more vulnerable to mechanical stress thus promdtagmentation. McKinley (1993)
actually states that, on her own research, bones legs brittle when cooled. Maximum
temperature had no significant effect on the pregem of any of the bones from the
sample of cadavers. However, a sampling probleniasito the one regarding age may
be responsible for this. Most cadavers had beengduat temperatures above 800° C so
a comparison with cadavers burned at lower tempestwas not carried out. As a
result, this prevented the detection of any evdrdigaificant difference between them.
The interaction of duration and maximum temperatofecombustion was also
significant for the calcaneus and insignificant bmth cuneiforms. On the calcaneus,
this interaction did not reveal a stronger relaldp with preservation than time of
combustion on its own.

For skeletons, the intensity of combustion alseeaded contrasting results.
Although a significant effect on preservation waarfd for the humerus, the opposite
result was obtained for all other bones for whiesting were carried out. In the first
case, better preservation was recorded for the shbmened for a period up to 25
minutes. As for maximum temperature, this had gaicant effect on the preservation
of most of the bones. However, a contrasting resalt found for the femur for which

bones heated at lower temperatures presented hmteervation. This effect was
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merely significant at the .05 level though. A spewt of temperatures larger than the
one from the sample of cadavers was recorded ®rskeletons and this may have
contributed for the statistical detection of thdeef of temperature on the femoral
preservation. Nonetheless, this result was notoborated by the results obtained on
other bones. Despite these results for the humandsthe femur, no significant effect
was found for the model regarding the intensitgahbustion.

Whenever the logistic regression included threabées, no significant effect
on preservation was found for the model. The omigeption was the logit model for
the talus on the sample of cadavers. However, thesignificant predictor on this case
was the duration of combustion and none of therotheables — sex and maximum
temperature of combustion — contributed signifigafdr the predictive power of the
model.

The comparison of the sample of cadavers and #reple of skeletons
demonstrated that the latter had been burned ¢mifsiantly shorter periods of time
and lower temperatures. This had contrasting effext the preservation of bone
features. Although no significant difference wasirfd regarding the preservation of
both samples for some bones — humerus, femur, re@lsaand lateral cuneiform — the
opposite was found for the remaining ones. In thesses, bone features were better
preserved on the skeletons’ sample than on theveeglasample. The reversed scenario
was not found on any case which suggests thatdwgtition and maximum temperature
of combustion may actually have an effect on predem. However, the relationship
between the intensity of combustion and fragmeonatnay be non-linear. Preservation
apparently decreased along with the increase d@tidar and maximum temperature of
combustion. However, fragmentation seemed to beasaevere if bones were allowed
to gradually cool off and retrieved at substanfidédwer temperatures. Further research
Is needed to better understand bone resilienceab ®nly then, it will be possible to
validate or nullify this observation.

Results suggest that unknown variables may havgeglaa part on the
preservation of bone measurable features becaasedhitored variables were not able
to fully explain the observations. Two aspects rédigg the cremation were recorded —
the demographic profile and the combustion paramsetdut not all factors have been
investigated. For example, the biological profild dot include eventual pathologies
affecting bone resilience and the combustion pararselid not include the differential

use of the burners. In addition, a third aspect @xaslooked — removal of the remains
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from the cremator. As stated in section 2.3.3, th&s not included in the research
because no consistent manner regarding the scofingis procedure was outlined.
However, it interfered substantially with the presgion of the burned skeletal remains.
Therefore, the complexity of the investigation afabrelated preservation was not
entirely addressed by the research design. Thdtgestained with this investigation
were thus merely indicative and hardly included falitors — known or unknown —
responsible for the preservation of bone features.

Despite all, the results suggest that preservatiomeasurable features from
bones mainly composed by trabeculae was reasoffiedgyent for both the cadavers
and the skeletons. This had already been stateWayen and Maples (1997). In
addition, the internal auditory canal of the petrtaones was also very often preserved.
At least one measurable feature was thus foun87®# of the cadavers and 95% of the
skeletons. If the petrous bone is not includedntiiee presence of at least one
measurable feature in each cremated individualo#&8% for cadavers and of 95% for
skeletons. If the petrous bone and the small &es&l not included, then the presence of
at least one measurable feature in each cremativdnal was of 78% for cadavers
and of 71% for skeletons. Therefore, the post-ctemapreservation of osteometric
features confirmed that there is good potentiabréigg the adoption of univariate
analysis based on them. However, taphonomic presesgher than burning do
frequently contribute to worsen preservation, eslgc when dealing with
archaeological material. Therefore, although ttseilte demonstrated good potential for
osteometric analysis of calcined bones, the agitedervation of measurable features
will certainly be less satisfactory.

4.3.2. Sexual Dimorphism and Sex Determination
4.3.2.1. Discriminating Cut-off Points

The research demonstrated that sexual dimorphiss still present despite
differential heat-induced shrinkage and that osttomsex determination could thus be
carried out quite successfully on calcined bonéss Tinding applied to almost all bone

features of the humerus, the femur, the talus &edcalcaneus for which parametric

analysis was carried out. In addition, non-parammetnalysis also found significant
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differences for other features regarding some efdimaller tarsals. Only the internal
auditory canal exhibited no significant sexual dipfosm.

The Coimbra Standards for sex determination (Sil@95; Wasterlain and
Cunha, 2000) were used to discriminate samplesaddwers and skeletons of known-
sex in order to investigate if the sexual dimorphigresent on calcined bones had any
potential for sex determination. However, its usswot successful on calcined skeletal
remains. Indeed, the allocation of individuals adotg to sex by using the humerus,
the femur, the talus and the calcaneus resultathi@ninder-classification of males and
the over-classification of females. This was thsule of heat-induced shrinkage
interfering with the calibration of the standar@iattwere developed on collections of
unburned skeletons. Shrinkage has been previoustgreed on burned bones by
several researchers (Malinowski, 1969; Bradtmiled Buikstra, 1984; Shipman et al,
1984; Holland, 1989; Gruppe and Hummel, 1991)ak heen stated that shrinkage rate
can be of 30% when bones are exposed to tempesahome 700° C (Bradtmiller and
Buikstra, 1984; Gruppe and Hummel, 1991). This alae documented for the present
research so the inadequacy of the Coimbra Standardsburned skeletons from the
Coimbra collection (Silva, 1995; Wasterlain and Gan2000) was somewhat expected.
Nonetheless, this research corroborated and shened the results from other
investigations that had previously demonstratechtoteast implied the potential of
osteometry for the sex determination from burnedesso(Gejvall, 1969; Schutkowski,
1983; Schutkowski and Herrmann, 1983; Warren anglés 1997; Van Vark et al,
1996; Thompson, 2002).

Despite the effect of shrinkage, it was hypothebibat a positive secular trend
of 8.93 cm affecting the Portuguese population lun last century (Padez, 2003 and
2007) could have eventually re-calibrated the Coantandards to fit into the
osteometric dimensions of contemporary cremated/iohehls. Those standards were
developed on a collection of skeletons from indiris from the 19 and early 28
centuries (Silva, 1995; Wasterlain and Cunha, 20@0heory, the growth in stature of
the Portuguese population since then could thus Hedl the standardized sexual
discriminating cut-off points to be indeliberatedgjusted for the sex determination of
shrunk calcined bones. However, nothing of the s@$ confirmed by this research.
Shrinkage was too large to be successfully copedrbgventual re-calibration due to

positive secular trend.
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Although sex determination was unsuccessful whemgughe Coimbra
Standards, the adoption of the sex-pooled mean thensample of cadavers as cut-off
points proved to be very effective. This was a vé@nportant result because it
demonstrated that osteometry is valuable for tbariihropological analysis of calcined
bones despite heat-induced changes. However, sh#s@lso demonstrated that correct
classification differed from cadavers to skeletdnsgeneral, male skeletons were more
often misclassified than male cadavers. Most tastpdes of skeletons according to
each standard measurement were small in size soonsistent comparisons can
therefore be made regarding them. However, lowsiflaation rates were also obtained
for the groups with larger samples — humeral heatoal diameter, the talar maximum
length and the calcaneal maximum length. This ssiggé¢hat the cut-off points
calculated from the sample of cadavers were nofaate for the sex determination of
calcined bones resulting from the cremation of skgletal remains. In fact, the mean
sizes recorded for the sample of skeletons wer@stlmlways smaller than the ones
from the sample of cadavers thus suggesting that difference — although not
statistically significant in most cases — may hheen related to the contrasting results
obtained for each sample. Most measurements diffesgs than 1 mm between both
samples, but differences ranging from 2 to 3 mne ltke ones observed for the
calcaneal maximum length of both females and mate®r the humeral epicondylar
breadth of males were apparently large enough terfere with the discriminating
power of the cut-off points. However, such statemen mere speculation and
parametric testing did not support it, althougvais clear that sex determination of both
samples was somewhat contrasting. Therefore, th&seresults were apparently
incongruous.

If both samples were indeed dissimilar in mean, 4liie may have been inherent
to them previously to cremation and therefore: ltbee produced by population
differences; be the result of postmortem changafeting with bone size; or otherwise
result from differential cadavers and skeletonspoese to heat. These were
contemporary to each other — also belonging tolainsige groups — and most of the
individuals were from the same geographic region n&o substantial mean size
differences between them were to be expected. Henyv@opulation differences could
not be investigated because the pre-cremation donensions of the cadavers were
obviously not taken. Therefore, actual variationtbe size of cadavers and skeletons

may have been present right at the start. As ferpibstmortem changes in bone size,
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post-depositional bone shrinkage occurs due to gradual loss of the organic
component of bone (Piepenbrink, 1986; Jans et @)2R Therefore, it could be
speculated that the heat-induced shrinkage on tekslewas added to the already
present shrinkage that took place while bones wdremated. As a result, this could
lead the skeletons to present larger percent shgigsk than the cadavers. Another
explanation is related to the clear difference reéigg both kinds of human remains.
Cadavers had soft tissues while skeletons were gseapof disarticulated dry bones.
These were thus much more susceptible to the affeloeat than the cadavers. In this
case, bones were protected by soft tissues farga lgart of the cremation (McKinley,
1989; Bohnert et al, 1998; Pope and Smith, 2004sBa and Cain, 2007) and this
could hypothetically have led to smaller ratestofrikage. Because the research did not
specifically address this issue, it is not possiblstate that any of these hypotheses or
even the combination of all of them can explain sfze differences between cadavers
and skeletons. Further research is needed toycthrd issue.

Either way, it seems clear that small populatidifiedences interfered severely
with the reliability of the discriminating cut-offoints. Therefore, these are probably
only adequate for contemporary Portuguese popuaktiand its use on other
contemporary or archaeological populations wastestied. In fact, mean sizes of the
humeral and femoral head vertical diameters ofimadt bones from Sweden and
American samples provided for larger dimensions ttiee ones from the Portuguese
sample (Van Vark et al, 1996; Warren and Maple8,7)19These results suggest that the
population differences between Swedish, Americam$ Bortuguese are substantial
enough to prevent the application of populatioresfeosteometric references to other
populations (Table 4.3.1). In part, this shouldddated to differences in height between
each population. The Portuguese male sample wds y#ars-old in average so this
means that 1940 was approximately their mean dabéth. Padez (2003) found that
male military recruits born in the 1940’s had apragimate mean stature of 166.0 cm
when they were 18 years-old. As for the Swedisle, sample was composed of
individuals who died in 1971. Silventoinen et ab@2) found a mean stature of 175.8
cm for Swedish males born between 1920 and 1929whadd be 40-50 years-old by
1971. In the case of Swedish females, the avertagjars was of 163.7 cm. The
American sample presented a mean age of 69 yedig-dl997. Therefore, their mean
decade of birth should be 1920-1930. The meanrstafumales born in this decade was
of about 175.0-177.0 cm while the female mean statnas of 162.0-163.0 cm
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according to Trotter and Gleser (1951). In summkamge differences in mean stature
between the Portuguese and the other two poputatiom also visible in the humeral
and femoral head dimensions of calcined bones. Mewealthough the latter present
similar mean heights, the calcined bones have stmewlifferent mean sizes.
Therefore, other factors beside stature must explas. Activity patterns interfering
with the size of these anatomical regions and wdiffeal shrinkage may be some of
those factors. This reinforces the allegation tpapulation-specific osteometric
references for calcined bones must be used insteagtrapolating from the Swedish
(Van Vark et al, 1996) or the Portuguese references

In addition to the testing of calcined bones, a@emapt to determine the sex of
pre-calcined bones on a small sample was carriethyousing the Coimbra Standards.
Although not as severe as for calcined bones estedemonstrated that sex allocation is
also affected by heat-induced changes althougliéigeee of shrinkage is significantly
less substantial for pre-calcined bones than ftrireed bones as seen in section 3.2.
Therefore, the use of standards developed on uaBluskeletons must still be

interpreted critically.

Table 4.3.1.: Mean humeral and femoral head diaseté burned bones from
Portuguese (2011), Swedish (1971) and American)lj@&3ulations.

Males Females
_ HHVD FHVD HHVD FHVD
Population
(mm) (mm) (mm) (mm)
43,51 43.02 37.74 37.64
Portuguese

(n=62) (n=55) (h=62) (n=55)
44.10 4590 38.71 39.96
(n=104) (n=104) (n=98) (n=99)
45.80 44.20 38.16 38.10

American (Warren and Maples, 1997)
(n=28) (n=17) (n=10) (n=6)

Swedish (Van Vark et al, 1996)

The lack of significant sexual differences regagdihe lateral angle of the
internal auditory canal contrasts with the resfiitan other authors who tested this

method on unburned skeletons (Norén et al, 2008wGat al, 2005; Goncalves et al,
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2011a). The sex determination of the sample ofestes by using the cut-off point
recommended by Graw et al (2003) and by Norén é2G@05) was attempted because
sexual dimorphism was almost significant at the I®kl. However, the correct sex
classification using this method was not bettentblaance alone. The failure regarding
this method is probably related to its complexicgtdility and to eventual heat-induced
changes interfering with sexual dimorphism. In faséxual differences were still
somewhat present on the sample of skeletons imasirtb what was observed for the
cadavers. Given that the former had been submittetbwer mean intensities of
combustion, it is possible that its effect on theual dimorphism was not as severe as it
was for the cadavers. The lateral angle methodbes proposed as a potentially useful
support for sex determination of burned bones duéstgood resilience to heat (Norén

et al, 2005). Regrettably, the results did not tanthe potential of that method.

4.3.2.2. Regression Analysis

Logistic regression developed from a sample of vadaalso allowed for very
satisfactory predictions of sex based on all stehadaeasurement. The testing of the
regression coefficients on independent samples osatpof 20 cadavers allowed for
successful rates of sex allocation ranging fron8%lto 100.0%. The accuracy was
slightly better than the results obtained with th-off-points. However, the samples
were larger for the latter so its results are gabgsnore reliable. The testing of logistic
models combining two different measurements wa® a@site successful for the
humerus and the femur but did not improve the tesabtained with the single
regressions for the sample of cadavers.

The accuracy of logistic regression was not satisfg for the test-sample of
skeletons thus demonstrating again that a differ@menean size was present between
these and the cadavers. The classification of fesnalas usually better than the
classification of males suggesting that the cokffits were not calibrated enough to
allow for balanced sex determination of both groopshe sample of skeletons. The use
of the femoral head transverse diameter obtainedo#st classifications according to
sex, although in this case the classification afdkes was correct on less than 80.0% of
the sample.
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4.3.2.3. Shrinkage Correction Factors

The calibration of the Coimbra Standards into dfipoints specifically adapted
to burned bones provided for somewhat contrastsglts. The 10% correction factor
of Buikstra and Swegle (1989) allowed for considgramore successful sex
classification than the 12% correction factor résglfrom the direct estimation of heat-
induced shrinkage (section 3.2). In this case,oaljh most males were correctly
allocated according to sex, an important amounteofales were misclassified. This
occurred for both calibration procedures using tBeimbra Standards and the
references especially developed for this researom fthe Contemporary Sample.
However, the latter provided for more balanced ltestegarding females and males
albeit still unsatisfactory.

In contrast, the correction factor recommendedhbikstra and Swegle (1989)
allowed for calibrated values that correctly clasdi near or more than 80% of both
females and males for most of the standard measmtsmHowever, this was so only
when using the references from the Contemporary pgamOnly the humeral
epicondylar breadth presented correct classifinatiouch lower than 80% for the
female sample. These results were obtained on Eag®les so they were not due to
chance. Nonetheless, the 10% correction factork@a and Swegle, 1989) was not
adequately used to calibrate the Coimbra Standartds demonstrating that slight size
differences strongly interfere with its value.

The explanation for the failure regarding the aggilon of the correction factor
specifically developed during this research carrddated with the fact that the mean
sizes of the skeletons — from which the rate oinglage was obtained — and of the test-
sample of cadavers were basically different. Sox@a@ations for this have been
proposed earlier in section 4.3.2.1. Given thaleskas were smaller than cadavers,
then the mean percent shrinkage obtained fromdiredr may actually be too large to
allow for its accurate use on the latter. Its irpdecy as a correction factor may thus
explain the unsatisfactory results regarding seerd@nation. One way to investigate
this hypothesis would be to assess if the calibdratat-off points would more
successfully classify a sample of skeletons in ammspn with the sample of cadavers.
Regrettably, the sample of skeletons was often domll to allow for reliable
conclusions regarding this matter. The exceptiorbis were the humeral head vertical

diameter, the talar maximum length and the caldameximum length. More correct
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sex classification results were obtained for theletbns than for the cadavers thus
suggesting that the correction factor of 12% waead more adjusted to skeletons than
to cadavers. Nonetheless, correct classificatiosn stil under 80% for one of the sexes
for most standard measurements thus demonstragnghte calibration was not ideal.

The major difficulty of this research was relatedhe fragmentation of calcined
bones. It was extremely hard to compile a largeughasample to allow for statistical
inferences regarding all standard measurements.W#s especially true for the sample
of skeletons. The samples of cadavers could hage laeger if it had been decided to
use unequal samples of females and males. Howegea] samples were used to avoid
biased results. This shortened the samples bedensdes were usually less frequent
than males. In addition, the test-samples were Isfoalmost of the female cases
because it was decided to, as much as possibkrgenthe samples used for inferential
statistics. Although the testing of the discrimingt procedures was quite
comprehensive for most of the features on the rsalaple, the testing of female
individuals was somewhat limited. Therefore, theuwtnentation regarding the correct
classification of females was not as strongly suigabas the one for males but is still
indicative of the reliability of the osteometri@atiards specific to calcined bones that
were developed under this research. Further testimd¢arger samples is required to
replicate and confirm these results. The limitedesof samples was even more
problematic for the sample of skeletons. A more mahensive study regarding burned
skeletons would have permitted the calculation amgle-specific standards thus
allowing for a comparison between these and thedstals obtained from the sample of
cadavers. Regrettably, it was not possible to voltbat procedure due to the small
number of skeletons.

Another shortcoming of this research was relatedhto age structure of the
sample. Because part of the analysis was carriedronewly deceased, the mean age
of the individuals was quite large. As a result,age groups comparison was carried
out in order to investigate if differences in sixed therefore secular trend could be
detected on the sample of cadavers.

In summary, results demonstrated that heat-irdluskrinkage does not
interfere with osteometric sexual dimorphism orcicedd bones. The cut-off points and
the regression coefficients provided by this redeare population-specific, but the
recommended correction factor of 10% for calcinedds (Buikstra and Swegle, 1989)

may eventually be applied to adapt current starsdndunburned bones into references
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for burned bones. This must be carried out withtioauthough because slight metric
variations have an important effect on the accupoyided by the cut-off points.

The elaboration of new standards specific to burcadbvers is probably the
more reliable way to achieve sex determination nknown burned human skeletal
remains. Although these osteometric methods aree mopulation-specific than the
morphognostic approach, they are not as impairetidat-related fragmentation. The
reliability of methods based on sexually dimorpmorphology improves with the
increase of features being analysed. This meanssévaral of these features must be
preserved to allow for a reliable determinationsek — a scenario seldom available
when dealing with burned skeletal remains. In @stirosteometric methods require
only the preservation of one feature to allow foe diagnosis of sex. In the case of
logistic regression, this method additionally alfow estimate the odds regarding the
accuracy of that diagnosis. Univariate methoddteeefore extremely advantageous on
skeletal assemblages so poorly preserved as buroeds because it enhances the

chance of achieving sex determination.

4.4. Skeletal Weights

4.4.1. The Anatomical Identification

The anatomical identification of the cremains wsignificantly different
between both sexes. The burned skeletal remainsmabés were more extensively
identified than females. It is important to notattlage had also a significant effect on
RAI for females making it more successful for yoenghan for older individuals. In
contrast, age had no such effect on the group dé nmaividuals. The duration of
combustion had a statistically significant effeat RAI as well. Bones burned and left
to cool overnight were more easily identified adtog to anatomy than bones burned
under other combustion protocols. In addition, maleesented higher RAI than females
for the 0-100 minutes’ time interval.

Anatomical identification was severely affected lyat-related fragmentation.
Given the results for RAI it is safe to say thedgimentation affected differentially
females (38.8%) and males (43.5%) on the sampleadavers. The skeletal remains

from females were apparently more prone to fragatemt than the ones from males.
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For some reason, male bones seemed to be moienesl cremation. Considering the
old age of the sample used in this investigatibis, may be related to the fact that post-
menopausal women are usually more affected by pstesis than men. As a
consequence, bone tissue undergoes architectaraamgement leading to the loss of
skeletal strength (Brickley, 2002; Goncalves eafl1b). This could also explain why
significant differences between both female ageigsdhave been found as well. Bone
strength derives from the combined effect of towgsnprovided by collagen and the
stiffness provided by its mineral component (Ziosigd al, 1999; Viguet-Carrin et al,
2006). Collagen degradation occurs during life d&etomes more severe with age
(Zioupos et al, 1999; Viguet-Carrin et al, 2006) tbes event boosts skeletal heat-
induced fragmentation. The results for the effé¢he intensity of combustion followed
the results already discussed for the preservationeasurable bone features in section
4.3. RAI was higher for the remains burned and leftcool down overnight.
Apparently, bones already cooled were less brétld therefore less fragmented. As
mentioned previously, this very same observatios stated by McKinley (1993) on
her own research. Therefore, although maximum teatypes had no significant effect
on the anatomical identification of bone fragmetits, key factor here may be related to
the gradual cooling of the remains. Possibly, #lisws for some kind of structural re-
arrangement of bone which enhances its resilidhd®s been reported that bone loses
mechanical strength during the decomposition stafgbeat-induced transformation
which occurs at temperatures between 300° C anti@{@hompson, 2004). However,
some mechanical strength is regained during theéorfustage which occurs at
temperatures above 700° C (Thompson, 2004). Howelkiese analyses have been
carried out on already cooled samples (Thompsod32a8nd we do not know if bones
were more brittle while heated.

In contrast to the sample of cadavers, RAI was significantly different in
function of sex, duration and maximum temperatdreambustion on the sample of
skeletons. The pooled analysis of cadavers andetsked demonstrated that the
anatomical identification of the bone fragmentarfrekeletons was significantly more
successful than the RAI for cadavers regardlesenf Such difference may have been
related to the different intensities of combustieported for the two kinds of remains.
This was significantly lower for skeletons thus gesfing that its better RAI values may

have been related to less destructive crematioreguoes.
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Fragmentation is not the exclusive result of thesmation process. Although it
was not possible to account for the fragmentateunsed by the removal of the skeletal
remains from the cremator, it appeared to be cgutestantial. This was done with a
metal rake which forces the remains to fall froratfdrm to platform until being finally
assembled inside a metal tray next to the postéieer gate of the cremator. Such a
procedure was therefore responsible for non héaiee fragmentation and probably
presented considerable variation from cremationctemation. Regrettably, this
variation was not accounted for on the presentarebe This variable was certainly
important and the analysis would have benefit fitaminclusion in the research design.
The only way to tackle this issue would be to gotra a non-destructive recovery of
the skeletal remains. However, this would only lmhievable under a laboratorial
controlled environment which is not a possibilitytlee reach of any research carried out
on commercial crematoria. As a result, the presssilts must be handled with caution.

Another potential problem regarding this spedaifigcestigation is related to the
impossibility to calculate the intra- and inter-ebger variation. Anatomical
identification of bone fragments is a subjectiveqadure and depends on the skills of
the observer. This is especially true when dealiiigp burned skeletal remains for
which fragmentation can be extreme. In this ingagton, all observations were made
by the same observer. The results for anatomiealtification presented some variation
depending on the degree of fragmentation of theanesnand on the time available for
their analysis — this varied between 50 and 90 tesu

Despite the abovementioned problems, the resdi®cate that females and
males are differentially affected by fragmentatiaithough this was not so at lower
intensities of combustion. Nonetheless, the rewikeof the skeleton to heat appeared to

depend on sex and age related idiosyncrasies.

4.4.2. The Weight of Cremains

Females and males were significantly differentardmng the weight of their
burned skeletal remains. In addition, older femaleye significantly lighter than
younger females although no similar event has ble¢ected for males. The intensity of
combustion was not significantly related to thdeddnces observed inter- and intra-sex
for skeletal weight, although it should be mentninat the temperature range

experimented by the human remains was not repesentof low temperature
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burnings. Therefore, a comparison based on a nmeEpeesentative sample was not
carried out. All these observations applied to bzattlavers and skeletons, although the
mean weights of these two groups were considexdifigrent.

Skeletal weights have already been investigatgarenious researches (Sonek,
2002 In Bass and Jantz, 2002; McKinley, 1993; Waaed Maples, 1997; Bass and
Jantz, 2002; Chirachariyavej et al, 2006; Van Degstl, 2011; May, 2011). However,
recent investigation carried out in Europe has bakmost non-existent. McKinley
(1993) was the main exception and analysed thearenweight of 15 individuals (9
males and 6 females) with a mean age of 79.1 yadrsAt some point, the author
accounted for weights excluding the 2 mm fractiad ¢is procedure was followed in
the present research. However, the results obtdmethe Portuguese sample were
quite different from the ones obtained on the Bhitsample. McKinley (1993) obtained
1271.9 g for the female mean weight and 1861.9rgtfe male mean weight. This
implies that the female and male cremains on theuBoese sample were, respectively,
380.5 g and 576.9 g heavier than the cremains fr@hprevious study. Like for the
Portuguese sample, McKinley’'s sample was also qged and this could eventually
explain their small weight. However, even the >#ang-old age group in the present
research was considerably heavier than the resiésned by McKinley.

As for earlier work, Malinowski (1969) also presashtresults regarding the
mean weight of cremains which was of 1539 g fordl® and of 2004 g for males.
However, he did not mention clearly the methodologgd for the weighing nor the
amount of individuals composing the Polish sampletrmann (1976, In Duday et al
2000) obtained a mean weight of 1700 g for 226 femand of 1842 g for 167 males
on a sample from Germany.

Other researchers have presented results for gightvof cremains. Most of
them carried out their investigations on populaidrom the United States. In these
cases, the results referred to the total weigtih@femains thus accounting this time for
the 2 mm fraction. Therefore, the Portuguese resatiarding the total cremains weight
including the 2 mm fraction need to be used for ¢benparison with the American
populations. The cremains mean weight for the oee population was of 2226.7 g
(n = 51) on the female sample and of 3036.5 g @b}on the male sample. Sonek
(1992, In Bass and Jantz, 2004) obtained 1874@ 63 females and 2801.4 g for 76
males from San Diego, California. These resultsewery similar to the cremains mean

weight presented by Warren and Maples (1997) thalyaed a sample of 40 females
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and 51 males with a mean age of 69 years-old frlmmda. Female mean weight of the
cremains was of 1840 g and male mean weight wag288f3 g. Therefore, the
Portuguese samples were approximately 300 g heidnarrthose two samples.

Still in the United States, Bass and Jantz (20@4dined a mean weight of 2350
g for 155 females with a mean age of 70.7 year-Also, an average weight of 3379 g
for 151 males with a mean age of 62.8 years-old eiigined on this sample from the
Tennessee. The results from Van Deest et al (20EBented similar mean weights on
another Californian sample from Chico. The meangiewas of 2238.3 g for females
(n = 363) and of 3233 g for males (n = 365). Themage-at-death of the females was
of 76.1 years-old and of 71.4 years-old for theasal

Another study was carried out in Thailand whichrfdan average mean weight
of 2120 g for 55 females with a mean age of 73&seld and of 2680 g for 55 males
with a mean age of 63.5 years-old (Chirachariyategl, 2006). All the remains were
weighed including both the bones and the < 2 mmititvra. The female skeletal weight
on the Thailand population was thus quite similartite one from the Portuguese
sample. In contrast, males from the latter were@@@avier.

Given all the researches regarding the weight efains, it becomes clear that
a considerable variation has been reported until. nchree major factors have been
recurrently pointed out to explain this variatiam previous studies — sex, age and
regional differences (McKinley, 1993; Warren andglés, 1997; Bass and Jantz, 2002;
Van Deest et al, 2011; May, 2011). Significant séxdimorphism concerning skeletal
weight was indeed found for these studies regasdles age differences being
considered or not. The analysis carried out orPihituguese sample was no exception.
In this case, sexual dimorphism was more promif@nthe oldest age group as was
demonstrated by the effect sizes regarding théntgsif differences on the cremains
weight excluding the 2 mm fraction. The magnitudi¢he difference for the >70 years-
old age group was larger than for the younger group

An important effect of age on the skeletal weightourned remains has been
previously documented by several researchers (W\abki and Porawski, 1969;
McKinley, 1993; Bass and Jantz, 2004; Chirachaeyat al, 2006; May, 2011; Van
Deest et al, 2011). For the Portuguese sampleydimains of older females were
significantly lighter than the remains of youngemfales but the same result was not
detected on the male sample. This contrasts withid@bults from Bass and Jantz (2004)

and from May (2011) that found a statistically siigant decline on cremains weight in
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both females and males. For the first researchlogseof weight on females was twice
as much as the weight loss observed on males. driteasting result could be related to
the old age of the Portuguese sample which didatioiv for the compilation of
younger age groups. Such procedure could haveuwalbnled to different results.

McKinley (1993) suggested that the decrease in iemaight could be related
to increased bone loss during cremation. The ptassearch indeed confirmed that
female weight of cremains was significantly smaller older females. This fact is
mainly related to the antemortem loss of bone naingensity in older women (Lindsay
et al, 1992; Riggs et al, 2004) and was documentedther researches regarding
unburned skeletal weights (Silva et al, 2009). A&eargual increased bone loss related to
the cremation process was not specifically invaséid by this research on a Portuguese
sample. However, it is possible that the lessaliease to fragmentation of the older
age group would have resulted on relatively larget mm fractions thus suggesting
that old aged females experience more bone lossetdr, the mean weight of the < 2
mm fraction was not significantly different betwekoth female age groups therefore
suggesting a contrasting scenario. Nonetheless, résult is not completely reliable
because the < 2 mm fraction includes other kindseofains besides bone — charred
wood from the coffin and clay residues loosenedhftbe cremator.

Regional differences have been suggested as aetdeinfor the variation
regarding the weight of cremains. Bass and Jari@4(Rrefer the obesity rate as a
possible explanation for the different results oteed for the Tennessee (23.0%),
Florida (18.2%) and Californian states (19.5%). M@p11) also refers to higher
reported levels of obesity and body weight for Tessee in comparison with the other
states. However, this factor alone is not able xplan the very dissimilar values
reported for the two Californian samples. In addhifithe similar values reported for the
Tennessee and the Chico Californian sample doitniotd the hypothesis regarding the
regional differences. Table 4.4.1 shows that thai Tiave the lowest mean body mass
index (BMI) and mean stature. It also indicated thase parameters are lower for the
Portuguese population in comparison to the Britisd American populations (Padez,
2003, 2007; McDowell et al, 2008; Seubsman andgBJe2009; Health Survey for
England, 2009; World Health Organization). It slibdde noticed that the values
presented for the stature of the Thai and the Boese males refer to young military
recruits while the values presented for the Briigld Americans refer to samples drawn

from the entire population. The regional differemdeypothesis could for instance

216



Cremains — Discussion

explain the contrasting results presented betweerPbrtuguese and American samples
— < 2 mm fraction included. However, it does ndphexplaining the heavier cremains
of the Portuguese sample when compared to thesBistample, although we must bear
in mind that the latter is small in size so resaisy not be sufficiently representative of
the entire population. Given this scenario, althouggional differences most likely
have an effect on the weight of cremains, othetofacprobably contribute for the
explanation of differential burned skeletal weightBifferences regarding the
approaches used for the weighing of the remairsagfe composition of the samples or
the kind of containers in which the cadavers weesnated are probably also related to

the contrasting results regarding burned skelegadhis.

Table 4.4.1: Mean body mass index (BMI) and meatust for the Portuguese,

American and British populations.

Portuguese American British Thailand
BMI Stature BMI Stature BMI Stature BMI Stature
162.2 161.5
Females 26.8 - 30.8 27.9 24.1 -
(n =4857) (n =2135)
172.1 176.3 175.4 169.2
Males 26.9 30.0 28.1 23.1
(n =42584) (n =4482) (n=2077) n = 1000)

The effect of the intensity of combustion on thencains weight was not
completely understood on the Portuguese samplboidth duration of combustion was
apparently a significant factor when interactinghwother variables such as sex and age,
the exact nature of that effect was not determuhael to the small size of the sample.
Nonetheless, it became clear that its effect wdasaagowerful as those other factors
suggesting that the final weight of cremains wassignificantly affected by the length
of the cremation. In addition, the maximum tempereached by the cremator had no
significant effect on the weight of cremains aslwdbwever, the effect of temperature
was probably concealed by the composition of theugaese sample because 98.3% of
the cadavers have been burned at temperaturemgaingm 800 to 1050° C. Therefore,
a comparison with cadavers burned at lower temperatwas not carried out. This

could have led to different outcomes. If nothingeglthe results at least demonstrated
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that bone weight was not significantly affected teynperature beyond the 800° C
marker. This corroborates the results from Mayne&a (1997) and Thompson (2004)
indicating major weight loss during the decompositstage at temperatures lower than
800° C.

It is important to note that the cremains weighskeletons were significantly
lighter than the cremains weight of cadavers fothlb&exes. Apparently, population
differences were not present between the samplesddvers and skeletons because
both were composed of Portuguese contemporaryithdils. Although only the female
cremains weight was negatively correlated to agetlon present research, other
researches (Bass and Jantz, 2004; May, 2011) ftnenslame pattern for both sexes. In
theory, an older skeleton sample could thus leddetvier weight in comparison to a
younger cadaver sample but no such scenario waxlfothe mean age-at-death for
skeletons was of 72.7 years-old (n = 44). This wiaslar to the mean age-at-death
obtained for the sample of cadavers (mean = 71:25@), so age composition of the
sample was apparently unrelated to the mean waeillgfidrences regarding both
samples.

Another explanation for the contrasting weight lné tremains of cadavers and
skeletons can be related to differential fragmemtatHypothetically, a more severe
fragmentation of skeletons could have led to reddyi larger < 2 mm fractions thus
explaining their significantly lighter skeletal wgbits. However, these fractions
represented only 17.5% of the total weight of sikels while the same represented
21.9% of the total weight of cadavers. These valaes quite close to the mean
percentage of 19.4% (n = 15) obtained by McKinl&993). Therefore, fragmentation
also does not seem to explain these results.

Soft tissues provide for some protection against dind heat (Pope and Smith,
2004), so a direct comparison between cadaverslagldtons is inevitably biased. The
explanation for the smaller weight obtained for gheletons may be related with the
protection that soft tissues confer to bones. # ithtensity of combustion has a real
effect on weight, the bones from fleshed cadaveesless vulnerable to heat than
skeletons during the earlier stages of the cremadind therefore possibly experience
less weight loss. In fact, a similar effect may dadseen present for heat-induced
shrinkage. As was seen for the osteometric sexmalrghism, the size of skeletons was

systematically smaller than the size of cadaverpite these differences not being
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significant. Although plausible, this explanati@mnerely speculative given that none of
the data directly supports it.

The analysis of burned skeletal weights brings ameain benefit to
bioanthropological research. Weight is an analytitaa that is not affected by heat-
induced fragmentation. Therefore, it has an adgmntaver other procedures based on
the number or on the size of bone fragments whielsametimes used to report skeletal
fragmentation or bone representation. However,use of the weight of cremains to
estimate some parameters such as sex or such asnineum number of individuals is
not straightforward and should be addressed widitiapcaution. Only the crossing of
bone weight data with other kind of data — suclosteobiographic information — can
strengthen any inference based on burned skeleighte. Human behaviour regarding
the processing of burned remains can interfereregveith the weight of cremains. For
instance, the funerary behaviour of archaeologixgdulations was not uniform. The
depositional modalities of the remains could bey\verse — sometimes guaranteeing
the extensive burial of the remains and some dthess neglecting a major fraction of
them. As a result, the correct estimation of theimum number of individuals present
in a given assemblage is certainly the steppingesfoom which any other kind of
estimations based on skeletal weight can be adtieVhis is so both for the
archaeological and forensic arenas.

4.4.3. Skeletal Representation

Given that the results indicated a significantusgxlimorphism according to the
weight of cremains, it was not surprising to findsimilar result for the analysis
according to bone category on both samples of @daand skeletons. However, their
relative representation on the remains was notfggntly different between females
and males for about half of the bone categoriesrdtbre, although males were heavier,
these differences tended to fade away or to bedessesubstantial when the absolute
weights were turned into percentages. Nonethelbss proportions of female post-
cranial bone categories were generally smaller evhihe skull had a larger
representation for females than for males on tingpta of cadavers. As for skeletons,
the females presented larger relative representatid the skull, the vertebral column

and the os coxae.
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When the representation of main skeletal regioras wonsidered, sexual
differences were found for all regions but the kwm the sample of cadavers and for
the cranium and lower limbs on the sample of skeket Following the results for the
skull, the cranium was the only region significgntiore represented in females than in
males. In addition, results indicated that, as etquk the proportion of each skeletal
region improved with the increase of the RAI. Aliigh the same occurred for the
cranial region, the improvement was not as suhslamihus suggesting that the
successful identification of cranial fragments viess dependent of fragmentation. In
addition, when the mean proportions were testednagahe results obtained on
unburned skeletons by Silva et al (2009), lessifsogmt differences were found for the
cranial region than for all other regions. Thisoalsuggested that the anatomical
identification of cranial fragments and respectigpresentation on the skeletal weight
were not as affected by fragmentation as werertinktand the limbs.

The contrasting cranial representation betweerh Is@xes has been found
previously for unburned skeletons (Silva et al, 20@lthough the absolute weights of
each skeleton were not reported for each sexgthdts from Silva et al (2009) — turned
into percentages — allow concluding that the redatiranial proportion of females was
larger than males (Table 4.4.2). We do not knovhi$ difference was statistically
significant but it should be so because sexuakdifices were statistically significant
for all bone categories according to Silva et 80@). The reverse scenario was seen for
the remaining skeletal regions. In both samples,tthnk had similar representation in
both females and males and a substantial differbattgeen both sexes was present for
the upper limbs. As for the lower limbs, the diflece was larger for the burned
samples than for the unburned sample. Given tmgpanison, the larger representation
of the female cranium was apparently not relatettiéacremation process. In contrast, it
is apparently inherent to our species and it Isdstected on burned skeletal remains.

The anatomical identification of bone fragmentsswdgmonstrated to be more
successful for the cranium than for other skeleggions. Two results led to this
conclusion. First, the variation in cranial reprgséion according to RAI was not as
large as for the trunk and the limbs. The percent#fghese was much more positively
correlated to the increase of RAIL Another findings that the cranial representation
was much more similar to the observations repddednburned skeletons (Silva et al,
2009). In fact, no statistically significant difearce was found between this and the

sample of burned skeletons with a RAI of 55-78%erEfore, the discrimination of
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cranial fragments was very comprehensive evenlif ahout 3/5 of the remains were
successfully appointed to a skeletal region.

The present work has important implications fochaeology regarding the
distribution of the skeletal regions in order tdenpret funerary behaviour (Grévin,
1990; Duday et al, 2000; Blaizot and Georjon, 20REhier, 2005; Gongalves, 2007,
Goncalves, 2010). The aim has been to estimatdistibution of each skeletal region
on cremains and to compare it with natural anatamiweight proportions.
Hypothetically, contrasting proportions would inakie intentional selection of bones
from the pyre to be included in the burial of th@mains. For instance, a cranial
representation of 9% — about 10 points smaller thanmean relative weight obtained
by Silva et al (2009) — would suggest that the icranhad been somewhat neglected for
burial. Until now, all weight comparisons have bedaone according to weight
references developed from unburned skeletons wpiticial preference for the work of
Lowrance and Latimer (1957, In Krogman agdah, 1986). These references seem to
be relatively suitable for the analysis of cremgimesenting extremely good rates of
anatomical identification (Richier, 2005). Howevdr,is unlikely that they can be
reliably applied to cremation burials presentingmpanatomical identification of bone
fragments. In fact, the present research demoadtthat the analysis of cremains based
on the weight references provided by Lowrance aatimer (1957, In Krogman and
Iscan, 1986) led to an inflated misclassificationaséemblages with poor anatomical
identification. In these cases, there was a tendémclassify the skeletal regions as
under-represented on several cremains althougbatingle was composed of the almost
complete remains of each individual. In other wor@shormal skeletal configuration
was known to be present in each tested skeletamddage but the un-calibrated
method — based on Lowrance and Latimer (1957, bgkKyan andscan, 1986) — failed
to detect it thus confirming that those weight refees are inadequate for assemblages
with low RAI.

In order to solve that problem, regression equatiware created to predict the
proportion of the cranium, the trunk and the linfilzsn the RAI. The principle behind
this operation was that more unsuccessful anatdndeatification of bone fragments
lead to smaller proportions of the skeletal regigks a result, it was demonstrated that
the equation of linear regression predicted theeetqul percentage of each skeletal
region with a significant degree of accuracy. Tfeee it has potential for the

interpretation of archaeological assemblages aghanes. At the very least, it was more
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reliable than the skeletal proportions calculatednfunburned skeletons (Lowrance and
Latimer, 1957, In Krogman andclan, 1986; Silva et al, 2009). This is so becauge i
better adjusted to deal with extreme fragmentabpmalibrating itself according to the
rate of anatomically identified bone fragments.sTbalibrated method allows for two
approaches based on intervals according to theatamleviation. The results suggested
that the £1SD approach is only reliable to finddemcies regarding over- and under-
representation of skeletal regions. The +2SD isemoonservative and thus more
reliable to detect strongly atypical burials. Ndredéss, even a clear atypical
distribution of skeletal regions does not constitah absolute evidence of intentional
behaviour. Any explanation linking this to a givekeletal configuration will be
necessarily speculative.

It is important to note that some problems can bso@ated to the new
calibrated method. For instance, the analysis efdtemains was not comprehensive
due to time constraints. Therefore, the samplendidreport values for RAI above 78%
which could impair its prediction power on caseshwextremely good anatomical
identification of bone fragments. To tackle thislgem, the results from Lowrance and
Latimer (1957, In Krogman anddan, 1986) and Silva et al (2009) were includethéo
sample from which the linear regressions were ¢atled so that the full skeletal
proportions of non fragmentary skeletons could alsibon the prediction power of the
equation.

As stated previously, no inter- and intra-obsereeror has been estimated
regarding the anatomical identification of the ca#ms so the replicability and
repeatability of this procedure is unknown for nolhe regression equations were
obviously based on the author’'s own skills regagdime anatomical identification of
bone fragments which have been more successfulhtorcranium, followed by the
trunk, then by the upper limbs and finally by tbevér limbs. However, this may differ
from researcher to researcher. Although unlikelis possible that some researchers are
more at ease at identifying burned trunk fragmémas burned cranial fragments. This
may interfere with the prediction power of the hneregression but the variation
regarding the anatomical identification is probabbt very substantial and should be
mitigated by the standard deviation. Nonetheleayy the replication of this research
may confirm if the differential anatomical identiition of bone fragments obtained on

this research was typical or not.
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Table 4.4.2: Relative proportions of each skele&ion for unburned and burned
skeletal remains. Results from Silva et al (2008yavadapted from absolute skeletal
weights reported in Kg.

Cranium Trunk Upper Limbs Lower Limbs

Females Males Females Males Females Males Females Males

Silva

21.0% 17.7% 16.9% 16.8% 16.2% 18.3% 455% 46.3%
et al (2009)
Burned

13.6% 11.9% 6.1% 6.5% 4.9% 6.4% 15.0% 18.4%
Cadavers
Burned

17.7% 14.8% 9.9% 9.5% 6.4% 83% 17.5% 20.1%
Skeletons

In some cases, the predicted proportion may bensdl $hat the £2SD intervals
will lead the lower bound to be below zero. In thasses, the use of the +1SD intervals
is recommended when possible and researchers slitlthemselves to state that the
skeletal representation tends to be atypical. énethen the lower bound happens to be
below zero, this alone should be interpreted agracf atypical representation.

The development of the calibrated method for thegljotion of the proportions
of each skeletal region brings several advantagegsrding the bioarchaeological
analysis of cremation burials. Most importantly, ptovides for relative weight
references that allow for more reliable analysesrefains. As a result, it is proposed
that it can be systematically used by researchérss tcontributing for the
standardization of analytical procedures regardingned skeletal remains which has
been a major problem for bioarchaeological reseafdtihough its reliability needs
further and independent investigation to be vafidatthe results obtained on this
research demonstrated its better adjustment tarthbysis of cremains when compared
to the un-calibrated references previously usegeEtantly, the calibrated method will
lead not only to the additional investigation ofémration burials in the future but also to
the re-examination of contexts already investigatethe past. In some of these cases,
the proportions of the skeletal regions were amalysccording to un-calibrated weight
references. In other cases, such an examinationnsasven added to the analytical

methodology due to the uncertainties regarding ghigcedure. From now on, it is
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possible to systematically use the calibrated neetbaarry out more reliable intra- and

inter-sites comparisons.

224



Cremains — Conclusion

5. Conclusion

5.1. Review of the Investigation

This research was carried out in a modern cremaoand produced new and
precious results regarding the effect of heat ameband its consequent implication for
bioanthropological analysis. The objectives preseim the introduction — and now re-
addressed in this section — were successfully dgtérdespite some problems and
factors which have influenced the results and dan,some degree, affect the
conclusions drawn from them. The analytical appnoaatied on the mere observation
of skeletal remains from contemporary crematiorgs Bpproach is very advantageous
since it recreates burning events on actual hurkelet®ns which otherwise are difficult
or even impractical to carry out. Because of thasearch done on modern burned
human skeletal remains is actually quite rare na@ayad On the down side, this
approach regrettably does not profit from the athges regarding the implementation
of controlled conditions usually provided by anypesmental research. However, the
latter would not provide for a comprehensive peticgpof the burning of human
skeletal tissue because it would hardly allow feg assemblage of such a large sample
as the one used in the present investigation. titiad, the combustion conditions
produced by a modern cremator do not fully repredihose found in archaeological or
forensic contexts so the results may not be epticelmparable with both these
situations. Despite this, the observation of modwamations is still the best practical
way of understanding the effect of heat on the hubaly.

Although the total sample of skeletons examinedeurttis study was rather
large, fragmentation sometimes led to smaller sesfgd be available for a number of
observations. Unfortunately, this affected the gigance of some results. Even so, this
research was based on some of the largest sammesagsembled so the knowledge
obtained from it constitutes a precious contributior the still barely explored field of
burned bone. The teachings provided by this ingastn bring new prospects
concerning the interpretation of the post-morteracpssing of human remains, the
biological profiling of unknown burned individualnd the funerary behaviour and
practice of archaeological populations. All of thessues thus contribute for the

refinement of the analytical and interpretativellskof bioanthropologists which have
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been and continue to be recurrently challenged ewimlestigating burned skeletal
remains because of the extreme fragmentation aed ntisleading heat-induced
alterations that can be found in this kind of mater

On a first stage, the potential of heat-inducedpiveyy and thumbnail fracturing
for the determination of the pre-cremation conditod the remains — fleshed versus dry
bones — was investigated. This objective was aekliday accounting the prevalence of
these features on a sample of cadavers and a sahkeletons. In fact, it was
demonstrated that their occurrence was much meggiént for the former than for the
latter and may thus be helpful, although not indiaple, indicators of the pre-
cremation state of the remains. Therefore, theltesitained on this topic are quite
relevant for the interpretation of the post-morteracessing of human remains. It now
becomes clear that some of the assumptions mag@psty about the pre-cremation
condition of the remains based on heat-inducedufeatare not straightforward and
require some reviewing.

Another objective of this thesis was to determihe impact of heat-induced
dimensional changes on skeletal sexual dimorphistnoa the potential of osteometric
sex determination. This was investigated in caltifmnes that — theoretically —
presented substantial amounts of dimensional clsamM¢netheless, the results showed
that sexual dimorphism was still significant enoaglallow for reliable osteometric sex
determination and that this could be achieved jnaihree distinct methods, although
with rather different accuracies. The prospectsltieg) from this specific investigation
are extremely important for the assessment of tiséodical profile of unknown
individuals.

The third main objective was to assess the poleatigkeletal weights and
skeletal proportions for bioanthropological anddsahaeological analyses. Reference
weights for the Portuguese population were docuetkint function of each sex as well
as of skeletal proportions. Regression coefficidsased on the rate of anatomically
identified bone fragments were then calculated ridep to determine the expected
proportion of each skeletal region according to tekative amount of anatomically
identified bone fragments. The regression equativee tested on both modern and
archaeological samples and the results stronglgated that they are quite valid for the

interpretation of funerary behaviour and practice.
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In summary, the teachings obtained under thisarebeare quite innovative and
contribute for more enlightened upcoming investges regarding burned skeletal

remains.

5.2. Implications for Analytical Protocols

The new insights provided by this research leasbtisequent recommendations
for attaining more reliable bioanthropological cges of action. In the case regarding
the use of heat-induced features as indicatorseopte-cremation condition of remains,
the results corroborate and thus confirm some pusvinvestigations that pointed out to
their inherent ambiguity (Buikstra and Swegle, 198fennemann and Colley, 1989;
Whyte, 2001; Gongalves et al, 2011b). Ideally, dieéermination of the pre-cremation
condition of human remains should not be carried foom the recording of the
presence of heat-induced warping and thumbnaitdrang alone, but also be observant
of other evidences such as the representation eletsk elements — being either
relatively complete or relatively incomplete — aheé presence or absence of clothing-
related objects or other evidences for the whoesgmce of the skeleton. These clues
can suggest whether or not the skeleton was alrdedyticulated when submitted to
cremation. Although such procedure is also relef@narchaeological contexts, this is
especially so for forensic cases in which the cirstances of death and the post-
mortem handling of the remains are of the utmogioirtance.

As for the sex determination, many authors statet asteometry had a limited
potential on burned skeletal remains (Dokladal, 2196trzalko and Piontek, 1974,
Rosing, 1977; Holck, 1986; Thompson, 2002 and 2@atgrieve, 2008). Although
this is still somewhat true, this investigation derstrated that sex can nonetheless be
estimated on calcined bones with reasonable acguhars following the findings of
previous researches (Gejvall, 1969; VanVark, 195¢éhutkowski, 1983; Schutkowski
and Herrmann, 1983; Holland, 1989; Van Vark et18196). Morphological features
should be preferentially used for sex determinatlmurt fragmentation often impedes
this approach which relies on multivariate analydikerefore, the combination of
morphological and osteometric methods is very {ikelbe required when dealing with
cremains.

Although some of the osteometric standards — réggrdut-off points and

regression coefficients — here provided were tesiedsmall samples, the results
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strongly point to their validation. Therefore, @pplication is at least practicable on
burned skeletal remains from contemporary indivislaoé Portuguese ancestry. Logistic
regression is especially useful because it allmwshfe reporting of the probability of an
assessment being correct by simply using a logitsfiormation table. On the other
hand, the adoption of correction factors in order calibrate standard references
developed on unburned skeletons may be of somemusalcined bones although the
testing revealed differential success among thedst@ measurements that were
monitored. On this subject, the 10% correctiondaptroposed by Buikstra and Swegle
(1989) appears to be quite suitable for typicallyiter calcined bones. In theory, this
conclusion can be extrapolated to all human pojulatbesides the Portuguese — as
long as standard metric references for unburnedetskes are indeed available —
because heat-induced dimensional changes are mashby not population-specific.
Those references must be up to date because, fatr itvhas been observed on this
research, slight secular trends interfere substiéntivith correct sex classification. Of
course, this issue is more complicatedly addressedrchaeological populations for
which specific metric references are usually notetiigoed. Also, the use of correction
factors on pre-calcined bones was not tested anerefttre no sustained
recommendations involving osteometric techniques ba proposed. Although the
results pointed to a mean 4% shrinkage, the dymamegarding the heat-induced
dimensional changes in pre-calcined bones is maréahle than this figure alone
demonstrates since both reduction and increaseem®re detected.

Skeletal weight should always be recorded on cimesnand may often be the
only workable data in very fragmentary materialisTparameter may allow for some
insights especially regarding the number of indmald represented on a given
assemblage, the completeness of the remains, tjreedef anatomical identification
and the proportions of each skeletal region. Thieneson of the minimum number of
individuals using skeletal weights is a rather peofatic issue because their range of
variation is quite large and cremains are oftennébwabsent of some of their
components. Nonetheless, weight can be suggedtittee resence of more than one
individual when the assemblage is unusually hed@ys is probably the single almost
fully reliable inference that can be made regardivegminimum number of individuals
by using the weight of cremains. Of course, the anoonventional methods of

estimation of the minimum number of individuals enk repetition along with age, sex

228



Cremains — Conclusion

and pathological inconsistencies — should be peetally used but these may well be
fruitless when dealing with cremains.

As for the sex determination, this is as problemas for the latter issue and due
to the same reasons. Although the difference beteamales and males is statistically
significant, the range of variation and the evehineomplete presence of the skeleton
strongly jeopardize such inference. In additione-aegjated differences also interfere
with that assessment. As a result, only quite heaeynains from a single individual
can be attributed to a male with some certainty dugn this is not straightforward.
When available, other evidences from the osteo#bgitspection should therefore give
support to such estimation.

Skeletal weight can also be an approximate indicaitohe completeness of the
remains and thus point towards their scatterindedicient retrieval. However, in order
to make a correct assessment, this should be nmgéaowvell defined single cremains.
Also, the current available weight references emefadults. Age-at-death must then be
assessed before making any inferences and themeftke sure that these concern only
adults.

By using the percentage of anatomically identiftemhe fragments, it is now
possible to calculate the expected proportionsacheskeletal region and then make a
comparison with the observed proportions. This parpoint atypical configurations
more reliably than by using references from unbdrsieeletons such as the ones from
Lowrance and Latimer (1957, In Krogman agcah, 1986) and from Silva et al (2008).
However, this has its own problems. Although itpisssible for the researcher to
consistently identify atypical proportions of skaleanatomical regions using this
method, proving that this is the outcome of genaineé intentional selection of specific
parts of the skeleton from the pyre is a completifferent matter. Nonetheless, such
inference seems to be sustainable if it is baseplatterns found at a more wide-ranged
level — like for a necropolis or a specific timeripd — rather than based on a single
burial or on a few burials. Therefore, one of thajon advantages of the proposed
regression equations — besides supplying referahegsire specific to burned skeletons
— is to provide for a replicable methodology whiatiows for chrono-cultural

comparisons.
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5.3. Future Prospects

The approach used in this research was quite ssftteat tackling the issues
that were being dealt. The analysis of modern ctemsfrom individuals for which the
age and sex was known allowed for the collectionatfiable data that otherwise would
hardly be obtainable. Nonetheless, it became dlestrsuch an approach also has its
own frailties. First of all, it has to submit itb&éb the requirements that are obviously
associated to commercial cremations. This meanghbaesearcher has no control over
the parameters of the combustion and that thesadsted according to the needs of
each cremation. Therefore, it can be said thatralinations were somewhat different
due to specific durations, temperatures and oxygdakes besides the evident
differences regarding each individual that alsdugrice combustion. As a result, the
cremations are not fully comparable with each otker the bright side, this variation
had the advantage to provide for a very compreliensortrayal of human cremation
under variable conditions. Nonetheless, furthereassh should also profit from
controlled experimental endeavours on human skedeio order to complement the
results obtained by using the approach taken duitig investigation. That raises
important ethical questions but experimentatiorcadavers is recurrently carried out in
order to answer to some research questions froradvacientific fields that otherwise
would not be possible to address. The same happihshe effect of heat-induced
changes on bioanthropological methods. Althoughetones impractical, there seems
to be no better way of having a valid insight irftaman bone specificities than
investigating human bone itself rather than usitiielospecies. This approach should
thus be followed more frequently in the future.

Regarding the topic of the potential of heat-iretlicfeatures for the
determination of the pre-cremation condition of thmains, this research was not able
to investigate the possible effect of collagen erestion on the prevalence of warping
and thumbnail fractures. Such investigation mustitaee experimentally by measuring
collagen preservation on bones previous to crematad then account for its
association to the occurrence of those features Whuld contribute greatly for the
understanding of bone heat-induced changes.

The amount of individuals composing the sample emad for the topic of
osteometric sexual dimorphism was relatively smialt some of the standard

measurements that were monitored during the irgegsbn. The test-samples used for
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the validation of the recommended cut-off pointsl dogistic regression coefficients
were also somewhat small and sometimes unevenlgntadl according to sex.
Therefore, the enlargement of these samples mustinied out in order to provide for
more insightful and reliable information regardirigeir validation. As for the
calibration method by using the correction factbl @ recommended by Buikstra and
Swegle (1989), its testing on other populationddeethe Portuguese must be done in
order to confirm or dismiss the results obtainedhis very same thesis. In addition,
other osteometric standards for calcined bonesatigaspecific to other than Portuguese
populations must be developed.

As for the skeletal weights, the issue concernimgproportions of the skeletal
regions is the more debatable one. The regressiefficdents are based on the author’'s
own skills at anatomically identifying burned bormsa limited amount of time. These
may vary from one researcher to another so inteewier variation must be assessed in
order to verify for the robustness of the regressiquations. Further research similar to
this one may solve this problem and eventually oaprthe coefficients that were here
proposed.

As all other scientific productions, this one does constitute a final product.
Only the additional research can contribute for thénement of the results and
recommendations that were presented. Hopefullyijainmvorks will be published in the
following years that may help establishing comparsswith this one and allow for a

more insightful understanding of the topics thatemgealt in this thesis.

5.4. Final Remarks

Although the research field regarding burned bbad a reluctant start and
struggled throughout many decades, it is now beegman increasingly dynamic and
solid area of investigation in biological anthropgy. Burned bones constitute a large
amount of the human skeletal remains found in lbé& archaeological and forensic
arenas and can not be subject to the disregaraegidct that granted them a marginal
role in bioanthropological research for so long.thkapologists seem to have found
refuge on the wrong and often heard notion thatHing or almost nothing can be done
with burned bones” in order to avoid researching kind of material, despite important

work developed in the Past demonstrated just tip@sife. Fortunately, such inflexible
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stand is becoming less frequent and we can cegrtakxpect new and incisive work in

this field in the years to come.
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Table Al: Descriptive and inferential statistics fioe absolute mean weights of each bone

category according to sex on the sample of caddiregsams).

_ _Effect
Bone Sex n Mean SD Median Range  Value S|g.S_
ize
Female 29 23458 66.31 213.80 236.70
Skull 540.0 .015 -.26
Male 55 280.13 79.03 268.50 416.30
_ Female 29 9.87 6.67
Mandible -4.137 .000 1.00
Male 55 17.74 9.01
Vertebral Female 29 77.02 39.85
-3.452 .004 .81
Column Male 55 11159 45.48
Female 29 35.65 19.56
Ribs -3.655 .000 .90
Male 55 56.93 27.91
Female 29 8.81 5.78 8.40 21.00
Scapulae 4175 .000 -.39
Male 55 16.01 10.74 13.10 54.50
Female 29 5.79 4.20 4.20 16.40
Clavicles 483.0 .003 -.32
Male 55 10.32 8.59 8.10 50.20
Female 29 41.38 18.74 35.20 66.30
Humeri 326.0 .000 -48
Male 55 75.00 35.55 72.50 160.60
Female 29 11.86 7.08 11.70 24.30
Radii 343.5 .000 -47
Male 55 2246 11.54 20.60 66.50
Female 29 1564 1041
Ulnae -3.184 .002 .79
Male 55 26.08 15.94
Female 29 5.23 3.18 4.80 12.80
Hand 233.5 .000 -.58
Male 55 11.25 4.93 10.80 19.90
Female 29 50.74 29.71 49.50 114.10
Os coxae 423.0 .000 -.38
Male 55 8552 43.05 85.10 160.90
Female 29 12390 52.46 101.70 182.20
Femora 357.0 .000 -.45
Male 55 189.27 72.33 178.90 281.50
Female 29 4475 23.62 38.90 92.30
Tibiae 208.0 .000 -61
Male 55 96.88 40.22 95.40 172.00
Female 29 12.32 7.86 10.80 26.00
Fibulae 3575 .000 -45
Male 55 23.29 13.15 20.90 68.10
Female 29 37.21 17.93
Foot -5.306 .000 1.24
Male 55 61.00 20.32
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Table A2: Descriptive and inferential statistics floee percentage mean weights of each bone

category according to sex on the sample of cadgive?s).

_  Effect
Bone Sex n Mean SD Median Range Value Slg.S_
ize
Skull Female 29 13.04 2.66 3.113 .003 -71
u
Male 55 11.15 2.63
_ Female 29 0.54 0.34 51 1.43 566.0 .29
Mandible
Male 55 0.71 0.34 .58 1.71
Vertebral Female 29 4,18 1.95 -.364 .717
Column Male 55 4.32 1.50
Rib Female 29 1.92 0.91 1.89 3.15 666.5.218
ibs
Male 55 2.22 0.96 2.15 4,01
Female 29 0.49 0.29 44 .98 633.0.122
Scapulae
Male 55 0.63 0.37 .59 1.96
Female 29 0.33 0.23 .23 .92 664.0.209
Clavicles
Male 55 0.41 0.35 .30 2.25
, Female 29 2.29 0.90 2.55 3.53 561.0.026 -.24
Humeri
Male 55 2.99 1.35 2.94 6.06
Radi Female 29 0.65 0.37 .62 1.33 547.0.018 -.26
adii
Male 55 0.88 0.42 .80 2.35
Female 29 0.88 0.60 .67 2.36 660.5.197
Ulnae
Male 55 1.05 0.64 .92 3.05
Female 29 0.28 0.16 -3.999 .000 .97
Hand
Male 55 0.45 0.19
Female 29 2.74 1.38 -1.774 .080
Os coxae
Male 55 3.31 1.43
Female 29 6.83 2.33 -1.147 .255
Femora
Male 55 7.47 2.45
Tibi Female 29 2.50 1.23 2.41 5.34 378.0.000 -44
ibiae
Male 55 3.89 1.56 3.94 6.38
Female 29 0.66 0.35 -2.682 .009 .63
Fibulae
Male 55 0.91 0.44
Female 29 2.04 0.85
Foot

Male 55 245 0.83 -2.136  .036 49
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Table A3: Multiple regression analysis summarydge, sex and rate of anatomically identified
bone fragments predicting cranial representatiadgeers)

Model B SEPB Beta t Sig.
Constant 5.139 1.610 3.191 .002
Sex -2.348 524 -395 -4.479  .000
Age 014 .016 .075 .864 .390
RAI .188 .029 573 6.526 .000

Table A4: Multiple regression analysis summarydge, sex and rate of anatomically identified
bone fragments predicting the representation ofrtivék (cadavers)

Model B SEB Beta t Sig.
Constant 2.125 1.379 1.541 127
Sex -174 449 -.037 -.388 .699
Age -.026 .014 -175 -1.888 .063
RAI 147 .025 .559 5.945 .000

Table A5: Multiple regression analysis summarydge, sex and rate of anatomically identified
bone fragments predicting the representation otigiger limbs (cadavers)

Model B SEB Beta t Sig.
Constant -1.732 1.019 -1.700 .093
Sex 746 .332 .158 2.250 .027
Age -.014 .010 -095 -1.374 173
RAI 193 .018 740  10.576  .000

Table A6: Multiple regression analysis summarydge, sex and rate of anatomically identified
bone fragments predicting the representation ofawer limbs (cadavers)

Model B SEB Beta t Sig.
Constant  -5.532 1.500 -3.688  .000
Sex 1.777 488 A77 3.639 .000
Age .026 .015 .083 1.739 .086
RAI 472 .027 849  17.568 .000
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Table A7: Descriptive and inferential statistics floe absolute mean weights of each bone

category according to sex on the sample of sketefiorgrams).

_ _Effect

Bone Sex n Mean SD Median Range  Value S|g.S_

ize

Skull Female 31 233.24 62.49 -2.162.035 .56

u
Male 30 270.35 71.44

_ Female 31 15.03 8.78 -3.068.003 .80

Mandible

Male 30 23.69 1294

Vertebral Female 31 101.13 39.91

Column Male 30 131.17 57.91
Female 31 4326 21.31 -2.654.010 .68
Male 30 5860 2381
Female 31 15.69 9.70 14.90 39.00 299.5017 -31
Male 30 2250 12.15 18.25 51.60
Female 31  9.05 4.68 -3.376.001 .88
Male 30 14.19 7.02

Humer Female 31 34.67 2248 26.30 77.90 9270 001 .45
Male 30 6341 3526 54.20 154.70

Female 31 14.25 9.11 12.70 35.80 223.5000 -.54

-2.366  .021 .61

Ribs

Scapulae

Clavicles

Radii

Male 30 2538 13.13 25.55 47.30

Female 31 13.28 8.13 -3.790.000 .99
Ulnae

Male 30 23.25 12.10

Female 31 8.00 4.96 6.90 20.50 172.0000 -54
Hand

Male 30 18.89 12.45 16.60 49.70
Female 31 48.45 28.38 43.80 108.60
Os coxae 361.0 134
Male 30 65.03 40.94 52.40 173.60

Female 31 99.15 61.29 82.10 269.60 208.0000 -.48

Femora

Male 30 171.17 82.39 159.05 306.30
Tibi Female 31 62.75 45,54 48.90 147.40 318.5035 -.27
ibiae

Male 30 87.36 46.52 74.10 211.60

Female 31 9.28 6.45 8.30 25.60 221.5.000 -.45
Fibulae

Male 30 17.28 10.44 16.55 49.50

Female 31 39.61 20.85 35.50 101.50
Foot

Male 30 63.96 30.74 60.80 145.60 221.0 .000 -.45
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Table A8: Descriptive and inferential statistics floee percentage mean weights of each bone

category according to sex on the sample of skediorfs).

_ _ Effect
Bone Sex n Mean SD Median Range Value Slg.S_
ize
Skull Female 31 16.62 5.51 2.520 .014 -.66
u
Male 30 13.66 3.38
_ Female 31 1.05 .60 1.01 2.20 400.5.352
Mandible
Male 30 1.18 .59 1.10 2.35
Vertebral Female 31 6.92 1.90 810 421
Column Male 30 6.47 2.45
Female 31 2.88 1.08
Ribs -.108 915
Male 30 2.91 .98
Female 31 1.07 .64 .99 3.23 422.5.540
Scapulae
Male 30 1.11 49 1.05 2.02
Female 31 .60 .24 -1.372 .172
Clavicles
Male 30 .70 31
, Female 31 234 133 -2.137 .037 .55
Humeri
Male 30 3.12 1.53
Radi Female 31 .92 44 .90 1.55 325.5.044 -.26
adii
Male 30 1.27 .65 1.25 2.20
Female 31 .89 A48 -1.965 .054
Ulnae
Male 30 1.17 .60
Female 31 54 .26 -3.739 .000 1.00
Hand
Male 30 .92 .50
Female 31 3.30 1.79 .304 .762
Os coxae
Male 30 3.16 1.65
Female 31 6.68 3.51 5.58 14.03 334.0.059
Femora
Male 30 8.40 3.46 8.08 11.54
Female 31 4.06 2.59 -.364 .717
Tibiae
Male 30 4.28 1.98
Female 31 .59 .34 -2.517 .015 .65
Fibulae
Male 30 .85 .46
Female 31 2.64 .99
Foot

Male 30 315 1.26 334 .081
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Table A9: Multiple regression analysis summarydge, sex and rate of anatomically identified

bone fragments predicting cranial representatikelésons)

Model B SEPB Beta t Sig.
Constant 10.347  2.482 4.168 .000
Sex -3.007 1.106 -.316 -2.719 .009
RAI 142 .046 361  3.103 .003

Table A10: Multiple regression analysis summarydge, sex and rate of anatomically

identified bone fragments predicting the repred@niaf the trunk (skeletons)

Model B SEPB Beta t Sig.
Constant  1.074 1.218 .882 .382
Sex -.631 543 -107 -1.162 .250
RAI 172 .022 708 7.663 .000

Table All: Multiple regression analysis summarydge, sex and rate of anatomically

identified bone fragments predicting the repregenaf the upper limbs (skeletons)

Model B SEPB Beta t Sig.
Constant -3.574 .880 -4.060 .000
Sex 1.673 392 286  4.266  .000
RAI 193 .016 797 11.882 .000

Table A12: Multiple regression analysis summarydge, sex and rate of anatomically

identified bone fragments predicting the repregentaof the lower limbs (skeletons)

Model B SEPB Beta t Sig.
Constant -7.843 2.267 -3.460 .001
Sex 1.965 1.010 137 1946 .057
RAI 493 .042 827 11.776 .000
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