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COl/text (lml Termil/ology 

Recentl y, the interest in sub-adults in the archaeologica l record 
has increase d in response to a g rea te r apprec iati on of th e ir 
contribution to anthropological study; especially in the area of gender 
studies (see Baxter 2005). Beginning with Mead in 1955, several 
ethnographic studies have been carri ed out in the anthropologica l 
school of "cul ture and personali ty" (Baxter 2005:4). However, it 
has onl y been recently that archaeo logists have seriously begun to 
re cons ide r th e topic s o f childh ood in a rchaeo logy and th e 
"unknowa ble" status of children in antiquity (Baxter 2005:9). Thi s 
reconsideration has been fa cilitated by improvements in methods of 
age d etermin a ti o n as we ll as e m e rg in g tec hno log ies a nd 
methodol ogies for sex determjnation of sub-adult skeletal remains. 

T hi s arti c le is in respo nse to th e g row in g inte res t in the 
archaeologica l sub-adult record and attempts to bring together recent 
literature on the theori es and methodologies currently employed in 
the study of sub-adult human skeletal remains. I The focus of thi s 
literature review is on the theori es and methodologies used in the 
anal ysis and interpretation of pathologica l conditions in sub-adult 
skeletal remains, emphasizing the importance of accuracy when 
coming to conclus ions and conse rvati sm in conclusions where 
acc uracy cannot be obta ined. 

Sub-Adults ill the A rc/weological Record 
The ratio of adul ts to sub-adults in the archaeological record is 

often biased in favo ur of adults. Scheuer and Black (2004: 18) note 
that thi s bi as in a demographi c profil e is du e to " the unde r
representation of the immature component of a ske letal sa mple" . 
Sub-adults account fo r approx imate ly 50 percent of a population 
(Kamp 2001 :9), a fac t that indicates how signifi cant thi s bias is in 
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mu ch of the lit e ra ture on anc ient popul a ti ons. Thi s und er
representation is li ke ly due to a combi nation of fac tors including 
the poor prese rvation of infant skeletons, resea rch des igns that do 
not include sub-adults and the subsequent low retri eva l rates of sub
adult skeletal materi al at excavation, cultural factors that influence 
burial locations, as we ll as soc io-economic facto rs (Kamp 200 1:9; 
Robel1s and Ma nchester 2005: 178 ; Scheuer and Bl ack 2004: 18-1 9). 
Several other authors (e.g. , Bl ondi aux et al. 2002; Kamp 200 I ; 
Pfeiffe r and Crowder 2004) have dravv n attention to the paucity of 
sub-adult remains and the lack of data on those collecti ons that do 
ex ist. Pfeiffe r and Crowder (2004:24) , in their analysis of an infa nt 
ske leton with rickets due to v itamin 0 deficiency, point out that a 
photograph and an invento ry of thi s infant skeleton were published 
prev iously in the literature, yet no mention was made ofthe abnormal 
nature of its bones. As Pfe iffer and Crowder (2004:23) indicate, " it 
was in the context of a broader documentation that the infa nt skeleton 
described here was noted ." 

The study of adult ske letons can often provide insight into the 
hea lth of sub-adults through the study of childhood stress indicators 
on adults who had survived childhood stress events (Kamp 2001: 9). 
However, thi s is in no wayan adequate substitute for accurate and 
in-depth analysis of sub-adult skeletal remains. Sub-adults represent, 
as Kamp (200 I) emphas izes, a critica l aspect of the archaeolog ica l 
record that can provide insight not only into childhood activiti es, 
bu t also into the ge neral state of the populat ion as a whole. In order 
for the study of sub-adult remains to be useful and va lid , however, it 
is essential that the proper methodologica l approaches and theoreti ca l 
frameworks be used. Archaeologica l data and data from hi stori ca l 
or modern populati ons must be scru pulous ly analyzed and made 
ava il able to researchers fo r compari son, and analysts must be cautious 
in the theo retical and practica l applicati on of their interpretati ons of 
the skeletal data. Lewis and Robel1s (1997:584) emphasize thi s last 
po int , stating that auth o rs need to be co nse rva ti ve wi th the ir 
interp retat ions an1d understand the methods used. 

Methodology in the Analysis of Sub-Adult Skeletal Remains 
Age Determination 

Accurate age determination of sub-adults is necessa lY to exa mine 
not onl y pathologica l conditi ons in indi vidual cases and wi th in 
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populations, but also to examine how spec ific cultural practi ces like 
infanticide or in fant sacrifice compare to death by natu ral causes 
(Smith and Avishai 2005:84). Studies have shown that in modern 
populations the greatest frequency of deaths are in the perinatal period 
(including up to one month of age) and are generally the result of 
bitih defects or trauma (S mith and Av ishai 2005:86). However, in 
order to examine the causes of infa nt deaths in the archaeological 
reco rd, it is necessa ty to determine an accurate age at death . The 
methods most frequently used , whi ch mainl y consi der g ross 
morphological aspects of skeletal and dental materials, do not always 
prove accurate on thei r own for seve ral reasons, and are best used in 
conjunction with one another. In addition, skeletal samples of sub
adults of documented age are ext remely rare, while samples of 
undocumented age proliferate (Tocheri and Molto 2002:357), leaving 
few comparative samples. Of the samples that are available, it is 
important to consider, as noted by Peny (2006:90) , that growth and 
deve lopment are influenced by population specific factors such as 
sexual , environmental, and geneti c variability, which would affect 
the interpretation of age in skeletal material. 

Defore examining the methods used in detennining age in sub
adult ske letons, it is necessa ty to define "age". Scheuer and Black 
(2004 :3) distinguish between biological age and chronological age . 
Biol ogical age is defi ned simply as how far along the de velopment 
continuum an individual has progressed, whereas c1U'onological age 
refers to the spec ifi c amount of time (days, months, yea rs) that a 
person had li ved prior to death (Scheuer and Black 2004:3). These 
two ages do not always agree and in archaeological populations, it 
is impossible to determine the chronological age of an individual. 
Perry (2 006: 92) also indicates that focusing on ev ide nce of 
maturati o n is a " more fruit ful " exercise th an focusing on 
chronological age. Therefore, biological age is used in the analysis 
of ske letal remains. 

Biologica l age is genera lly determined though the use of skeletal 
and/or dental indicators. Both Baker et al. (2005) and Scheuer and 
Black (2004) reconunend that both methods be used where possible . 
However, the ava ilable materi al is often limited and therefore tends 
to fa vour one method over the other. There have been recent studies 
(e.g. , Humplu'ey and Scheuer 2006 ; Live rsidge and Molleson 2004; 
Smith and Avishai 2005; Tocheri and Molto 2002) published on 
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va ri ous other indicators of prenata l, perinatal and post-natal age in 
sub-adults that are va luable in terms of a multi-methodologica l 
approach to age determination. T hese studies will be di scussed 
fo ll ow ing an exa minat ion of the trad iti o na l methods used in 
determining age . 

Scheuer and Black (2004: 12) note that there is a di ffe rence in 
terms of an indi vidual's size and their bi ologica l maturi ty/age . In 
terms of using size to determine biologica l age, generall y, "s ize 
appea rs to be more affected by adverse circumstances than is maturi ty 
but the maj ori ty of studi es have recorded di aphysea l measurements 
of the maj or long bones" as thi s method is fas ter and easier than 
assessing ske letal maturi ty (Baker et al. 2005: 157; Scheuer and Black 
2004: 12). The assessment of ske letal maturity is often done through 
analysis of the ossification centres . Three aspects are generall y 
considered: the appea rance of ossifica tion centres, the morphology 
and size of ossification centres, and the fu sion of ossification centres 
(Scheuer and Black 2004: 14- 16). Scheuer and Black (2004 : 12-1 3) 
note that while age determination based on epiphyseal union is often 
used, this practice is generally problemati c since epiphyses are rare ly 
preserved or excavated, and there is a high incidence of intra- and 
inter-observer error using thi s method where epiphyses are present. 

In terms of the interpretation of prenatal remains, age estimation 
methods include hi stologica l and radiologica l ana lysi s. In modern 
samples used fo r compari son or in fo rensic applications, a common 
method of examination is the use of Ali za rin Sta in . The sta in is 
inj ected into the ca rtilage or bone of an embryo or foetus, allowing 
more accurate observation of morphologica l structure (Scheuer and 
Black 2004: 8-10). Prenatal age ca n be determined th rough a 23-
stage model using external and internal morphological criteria, which 
are independent of size . T hi s is expressed in greatest length, which 
is the length of the foetus, minus the legs (Scheuer and Black 2004 :4-
5). In skeletal remains, however, it can still be extremely difficult to 
di stingui sh betwee n prenatal, perinatal and neonatal in fa nts, with 
prev ious studies neglecting to di stingui sh between these stages at 
all and gro uping them together in analys is (Smith and Av ishai 
2005: 87). In additi on, Smith and Av isha i (2005:87) note that with 
20 percent low birth weight within a populati on, infant stati stics 
should be biased toward foetal remains using the standard aging 
techniques (mainly, bone length). 
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There are several problems with using ske leta l criteria for 
determining age. Several authors (e .g., Baker et al. 2005: 157; Peny 
2006:90; Tocheri and Molto 2002:357) have indicated that post
cranial material must be analyzed using population-specific skeletal 
growth profiles , and therefore requires knowledge of whi ch 
population or sample the skeletal material is derived from. This is 
often impossible to determine unless the researcher can be certain 
that all people li ving in a paliicular area were of the same ethnicity 
and socio-economic class. Since population-specific development 
stand ards are practically non-existent (see Tocheri and Molto 
2002:357,), this type of study is quite difficult. 

Recent studies, however, have proposed additional methods to 
use in determining age from the skeleta l record . These methods 
involve basiocciput osteometrics (see Fazekas and K6sa 1978; 
Redfield 1970; Tocheri and Molto 2002) and closure of the foramen 
of Huschke (Humphrey and Scheuer 2006). Tocheri and Molto 
(2002:356) indicate that the basi occiput is relatively resistan t to 
taphonomic processes and , compared to other bones, is unlikely to 
be found broken, which wou ld allow for relative consistency in its 
use. Basiocciput os tcometrics provide an accurate age range 
determination , however the range is wide (Tocheri and Molto 
2002:360). It was determined that this method is most applicable in 
assist ing in the placement of " infants into the younger or older ranges 
of the age estimates derived from other skeleta l and dental evidence" 
(Tocheri and Molto 2002 :362). Humphrey and Scheuer (2006) came 
to similar conclusions in their study on the use of the foramen of 
Huschke in age determination . They suggest that, due to the wide 
range of development, onl y ce ttain general izations can be made 
(Humphrey and Scheuer 2006: 58-9). Thus, this method is va luable 
in its ability to contribute to accurate age detertnination in conj unction 
with other estimates . 

Compa red to skeleta l methods of age determination , dental 
methods are generally considered more accurate (see Peny 2006 :90). 
It is useful to study dental co llections because there is vety little 
variation between hi storical and modern populations, with the 
modern populations providing a large comparat ive samp le 
(L iversidge and Molleson 2004: 178). Recent research by Heuze 
(2006) suggests that intra-population variation is equa l to or greater 
than inter-population variation when dental age assessments are made 
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using comparative samples. This resea rch indicates that there is no 
increase in the quality of age assessment by using population specifi c 
data and that data from va ri ous geographi ca l regions can be used 
together in constructing a comparati ve sample (Heuze 2006). An 
inte r-popul ation sa mpl e would not require know ledge of the 
population of ori g in of the sub-adult ske letal spec imen in question, 
which may be un known. 

The factors most often used in dental age determinati on methods 
involve tooth eruption/emergence and tooth minerali zation, the latter 
being the more accurate of the two (Baker et a l. 2005: IS 7; Scheuer 
and B lack 2004: 16- 17). Rece ntl y, L ive rsidge and Moll eson 
(2004 : 174) suggested that previous dental growth studies lacked 
clea rl y defined stages of crown and root deve lopment. They found 
that, in ea rl y childhood, dec iduous teeth grow fas ter and are more 
accurate in predicting age than permanent teeth (Liversidge and 
Molleson 2004). Smith and Av ishai (2005:84) propose that the 
neonatal line, which is a dental indicator of stress in newborns, can 
di stingui sh between death in the first week of life and death in the 
three weeks following. This is impoliant because most of the deaths 
in the first year of li fe occur in the first month (Smith and Avishai 
2005: 84). Like Li ve rsidge and Molleson (2004), in their articl e on 
crown and root development, Smith and Avishai (2005:87) found 
that since there was no difference in the re lation of crown-height to 
neonatal line betwee n histori c and modern populations, thi s method 
is a va lid approach fo r precise aging and determination of post-natal 
survival. 

As demonst ra ted above , th e traditi o na l m eth ods for age 
determination in archaeologica l populations are prone to error when 
only one method, in parti cular long bone measurements, is used 
alone. Dental methods are more accurate when specific aspects of 
formatio n a re ana lyzed, as opposed onl y using erupti on as an 
indicator of age. The most accurate approach to obtaining the precise 
age necessa lY fo r analyzing population and individual morbidi ty and 
mortality is a multi- face ted one, where seve ral methods are used 
together in an attempt to eliminate both methodological and observer 
errors. 
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Sex Determillatioll 
Of those who study sub-adult skeletal remains, many would agree 

that " undoubtedl y the la rgest single probl em in the anal ysis of 
immature ske letal remains is the di ffi culty of sexing juveniles with 
any degree of reliability" (Scheuer and B lack 2004 : 19). Scheuer 
and Black (2004: 19-2 1) go on to note that all methods of sex 
determination in sub-adults require further study or are simpl y 
ineffective . These methods include analysis of the sc iatic notch and 
compari son of the rate of skeletal development with the rate of dental 
deve lopment, where in the former method, the anal ys is of sex 
differences of the sciatic notch was only found to be accurate in 
sex ing black females (Walsh-Haney et a1.1 999 : 18-1 9) . The latter 
method indicates that if the rate of skeletal development and dental 
deve lopment are close, the individual is likely male (Walsh-Haney 
et al. 1999 : 19). These methods are included in those that Scheuer 
and Black (2004), mentioned above, consider generall y ineffecti ve 
or at the least in need of further study. 

A recent s tud y by Ca rdo so (2 00 6) indica tes tha t sexual 
dimorphi sm of the teeth of sub-adults may be used to indicate the 
probability of sex. He notes that va ri ous morphologica l and metric 
methods have bee n tested but fa il to be signifi cantl y accurate 
(Ca rdoso 2006). Ca rdoso's method empl oys the use of logisti c 
regress ion to deve lop sex determination formulae using combinations 
of measurements from different permanent teeth (Ca rdoso 2006). 
His method provides control for va riation, something that previous 
methods do not control for (Ca rdoso 2006). It must be stressed, 
however, that thi s method provides a probability of sex (just ove r 80 
percent) and not a certainty, and is therefore best used in combination 
with other methods (Cardoso 2006). 

The area of molecular genetic research proves far more promising 
in that it "has been evolving quickl y in recent years and can now 
provide viable alternati ves to the morphometri c and chemica l sex ing 
of adults and, more importantly, sub-adults" (Hildebrandt 2003 :22). 
Several studi es have been ca rri ed out invo lving gene ti c sex 
dete1111inati on, including Saunders and Ya ng (1 999) and Hildebrandt 
(2 003 ). Saunders and Yang ( 1999) exa mine the ro le of DNA 
(deoxyribonucleic acid) in determining the sex of an individual in 
forensic identification using polymerase chain reaction (peR) and 
the role of amelogenin gene codes. They indicate that further study 
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is needed in DNA research and that it is not frequentl y used due to 
the high cost, its time-consuming nature , and the ri sk of sampl e 
contaminati on (Saunders and Yang 1999:5 3). However, the PCR 
techniqu e has bee n appli ed to the a rchaeo log ica l reco rd w ith 
confidence in the sex determinati on of a two-yea r- o ld girl from 
Li sieux, France (see B londi aux et a l. 2002 :2 10). 

Recently, Curti s Hildebrandt (2003) attempted to assess the 
feas ibility of skeletal sex determinati on fro m DNA, using skeleta l 
samples from ancient Egypt. Hildebrandt (2003) tested fo ur systems 
for identi fy ing ge neti c sex including, SRY (sex-determining region 
V) , amelogenin loci, the alphoid repeats and Y-STRs (Y-chromosome 
sho rt tandem repeats). These methods prove to be rather quick and 
easy in accurate ly identify ing sex in modern popul ati ons and 
Hildebrandt (2003: 18) proposes that these methods could apply to 
ancient populations and problematic modern samples. He found 
that it is "possible to obta in ampli fia ble DNA for sex determination 
loci from bone samples that range in age from approximately 100 
yea rs old to just under 2000 yea rs old" (Hildebrandt 2003 :58). 
However, Hildebrandt (2003 :59) proposes that further testing be 
undet1aken, as there may have been possible sample contaminati on 
by handlers or analysts (particularly males) in his study. It is essenti al 
that sampl es of aDNA (anc ient DNA) be ana lyzed in a c lea n 
laboratory. Howeve r, the problem of conta mination is di fficult to 
avo id, as there is always the possibili ty of aDNA contamination from 
handlers of the material. 

Research on aDNA provides a more accurate method of sex ing 
sub-adult individuals than the previously proposed methods based 
on morphological indicators. Despite criti cism of thi s method (see 
Saunders and Yang 1999) in terms of lac k of study, high cost, and 
low availab ility, new research is showing that aDNA can be used in 
the analys is of ancient ske letal remains. While the skeleton can 
often be dece iving, with male skeletons showing feminine traits and 
v ice versa, aDNA has the potenti al to provide an unbiased indication 
of skeletal sex at any age, once methods are refined and laboratory 
errors reduced o r eliminated. In additi on, RNA (ribonucleic acid) 
or DNA could potentiall y be used to identi fy v iral infecti ons (Roberts 
and Manchester 2005: 181) and can already be used to determine 
ge neral categories of ethni city (Hildebrandt 2003:24) . 
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Other MetllOdological ami Th eoretical COll straillts 
T here is a strong need to asce rta in what is ' norma l ' in the 

developing ske le ton, as it does not o ft e n correspond to the 
morphology of the adult ske leton (Lewis and Robelis 1997 :584). 
Ribot and Robelis ( 1996:7 1) point out the diffi culty in di stingui shing 
between patho logica l change and normal processes and between 
di fferent patho logica l conditions, espec ially if they are mild . In a 
fo llow up to that study, Lewis and Robe11s (1997:584) note that there 
is a problem in studying the di stribution of periostiti s because it is 
indistingui shable from rapid appositional growth, w hich is normal. 

Along with the problem of di stingui shing normal from abnormal 
is the problem of inte r- and intra-obse rve r e rro rs (Lewis and 
Robe11s 1997 :583 ; Scheuer and Black 2004: 13). Stress indicators 
are often underestimated through errors in observa ti on and method 
of recording, and there is a question of the reli ability of stress 
indica tors. Ribot and Robelis (1996: 78) have found that there is a 
lack of correlation between les ions and stress episodes . Ge nerall y, 
the non-specific stress indicators used include enamel hypoplas ias, 
porosity (skull or vault les ions) , Harri s lines, and subperiosteal new 
bone formation. Wood et a!. ( 1992:344) suggest that the "observed 
frequency of pathological conditions should overestimate the true 
preva lence of the conditions of the general populati on". There fore, 
w he n cons idering the impli ca ti on of interpreting patho log ica l 
conditions in the skeletal record, one must be exceptionally walY of 
coming to any conclusions about the preva lence of these conditions. 
To illustrate thi s point, Stodder (1997:376) , in her study of linea r 
enamel hypoplasias on Latte Peri od populati ons in Guam, remarks 
that while hypoplasias are related to age at death in the Guam sample, 
there is no indication of whether infections are caused by anaemia/ 
hypoplasias or whether stress-causing anaemia/hypoplas ias cause 
an increased susceptibili ty to infecti on and, therefore, ea rly mOli ality. 

There are, however, cases where non-specific stress indicators 
are not present and other fac tors, such as retarded growth, indicate 
that stress was present. Bennike et al. (2005:737) define growth 
retardation as a deve lopmental adaptati on or adjustment (with the 
purpose of increasing surviva l), resulting from decreased nutritional 
requirements or due to a decreased ava il abili ty of nutrients. Pfe iffer 
and Crowder (2004:25) suggest that without evidence of growth 
arrest (i .e., Harri s lines) , the stress causing grov-rth retardation might 
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have been slow and persistent. In their study, the cause of growth 
retardation was likely the result of a case of vitamin D deficiency 
ri ckets that was due to di et, or a metaboli c probl em of inadequate 
renal function , causing the inability to use v itamin D (Pfeiffer and 
Crowder 2004:28). 

The Osteo logical Paradox 
As pointed out by Wood et a l. (1992:344), " there is one, and 

perhaps only one, irrefutable fact about the cases making up a ske leta l 
series: they are dead." Wood et al. ( 1992:344), in their article "The 
Osteological Paradox", argue that "a ll sa mpl es of the dead are 
inherently unrepresentati ve of the ori ginal li ving population at ri sk 
of death , even a skeletal collection that is a perfect random sample 
of all those who died." They point out two main conceptual problems: 
(I) selective mOliality - not all individuals at ri sk of death from a 
paIiicular cause w ill di e from it, and (2) hidden heterogeneity in 
ri sks - there is varied susceptibility to di sease or death within a 
population (Wood et al. 1992: 344). In addition , it is impossible to 
know the epidemiolog ica l rates of exposure to illness or death . 
References to "hea lth", an individual biological characteristic, must 
be based on population-level statistics (Wood et al. 1992: 344-5). It 
is also interesting to examine the idea that perhaps the " hea lthy" 
skeletons were in fact the ones who were least able to resist illness, 
dy ing before bone reaction could occur, and that the ske letons who 
present with inactive lesions are, in fact , the survivors of a paliicular 
illness (Wood et al. 1992:352). 

T he paper by Wood et al. ( 1992) received mi xed reactions. 
Several authors (e.g. , Byers 1994; Cohen 1994; Goodman 1993) 
challenged the notion of the Osteological Paradox . Howeve r, 
whether or not Wood et al ( 1992) were co rrect, the notion of the 
Osteologica l Paradox is preva lent in recent literature. For example , 
Lewis and Roberts ( 1997 :5 82) indicate in thei r analysis of the 
inte rpretation of stress indi ca tors, that the majority of children 
probably died from acute infecti ons and accidental death, which 
would not be expected to affect the ir dental or skeletal patterns. The 
Osteological Paradox should be taken into account especially in the 
study of cemetery populations . Many cemeteries, like the N<estved 
cemetery in Denmark, cater to celiain pOliions of the population, in 
thi s case, those individuals who were suffering from leprosy (Belmike 
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et al. 2005). These skeletons, therefore, could not possibly be 
considered as representative of the society from which they are drawn 
(Benni ke et al. 2005 :744). This study also draws attention to the 
necessity of being aware of the hi storica l context from which a sample 
is deri ved before the patterns of morbidity and mortality of a past 
soc iety can be reconstructed (Bennike et al. 2005:744). 

C ~"""'£:'~'~ , ~;t.'~ 
f%;~.% 

Figure I : The Eflec ts or a hypotheti cal epidemic on a popu lat ion 

While not addressed specifica lly in Wood et al. 1992 , the effects 
of ch ildhood illness on adults can be representati ve of va rious social 
aspects of a population. Ka mp (200 I: 10) di scusses the issue of how 
"adults who have been severely stressed as children may have lower 
fe l1ility, capacity for work, or adult hea lth" (see also Goodman and 
Armelagos 1989:227). Figure 1 demonstrates the Osteolog ical 
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Paradox as we ll as the effects on the surviving porti on of a populati on 
that has been affected by an infectious epidemic. Thi s chart shows 
two cohorts of the populati on. Cohort A is considered ' high ri sk ' in 
te rms of morbidi ty and mortali ty ( i.e., the underprivil eged sector) 
and Cohort B represents those of a higher soc io-economic status 
who are considered to be at ' lower ri sk .' When hit by an ep idemic, 
both sectors will be affected. Those in Cohort B will be better abl e 
to res ist the insult , w ith many peopl e not affec ted at a ll by the 
ep idemic ; however, in Cohort A, the majority of the people are 
affected and while some survive, they are left with the 'after-effects ' 
of the illness, and li ke ly a decreased quality of li fe. In terms of the 
ske letal reco rd , there will be those without les ions fro m both COhOI1s. 
Without considering the Osteo logica l Pa radox, all those without 
lesions would appea r to have been the ' hea lthi est' . However, in 
COhOl1 A, those without lesions represent the ones who succumbed 
to the illness at the time of the epi demic. In coho rt B, those without 
les ions represent those who we re not affected at all by the epidemic. 
1t would be inaccurate to consider that 2/3 of thi s population was 
' hea lthy' whil e 113 (those w ith les ions) we re ' ill '. This example 
demonstrates the necess ity of, at the very leas t, considering the 
Osteo logica l Paradox when examining the effects o f illness on a 
population. 

T he fo ll ow ing iss ue is on e that n eed s to be t ake n into 
consideration along w ith the Osteo logica l Paradox in the analysis 
and interpretation of skeleta l remains. Exempting accidenta l deaths, 
it is exceptionally rare for a person to di e " hea lthy". Whether or not 
les ions are prese nt on a ske leton, the re was a ca use of dea th . 
T herefore, the accuracy of any type of speculati on on populati on 
morbidity is extremely di ffi c ult us ing onl y the ske leta l reco rd , 
especially when looking at very ancient popul at ions. Even if all 
skeletons of all the people w ho died w ithin , fo r exa mple, a one 
hundred yea r peri od we re present, they all a re dead and all di ed of 
something, whether o r not the cause could be determined from 
analysis of the ske leton. Even if the ske letons appea r "hea lthy", the 
cause of dea th (unless the result of accident or trauma) wou ld have 
been from " ill-hea lth" ( i. e. , heat1 attack, stroke, di abetes, various 
cance rs, as we ll as other less comJllon illnesses). The study of the 
sub-adul t record becomes ex tremely important in thi s aspect in that, 
if bioa rchaeologists can compare the proportion of indi viduals w ho 
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survived into adulthood to those who did not, speculation ofmoliality 
and " implied morbidity" is then possible, even if all the paliicular 
causes of death cannot be determined from the skeletal record . 

Overcoming Methodological and Theoretical Problems 
The Differelltial Diagllosis 

Several recent studies (e.g. Blondiaux et a l. 2002 ; Brickley and 
Ives 2006; Buckley 2000) have attempted to offset many of the 
methodological and interpreti ve problems by providing a series of 
di fferent ia l diagnoses in their ana lyses of sub-adult ske leta l 
pathologies. In many cases, the cause of skeletal reactions to illness 
can be deduced. However, the argument is strengthened w hen 
authors are able to demonstrate why the specific pathologies are 
unlike ly to be representative of other illnesses with similar skeletal 
indicators. Differenti al di agnosis is espec iall y important when 
dea ling w ith non-specific les ions, such as porotic les ions. For 
example, Brickley and lves (2006) di scuss a case of abnormal skeletal 
lesions, indicative of scurvy, present on the bones of six infants from 
St. Matiin 's Cemetery in England . While the lesions were indicative 
of scurvy, they present a differential di agnosis comparing scurvy 
and two other possible di agnoses: anaemia and ri ckets. T hrough 
thi s compari son, they are able to distinguish scurvy from anaemia 
and rickets based on the pattern and distribution of bone changes 
(Brickley and Ives 2006: 170). 

In a study on the differential diagnosis of pathologic lesions in 
sub-adults from a pre-Europea n burial mound in Tonga, Polynes ia, 
Buckley (2000) examines several poss ible causes. These include 
various infectious di seases, metabolic diseases, trauma, Caffey 's 
disease, and iron-deficiency anaemia. Despite her in-depth anal ys is 
of the ske letal material and the examination of several differential 
di agnoses, Buckley (2000:503) concludes a specific diagnosis is not 
possible. In the analysis of the sub-adult skeletal record, and the 
adult record as well , it is desirable to remain without a di agnosis 
while employing the proper methodology and thorough interpretation 
of results than to assign a diagnosis based on inconclusive data. 
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The Importance of Analyzing Sub-adults in the Archaeological 
Record 

The analysis of only the adult portion of a population neglects 
the fact that children contribute signi fica ntl y to a soc iety and its 
culture (Baxter 2005 ; Ka mp 200 I :24). Goodman and Armelagos 
(1989:227) stress that illness and stress during childhood can have 
lasting effects on the fun ctional capacity of an individual as we ll as 
their fuhlt'e res istance to di sease. There is often a strong link between 
materna l hea lth an d in fa nt hea lth (Good ma n and A rmelagos 
1989 :237); therefore, ifinfants are unhea lthy within a population, it 
is likely their mothers represent an unhea lthy portion of the adult 
population and vice versa. Chemi ca l ana lysis of enamel, dentine, 
and bone can also provide a record of di et o r feeding practices (Peny 
2006:94). 

In addition to providing insight into the degree of morbidity 
within a population (see Kamp 200 I: 10), the analysis of sub-adult 
ske letons is often quite revea ling of the social conditions in which 
the individuals lived (see Baxter 2005). It is possible to determine 
socio-economic aspects of a society (Baxter 2005; Brickley and I ves 
2006: 164, 17 1; Stodder 1997 :363-4) as we ll as cultural aspects, such 
as weaning (Dupras et al. 2001 ), infanticide (Kamp 2001 :21 ; Pfeiffer 
and Crowder 2004:23) , and childhood violence such as child warfare 
(Peny 2006:95) from the analysis of sub-adult remains. 

In certain cases , such as examining the frequency and age 
di stribution of Harri s line formation , it is advantageous to analyze 
the sub-adult population, rather than the adult population. In adults , 
there is unpredictable and frequent remodelling of Harris lines, which 
makes them diffi cult to assess (Lewis and Roberts 1997:5 82) . 

Conclusions 
T he analysis of the sub-adult bioarchaeol og ical reco rd ca n 

prov ide a wea lth of info rmation , not onl y on the sub-adult s 
themse lves, but alpo on the populati on as a whole. In the past, certain 
fa cto rs such as poor preservation, a lack of recognition of sub-adult 
bones and a lack of suitabl e comparati ve materials have prevented 
many authors from inc luding sub-adults in the ir studies. Recently, 
interest in the sub-adult portions of populat ions has increased not 
only in the field ofbioarchaeology, but throughout the di scipline of 
anthropology. This appea rs to be fo llowing the trend apparent in 
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the socia l sci ence di sc iplines, of breaking the histori cal si lence of 
minoriti es and othelw ise under-represented portions of populations, 
commonly women and children. However, despite the growing 
interest in the inclusion of sub-adults in the study of archaeologica l 
soc ieti es , it must be stressed that this inclusion requi res a more 
meti culous co ll ection, ana lysis, and interpretati on than is normally 
invo lved when studying the adult members of a society. 
Methodologica l problems, parti cul arl y with aging and sex ing sub
adult skeletons, pose barriers that need to be ove rcome. T he more 
analyses done on comparative populations of known individual data, 
the more accurate age or sex determinations will become. The rapidly 
adva nci ng fi eld of molecular geneti c resea rch promises more accurate 
methods of sex determinati on as well as prospects for identi fy ing 
specific in fec ti ons in skeletal materi a l. In terms of the inte rpretati on 
of skeletal data and its applicati on to an ancient population, it is 
necessa lY to take into considerati on celta in theoreti ca l concepts, such 
as the Osteologica l Paradox and the importance of producing a 
di ffe renti al di agnosis. 

Despite the obstacles in the analysis and interpretati on of the 
sub-adult skeleta l record, it is clear that this is something that is no 
lon ge r be in g ig no red a nd th e re fo re requires accura te and 
comprehensive resea rch. Future explorat ion into the theoreti ca l and 
methodologica l approaches di scussed in thi s articl e will provide 
g rea ter accuracy in the analysis and interpretati on of the sub-adult 
ske letal record and will likely increase the inclusion of sub-adults in 
bioa rchaeologica l resea rch. 

NEXUS: Volume 19 (2006) 



Sub-Adults in the Bioarchaeoiogical Record 47 

Notes 

I In this article, the term "sub-adult" refers to indiv idual s who had 
not reached biologica l maturity at the time of death . For purposes 
of continuity with an original text, the term "juve nil e" w ill be used 
interchangeably w ith "sub-adult" as per the ci ted author 's usage of 

the teml . 
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