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[. INTRODUCTION

Porotic Hyperostosis and Cribra Orbitalia

Thepresencef skeletal stress indicatonssbeen documentettiroughout
variousprehistoric and historic archaeological contexts as a way to understand the life
history of a population and gauge their overall health and nutritional status (\&atter
2009). By stugling these bone alteratiomrgesearchersanaddress questions retaltto
biological andenvironmental contexts such as disease, activity patterns, ctgtchais,
or social variablesMays 2012, social organization (Piperaghal.2014), and living
conditions linked to population density, nutritional stress, andagamtKent 1986,
Eisenberg 1991 Two of theskeletal lesionsnost frequently observed and analyzed
within archaeological skeletal remaiaiee porotic hyperostosis and cribra orbitzdiad
theyare used as indicawof health and nutrition (Walkeatal. 2009,Mays 2012.

Thetermfi c r i b r a was firbt delscaided byvelcker in 1888 (Williams
1929,Mensforthet al. 1978,Salvadeiet al. 2001, Rothschildet al.2005, whilei p or ot i ¢
hy per owascoiedbyg Angel in 196GLarsen and Sering 2000rtner 2003.

These termsdescribe th@resence amarrow hyperplasiandpitting on thecranial vault
and eye orbitgAngel 1978; StuarMacadam 1985, 1989; Hill & Armelagos 1990;
Salvadeket al.2001; Rothschilat al.2005. Today,porotichyperostosis (PH}¥ almost
exclusivelyusedto describe the presencepafrositiesanddiploic thickening in the
cranial vaultwhile cribra orbital CO) is used to describe porosities on the superior
surface othe eye orbits, and both are used as mar&kanemiaThese porosities are
commonlyused in bioarchaeology investigatéhe decline ofhumanhealththat is

thought toresultfrom the adoption anttansition toagriculture(Cohen and Armelagos



1984, Kent 1986 They are thenost frequentlycategorizedkeletal lesions because of
theirrelativeabundance and usefulnesgalthasessmenfMays 2012. However, the
presencef theseskeletal stress indicatoasmdtheir relationship to health within
contemporary skeletal collectiohas not ben readilyexamined Therefog, this research
will aim to assesshe relationshifpetweerthese porosities arftealth on a documented
skeletal collection with selfeported health.

The etiology of PH and C@reattributedto a variety ofbioculturalfactors
includingdiets deficient in iron, the malabsorption of nutrients, chronic blood loss,
parasitic infectiongeneral nutritional deficiencieandor anemia(Kent 1986, Stuast
Macadam 1992, Hol | WalkéretalR009)O6 Br i en 1997,

Iron-defidency anemia ishe most common form of anemia (Roberts and
Manchester 2009)resently affectindpalf of the 2 billion peopleafflicted with anemia
worldwide (World Health Organizatio2014,2016).Sincethe 1950s anemiaas been
linked to PH because of the simitgrin cranial vault changes to those observed in
children afflicted with irordeficiency anemia (Walkest al.2009,Mays 2012.
Additionally, PH has been associated with kd&ficiency anemia because of the c
occurrence of marrow hypertrophy within the cranial vadkys 2012, which isa
response to the formation of red blood cells within the bone marrow (Roberts and
Manchester 2005), artde reabsorption of theuter table similarly observed in
radiograpls of clinical anemic patients (Studftacadaml982, 1987aMays 2012.
Thesediagnosticclinical radiographdiave beemompared by Stuai¥lacadam (198pto
an archaeological populatidhat presentmacroscopic cranial porositiesthe form of

PH and COandher researcbBuggestshe gpearancef PH and CQ:orrespondwith



the presence of seven radiographaits indicative of anemia (Stuavtacadam 1987a)
Since the original linkage to clinical research, PH has bec&adysynonymous with
iron-deficiency anemia in antiquity (bkeley 1965Mays 2012 and has become readily
adopted by paleopathologists as the primary explanation for both CO amdiay$i (
2012.

COwasbelieved to be one of the earliest expressioraefnia Carlsonet al.
1974, Lallo etal. 1977, andis more commonly found in children than adults (Nathan
and Haas 1966), leading some to consider and use this lesion as an indicator of childhood
anemia (StuafMacadam 1985). Additionally, some researchers believe that PH is a more
severe &rm of childhood anemi&ent 1986; StuarMacadam 1985, 1992and is
typically accompanietly CO (StuatMacadam 1989). Howevgt has been noted not all
individuals who display PH exhibit CO (Walket al.2009),s0 there is a suggestion that
these tw@athologies may represent varying stages of an@dadsonet al. 1974, Lallo
et al.1977, Larsen and Sering 2000)

Etiology is uncertain, howeventil recently iron-deficiency anemia has been
thought to behe primary causal factor respdoisi for PHand CO (Sheldon 1936, Eng
1958,Britton et al. 1960, Shahidi and Diamond 19@8yrko et al. 1961, Jelliffe and
Blackman 1962Powellet al. 1965,Aksoy et al. 1966, Lanzkowsky 196&garwalet al.
1970,Moseleyl1974,Eisenberg 1991Walkeret al.2009. However,as outlined in
Walkeret al.2009,other researchers have hypothesized thatdeficiency may actually
be an adaptive responseparasitic infection (Hengen 197%fuartMacadam 1992),
although this parasite model has not been widely accegtedl (Il and and OOGBr i e

Alternatively, some researchers challenge the notion that the marrow hypertrophy



attributed to irordeficiency anemia does not resiutim adiet deficient in iron, but may
bea result of the mar r owrorhcgugirgrthe individdalyod s cons
become deficient in that nutrient (Rothschild 20T&hers argue that the porosities
observed omhe cranium may actually beom differing etiologies, attributing the
presence of Pltb anacquiredmegaloblastic vitamin B12dficiency in addition to
synergistic factors (Walkesat al.2009),a niacin (B3 vitamin) deficiency resulting in
pellagra (Paine and Brenton 2006), or tipe@sence is eesult of scurvy and/aickets
(vitamin C and D deficiency, respectivelfjobert ad Manchester 2005However, the
two most widely debated etiologies revolve arothalvitaminB12 deficiency
(megaloblastic anemjand irondeficiency anemighemolytic anemip(see Walkeet al.
2009) Ultimately, the presence of nespecificcranialporosities may indicate a
metabolic deficiency (i.e., iredeficiency anemia) or a nespecific infection present
(Ortner 2012).

Potentially 8 a result othis uncertainty in causation and etiology regarding PH
and COsome researchehave chosen not tase thespecificterms PH or CO in the
absence of a clinical diagnosis, and instead use descriptive terms siedt@sanial
porositie® (Mann and Hunt 2005) or f c r g@obdan&n apdiMartini2@08, Eaine
et al 2009)to describe porosities oihcertaincausation in the eye orbits and the
cranial vault

Since there is lck ofadiagnostic agreement the current literaturghe author
wi || use t he tper misandiBcecaoial povositiEsintthés research
to refer to dedcts that may be reflective of CO and PH, with the understanding that these

defectsas they appean dry bone are not definitively diagnosed in the modern



clinical/medicalsens& he term fAcrani al pombire sathtoiibitals 0
andectocranial porositie®r easy descriptiowithin this research. élvever the

presence of orbital and ectocranial porosities may represent diftanggdationsnd thus
their resultswill be reported separatelyWhile theexactcausal factors of thes@o

skeletal lesions are stillebated, researches @gree upon their conneati to past human
life histories and their utility in the interpretation and study of past heattbdman and

Martin 2002)in relation to diet, nutritionanddisease

ResearchQuestions

Due to the predominant used utility of thesetwo cranial porosities within
bioarchaeological contexte signify health statyshe authomwanted to observe the
frequency of these pathologiasd their associatict healthwithin a malern
documented skeletal sampleascertain the relationship between the presence of cranial
porosities and the expected health of an individglthese pathologies acemmonly
used in bioarchaeologygry bone diagnostic criteria (outlin@a Buikstra and Ubdaker
(1995) for use n archaeological materiafgll be preformedn adocumentedkeletal
collectionto enhance our understanding of these pathologiescontemporargkeletal
population ando assesthe pathologicaldegree of expressidor severity)in modern
populationsascompared to those of individuals from the pakiwever the expectation
of cranial porosities indicative of anemia within a modern documented skeletal collection
is thought to be lovascurrentindividuals have acas to general healttare and

nutritional resources.

Wi



By utilizing the documented age, sex, ancestry, and ®moaomic status within
a modern skeletal collection, this research will enhancemderstanding of the
association betweecranial porositieand health. &rthersupportingor diminishingthe
useof orbital and ectocranial porositiesthin the healthdialogue In turn,improving our
understandingf CO and PHandrefining terminologyor diagnostic criterigpecific to
these pathologies

The identification of orbital and ectocranial porosities can be performed both
macroscopically and radiographically, however the assessment of PH and CO in skeletal
material can be difficult if porosities do not present as classical lesions. Therefore, to
definitively assess the presence of PH and C® sitiggestethat both macroscopic and
radiographic assessments should be performed (Ortner 2003). Macroscopic observations
have typically been used to assess the presence of these cranial pokdaisz0(2),
while radiographic assessments have attempted to explore the presiese afanial
porosities in relationship @nemia in archaeological populations (SttMacadam 1982,
1987a). However, it has not been specified whitcthese approaches, nmascopic
assessment or radiographic analyisishemost accurate methdd assess cranial
porositiesand only two researcheiStuartMacadam (1982) anBauder (2009)have
performed a methodological comparison using both radiographic and macroscopic
methods in the examination of cranial porosities.

StuartMacadam (1982) sought to test the hypothesis that PH was related to
anemia through the compasisof radiographs performed ¢ime Poundbury Camp
archaeological skeletal collection fronRamaneBritish cemeteryto that of

radiographed clinical anemic patientssingseven radiographic indicatoiStuart



Macadam (1987a:519) found that the radiographttern ofoone changesvithin the
Poundbury Campkeletalcollection who displayed PHesembled those of radiographed
clinical anemic patients ith associated marrow expansidmther linking PH and

clinical anemia togethemlhe seven indicatorStuartMacadam utilized includé)o h a i r

one nd 0 pfarabecelatiopwhichi s  w theborg trafbeculae assume a position

in which they radiate out in a per-pendicul

Macadam 1987a:512) typicalét a 90 degreeangle(StuartMacadam 1987b}) outer

table thinningwhich is an increased pressureondhe pl o+ causing fAéa th

di sappearance of t he advhgadam @987a512)) expueect bone
changeswhichareh é a cour se , granul ar ,easein sti ppl ed
radi ol uc e n otheskud \agltéStuamdadadam 98a:513)4) dipolic

thickering,whi ch i's fAan incr eaé(BtuartMacagldnul | vaul t t
1987a:513, 5) orbital roof thickeningwhi ch 1s A. .. clearly evider

radi ographsé[ where] the roof (SfuartMacadanor bi t

1987a:513)6) orbital rim changesvhicharethefi €t hi nni ng, fl attening

definition and in some cases obscuring of the normal rim oyghvigich are observed in
the postericianterior view(StuartMacadam 1987a:513), afy frontd sinus
developmentwhi ch i s fiéa reduced or, in some
(StuartMacadam 1987a:514).

Bauder (200pperformed a differential diagsis of PH on a prehistoric skeletal
population for the study of subadult survivorshi@ddition to a comparison of three
methods in the examination of lesions to assess overall performance. Bauder (2009)

found that the diagnostaccuracywas not statistically increased with the use of

Case



radiography, and that macroscopic observations wererhetien active lesions were
present.

However, no test of the radiographic versus macroscopic approach has been
conducted using documentedkeletal sample to understand if the appearance of these
cranial porosities imontemporaryopulations compares those from the past, and
which method is the most acete to detect these porositietiefefore, this thesisill
aim to test the StuaMacadam (1987a) radiological methimd assessinghe presence of
cranial porosities suggestive of PH and,@€rsususing thevisual macroscopic analysis
alonein a modern documented skeletal collectidhis assessment will be performed
usingindividuals fromthe Texas State Universityonated Skeletal Collection (n=5)
conjunctionwith theirdocumented age, sex,c@stry, and socieconomic status

Becauséhe literature speculates the preseofceranial porosities may relate to
the age, sex, ancestry, or seemnomic status of an individual, this research fuither
ted the relationship between tpeesencef these pathologieagainst a collection with
known demographics ars¢l-reportedhealthunlike similar studiesyhich utilized
archaeological populationgith estimated demographics

Utilizing the comparison between cranial porosiaesl socieeconomic status
may potentially furthesupport or reject the use of these pathologies as an indicator of
sociceconomic status of an individual within modern populations and/or challenge the
useof these skeletal lesions when assessing thepres status of individuals within
archaeological population§hus,the authomims toprovide further evidence to either

promotethe linkageor discouragehe association betweskeletal stress indicatoand



theexpectedbservation oftatus in antiqily andor sociceconomic status in
contemporary individuals.

Furthermore,his researchvill compare thdrequency otheradiographic
indicatorsobserved within clinical anemic patients (Stedcadam 1987a) to the
frequencyobservedvithin adocumentedkeletalcollectionto assess if these
radiographiandicatorsare confinedolelyto clinical anemic patient&our of the seven
radiographic indicator§ out er t abl e thinni-ongnddi photer nh
and orbital roof thickemig) outlined by StuarMacadam (1987a) were chosen based on
the frequency observed within clinical anemic patients, their ease of identifioatim
radiographs, their associatitmanemiaand the location on the cranium potentially
relating to the prsence of macroscopic porosities

Overall, e purpose of the study isfiartherexplore which of the analyses is the
most accuratenethod for the examination and measurement of cranial porosities
assess which radiographic features perform thedvesipturing the presence of these
cranial porositiesand to assesstifie presencef cranial porositiess reflective of age,
sex, ancestry, or soeeconomic statushis research aims to address the following
points

1. To evaluateavhich method, macroscopic or radiographic, is
preferred in thédentificationof cranial porosities.

2. To assess the frequency of cranial porosities witrerTgxas
StateUniversityDonated Skeletal @lection in relation to
knownage, sex, ancestry, ardli-identified socioeconomic

status.



3. To evaluate the overall performance of four radiographic
Il ndicators (outer tabl eont hinni
endo pattern, and orbit a-l roof
Macadam (1987a) when utilized irsample of selfeported
health.

4. To observe whethéhe presence ofmacroscopic cranial
porosities or radiographic indicasopredictsex, age, 0s0Cic
economic status.

My hypothesis is that radiographs will better identify pnesencef cranial
porosites not apparent macroscopically, dhdt they may further indicate degree or
severity (e.g., mild to moderatele to thgotential toobsene expansion of the diploé.
The expected frequency of the radiographic traits is believed to fall below thericies
observed in clinical anemic patients (Steecadam 1987a). Whiléé expected
frequencies of cranial porosities as observed by age, sex, ancestry, egcammmic
status is that women and those in lower s@donomic status levels are thought t
exhibit more cranial porositie¥oungerindividualsarebelievedto exhibitmoreorbital
porositiegStuartMacadam 1985)while middleaged individuals are expected to show
more ectocranial porosities (Mann and Hunt 2086) difference within ancestry
groups, the presence of cranial porosities is expected to tethtsr self-reportedsocic
economic statugroup While childhood socieeconomic statukevel isbelievedto
suggesthe presencer absencef orbital porosities.

In answeringhe questions listed above, thethoraims tovalidate the use of

radiographidraits when related tmacroscopicallypbserved cranial porositiet® assess

1C

ng

t



the frequacy of orbital anctranial porosities within a modern documented skeletal
collection andto establish a baseline profile for the presence of cranial porosities within

a contemporary skeletal collection
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[I. MATERIALS AND METHODS

Materials
This researclexaminednoderncrania(n=50) from the Texas State University
Donated Skeletal Collectidor the macroscopic and radiographic assessment of cranial
porosities X-rayswere taken by the authasinga portableMinXray® machine located
attheFor ensi ¢ Ant h OstgplodiabResearch amd Preaessisg ltab
capture radiographic image$each crania in two anatomical positions (anterior
posterior and lateral) in order to assesytiesence and/ategreeof orbital and

ectacranial porosities suggestive of porotic hyperosi@ld) and cribra orbitalia (CO).

Skeletal CollectionSample

The Texas State University Donated Skeletal Collection is comprised of modern
individuals who havegenerouslygifted their body to the Forensic Amtipology Center
at Texas Stattor the advancement of scientific research, continuing education, and
training within biological anthropology and forensic sciences
(www.txstate.edu/anthropology/facts/donations/Body. htifthrough theidonation our
understanding of decomposition processes, skeletal biology, and knowledge of
osteological health indicators is neagossible. In addition to their body donation,
documentation of themge at death, occupatiamdselfreported childhood/adult socio
economic statuss availablefor the majority of individuals within theollectionto
enhance health related researthi®s. Thus, childhood and adult seelwonomic

statusesiave been included, when available, for individuals utilized within this study

12



order to testheexpected and observed frequentygranial porosities and radiographic
indicators against setkeportedsociceconomic status

Childhoodsociceconomic statug/as included in order to assess whether there
was a significant correlation between orbital porositiessaetb-economic statuduring
childhood, as orbital porosities (or CO) are thought tmbeeative of childhood anemia
(StuartMacadam 1985)Additionally, adultsocioeconomic statuwas utilized to assess
the correlation between the presence of ectocranial porosities and their espeied
economic statudn theTexas State Universitydhated Skeletal Collecticsocic
economic statuss selfreported, and there are six categories provided for donors to select
from for childhoodsocioeconomic statuand adulsocioeconomic statuevels
unknown, lower, lowemiddle, middle, uppemiddle, and upper class.

For this research, the author chose a sample size of 50 draeimajority of the
Texas State University Donated Skeletal Collec{fdn190)is made up of individuals of
European ancestry. Therefor#,availableadultAmerican Black (n=6) anmerican
Hispanic (n=8) donors in thellectionwereutilized for this study. fie remainder of the
sample izomprisedf American Whitandividuals(n=36)to total the 50 crania needed
for this research

Recorded age at deattasvused to organize individuals into decade categories
ranging from 180 101years of ageTable 2.1) Note that theage category 120 is not a
full decade, howevedhe authoneeded to represetiite youngest adult donat 18years
of age, andhat theage category 101100nly includes a single individual aged 101.

Within the American White sample, a random number generator was used to choose 36

13



individuals (18 female and 18 male), choodwg within each age decade wherever

possible. Overall, 28 malesd 22 females were uskat this research (Table 2.1).

Table 2.1 Age Categories

Age n=50
18-20 2
21-30 4
31-40 3
41-50 5
51-60 5
61-70 11
71-80 7
81-90 8
91-100 4

101-110 1
Methods

Macroscopicand Radiographic Analysis

The craniaverescoredseparatelyor the presencer absence obrbital and
ectocranial porosities usingacroscopiscoring guidelines outlined ftandardgor
Data Collection from Human Skeletal RemgiBsikstra and Ubelakek994), and using
radiographic scoring gdelines outlined in StuaMacadam (1987aJ-or additional
photographic examples of macroscopic orbétcranial porosities and radiographic
indicators within the Texas StdtiniversityDonated Skeletal Collection, see Appendix

A and B.

14



Macroscopic Analysis Ectocranial and Orbital Porosity (PH/CO) Appearance and
Scoring

Figure 2.1 Example ofslight ectocranial porosities in the Texatate
UniversityDonated Skeletal Collection

For the purpose of this researcbtoeranialporosities are defined as tiny
porosities or pits on the cranial vault with no increased thickening of bone, theing
appear anc e -poefe | aon (Masrxanalkigee?2005})ypically seen along the
parietals, occipital, and frontal bone nbaegna (StuartMacadam 1987(Figure 2.1)
Hrdlicka (1914) describetthe pathological process BH begiming on the frontal
squama, subsequentpreading to the posterior portion of the parjedall theronto the

occipital Although, it most commonly manifests alaihg frontal, parietal, and occipital

15



bones, it does not extend past the temporal or nuchal musclégiridajjar et al. 1975).
On dry bonePH s characterized by increased vault thickness and small (0.5manyéo
(2.0mm) sporadic holes upon the diploé (Mann and Hunt 28@8)ng adjacertb the
frontal, sagittal, or lambdoidautures creating eband of little to no porotic activitgiue
to the avoidance of the sutyidoseley 1965 The variation andeverity of this
pathology may fluctuatéhroughout skeletal collectionSor a depiction of severe PH,
please refer to Mann and Hunt (2005:21).

Cribra orbitalia (COmaintains a similar morphological signegas PH
appearing as large pinpoint defeldsated bilaterally within the gerior surface of the
eye orbit(Mann and Hunt 2005Figure 2.3, which itself exhibits increaseduperior
orbital bonethicknesgvisible radiographically)in some adults, only small pits or
remnants of porosities remaiml@nn and Hunt 2005) as a result of bone remodeling and
healing.Some researchers consider @e a response to childhood anemia and any
vault lesions are likely indicative of a more severe form of anemia (S¥sadam

1989).

DonatedSkeletal collection

16



Because mild or moderate cases of CO/PHatas easy to discern, and the
paleopathological literature tendsdocumenbnly clear orextreme asesonly crania
thatpresent classical lesions displaying marrow expansaioticoalescing foramina
(Buikstra and Ubelaker 1994) withbandof no porotic activity Koseley 196%around
thecranial vaultsutureswill be scored as presenting PAnbiguous crania with cranial
vault pitting but no marrow expansion and banding will not be classified as displaying
the metabolic reactions potentially indicative of PH. Orbital porosities will be scored as
presenif they present bilaterdbramina GtuartMacadam 198p

Ectocranial porosities/erealso scored as absent and pre§€able 2.2) When
present, ectocranigborositieswverethenfurtherassessetbr degree and were given a
score of0 to 5. If a score of Ibérely discernible (pinpointsjhrough 4 ¢oalescing
foramina with increased thickngsgas documented, this would indicate the macroscopic
appearance of PH (as defined by Buikstra and Ubelaker 1994), and subsequently would
be assessed as positive for the presence of PH. If porositiepresent but did not meet
the criteria for scores-4, a score of 5 was given to indicate repecific porosities were
presentThisscore of 5 was createshd designateby the author to indicate porosities
were notconsistentvith PH terminologyTo score for orbital porosities, a score of O for

absent and 1 for present were recorded (Table 2.2).
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Table 2.2Macrosopic Data Collectioh

Porotic
Orbital Porosities Ectocranial Porosities Hyperostosis
(PH)
Presence/ Presence/ Presence/
Absence Absence Degree Absence
0. Absent 0. Absent 0. Unobservable 0. Absent
1. Present 1. Present 1. Barely discernible 1. Present
2. Porosity only
3. Porosity withcoalescence
of foramina

4. Coalescing foramina
with increasedhickness
5. Non-specific porosities

1Adapted from Buikstra and Ubelaker (1994)

Radiographic Analysis Ectocranial and Orbital Porosity (PH/CO) Appearance and
Scoring

In addition to the macroscopic assessmiiat presence @bsence of four nen
metric radiographic trait@iscussed belowgf PH and CQas outlined by Stuatrt
Macadam (1987ajascollected intwo anatomicaladiographicviews anteriorposterior
and lateral The presence diiese radiographic traiestabliskesif the individualis scored
as positive fotesions suggestive of PH/C@s well as degree of severity

To measure diploic changes and/or severity of cranial lesaaiiggraphically
distinctcranial changes as outlined in Stuslidcadam (1983, 1987hwere assessed
These radiographic oeobsrdd&apatotnesr m ncdiuglleoiac
outer table thinning of the cranial va(ffigure 2.3, and granular texture changes of the
bone (StuarMacadam 1987a), all of which can be observed IéyerEhe radiographic
appearance of CO is observed through features such as orbital rim changes, orbital roof
thickening(Figure 2.4, andunderdevelopment of the frontal sinuses (Stivatadam

1987a).The four radiographic features utilized in theseach (outer table thinning,
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di pl oi ¢ t h-oreeknednoi mpga,t tfelrani,r and or bi t al roof
becausehey aresasily recognizable artie most frequently discussed and radiographed

traits pertaining to anemia.

Figure 2.3 Example ofthe radiographic appearancediploic thickeningin the cranial
vaultandouter table thinningn the posterior aspect of the cranitmthe Texas State
UniversityDonated Skeletal Collection
The Jrkeanidro patt er n ilike adaagermentiotradidtinglisesa r avy
within the crosssection of the diploé&, laid down by bony trabeculae and accompanied by
the destruction of the outer tabWi(liams 1929;StuartMacadam 1987a,19870rtner

2003.For a depi cioreonnd 0o fp atthtee riinh,aiprl ease ref er

(1979:375. T h i s -oftehragaiternis not a common expression in anemia; only
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5-10% of individuals exhibithis trait (StuartMacadam 1982, 198y.aHoweve;, if

present, this trait I|Iikely indicat®s sever

endo pattern, outer t a#0%eofclinkdl nadograpgs amlasy o c

identified when the outer compact layer of bone thins or disapfgaestMacadam

1982, 1987ajFigure 2.3. This is a result of marrow hypertrophy and the stress of the
expanding diploé upon the outer table of the cranial v&tliaftMacadam

1987a,1987p The expansion of diplaé caused by a hypertrophic event due to

abnormal red blood cell production, which creates the response to enlarge the marrow
between the inner and outer cranial vault in order to accommodate the increased
hemapoietic activity (Stuaitlacadam 1987Mays 2012. This expansion within the

cranial vault can be observed radiographically in 22% oicelirmanemic patient&Stuart
Macadam 1987digure 2.3. The diploic space is thought to be 2.3 times thicker than
the presented compact bone (Reynolds 1962, Sebd3iggsl 1979 StuartMacadam

19873. However, the ratio between compact bone and diploic space varies in every
individual due to biological factors (Studvtacadam 1987a) raditionally, the

macroscopic appearance of diploic thickness in addition to caomiasities is essential

to identify PH. Lastly, to assess and distinguish the presence of CO, abnormal orbital roof
thickening of 3mm must be present along the horizontal plate of the frontal bone-(Stuart

Macadam 1987b) as observed in lateral radiogrépigsire 2.4.
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Figure 24 Example oftheradiographic appearance abital roof thickeningn the
Texas Stat&niversityDonated Skeletal Collection
Using the MinXra® machine, the crania were placed on thea}{ board at a

distance of 30 inches from the collimare tube in the Frankfurt horizontal, first in an
anteriorposterior position, followed by the left lateral view. The exposure rate used on
the crania was set 8t6 mAs and the kVp exposure varied from3#b6kVps, depending
on the anatomical view and density of the cranium. Milliampere seconds, or mAs,
measures the exposure time of the electrical current, while kVp, or kilovolt peak,
measures the energy of thedtical current (Ortner 2003) and typically the density of

the radiograph produced. The mAs output costit¢ quality of the radiograph.
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Statistical Analysis

The macroscopic and radiographic datxe scored a total of three times,
averagedand enterethto SPSS as binary data, O for absent and 1 for present.
Macroscopic data was scored solely for the presence/absence of orbital/ectocranial
porosities and PH; and radiographic data was scored for the presence/absetee of
table thinning, diploic thikening i h eonree N d 0  paadorbital roof thickening.

Age was condensed into decades (Table 2.1) and sex was converted into binary
datai O for male and 1 for female for the analysisrafcroscopic and radiographic
methods as well aanyintra and mtergroup differences (e.g., between age grosgs
ancestry, andociceconomic statys The following contingency tables were used to
compare the macroscopic and radiographic frequencies: 1) orbital and ectocranial
porosities by age, sex, ancestry, andiceconomic statysas well as the presence of PH
if observed and 2) the four radiographic trait indicators (outer table thinning, diploic
t hi c k e n-orregn,d dBrhpaand orbital roof thickenifdpy age, sex, ancestry, and
sociceconomic statud his will be done in order to establistbaselingorofile for the
presence ofadiographic indicators arfat orbital/ectocraniaporositieswithin asample
of amodern documented skeletal collectaord to assedsowthe rates ofmoderncranial
porositiescompare tarchaeological populations terms ofdegree and frequency

Additionally, a chisquare was performed separately on the radiographic and
macroscopic data to determine the expected versus observed frequencies between both
methals within the sample and between sex, age groups, ancestsgamndconomic
status A Pearson ChEquare was used to examine the significance of the traits against

age, ancestry, argbcioeconomic statuw evaluatevhether thdikelihood of these
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obsevationsoccurrecdby chance. Wi | e a Fi sher ds exact test
significance of the traits against sex.

The statisticalanalses were performed in order to observe if the age, sex,
ancestry, or sockeconomic status of an individual wdredict the presence of either
macroscopic or radiographic indicators occurring within one of these groups at a
statistically significant leveln addition to assessimghether the presence of the
radiographic indicatorand/or orbital/ectocranial porogiswithin age, sex, and ancestry
is significantin orderto evaluatéhow frequently they are observadthin a documented

skeletal collectiorwith seltreported health
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[I'l. RESULTS

Crania from thél'exas State Universitponated Skeletal Collectigim=50) were
examined macroscopically and radiographically fer presence/absencearbital and
ectocranial porositiesuggestive of porotic hyperostosis (PH) and cribra orbitalia.(CO)
Additionally, the following abbreviations will be used for the captaphic terms within
this research: outer table thi-araendg pOTTETY

(HE), and orbital roof thickening (ORT).

Macroscopic and Radiographic Results

Macroscopic results indicate 78% (39/50) of individuals exhibit ectocranial
porosities, 166 (8/50) displayorbital porosities, and 2% (1/56xhibit porosities of a
degree to be indicative &H (Table 3.1).
Radiographically, using StuaMa ¢ a d a nr@,s48% (24i/50) ef individua
displayedouter table thinningOTT), 24% (12/50)iploic thickening DPT), 22%
(11/50)orbital roof thickening ©RT), and no individuals displayed tfieh sone n d 0
pattern(HE) (Table 3.2).
Overall, no macroscopic ressilvere statistically significaribr age, sex,
ancestry, or socieconomic statuat U=. 05. Howev er-squarelvasn a Pe
performed for radiographic results within age, sex, ancestrys@ideconomic statys
ORT (p=.054) within age was stateally significant(U = .) (T&ble 3.2). Additionally,
when a Fisherbds Exact was conddilcp=exR) for r a

was statistically significant] = .) (f&ble 3.2).
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Table 3.1Macroscopic results by age, sex, and ancestry.

Orbna_l % Ectocrgnlal % PH %
Porosities Porosities
18-20 1/2 50 2/2 100 0/2 0
21-30 1/4 25 4/4 100 0/2 0
31-40 1/3 33 3/3 100 0/3 0
41-50 0/5 0 4/5 80 0/5 0
51-60 0/5 0 4/5 80 1/5 20
" 61-70 1/11 9 8/11 73 0/11 0
o 71-80 1/7 14 6/7 86 0/7 0
< 81-90 1/8 13 5/8 63 0/8 0
91-100 2/4 50 3/4 75 0/4 0
101+ 0/1 0 0/1 0 0/1 0
Pearson 44 568 420
p-value
Male 5/28 18 23/28 82 0/28 0
ﬁ Female 3/22 14 16/22 73 1/22 5
w  Fisherc 4o 323 440
p-value
American Black 2/6 33 5/6 50 0/6 0
E AmericanHispanic 1/8 13 6/8 75 0/8 0
('7) American White 5/36 14 30/36 83 1/36 3
O Fearson g 185 820
> p-value
<
Total 8/50 16 39/50 78 1/50 2
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Table 3.2Radiographic results by age, sex, and ancestry.

Outer table Diploic AHair - Orbital roof
thinning % thickening % on-endd %  thickening %
(OTT) (DPT) (HE) (ORT)
1820 212 100 1/2 50 0/2 0 2/2 100
21-30 3/4 75 0/4 0 0/4 0 1/4 25
3140 0/3 0 1/3 33 0/3 0 1/3 33
41-50 2/5 40 1/5 20 0/5 0 1/5 20
51-60 3/5 60 3/5 60 0/5 0 3/5 60
% 61-70 6/11 55 3/11 27 0/11 0 0/11 0
> 71-80 1/7 14 or7 0 0/7 0 217 29
81-90 5/8 63 2/8 25 0/8 0 1/8 13
91-100 1/4 25 0/4 0 0/4 0 0/4 0
101+ 1/1 100 1/1 100 0/1 0 0/1 0
Pear son .186 189 - .054
p-value
Male 9/28 32 6/28 21 0/28 0 7/28 25
ﬁ Female 15/22 68 6/22 27 0/22 0 4/22 18
n Fi sher ¢ .012 439 - 411
p-value
American Black 2/6 33 2/6 33 0/6 0 2/6 33
= AmericanHispanic 4/8 50 0/8 0 08 0 1/8 13
5 American White 18/36 50 10/36 28 0/36 0 8/36 22
E)J Pear son .745 213 - .647
<ZE p-value

Total 24/50 48 12/50 24 0/50 0 11/50 22




Age

Age was broken into decade categot@sapture ages rangifigpm 18 years of
age to D1 years of age. The frequencies for orbital/ectocranial porosities, PH, and
radiographic traits by decade can be seen in Table332ZandFigure 3.1- 3.2 When a
P e ar s osguae was pdarformed within age for macroscopitradiographic

observations, only ORT at p=.054 was statistically significant (Table 3.1 and 3.2).

Macroscopic Cranial Porosities by Age

Orbital Porosities m Ectocranial Porosities m PH

,«,)Q \] °)Q N D Q O’Q

AN

Percentage

Age

Figure 3.1 Frequency of macroscopic cranial porosities by age
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Radiographic Indicators by Age

Outer table thinning (OTT) m Diploic thickening (DP)
® "Hair-on-end" (HE) m Orbital roof thickening (ORT)

Percentage

Figure 3.2 Frequency of radiographic indicators by age

Sex

When all crania werseparated by sex, 18% (5/28) of males disgdaybital
porosities while 82% displaylectocranial porosities, and 0% (0/28) exlatiPH.
Females exhibédorbital porosities at 14% (3/22) and ectocrap@iosities at 73%
(16/22), indicating a slightly lower frequency than masdhough not statistically
significant Only one case of PH was present @mwdas observed a female %, 1/22)
(Table 3.1andFigure 3.3.

Radigyraphicalywh en a Fi sher 0s e x a outertabies t
thinning (OTT) was significant at p=.012 (Table 3.2 dfdure 3.3. Neither sex
di spl ay e-dnetn lpaiteri( HMEX For males, 32% (9/28) displayed OTT, 21%

(6/28)diploic thickening OPT), and 25% (7/28prbital roof thickening@RT). Females
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displayed OTT and DPT at a slightly higher percentage, with 68% (15/22) and 27%

(6/22), respectively. ORT was observed at a lower rate than males at 18% (4/22).

29



0€

Macroscopic and Radiographic Results by Sex

m Male = Female

100

90

Percentage

Orbital Ectocranial PH Outer table  Diploic ~ "Hair-on-end" Orbital roof
Porosities  Porosities thinning thickening (HE) thickening
(OTT) (DPT) (ORT)
Macroscopic Radiographic

Macroscopic and Radiographic Observations

Figure 3.3Macroscopic and radiograghirequecy results by sex



Ancestry

Individuals were separated based on-sgtiorted ancestry into American Black,
AmericanHispanic, and American Wte ancestry groups (Table 3.3.2andFigure
3.4). No ancestry group displayed theh eoin-e n gaitern(HE).

American Black individuals displayed orbital porosit#83% (2/§, ectocranial
porositiesat 50% (3/6), and PH was not preséter table thinning@TT), diploic
thickening DPT), andorbital roof thickening@QRT) were all observedtafrequency of
33% (2/6).

AmericanHispanic individuals displayed orbital porosities at 13% (1/8),
ectocranial porosities at 75% (6/8), and PH was not present (0/8). OTT was noted at 50%
(4/8),DPT at 0% (0/8), an@®RT at 13% (1/8).

Individuals classified as American White displayed orbital porosities at 14%
(5/36), ectocranial porosities 83% (30/36)andPH at 3% (1/36)OTT was observed at
rate of50% (18/36), DPT at 28% (10/36), and ORR2% (11/50).

Radiographically, OTT was most frequentimericanHispanic(4/8) and
American Whitg(18/36)individuals at 50%, whil®PT, ORT, andrbital porosities
were present most often in American Black individwelt® displayed the highest
frequeng (33% 2/6). American White individuals displayed the highest frequency of
macroscopic ectocranial porosities at 8@®&/36) followed byAmericanHispanic at
75%(6/8), and American Black at 50¢b6/6). The above results for ectocranial porosities
correspndswith the single case of PH observed within the American White ancestry
group, since the most ectocranial porosities were located within this ancestry group

however this was not statistically significant.
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When aP e a r s osguare was ksanducted for ancestry within macroscopic and

radiographic frequencies, no traits were statistically significant.
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Macroscopic and Radiographic Results by Ancestry
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Macroscopic and Radiographic Observations

Figure 3.4Macroscopic and radiographic results by ancestry




SocicEconomic Status

Within the Texas State University Donated Skeletal Catlactsocieeconomic
statuss selfreported. One of six fields can be marked for the optional documentation of
both childhood and adutbcioeconomic statuevels These fields include: unknown,
lower, lowermiddle, middle, uppemiddle, and upper class. The following macroscopic
andradiographic data has been separatedhildhood and adu#fociceconomic status
and organized within those categoriegy(ire 3.5- 3.8and Table 3.3 3.4). Note,there
were no individuals who classified themselves as uppeic-economic statuduring
childhood.Additionally, neither macroscopic nor radiographic results for child and

adulthood socieconomic status were statistically significant U=. 05

SocieEconomic StatusChildhood

For the macroscopic analysis, no individuals displayed cranial porosities in
unknown and lowemiddle sociceconomic statukevels(Figure 3.5and Table 3.8
However, lower (23%, 3/13), middle (24%, 4/17), and uppeidle (17%, 1/6) all
displayed orltal porosities. Allsociceconomic statugroups presented ectocranial
porosities: unknown at 100% (3/3), lower at 69% (9/13), lenvigldle at 82% (9/11),
middle at 83% (14/17), and uppeiddle at 67% (4/6). Theingleindividual who
presented PHdlassifed as uppemiddle sociceconomic status childhood(17%, 1/6)

and as middle socieconomic status in adulthood (6%, 1/16).
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Macroscopic Cranial Porosities by Childhood
SocioEconomic Status

Unknown = Lower =Lower-Middle mMiddle = Upper-Middle s Upper
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Figure 3.5Frequency of macroscopic cranial porosities by childhood smmaomic
status

Within the radiographic assessn, no individuals displed thei h soira n d 0
pattern(HE) (Figure 3.6and Table 3.1 Outer table thinning@TT) was present ithe
unknownsociceconomic statukevel at 33% (1/3)jn lower at 31% (4/13), ifower-
middle at 46% (5/11)n middle at 59% (10/17), and uppermiddle at 67% (4/60)
Diploic thickening DTT) was seen withithe unknownsocioceconomic statukevel at
33% (1/3),in lower at 8% (1/13)in lower-middle at 36% (4/11)n middle at 24%
(4/17), andn uppermiddle at 3% (2/6). Lastlyprbital roof thickening QRT) was

observed irtheunknownsociceconomic statukevel at 0% (0/3)jn lower at 15% (2/13),
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in lower-middle at 27% (3/11)n middle at 35% (3/16), and 0% within upparddle
(0/6) (Figure 3.6.
When a P e-aguaseovasipsrformédifeociceconomic statyseither

macroscopic nor radiographieyalues were statistically significant.

Radiographic Indicators by Childhood
SocicEconomic Status

Unknown = Lower = Lower-Middle mMiddle = Upper-Middle s Upper
100

90

80
70

Percentage

Outer table thinning Diploic thickening "Hair-on-end" (HE) Orbital roof
(OTT) (DPT) thickening (ORT)

Radiographic Indicators

Figure 3.6 Frequency of radiographic indicators by childhood s@donomic status

SocieEconomic StatusAdulthood

When adulsociceconomic statuwas assessed for macroscopic lesions, 18%
(2/11) of unknown, 10% (1/10) of loweniddle, 25% (4/16) of middle, and 20% (1/5) of
uppermiddle exhibited orbital porosities, e neither lower (0/7) or upper (0/4ycic

economic statumdividuals presented orbital porositi@gsgure 3.7and Table 3.8
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Ectocraniaporosities were present at 73% (8/11) in unknown, 71% (5/7) in lower, 80%
(8/10) in lowermiddle, 88% (14/16) in middle, 60% (3/5) in uppeiddle, and 100%
(1/1) in uppessociceconomic statukevels One individualWwho reported as middle

socioeconomicstatuspresented PK6% or 1/16.

Macroscopic Cranial Porosities by Adulthood
SocicEconomic Status
Unknown = Lower = Lower-Middle mMiddle = Upper-Middle & Upper
100
\
: .
70 \
g \
8 50
E 40
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20
10 +— \
| ||
° Orbital Porosities Ectocranial Porosities PH
SocicEconomic Status

Figure 3.7 Frequency of macroscopic cranial porosities by adulthood -s@mtnomic
status

Radiographically, OTT was observed at 46% (5/11) in unknown, 57% (4/7) in
lower, 50% (5/10) in lowemiddle, 44% (7/16) in midd, 60% (3/5) in uppemiddle,
and 0% (0/1) in uppesociceconomic statumdividuals(Figure 3.8and Table 3.4 DPT
was present at 27% (3/11) in unknown, 14% (1/7) in lower, 40% (4/10) in-lovdelie,
19% (3/16) in middle, 20% (1/5) in uppemddle, an 0% (0/1) in uppesociceconomic

statuscategories. Lastly, ORT was seen in 18% (2/11) of unknown, 29% (2/7) of lower,
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10% (1/10) of loweimiddle, 25% (4/16) of middle, 20% (1/5) in upperddle, and
100% (1/1) of upper individuals.
When a P e-aguaseovasipsrformédion individuals witkocio
economic statufr the macroscopic and radiographic analyses, neither assessment was

statistically significant.

Radiographic Indicators by Adulthood
SocioEconomic Status

Unknown = Lower =Lower-Middle mMiddle = Upper-Middle = Upper
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S ——

Outer table thinning Diploic thickening "Hair-on-end" (HE) Orbital roof
(OTT) (DP) thickening (ORT)

Radiographic Indicators

Figure 3.8 Frequency of radiographic indicators by adulthood secanomic status
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Table. 3.3Macroscopiaesults bysociceconomic gatus

Orbital Ectocranial
Porosities K Porosities % PH v
Unknown

Child 0/3 - 3/3 100 0/3 -

Adult 2/11 18 8/11 73 0/11 -

Lower
% Child 3/13 23 9/13 69 0/13 -
';: Adult o/7 - 5/7 71 o/7 -
(|7) Lower-Middle
O Child 0/11 - 9/11 82 0/11 -
S Adult 1/10 10 8/10 80 0/10 -
C23 Middle
e) Child 4/17 24 14/17 82 0/17 -
ﬁj Adult 4/16 25 14/16 88 1/16 6
o Upper-Middle
O Child 1/6 17 4/6 67 1/6 17
8 Adult 1/5 20 3/5 60 0/5 -

Upper

Child 0/0 - 0/0 - 0/0 -

Adult 0/1 - 1/1 100 0/1 -

Pear s evaug
Child 424 .707 112
Adult 722 .785 .825
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Table 3.4Radiographic results by soegzonomic status

Outer table Diploic AHair -on- Orbital roof
thinning % thickening % endo %  thickening %
(OTT) (DPT) (HE) (ORT)
Unknown
Child 1/3 33 1/3 33 0/3 - 0/3 -
Adult 5/11 46 3/11 27 0/11 - 2/11 18
Lower
% Child 4/13 31 1/13 8 0/13 - 2/13 15
';: Adult a/7 57 1/7 14 0/7 - 217 29
r,  Lower-Middle
) Child 5/11 46 4/11 36 0/11 - 3/11 27
S Adult 5/10 50 4/10 40 0/10 - 1/10 10
% Middle
®) Child 10/17 59 4/17 24 0/17 - 6/17 35
8 Adult 7/16 44 3/16 19 0/16 - 4/16 25
o  Upper-Middle
O Child 4/6 67 2/6 33 0/6 - 0/6 -
8 Adult 3/5 60 1/5 20 0/5 - 1/5 20
Upper
Child 0/0 - 0/0 - 0/0 - 0/0 -
Adult 0/1 - 0/1 - 0/1 - 1/1 100
Pear s ealué
Child 483 517 - .309
Adult .900 787 - 447




V. DISCUSSION

Cranialand orbitalporositiesjn the form ofporotic hyperostosi@PH) and cribra
orbitalia (CO)arefrequently identified and discussedhimarchaeological contexts
linked tothe transition of agriculture in association witisreasing sedentismhange in
subsistenceand/orincreasingparasitic infectiotoads(StuartMacadam 1992Roberts
and Manchester 200Bonogofsky 201l To understand the past lifewagsd overall
health of a populatiorhioarchaeological researchentdize a biocultural approach to
understand the broad causations of ill health through the use of nutritional stress
indicators, which are heavily influenced by lifestylelddmare theseranial porosities
discussedn relationship tanodernindividuals, likelydue to the availability ochdequate
nutritional resourcesiccess tgeneral healthcayer the fact that the lowest so€io
economicstatudevel today is not equal to the lowestsis level during the transition to
agriculture.

Thus, themiddle to high prevalence of cranial porosit{@6% for orbital and
78% for ectocranial porositiesgen within th&exas Stee UniversityDonated Skeletal
Collectionwas unexpectednd not asevere as those seen within antigudiven that the
rates of these porosities typically observed among archaeological popudaitdikely
due tolack of acces to modern foods/supplementbeTpotential for these markers to be
over diagnosed and overrepresented in bioarchaeological research could be attributed to
the severity of porositigypically observedn thepast

The frequency of these lesions saethin this modernskeletal colletion is
noteworthy(although not statistically significangince the presence of these porosities

has been used the pasto indicatea skeletal sample inflicted with various nepecific
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infections, stressors, or nutritional deficiengiekief amonghem irondeficiency
anemialn this studyno case of cranial porosities was classified as sgwaly mild to
moderate cranial pitting was present, and only one case wfaBhtentified
macroscopically. fie presence of these cranial porosities througtiee modern sample
indicatesthe presence of these markers may be relateditdluenced by factors beyond
diet such asocioceconomic status, agetrinsic health, or sex differences.

Theradiographic appearance of these cranial porosiiesenhace the
understanding of the changes occuranthe macroscopic levefolely establishing the
presence of cranial porositisscroscopically within a sampieay only graze the
surface of what information could be obtained. Through the use of radiogasmaihgzing
thedegree or severityf these porositiesiaygarnemmore finegrained results.

Some researchers believe the radiographic traits outlined in-$taestdam
(1987, 19871 are an indication of severe anemia and are utilized as such (Rabrts
Mancheste2005,and Piperatat al. 2014). Severe or obvious anemia was not found in
this modernskeletal samplealthoughectocranial porosities were the predominant
pathology recorded h e -dHe aidi© ( H Ethe splearadioggzhicindicatorof
severe anemiayas not presenaind is rarely documentéBeynolds 1962 The other
three radiographic trai@®uter table thinning (OTT), diploic thickening (DPT), and
orbital roof thickening (ORT))observed in this research dot suggest severe aneami
becausef their frequency irclinical anemic patientéReynolds 196p Contrastingly,
these radiographic traits indicate thia degree odctivity occurring within the diploés
notapparenmacrosceically. As the outer table givegayto trabeculachangestat are

occurring in the diploé,ranial remodelingctivity is appearingpetween the outer and
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inner tablesvhich could indicate the presence of metabolic stress oF&thermore,
mild to moderate forms of PH may be present in the 24% of ohais who displayed
DPT in conjunction with ectocranial porositi¢alling above the range noted by Stuart
Macadam (1987a) at 22%

Thesepotentialcases of mild or moderate PH may not hadenough marrow
hypertrophy present to be observed macrosetigicand thusouldonly beassessed
radiographicallyActive orbital porosities were present in 72% of individuals who
displayed ORT, confirming theelationshipbetween radiographic indicator and orbital
lesion although not statistically significar®TT was present in 48% of individuals
falling within the20-90%rangeof clinical anemigatients whaimilarly displayedhese
traits (StuaMacadam 1987a).Herefore positive findings of the radiographic indicators
(with the exception of HEJloes nohecessarilysuggest the presence of severe anemia,
butit may indicatethatanemia is currentlpresentor wasoncepresent.

Macroscopicallywhile males exhibgd cranial porosities more frequently than
femalesn this researchone female did displathe only case of PH within the skeletal
sample. These findings are dissimilar to previous resdéaadings, wheravomen have
been noted to exhibit higher frequencies of cranial porositieaigflacadam 1985).
However the small sample size used Imststudy must be kept in mind, and this finding
could be aranomaly A study conducted on living populations found women were four
times more likely to be anemic than malegh their risk increased during pregnancy
and breasfeeding (Piperatat al. 2014). Although females are more likely to exhibit
these specific stress markers, the high occurrence of cranial porosities macroscopically

within this male sample may indicate other causal factors suntnespecific infection
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and/or chronic disease at hay rates, or the presence of these porosities may correlate
with the age othesociceconomic statusf the sampleln addition to orbital porosities
being more prevalent in males, the radiographic appearance of ORT was also shown to
appeamore frequery in males, corresponding with macroscopic observations.

While females did not display cranial porosities as frequently as males, they did
exhibit more radiographic cranial vault remodeling as indicated by the appearance of
OTT andDPT. Becausehe appegance of these two traits are more frequent among
females it might also beassumd thatthey would display more ectocranial psitees.
However this researchklid not support this assumptidhis unclear why females
exhbited OTT at higher rates thamdesat a statistically significant rate (p=.012)
becausenales displayed more macroscopic lesions. Througheyaleopathological
literature, females are believed torhere susceptiblthan men due to differences in
nutritional absorption as a resuftlmological processes (i.e., menstruation, pregnancy,
andlactation(Piperateet al.2014), chronic infectionsor diseas€¢Blom et al. 2005,
Walkeret al.2009. The statistically significant presence@T T betweersexin this
sample may be a remnant of these procdssesearlylife or childhood Asthe women
agedtherewasmore time for the cranial vault to remodel macroscalty and heaany
ectocranial porosities that were once present. Theretatmgraphicaly, OTT may be a
remnant ohealed ectocranial porositigadicating the individual potentiallgxperiencd
astressful life evenor chronicconditionthat led to the formation of these defects.
Similarly, clinical studies haveeported thabone alteratins observed in the skull, spine,
and pelvis can remain and may not regress with age, unlike chiarthesxtremities

(Caffey 1951 Sebes ad Diggs 1979StuartMacadam 1985)This discoverysuggests
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that the presence of these radiographic traits shay thaboth active and healed lesions
may have beenpresnt at some point .in an individual

For difference within ancestry group$ was speculated that the majority of
cranial porosities might be more prominent in one ancestral gron@oether (Mann
and Hunt 2005), possibly as an effecso€iceconomic statufAmerican White
individuals displayed ectocranial porosities &i0T most frequently{Table 3.1and
Figure 3.4 while American Black individuals displayed orbital porositiB&T, and
ORT more so than any other gro(ipable 3.1- 3.2andFigure 3.4. The high presence of
orbital porosities, as well as two radiographic traits, within the American Black group
may directly relate tgsociceconomic statubecause thmajority of indvidualsin this
group reported being members of low and/or middieioceconomic statugroups in
adult or childhoodThe American Black results couddisolikely be skewed byhe small
sample size within this research, as only six individuals were prieseartalysis.The
American White results may relate to thegersample size for this ancestry group
(n=36), ortheoverallsociceconomic statusf the American White samplsincethe
majority of individuals selfeported as middlsociceconomic statsifor both child and
adulthood.

Lastly, AmericanHispanics displayed the seconighest frequencfor
ectocranial porosities and the least amount of orbital porgsitegever this is not
statistically significantThe causation of cranial porosities withimericanHispanics is
difficult to assess andnderstand becausiee sample size was also snak6). All
AmericanHispanicdonors were above the age of 61 at time of death, and half of the

donors(3/6) did notlist their adultsocioeconomic statysand of those who listed a
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childhoodsociceconomic statysione were above middé®ciceconomic statudt is
not understood whether tihesults in this researd@rerelated to their selfeportedsocioc
economic situsgroup age at deatlor other factors such as cultural differencedi@t
andnutrition.

Whensocioceconomic statuwas taken into account for both macroscopic and
radiographic observatior{sigure 3.5 3.8 and Table 3.33.4), the middle classocic
economic statugroup most often presented the highest frequency for macroscopic
observations in both chitodand adulthoogberiods For radiograhic observations,
there was aelationship betweesociceconomic statuand lifehistorystage (adulor
child) for each radiographic trait. In both adult and childh&@] was most prevalent in
the uppe-middle sociceconomic statusategory. Similar t&®PT, lowermiddlesocic
economic statugas most frequent in both child and adulthood. HoweD&T did not
present the same pattern. In childhood, the miglobgoeconomic statugroup presented
ORT the most, while in adulthood it was the lovsexciceconomic statusategory.
Overall, this demonstrates that radiographic indicatagnotbea good asssment of
sociceconomic status

Since thamajority of macroscopic observations fell within the midsbeic
economic statugroup and radiographic observations spanned all three msuaie
economic statusategories (lowemiddle, middle, and uppemiddle), this analysis
demonstrates howotentiallyunreliablesocioeconomic status in predicting the overall
health of a groupandthatthe causes for these porosities Akely multifactorialand not
attributable to single causesch as dietResearch on anemia status in living peoples in

conjunction withsociceconomic statuund similar results in which anemia was a poor
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predictor of economic status (Piperatal 2014). Additionally, the range between
lower-middle to uppemiddle socioeconomic statugaries extensively depending on
family unit and their social or cultural circumstances. fwtthat the majority of these
individuals fell within oneof the threeself-reportedmiddle sociceconomic statugroups
may indicate, jusasin biologicalvariation there ismorevariationwithin groups than
betweerthem and it may be due to a variable that is unknown, such as diet, cultural
factors, or individual frailty (Piperatet al. 2014).Additionally, consideration must be
given to the possibility that seléportedsocioeconomic statusiay not have Enan
accurate reflection of trusociceconomic statysince it is a subjective category that
asks individuals to choose from fluid cabeigs versus absolute income levels.
Relatingthe abovesociceconomicstatusinformation into archaeological
contexts, vinen utilizing stats in archaeological populatioitss important tounderstand
the context of thepopulationwhen making inferencdsased orthe presence of
pathologieGoodman and Martin 2002) relation topresumedtatus as the pathology
could be occurring due to differing ecological or cultural circumstai@eas would think
the pesence and severity of pathologresuld correspnd with the level of social
ranking, howeverthis was not the casesPaineet al. (2007) discovered thatdividuals
observed in higitanking staiis positionsvere notprotected from common health
problemsoccurring in antiquityThis example, in addition to the information previously
presented on soceconomic status, suppottenotion that modern socieconomic
statusor status ranking among past peoples may not correctly report the level of

perceived health in individuals.

47



Multiple researchers have speculated orbital porogeigsCO) may be a less
severegorecursoiof PH, andare an indicator of childhood anemia observed within
juveniles(StuartMacadam 198 while ectocranial porositiewerecommonly found in
middle-agedindividuals Mann and Hunt 2005). As the majoritytble moderrsample
used in this research wabolder agg€61-101 years of ages future test of this
observation between middége(possibly41-60 years old individuals andectocranial
porositiesshould be conducted.

Since age at death has been documepteithe Texas Staté&niversityDonated
Skeletal Collectiontheauthoralso wanted to examirvehich age category exhibitede
majority of ectocraniaporositiesWhen individuals were separatietio agedecades for
this research, the high frequency of ectocranial porosities throughout all age categories
becamepparentindicatingthat ectocranial porosities are not confined to only middle
aged individualgTable 3.1 and Figure 3.1)n fact, irdividuals aged 180 displayed
ectocranial porosities at a rate of 100%, while the rest of the sample did not reach below
63%, excluding the 10110 age category with only one individual. This research
highlightsthat ectocranial porosities are m&cessaly confined toolderagecategories.

Of the 50 individualsn this studywho were analyzed for cranial porositi8s,
(78%)displayed ectocranial porosities, eiglit6%)displayed orbital porositiesive
(10%)displayed both orbital and ectocraniatgsities, andhe singlecaseof PH (2%)

did not exhibit orbital porositie©ORTis statistically significant within age and is
obseved at 100% in those between28 years of ageddditionally, there was a high
frequency ofOTT (at 100%) in the young€f8-20) (2/2) and olderagegroups (104110)

(1/2). This combined sample size of three may be too small to report observations,
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however the presence of OTT in the older individual may be consistent with old age as
this individual did noexhibit ectocraral porosities.

The high occurrence of ectocranial porosities and the low frequency of orbital
porosities in this sample, in addition to the significance of ORT by age, may support the
original idea that CO is more commonly found among younger individdaisever, the
notionthat PH may be a more severe form of S@ot supported in thiesearchasthe
singleindividual who displayed PH didot exhibit orbital porosities.

The presence of eatmanal porosities in this research, aside from being a
potentialPH precursqgrmay also be attributed gohost of other factothatmaynotbe
relatel to diet These includemetabolic disturbancesich aghelow intake or poor
absorption of micronutrientsnenstruation, pregnancy, dodlactation(Piperataet al.
2014218 in women Additionally, cances, infectious diseasesoxin exposuréWalker
et al 2009,Piperateet al.2014) parasitic infection (Stuaif¥lacadam 1992)r
environmental contex{@iperataet al.2014)maycorrespondo the presence tiese
cranial porositieslt is even possible th#te manifestation aheseectocranial porosities
may be attributed to human variation as a result of individual frailty (Pipetrats2014)
andgenetic dispositionfMensforthet al. 1978)such as thalassemia or sickle cell anemia
(Roberts and Manchester 200&hich mosiprobably does not occur within this
collection due to geographic locatiohdditionally, as 78% of individuals exhibited
ectocranial porosities, the presence of thesesg@scouldjust be another form of
human variation thatommonly occisini n o r ma | (Mano and hunt 2005:20)

However, he presence of these cranial porosivéhin the Texas State

UniversityDonated Skeletal Collectiamay bestrongly relatedo metabolic deficiencies
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while a smaller subset of the sample may exInifilid or moderate forms of anemia, as
nearly 2 billion people are afflicted with some form of anemia around the vinadicof
which is caused by iredeficiency anemig@World HealthOrganizatio 2014,2016). It is
worth mentioningthat within the Texas StaUniversityDonated Skeletal collection,
individuals did not report if they suffered from anemia in tpastmedical history
Thereforethere is no definitive medical/clinicdiagnosisof anemia within any
individuals utilized in this studylhus these cranial porosities are most likely attributed
to nutritional deficienciesmetabolic disturbancesr nonspecific infections.

The profile established within thcontemporargkeletal collection is enoderate
profile given that 78% and 16% of individuals displayed ectocranial and orbital
porosities, respectively, no HE pattern was present, ancaoelgase of PH was
identified; dissimilaito archaeologicaihdividuals who diplay promirent porosities and
marrow expasionat higrer frequenciesAdditionally, the degree of macroscopic cranial
porosities in this sample was not as extreme in severity as bioarchaeological examples
most probably due to sanitation and environmentrénces. It is interesting to note the
parallel between the high prevalence of ideficiency anemia seen within modern
populations and the severity of PH in antiquity. Therefore, this observation can allow
researchers to extrapolate the effect thisitional stress indicator has/had past
peoplesand their life historf{Goodman and Martin 2002)

It must be ohote that within bioarchaeolodlye presence of skeletal stress
indicators may not necessarihdicateanunhealthy individual, but one thhas
successfullyadapted taheir stressfuenvironmentabndarerelativelyhealthy

Converselythelack of skeletallesionresponsemay in fact be representative of a
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unhealthyindividual who was unable tacclimateto their environmenand died before
the stress indicators could occhiowever, it is unclear how thasteological paradox
(Woodet al.1992) fits into contemporary populatiobecause individuals now live
relatively long livessocioeconomic status not a goodredictor of healthandthe
lowest form of modern access to general healthaadenutritional resources ssifficient

compared to archaeological populati@sing the transition to agriculture.

Macroscopic versusRadiographic Assessment

In this research, both macroscopic and radiographic analyses were performed to
evaluate the most accurate method of assessing the presence of cranial porosities.
Macroscopic observations are typically the primary method when observing and
identifying pathdogies as it is quicknexpensiveand fairly effective, and requires no
additional technology or operator skilldowever, with the use of-say machinery and
radiographs, researchers can go a step further and obtain a glimpse of the changes
occurring wthin thecraniumto assess theedree or severity of thepathological
alterations. Thémitations ofusing the radiographimethod includehe availability and
accessibilityof x-ray machinery, the time investmestated tgperformingand analyzing
radographs, and possiblecationbased restrictions if a sletal collection cannot be
transported elsewhere or the researcher is in a rdouatigon. Howeverif x-ray
machinery is available, utilizing both forms of methodolegly enhance the researcbes
ability to diagnose or conceptualimdat is @curring withinthebones

Macroscopic observations were found to be naffieient and diagnostically

effectivethan radiographic techniquasthe analysi®f active cranial lesionsand were
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quicker than taking and analyzing radiograptswever,the use ofadiographsllowed
the researchdp assess the severity @egree of porosities basedompvarious
radiographidraitsoutlined in StuadMacadam (1987a). ¢ing radiographic methods as
the sole form of diagnosis is not recommashd&nce itwas found thamacroscopic
evaluations allowed the researcher to recognize and record cranial porosities more
accurately than when using radiographs. Howewiizing both methods is advised in
orderto fully assess thpresenceseverity and frequency of cranial porositié$sing
both methods alsallows the researché&r betterrecognize patterrsnd implications
occurring within thesample (i.e. severe anemia wiieih son-a n dHE) péttern is
preent) and to prevent the underestimating of frequencies when only using one method.
While macroscopic observations may be the preferred choice over radiographs,
theyeachhave their difficulties and challenges when it comes to assessing cranial
porositieslssues the authaliscoveredduring analysis predominantly surround the
radiographic method. -Xay settings were difficult to establish with the portable
MinXray® machine, but once the correct ranges for both mA and kVp were effectively
assessed, takinguttiple x-rays at a time in anterigoosterior and lateral positions was
relatively quick. Having little to no prior exposure taking or interpreting radiographs, the
author found that the initial analysissdifficult to assess when looking for the
appeaance of the four radiographic tragenply based on the Stuavtacadam (1987a)
guidelines aloneHowever, as with most thingsfter observing many radiographs over
extended periods of time, identifying the radiographic indicators became much easier.
Outer table thinning@TT) anddiploic thickening DPT) became easier to

identify with experience, or when either trait wasminent.Orbital roof thickening
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(ORT) was more difficult to observe and it Waarder tarecreate similar measurement

criteria ugd by StuarMacadam (1987a), but prominent cases of ORT were very

apparent. After analyzing many radiographs, the researcher noticed most of Stuart
Macadamodés radiographic traits could be int

definitions and pbtographs to document each trait would be beneficial for future use.

Figure 4.1Example of the serrated appearance of the sagittal suture in lateral
radiographs within the Texas StataiversityDonated Skeletal Collection
For instance, thelE pattern is a very distinct trait that does not manifest often.
This radiographic trait can easily be misdiagnosed as present, when in fact, the serrated
appearance within the midparietal area observable in lateral radiographs is actually the

sagittal sture (Reynolds 1962) (Figure 4.1). Because of this misinterpretation, the author
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cautions researchers to observe whether the striations are confined to the midparietal
region and to observer whether they only extend to the outer table, which is chai@acteris
of the sagittal suture as viewed radiographically. If these vertical striations go beyond the
outer table and extend throughout the cranial vault, the HE pattern is mosptisdnt

within the individual.

StuartMacadam (1987a) noted a granulartte® change of thigontal or parietal
bonesof thecranial vault that has also been identified by other researchers (Reynolds
1962,Simon 1965)This trait can occur within 250% of patients radiographed with
documented anemia, and is thought to be the earliest manifestat@mrofv expansion
(Reynolds 1962StuartMacadam 1983). Before beginning this research, it was thought
that this trait wald be difficult toassess, and subsequently up to the interpretation of the
researcherTherefore, the author chose not to utilize this tidiier analyzing many
radiographs, the author did notice the occasional presence of this traftisssudjgests
additional analysis of this feature for future investigation.

Of the seven traits originally compiled by Stustdacadam (1983), the ones
chosen for this research were all observed at varying |evithsthe exception of HE
pattern. Overallin conjundion with macroscopic analysis of cranial porosittes,
author would recommend the use of the four radiographic traits utilized in this thesis
(OTT, DPT, HE, and ORT) and suggests the inclusion of these radiographic traits in

future studies.
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Terminology and Description

Througtout this research, the autHound thathe lack of standardized
descriptions and definitiongere an impediment, and lesmmisdiagnsesor
miscategorizationsVithout solid definitions andssociateghotographic examples,
these pathologies can be interpreted in many yam@ he learningcurvecan be steep
andis contingent on the experience of the researdfmrlessetexperienced researchers,
understanding thetiology,description, andnanifestation®f theselesiorsis essential
for diagnosisusingboth macroscopic and radiographic methods

Ortner (2003) discusses the importance of terminology and understanding
descriptive distinctions between bone changes. For instance, PH was originally a term
used by Angelin 1966 o d e s c r rous enlafement of poae tiseue ( Or t ner
2003:55) but has since become associated almost exclusively with the term iron
deficiency anemiaWhile early paleopathologists wenmaitially carefulin the
identification ofPH by confirming tle presence aharrow hypertrophyover time a
divergence occurred betwethre paleopathologicand clinical literatureyith
paleopathologists emphasizing the porotic aspecicliniciansstill emphasizing
hyperostosigMays 2012292). The ubiquity of these porosities in antiquity may be
related to theseparation othis terminologyandthe overemphasis of the term porpiic
additionto the easyassessmemf theseporosities on dry craniaMays 2012. Thus, PH
has since taken dahespecific patblogicaldefinition ofanemic alterations occurring
within the cranium, predominantly on the cranial vault and/or superior eye orbits.

However, br anemic reactions, both bone formation and destruction must take place, and
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understanding whether abnormatessblast or osteoclast activity has occurrealss
important in understanding the pathology (Ortner 2003).

The author agrees with these caveagmrding manifestation, definition, and
etiology madéyy Ortner (2003and Mays (201R and proposes thagfeopathological
researchers shoutdke care to stress tHaH is not necessarily associated exclusively
with anemiaunlessmarrow hypertrophy ialsopresent. Unless marrow hypertrophy can
be observed macroscopically, radiographic assessments mus¢ glsdformed to
confirm the presence of bone formation in addition to bone destruction, which is typical
of anemic reactions. If not preseritetterm PH should retairsibriginal definition as a
porous enlargement of bone, or elseghe n e r a | targat porosiigpoat diccr ani al
pi t tshouldbeé utilized to infer nespecific defects not necessarily indicative of
anemia.

Additionally, when searching famomparativeexamples of PH or C@ use
during the course dhis research, the author foundtteafficient photographic evidence
exists for crania exhibiting extreme gevere porosities, but this waast the case for mild
or moderate forms of PH or CO. The display of extreme PH and CO cases referenced
throughout the paleopathological literaturekesunderstanding what mild or moderate
forms of PH and C@naypresent agery difficult for inexperienced observers
potentially promotinghe underrepresentation of these diagnoses (Jacobi and Danforth
2002) Becauseextreme cases are documented at hightes, researchers are likely
losing valuable data if crania do not display the classical PH and CO lesions typically

referenced iioarchaeologicabublicationsIn turn, this lack of standardization makes
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the comparison of pathological frequencieasrpopulations difficult (Jacobi and
Danforth 2002).

As previouslynoted the modern appearance of cranial porosities has seldom been
examined. When modern crania do present cranial porosities, they may be more likely to
display mild or moderate form$ BH and CO because of widespread access to
healthcare and nutritional resources. Thus, the author suggests the future photographic
documentation of mild or moderate forms of PH and CO, verified macroscopically and
radiographically, should bdisseminatedo provide a more comprehensive diagnostic

tool for reference.
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V. CONCLUSION

The purposef the study wa to explore which of the twassessments,
macroscopic or radiographmvas themore accuratenethod for the examination and
measurement ofranial porositiesvithin amodern documenteskeletalsample. The
hypothesisvas that radiographaould better identify theoresencef ectocranial
porosities not apparent macroscopically, potentially indicating mild to moderate porotic
hyperostosis (PH) through the presence/absence of radiographic indicators observed
within the cranial vault. Thauthorconcludes thatvhile radiographs do better asséss
degree of porosities and presence of cranial remodeling, the macroscopic &edlgsis
evaluates the presence oé ttranial porosities themselves.future studieshe use of
both macroscopic and radiographic assesssienécommended. However, if time does
not permit for bothmethods utilizing only the macroscopic assessmentiie analysis of
cranial porositiesvould bestufficein terms ofquickly evaluating the presenceafnial
porosities.

This research assessed the frequencyafial porositiepresentwvithin the Texas
StateUniversity DonatedSkeletal Collection (n=50) in conjunction with their age, sex,
ancestryand socieeconomic statudt was found that orbital roof thickening (ORT) is
statistically significant in those aged-28, while women present outer table thinning
(OTT) at a statistically more significarate than men. Males exhibit the highest
frequency of cranial porosities overall, anilhn ancestry categories, American Whites
present more ectocranial porositaaslAmerican Blacks exhibit more orbital porosities.
Sociceconomic status was a pooegictor of the presence of both radiographic

indicators and macroscopic observati®isce a range of variation occurreden within
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sociceconomic statugroups. For age, orbital porosities were observed most frequently
in the extremendsi those aged +20 and 91100. In the literature, ectocranial
porosities were speculated to commonly occur in the majority of matandividuals
(Mann and Hunt 2005howevey this research demonstrates that ectocranial porosities
did not appear to bage specific as they are present within all age categwigs the
exception of the one person in th@l-110category, and the presence of these porosities
does not correlate with age but most probably with the health or other intrinsic variables
of theindividual or their environment
The use of théour radiographic traits this studyaimedto validatethe use of
these traits wheoomparedo macroscopically observextanial porositiesThe following
radiographic traits were identified to corresptadtwith macroscopic observations: 1)
Outer table thinning (OTT) correspondsetiocraniaporosities, 2) Diploic thickening
(DPT) corresponds to mar r ow-orkreynpdeor t(rHoEp) h yp aitnt
corresponds to severe PH, and 4) Orbitaf tbiwkening (ORT) corresponds to orbital
porosities. The HE pattern was not observed in this research ingicatisevere anemia
was presentActive orbital porosities were present in 72% of individuals who displayed
ORT, confirming the correlation betwa radiographic indicator and orbital lesidild
to moderate PH was also established within the skeletal collection due to the appearance
of DPT and OTT via radiographs, in conjunction with macroscopic ectocranial porosities.
The data presentdaerecorfirm the utility of using both radiographic and
macroscopic methods to identify mild to moderate forms of PH within a modern skeletal
sample. This research demonstrates the usefulness of cranial porosities to potentially

assessinderlying health differensef a modern populatigreven when the accessibility

59



of resources and to general health careaasemed to be similaDverall,this
methodological comparison can be utilized in both a bioarchaeological and forensic
context in order to further compreheadd enhance the understanding and definitions of
ectocranidbrbital porositiespotentially indicative of PH/CO.

Suggestionsdr futurestudies includeitilizing stable isotopes in conjunction with
the appearance of cranial porositieproduce information on the subsistence regime of
the individual and provide a linkage between diet and pathoMgseover, future
investigations can test the relationship betwaettabolic diseasemnd the
presence/absence of cranial porosities in a nmodecumented skeletal samptie further
explore the relationship between porosities and heatttiitionally, efforts can be
undertakeno create better definitionphotographic documentaticand radiographic
examples for the traits outlined in Stubtacadam (1983) to minimalize

misinterpretation by researchers.
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APPENDIX SECTION

Appendix A Exampes ofradiographidndicatorsobservedwvithin the Texas
StateUniversityDonated Skeletal Collection

Appendix B Examples of macroscopic orbital aectocranial porosities within the
Texas Stat&niversityDonated Skeletal Collection
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APPENDIX A

Outer table thinning (OTT)

62



Quter table thinning (OTT), continued
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Quter table thinning (OTT), continued

64



Diploic Thickening
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Diploic Thickening (DPT), continued
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