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ABSTRACT

The eorliest written reference to rickets comes from Soronus of Ephesus, o

Romon medicor writer of the eorry second ceniury AD who describes o high

number of children in Rome suffering from rochitic deformities. The current study

utilizes two independent forms of evidence, skeretol ond historic, to siudy the

prevolence of rickets omong the humon subodult skeleions of the lsi to 3rd

century lmperiol Romon necropolis of lsolq Socro. The necropolis of lsolo Socro

represents the remoins of individuols who inhobited lmperiol Rome,s key moritime

porl' Porfus Romoe on ihe Mediterroneon coost 23 kilometers west of Rome. one
hundred ond eighty-two subodult skeletons were exomined morphologicolly ond

rodiogrophicoily to seorch for diognostic indicotors of rickets.

Fifteen percent (27/182) of lsolo socrq subqdults, birth to l5 yeors, show

rochitic troits with o wide ronge of morphologicol presentoiion. Most individuols

suffered from hyperprostic rickets, ress rikery due to mornuirition. Ail oge

cotegories ond buriol types show rochitic trqits. No ossocioiion wos found

between oge ond the oppeoronce of rickets. No ossociotion wos found

between buriol type ond the oppeoronce of rickets.

Romon culturol proctices, sociol volues ond socioeconomic stotus of the

populoce using the necropolis moy hove predisposed the subodult populotion

of lsolo socro to rickets. Low moternol vitomin D is likely o strong contributing

foctor to rickets prevolence in the lsolo Socro somple ond wos the result of socio_

culturol foctors infruencing moternor viiomin D intoke.
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MA Thesis - C. Wood - McMoster - Physicol Anthropology

Chopter I

INTRODUCTION

This thesis is on investigotion of the prevolence of rickets, omong o somple

of children from the clossicol Romon period. For ihis purpose, the humon

subodult skeletons of the lst to 3rd century lmperiol Romon necropolis of lsolo

Socro were exomined for physicol evidence of rickets. The necropolis of lsolo

Socro represents the remoins of individuols who inhobited lmperiol Rome's key

moritime porI, Portus Romoe on the Mediterroneon coost 23 kilometers west of

Rome, ofter the beginning of the 2nd century A.D. one hundred ond eighty-two

subodult skeletons were exomined morphologicolly ond rodiogrophicolly to

seorch for diognostic indicotors of rickets.

The eorliest written reference to rickets comes from Soronus of Ephesus. o

Romon medicolwriter of the eorly second century A.D. Soronus describes the

symptoms of rickets, indicoting o high number of children suffering from

deformed spinol columns ond legs (Temkin 1956). He wrote "if no one supervises

the movement of infonts the limbs become distorted in most coses" (Col6n &

Colon 1999:57).

When the infont ottempts to sit ond to stond, one should help it in its movements.
For if it is too eoger to sit up too eorly ond for loo long o period, it usuolly
becomes hunchbocked. lf, moreover, it is too prone to stond up ond desirous of
wolking, the legs become distorted in the region of the lhighs (Colon & Coton
1999:57],.
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Loter in the second ceniury, the Romon physicion Golen olso described o

number of rochitic skeletol deformities in infonts ond young children, specificolly

knock-knees, bowlegs, funnel-shoped chests ond the pigeon breosts (Steinbock

1993). Golen stotes thot it is not good to coerce children to wolk "lest their legs

become bent" (Colon & Colon 1999:59). There is little, if ony, physicol evidence

of rickets from Romon times despite the descripiions of 'epidemic' rotes by

clossicol outhors. The clossicol writings ore suggestive but inconclusive.

The physicol evidence of rickets in the lsolo Socro skeletol somple wos

integroted with on extensive survey of the clossicol literoture regording Romon

childcore proctices concerning the heolth ond well being of Romon children. lt is

the gool of this thesis to go beyond o biomedicol opprooch to diseose, to seorch

for bioculturol explonotions for the prevolence of rickets in post populotions. li is

essentiol to tronscend o biomedicol methodology of couse ond effect which

treots moinly the symptoms of o diseose, to determine the underlying bioculturol

foctors thot leod to diseose. Childcore proctices ore intimotely linked to the

culturol norms ond volues in o given society. The ultimote couses of diseose qre

sociol, culturol ond socioeconomic in noture ond it is ihese foctors thot hove

significonily influenced the prevolence of rickets in both post ond present

populotions.

In order to demonstrote thot bioculturol foctors were directly contributing

to the presence of rickeis, o relioble ond precise estimote of the prevolence of

the diseose in the Romon populotion of lsolo Socro wos needed. This involved

choosing o method of identifying coses of rickets thot could be stondordized for
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inter ond intro observer voriotion. Skeletol obnormolities typicolly ottributed to

rickets were ossessed individuolly in order to orrive of o differentiol diognosis of

the diseose in orchoeologicol humon skeletolsomples. Lesions ossocioted wiih

rickets were identified through o seorch of the literoture. Coreful ottention io

onotomicol detoil, combined with knowledge of pothologicol processes thot

offect bone tissue, ond knowledge of the ronge of morphologicol voriotion

present in subqdult skeletol remoins were utilized to determine rochitic

individuols. Rochitic morphologicol troits exhibiting consistency, with no ovelop

with oiher diseoses or problems ossocioted with oge were emphosized ono

deemed primory troits. Those troiis with less ihon optimol chorocteristics were

given secondory considerqtion.

Rickets is o diseose of infoncy ond childhood ond is fundomentolly o

foilure of osteoid minerolizotion. Environmeniol rickets occurs os o result of

insufficient vitomin D deposition due to o lock of exposure of the skin to sufficient

sunlight qnd/or to dietory inodequocy (Aufderheide & Rodriguez-Mortin 1998).

During infoncy ond childhood, ropid bone growth ond turnover occurs creoting

the potentiol for consideroble buildup of unminerolized osteoid (Ortner & Moys

1998). As o resuli, in individuols with rickeis the bones lock mechonicol strength,

ond ore eosily deformed when subject to weight beoring or musculor tension

(Ortner & Moys 1998).

Rickets is mosi commonly the result of vitomin D deficiency, but qlso con

occur ihrough viiomin D molobsorption, errors in metobolism, receptor ond/or
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collogen defects, os well os colcium ond/or phosphote deficiency. Other

possible couses of rickets were reseorched to estoblish couse, skeletol expression,

ond oge of onset, in order to determine woys in which they could be

distinguished from vitomin D deficiency rickets. The frequency with which these

diseoses occur in modern populotions wos gothered in order to determine their

probobility ond prevolence. Other potentiol couses of the lesions were

considered, porticulorly, scurvy, ond iron deficiency onemio. As oll con De

ossocioted with molnutrition, it is possible thot more thon one of these diseoses

con occur in the some individuol, or group of people (Ortner ond Ericks en 19g7:

Aufderheide & Rodriguez-Mortin l99B). lt is therefore necessory to delineote ond

define the pothologicol feotures ossocioted with eoch diseose, in order to

differentiote beiween these three conditions, ond oiher pothologicol bone

entities present.

Chopter 2 reviews the pothologicol bosis of rickets including the sources

ond metobolism of vitomin D, the contribuiion ond metobolism of cutoneous

versus dietory sources of vitomin D, the role of the liver ond kidneys, the colcium

ond phosphote tronsport systems, ihe consequences of vitomin D depletion ond

the complicoiions of rickeis. Genetic forms of rickets ore reseorched io estoblish

cquse, skeletol expression ond frequency with which they oppeor in mooern

populotions to differentiote them from deficiency rickets. Chopter 3 is o brief

history of rickets from ontiquity to modern doy. Culturol, socioeconomic ond

environmentol trends through ihe oges ore highlighted. Chopter 4 illustrotes the
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skeletol monifestotions of rickets ond osteomorocio. Modern methods of

diognosis of rickets ore explored in order to ossist in ihe diognosis of the tsolo

socro individuols' chopter 4 introduces other deficiency diseoses such os scurvy

ond iron deficiency onemio which con hove similor skeletol monifesiotions.

criterio io estoblish o diognosis of rickets in on orchoeologicol populoiion ore

estoblished os well os criterio io distinguish between rickets ond oiher deficiency

diseoses' chopier 5 provides bockground informotion obout the inhobitonts of

Porfus Romoe ond the buriol types ond customs found in the lsolo Socro

necropolis' chopter 5 presents the results of the exominotion of rickets in the lsolo

Socro subodurt popurotion on o per cose bosis with phorogrophs ond

descriptions of eoch troit. Associoiions beiween oge, buriol type ond rickets ore

oscertoined' chopier 7 is o discussion of the rochiiic irends ond bioculturor

couses of rickets in the rsoro socro subodurt popuroiion.
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Chopfer 2

PATHOTOGICAT BASIS OF RICKETS

Rickets is o diseose of infoncy ond childhood ond is fundomeniolly o

foilure of osteoid minerolizotion. This moy result from insufficient vitomin D

deposition due to o lock of exposure of ihe skin to sunlight necessory for the

conversion of o vitomin D precursor to vitomin D, dietory inodequocy, foilure io

obsorb vitomin D during digestion (chronic iniestinol disorders), foilure by the

kidneys to convert vitomin D precursors to vitomin D, or o foilure of ihe kidneys to

retoin phosphote (chronic renol tubulor foilure) (Aufderheide & Rodrlguez-Mortin

1998; ortner & Moys 1998). The skeletol chonges observed in rickeis ore direct

effects of the metobolic disturbonce, deformities secondory to the susceptibility

ond flexibility of the poorly minerolized bone, ond retordotion of growth (Ortner

2003). During infoncy ond childhood, ropid bone growth ond turnover occurs

creoting the potentiol for consideroble buildup of unminerolized osteoid

(Aufderheide & Rodriguez-Mortin l99g; oriner & Moys t99g). As o result, in

individuols with rickets the bones lock mechonicolstrength, ond ore eosily

deformed when subject to weight beoring or musculor tension (Ortner & Moys

1998). consequently, rickets is most commonly seen during periods of rqpid

growth, usuolly between the oges of 6 months ond 3 yeors of oge ond during

puberty (stuort-Mocodom l9g9). Rickets is rore before 4 months of oge

provided thot the mother receives enough vitomin D during pregnoncy. Vitomin
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D posses from the mother io the fetus through the ptocento ond is stored in the

liver of the infont (ortner 2003). often, substontiol heoling of the gross bone

deformiiies occurs some 5-10 yeors loter in life os the rote of growth of the body

structures ond its vitomin D needs diminish proportionotely (Molgoso et ol. 1gg6).

An uncommon form of rickets hos been described in vorious ports of

Africo where vitomin D stores ore odequote but dietory colcium intoke is limited

(chesney 200.l). colcium deficiency os the result of poverty ond thus occess ro

colcium contoining foods such os milk wos first described in South Africo

(chesney 2001)' Recently, colcium deficiency in infonts hos been tentotively

linked to rickets in Nigerion children who breost-feed for shorier durotion (Bishop

1999)' studies hove documented colcium deficient rochitic children ore older

thon ihe usuol oge of presentotion of vitomin D deficiency rochitic children

{Petiifor 2002).

2.1.1 Sources of Vitomin D

The most imporiont source of vitomin D is exposure to sunlight, not dietory

intoke (Froser 1983)' Dietory intoke is thought io contribuie minimolly to vitomin D

stores' lt hos been observed thot humon exposure to ultroviolet rodiotion is

followed by enhonced intestinol obsorption of colcium ond heoling of vitomin D-

deficiency stotes (Hoddod & Hohn i973). Hoddod & Hohn (1973) corried out o

study to deiermine the seporote contribuiions of cutoneous production versus

dieiory ingestion of vitomin D in humons through the meqsuremeni of different

types of circuloting vitomin D in the blood. They found thot g4% of circuloting

vitomin D wos derived from non-ingested sources ond stote thot unless the diei is
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unusuolly rich in fish products, ingested sources ore not importont. Therefore,

circuloting viiomin D levels oppeor to reflect endogenous viiomin D production

by the skin (Hoddod & Hohn 1973; Holick & Adoms 1998). Concentrotions of

circuloting vitomin D in plosmo vory with seoson. The highest volues occur in

summer ond the lowest in winter, following the seosonolly chonging intensity of

solor ultroviolet-B rodiotion in temperote geogrophicol regions independent of

the supply of vitomin D in the diet (Froser 1983). In order to mointoin sotisfoctory

circuloting vitomin D plosmo levels wiihout ony input from skin rodiotion, vitomin

D would hove to be supplied by mouth in omounts of 12.5 pg or more per doy

(Froser I 983).

Both sources of vitomin D, however, hove equol biologic potency. lf one

source is locking, the body con compensote by using the other (porfitt lggg;

Fitzpotrick et o/. 2000). Although dietory intoke of vitomin D is o relotively

unrelioble woy of supplying the vitomin, when sufficient sunlight for vitomin D

synthesis is not ovoiloble, o dietory source is essentiol for mointoining odequote

vitomin D levels (Froser 1983). Few foods noturolly contoin vitomin D. These ore

egg yolks, fish liver oil, fotty fishes, shrimp, & chicken liver. The best dietory source

is fish oil, os fish, unlike mommols, birds, reptiles ond omphibions con synthesize

their own vitomin D without the use of ultroviolet light (stuort-Mocodom l9g9;

Holick 2001).

8
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2.1.2 Metqbolism of Vilamin D

Vitomin D is more occurotely clossified os o prohormone thon o vitomin

(steinbock rg93). rts moin function is to preserve corcium ond phosphorus

homeostosis by increosing the efficiency of intestinol colcium & phosphorous

obsorption in order to mointoin signol tronsduction, meiobolic octivities, ono

neuromusculor funciion ond to promote skeletol minerolizotion (Steinbock lg93;

Aufderheide & Rodriguez-Mortin r99g; Horick 2o0r).

The two types of vitomin D ore ergocolciferol (Dz) ond cholecolciferol (Ds)

(Holick & Adoms 1998)' cholecolciferol is produced by the oction of ultroviotet

lighi on o precursor molecule ,7-dehydrocholesterol, o substonce synthesized by

the body ond deposited in the skin ond is considered o hormone (Soffron 1995;

Holick & Adoms 1998). Ergocolciferol is produced by ultroviolet irrodiotion of

ergosterol (Monkin 1974o). Ergosierol (or provitomin Dz) is o sierol occurring

moinly in yeost ond some fish oils which upon irrodiotion becomes ergocolciferol

(Dorlond 2000). while ergocolciferol is widely used in theropeuiics it is rorely

found in noture (Possmore & Eostwood 1986). In odult skin obout 50% of the

enfire cutoneous stores of proviiomin Ds or€ found in the epidermis with the other

50% residing in the dermis (Horick & Adoms r99g). Most of the cutoneous

provitomin Dssynthesis in odults occurs in the octively growing levels of the

epidermis, in close proximity to the dermor copiilory bed; os o resurt, chonges in

temperotures in the surfoce of the skin do noi significonily olter the rote of

conversion of provitomin Ds in humons (Holick & Adoms l ggg).

9



MA Thesis - C. Wood - McMoster_ physicol Anthropology

The precursors, ergosterol ond Z-dehydrocholesierol, hove no onti-rochitic

properties, but rodiont energy breoks their ring structure ond bonds to convert

their sterols to their octive forms (see toble 2.1 below) (Monkin 1g74o;Hotick &

Adoms 1998).

T 
oOotites of Vitomin D (Dorlonrl 2t)on

)ysremoilc Nome Viiomin AbbreviolionZ-dehydrocholesterol
Cholecolciferol vrTomtn D3 l-)
zJ-nyoroxycholecolciferol 25-hvdroxvvitomin l-r 25(OH)Ds
1,25-dihydroxycholecolcif erot

-L25(oH)zDs24,2l-dihy dr oxych ol eco I cif erol '24, 
25- diny dr oxyvito min Ds 24,25(OHlzDt

After formotion, the provitomin Ds underQoes temperoture_dependent

isomerizotion to vitomin Ds (cholecolciferol) which oi body temperoture tokes lo

hours to reoch completion (Moxwell 1994; Holick & Adoms lggg). The vitomin D is

then tronsported in the brood bound to vitomin D-binding protein (Moxwerl

tee4).

Endogenous synihesis of cholecolciferol from z-dehydrocholesterol is

reloted to the omount of biologicolly effective ultroviolet rodiotion, the durotion

of exposure of urtrovioret rodiotion, ond the degree of skin pigmentotion

(Moxwell 1994). With increosed pigment concenirotions in the skin, the needed

exposure time increoses from 30 minuies to between I ond 3 hours, depending

on the degree of pigmentotion (Moxwell 19?4). Prolonged exposure to sunlight

does not necessorily increose viiomin D synthesis becouse once vitomin D is

formed in the dermis qnd epidermis it con either be turned to vitomin Ds or

during exposure to sunlight, obsorb o photon of uV-B rodiotion ond isome rize to

l0
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biologicolly inert isomers lumisierol ond tochysterol (Holick & Adoms 
,l998).

Vitomin D deficiency does not oppeor to olter provitomin D concentroiions in

the skin. Adoms ond coworkers (1982) found when vitomin D deficient potients

were exposed to ultroviolet rodiotion their circuloting concentrotions of vitomin D

ond 25(OH)D increosed olmost identicolly to thot seen for the vitomin D sufficient

subjects.

2.1.3 Metobolism of Culoneous versus Dietory sources of Vitomin D

There is o physiologicol difference in the viiomin D molecules obtoined

orolly compored with those from the skin. Dietory vitomin D is qbsorbed in the

smoll intestine when fot digesiion ond obsorption ore normol ond is conied in

chylomicrons {lipoproteins thot ironsport dietory cholesterol ond triglycerides

from the smoll intestine to tissues ofier meols) io the liver (Froser i983; Pqssmore &

Eostwood 
,l986). 

In controst, cutoneous vitqmin D diffuses slowly into the blood

so the hepotic uptoke ond subsequent conversion to 25(OH)D occurs of o slower

rote thon o comporoble omount of dietory vitomin D (Froser '1983)'

Consequently, much of the vitomin D from the skin remoins outside the liver,

protected from the hepotic inoctivoting metobolism (Froser 
.l983). 

This more

groduol supply of vitomin D to the liver ollows for o more continuous ond

prolonged production of 25(OH)D (Froser 1983). The plosmo concentrotion of this

metobolite is then mointoined, olthough ihe exposure of the skin to sunlight

occurs only intermittently (Froser I 983). The omouni of 25(OH)D produced by the

liver is not directly proportionol to the input of vitomin D. When reseryes ore

depleted, 25(OH)D is mode with greoter efficiency thon when there is on

t1



MA Thesis - C. Wood - McMoster - Physicol Anihropology

obundonce of vitomin D (Froser I 983). Froser (l 983) stotes thoi it is possible thot

more vitomin D is shunted down the degrodotive pothwoy when it is presented

to the liver with chylomicrons lipid thon when it orrives from the skin bound to the

circuloting viiomin D-specific binding protein. Froser (i983) osserts thot the

hepotic inoctivotion of viiomin D octs os o protective mechonism, preventing

the occumulotion of o potentiolly toxic molecule os lorge doses con induce

vitomin D toxicity. Extensive irrodiotion with ultroviolet light does not couse

vitomin D toxicity (ibid.). Possibly becouse of this toxicity, hepotic metobolism

oppeors to regord smoll omounts of viiomin D obsorbed from the intestine os o

foreign substonce ond directs it into destructive rother thon conservotive

pothwoys (ibid.). Aging significontly decreoses the copocity of the skin to

produce Ds (Roo 1999). However, oging does not significontly offect the

intestinol obsorption of vitomin D (Holick & Adqms 1998:131).

2.1.4The Role of the Liver ond Kidneys

In the liver, vitomin D of cutoneous or dietory origin (2S-hydroxyvitomin D)

is converted in the microsomes to 25(OH)D, the circuloting form of the vitomin

which is corried on o speciol tronsport globulin (Possmore & Eostwood 1986). The

use of the term vitomin D without o subscript refers to both vitomin Dz ond

vitomin Ds. A lesser known function of the liver is the metobolic inoctivotion of

the vitomin D molecule ond excretion of the products in bile (Froser 1983). The

octive form of vitomin D is 1,25(OH)zD (,l,25-dihydroxycholecolciferol), which is

formed only in the kidney by oction of o specific miiochondriol hydroxylose on

25(OH)D (Possmore & Eostwood 1986; Holick & Adoms 
.|998). 

The dihydroxy
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metobolite is obout lO iimes more ociive thon vitomin Ds ond octs more quickly

{Possmore & Eqstwood 1986). The efficiency of utilizotion of vitomin D is

deiermined by the liver, not ihe kidneys, bui the liver is not the sioroge site for

vitomin D (Froser 
.l983). 

The metobolite 1,25(oH)zD is the primory hormone

octing in the intestine ond possibly the bone cells (Stuort-Mocodom l9g9). tt is

this hormone thot is of criticol importonce in colcium/phosphote tronsport ond

obsorption by the intestine (stuort-Mocodom tggg; soffron i995).

The ihree effects of 1,25(OH)zD ore: (l)promotion of colcium obsorption in

the upper smoll intestine by inducing the synthesis of o specific colcium-binding

protein in the epitheliol cell. There, it oppeors to poss to the nucleus of the cell

ond stimulote production of o specific messenger RNA (Possmore & Eostwood

1986). (2) lt octs on bone to mobilize colcium into the circuloiion but requires the

presence of porothyroid hormone (porothormone) (Possmore & Eostwood l9g5).

(3) 1,25(oH)zD focilitotes phosphote obsorption by stimuloting o seporote

phosphote tronsport mechonism in intestinol epiiheliql cells which is independent

of the colcium tronsport system (possmore & Eostwood lgg6).

The other two hormones responsible for moinioining normol colcium ond

phosphorous levels in the body ore poroihormone ond colcitonin (Stuort-

Mocodom 1989). Porothormone is o mojor reguloior of bone metobolism. lt

promotes the releose of colcium from bone to extrocellulor fluid by octivoting

osteoclosts ond inhibiting osteoblosts, indirectly promotes intestinol obsorption of

colcium ond renol tubulor reobsorption of colcium qnd increoses renol excretion

of phosphotes (Dorlond 2000). Secretion of porothormone increoses when the
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level of colcium in the extrocellulor fluid is low (Dorlond 2000). Colciionin

(thyrocolcitonin) is responsible for lowering plosmo colcium ond phosphote

levels, inhibiting bone resorption ond octs os on qntogonist to porothormone

(Dorlond 2000).

2.1.5 lhe Colcium TronsPort SYsfem

Colcium obsorption occurs in the distol duodenum or proximoljejunum

(Monkin l9g0). Colcium requires o tronsport system in order to cross o cell borrier

which consists of three ports. Porothyroid hormone first binds to o receptor on

ihe cell membrone ond through the oction of odenyl cyclose ond cyclic

odenosine monophosphote, ollows colcium to enter the cell ond mitochondrio

to dischorge colcium which results in flooding the cell cytosolwith colcium ions

(Monkin 
.l990). 

Next, 1,2s-dihydroxyvitomin D octs to enhonce the messoge to

synthesize one of severql colcium binding proteins (CBP or colbindin or

cholecqlcin) which tronsport the colcium ocross the cell borrier to ihe

extrocellulor spoce {Monkin l9?o). The concentrotion of colcium ions is

mointoined within the norrow limits required to ovoid neurologic or cordioc

complicotions or precipitotion of colcium solts by o delicote bolonce between

tubulor reobsorption of colcium ond the deposit or releose of the ion from the

hydroxyopotite crystol of the bone (Monkin 1990)' Lostly, if ihe cytosol

concentrotion of phosphote rises obove o criticol level, tronsport is iurned off

(Monkin 1990).
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2.1 .6 The Phosphorus lronsporf Sysfem

The monogement of phosphorus in the body occurs lower in the jejunum

(Monkin 
,l990). 

Phosphorus kinetics ore less complicoted thon those for colcium

os phosphorus mokes iis woy into the extrocellulor spoce much more ropidly os

obsorption from the gostrointesiinol troci is not limited (Monkin 1990)' The ionized

phosphote serves os o buffer system for the blood ond is on obligoie portner to

colcium in either synihesis or breokdown of hydroxyopotite solt of the bone

(Monkin l99O). The primory control mechonism for phosphorus is renol' A finely

tuned tubulor reobsorption mechonism for phosphote is primorily under the

control of porothyroid hormone which couses phosphote excreiion in the urine

(Monkin 1990). Therefore, rickets ond its odult form osteomolocio' couse on

increose in porqthyroid hormone releose, o response to lowered colcium' which

couses o simultoneous decline in the omouni of tubulor reobsorpiion for

phosphote (Monkin 1 990).

2.\.7 Consequences of Vilqmin D Deplefion

ln the obsence of sufficient omounts of vitomin D, the following events

toke ploce. Locking the precursors of the biologicolly octive metobolites of

vitomin D, insufficieni 
,l,25 

dihydroxycholecolciferol is produced' This in turn

reduces obsorpiion ond tronsport of colcium ond phosphotes, ultimotely

triggering o negotive feedbock thot resulis in the increosed production of

porothormone (stuort-Mocodom I 989). Porothormone increoses serum levels of

colcium ond phosphorus by octivoting osteoclosts to destroy bone, which in turn'

seryes to releose bone minerols. The formotion of bone is olso increosed in o

t5



MA Thesis - C. Wood - McMoster - Physicol Anthropology

fruiless ottempt to substitute quontity for quolity (Stuort-Mocodom 
.l989). 

Less

minerolized bone per unit exists. The trobeculoe ond cortex hove less bone thot

is surrounded by o loyer of unminerolized bone known os on osteoid seom

{Monkin l99O). With insufficient vitomin D, the osteoid produced by the

osteoblosts ond the cortiloge produced by the chondroblosis (cortiloge forming

cells) ore not properly minerolized (Stuort-Mocodom 1989). The end result is on

excess of unminerolized cortiloge of the growing ends of bones os well os bones

thot ore smoller, lighter ond more susceptible to deformotion under pressure

(stuort-Mocodom I 989).

2.1.8 Atrophic yersus Hypertrophic Rickefs ond fhe Porodox of Rickels

Depending on ihe nutritionol stotus of the child, two types of rickets moy

occur. lf generol undernourishment is present, then on otrophic or porotic form

of rickets will develop, resulting in bones with thin porous cortices, wide morrow

spoces, occomponied by relotively few, ond thin, spongy trobeculoe (Stuort-

Mocodom 198?; Ortner 2003). These bones ore very frogile ond especiolly

subject to frocture (Ortner 2003).

The better-nourished child develops the "hypertrophic" or "hyperplostic"

type of rickets. ln this type,the bone cortices ore porous bui thick, ihe result of

excessive deposiiion of osteoid with the morrow spoces norrowed, due to on

obundonce of spongy osteoid trobeculoe (Stuort-Mocodom 
,l989; 

Ortner 2003).

Froctures ore less common in this form but the bones con become distorted in

shope.
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Children with rickets exhibit less evidence of severe molnutrition thon

ocutely molnourished children. This moy be due in port to the foci thot only

octively growing children con show evidence of rickets (Chesney 2001). This is

known os the "porodox of rickets", ond os the diseose becomes more severe,

growth slows ond chonges in the epiphyseol plote become milder ond moy

eventuolly disoppeor (Monkin 1974o). Therefore, the most ocuie forms of rickets

(florid rickeis), showing the most severe deformities, ore found in children thot ore

relotively well nourished (Loomis I920).

2.1.? Complicofions of Rickefs

Rickeis wos first reported os o couse of deoth in 
,l534, 

in the London Bills of

Mortolity (Clorke 1952; Steinbock 1993). The relotive risk of deoth for children with

rickets, compored to those not offected by rickets is l.Z times higher (Bishop

1999). Choli ond coworkers (.l998) found over o one yeor period of totol deoths

in Addis Abobo, obout 20%hod severe rickets with the couse of deoth directly or

indirectly reloted to rickets.

Rickets moy be occomponied by tetony, gostrointestinol upsets, dionheo,

increosed susceptibility to respirotory infections, o deloy in generol development,

ond shorter thon overoge stoture (Agrowol ef o/. 1959; Stuort-Mocodom 1989).

Tetony is coused by o reduction in plosmo ionic colcium increosing the

excitobility of the nerves ond muscles cousing muscles to twitch ond sposm

(Possmore & Eostwood 1986). A strong relotionship exists between rickets, ocute

respirotory infection (ARl) ond enteritis (inflommotion of the smoll intesiine). A

study conducted in Turkey found the prevolence of ARI ond enteritis to be
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opproximotely 1.5 times higher in children with rickets when compored to

children without rickets (Beser & Cokrnokci 1994). A study conducted in Kuwoii

found lhol 43.6% of children with rickets hod ARI ond 28% of children with rickets

hod enteritis (Luboni el o/. 1989). Figfrting rickets is on importont endeovor in

developing couniries where deoths r>f those under five yeors of oge ore lorgely

due to ARI ond enteritis (Beser & Cok.mokci 1994). Prior io World Wor ll infont

mortolity from ARI wos high omong irrfonts who were not breostfed (Cunninghom

,1995). 
Infection of the respirotory onrl gostrointesiinol trocts wos the presenting

clinicol finding in neorly holf of the c,tses of rickets from l972Io 1984 in Monitobo

(Howorth & Dilling 1986).

Clossicol descriptions of rickels emphosized on ossociotion with

pneumonio. In North Americo ond Elrope this ossociotion hos not been

prominent (Ferguson l9l8; Chesney 2001), but it is commonly observed in young

children in developing countries (Choli et ol. 
,l998; 

Bishop 1999; Chesney 2001). li

is often overlooked thot the mouth i:; o portol of entry for the respirotory system

os well. li hos not been estoblished lvhether vitomin D deficiency is the result of

immunologic obnormolities ond pne,umonio, or if hypocolcemio ond myopothy

result in poor cleoring of bronchopuimonory secretions (Chesney 200.l).

Rickets is ossocioted with on increose in ihe frequency of infections ond

impoired neutrophil phogocytosis (vrhite blood cells thot seorch the body for

foreign motter ond engulf them), orrd tuberculosis (Moxwell 1994). Vitqmin D is

known to hove effects on immunolc'gicolfunction in onimols ond moy be the

foctor responsible for reduced immr,rnocompetence ond on independent risk
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foctor for tuberculosis (Moxwell \994|r. Cunninghqm (,l995) osserts thot our

knowledge regording resistonce to irrfections is incomplete ond it is difficult to

oppreciote the complex interrelotiorrships omong immunologic defense foctors

ond different orgon sYstems.
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2.2 Deficiency Rickets versus Genefic Forms

While the most common cquse of rickets ond osteomolocio is vitomin D

deficiency, these diseoses con olso occur through vitomin D molobsorption,

meiobolism, receptor defects os well os collogen ond phosphote defects (toble

2.2 below). These illnesses were reseorched io estoblish couse, skeletol

expression, ond oge oi onset, in order to distinguish them from vitomin D

deficiency rickets.

TABTE 2.2- Ohher forms of riqke!{n-gttlldle!

(*Not relevont to this discussion)

ln oncient remoins, deiermining if rickets is o diseose of deficiency versus

of o genetic origin presents o difficulty. Moleculor woys of determining genetic

origins of rickets ore possible, but highly improboble (Borto 2002, pers' comm')'

Nucleor genes would be required. The locotions of the genes cousing genetic

types of rickets moy be multiple ond not well ideniified. ln oncient skeletol

remoins, nucleor DNA is only preserved under very speciol circumstonces (Hoss

IU

Viiomin D MolobsorPtion
o. Celioc diseose (Hepotic diseose or steotonheo)

b. Short gut sYndrome*

Vitomin D Metobolism Defecls
o. Hepotic rickels - foilure of 25 hydroxylotion

b. Vitomin D dependency lype | 1 cr (Hydroxylotion obnormolities)

c. Renol osteodYstroPhY
cl. Anticonvulsont induced osleomolocio+

tl

1il. Vitomin D RecePlor Defect
vitomin deoendencY tYPe ll I

tv. Phosphote DeficiencY Rickels
o. X-linked hypophosphotemic rickets

b. Hypophospholemic rickets (ADHR) (outosomol dominont)

c. Hypophosphotemio (outosomol recessive)

d. Fonconi sYndrome

e. Oncogenous rickets (tumor induced rickets)

Collogen Defects
o. Metophyseol Dysplosio (Schmid voriety)

b. Osteoqenesis imPerfecto

v.
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el o/. 1996; Krings et o/. l99Z; Stone 2000). Due to the highly frogmented noture of

oncient DNA, yielding low copy numbers, the preservotion ond extroction of

nucleor DNA in the Romqn somples of lsolo Socro is highly unlikely.

Determining the couse of rickets in the lsolo Socro somple will then

depend on the frequency with which genetic forms of rickets ore found in

modern populotions. Relying on the highest birth frequencies for geneiic forms

of rickets in modern populotions, the probobility of findlng individuols from on

orchoeologicol somple with skeletol chonges os o result of geneticolly induced

rickeis is ossessed. lt moy then be possible to discount vqrious forms of genetic

rickets becouse of their low incidence rote.

Determining the spotiol relotionship of rochitic individuols will ossist in

determining o genetic origin of rickets. Reloiedness of rochitic individuols will be

oscertoined by discovering their spotiol distribution in the necropolis. Somple

number ond subsequent buriol locotion will be mopped. Using the spotiol

relotionship ond the frequency with which genetic rickets oppeor in modern

populotions vitomin D deficiency rickets moy be confirmed or rejected qs the

nosologicol entity cousing the rochitic skeletol chonges within the populotion of

study.

2.3 Frequencies of genetic forms of rickefs

Toble 2.3 (below) refers to the frequency with which genetic forms of

rickets offect modern populotions. With the exception of celioc diseose, the

remoinder of these diseoses ore relotively rore with mony hoving unique feotures

which ollow for differentiotion. As o result, in determining the type of rickets
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found in the lsolo Socro somple, only celioc diseose need be token into

considerotion.

of qenetic forms

22

oble 2.3 - ies of rickets
Type of Genetic Rickets Frequency

Celioc diseose (Hepotic diseose or steotorrheo) I /250 births {Holsted 1996).

Poncreotitis or Poncreotic insufficiency Primorily coused by olcoholism,
moinly occurs in old oge
(Dorlond 2000).

Hepotic rickets - foilure of 25 hydroxylotion Roret (Dorlond 2000).

Vitomin D dependency type | (VDDRI ) Rore, mosl commonly found in

the French Conodion
populotion (Thomos & Demoy
2000).

Renol osteodystrophy Frequency not known, couses
dworfism (Cheng & Holmon
r 980).

Vitomin D-deoendencv tvoe ll {VDDRll) Roret ({Thomos & Demov 2000).

X-linked hypophosphotemic rickets Rore - 1/20,OOO births,

ossocioted tendon ossificolions,
increose in bone density,

extreme elongotion of the skull

{Formicolo 1995).

Autosomol dominont Hypophosphofemic rickets Rore - I /20,000 births (Dorlond

2000).

Hypophosphotemio (outosomol recessive) Rore - I il 00,000 births (Dorlond

2000).

Fonconisyndrome Extremely roret (Dorlond 2000).

Oncogenous rickets (tumor induced rickets) Roret, does not offect infont,
only lole childhood on {Dorlond
20001.

Metophyseol Dysplosio (Schmid voriety) Overoll incidence of oll skeletol
dysplosios is l/4000 - 5000 births
(Olsen 1995).

Osteogenesis imperfecto l/30,000 to l/60,000 births
Aufderheide & Rodriouez-Mortin
r 998).

*Bosed on frequencies in North Americo. t Specific frequency for these diseoses could not be locoled
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ln celioc diseose (hepotic diseose or sieotorrheo), fot-soluble viiomin D is

eliminoted with the fotty dionheic in the stools coused by on intestinol mucoso

toxicity of gluten (Sylvester I 999; lvorsson et ol. 2002; Ortner 2003). Celioc diseose,

olso known os gluten intoleronce, is o genetic disorder thot offects I in 250

Americons (Holsted 1996). Symptoms of celioc diseose con ronge from the

clossic feotures, such os dionheo, weight loss, bone poin, osteoporosis ond

molnutrition, to lotent symptoms such os isoloted nutrient deficiencies but no

gostrointestinol sympioms (Holsted 1996). Those offected suffer domoge to the

villi (shortening ond villous flottening) in the lomino proprio ond crypt regions of

their intestines when they eot specific food-groin ontigens (toxic omino ocid

sequences) ihot ore found in wheot, rye, borley ond possibly oots (Holsted 1996).

2.4 Relotedness ond the spoliol distribution of the lsolo Socro somple

ln order to ossess the spotiol relotionship of rochitic individuols to ossist in

the deierminotion of genetic origins of rickets it is necessory to reseorch the

buriol oroctices of the inhobitonts of Portus Romoe os well os the excovotion

proctices utilized.

At lsolo Socro, iombs were to be used for the buriol of fomily members,

their freedmen, freedwomen ond their descendonts (Meiggs 1950). Tombs were

sometimes divided between fomilies ofter they hod been built ond the expenses

of o tomb could olso be shored, moking provisions for their dependonts in the

some tomb {Meiggs 1960; Toynbee l9Zl). Evidence of lsolo Socro olso confirms

mony exomples of individuols securing niches or groves within the tombs of

others (Meiggs I 960; Toynbee I 971). lt wos written thot no provision wos mode
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for sloves in the fomily tombs but it should be noted thot sloves were in fcrcr

buried within tombs with the fomily (Prowse 200.l). The mojority of sloves were

morked in the lsolo socro cemetery by omphoro necks projecting from the

ground but these types of buriols were not confined to sloves (Meiggs 1950). No

new tombs seem to hove been built ofter the middle of the third century which is

thought to be o consequence of the leoner economic times (ibid.). lt is

speculoted thot it is of this time mony of the older lsolo Socro tombs were reused

for lote buriols os it is proboble thot fomilies for which the tombs were built hod

died out (Meiggs 1960).

lsolo socro wos first excovoted between r925 ond 1940 by G. colzo.

Between l9z3 ond 1982, the Archoeologicol superintendency of ostio, the

University of Rome 'Lo Sopienzo', ond the University Instiiute of Orientol studies of

Noples focused on the resiorotion of the monumentol tombs ond the recovery of

the humon skeletol remoins excovoted by Colzo thot hod been orbitrorily

dumped bock into the tombs once his excovotions were completed

(Boldossorre 1984, l99O; Prowse 2001; Rossi el o/. lggS; Sperduti 1995). From this

excovotion opproximotely 
,|,000 

individuols were recovered, forming holf of the

lsolo Socro skeletol collection (Prowse 2001). The mojority of individuols in this

somple ore from the loter excovotions found in between the tombs (ibid.). While

the 'zone' informotion from the excovotions of eoch buriol is recorded, the

orchoeologicol detoils obout these zones ore not known.

The lock of knowledge regording the buriolzones, the proctice of burying

those not geneticolly reloted (freedmen/women, friends, sloves) os well the
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subsequeni recycling of tombs complicotes the determinotion of relotedness of

individuols in the lsolo Socro necropolis. Mony of the tombs hove inscriptive

evidence to indicote the tomb's owners but only DNA onolysis con estoblish

relotedness. In oddition, due to the coreless excovotion techniques of Colzo, in

silu buriols hove been completely lost. lt is concluded thot the relotedness of

rochiiic individuols connoi be oscertoined by their spotiol distribution in the

necropolis ond on estimotion of the prevolence of genetic forms of rickets in ihe

lsolo Socro somple musi rely solely on inferences bosed on the frequencies with

which they oppeor in modern populotions.
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Chopler 3

A BRIEF HISTORY OF RICKETS

3.I RICKETS IN ANTIQUITY

Convincing poleopothologicol coses of rickets ore rore in the prehistoric

ond eorly historic periods (stuort-Mocodom l9gg, l9g9; Lorse n 1997). Those

coses thot hove been detected ore heoled lesions in odults or subodults, rother

thon octive coses in infonts or young children (Ortner ond Moys lggS). Rickets

wos not known to occur in prehistoric peoples in North Americo {stuori-

Mocodom 1988, 1989). Poleolithic skeletol remoins from Egypt reveol rickets to

be viriuolly nonexistent. The lock of rochitic deformity in Egyption remoins hos

been ottributed to the obsence of ihe proctice of swoddling ond leoving young

children noked, thus ollowing their skin to be exposed to sunlight (Fildes l9g6o;

Lorsen 1997). Few coses hove been found in Mesoomerico. Neolithic northern

Europeon specimens, in Norwoy, Sweden, Denmork ond the Briiish lsles show

rickets, while more plentiful evidence comes from Romon times in Hungory

(Steinbock 1993: Roberts & Monchesier 1995; Col6n & Col6n 1999). The Chinese

seem to hove been ocquointed with rickets os skeletol deformotion wos

mentioned in Chinese writings from 2OOO yeors ogo (Beck igg7y Skeletol remoins

doiing from the twelfth century A.D. onword from the Woterford city, lrelond,

excovotions disploy mild rochitic deformities (Power & O'Sullivon 19gZ). The

opporent rority of skeletol evidence of rickets in prehistoric ond eorly historic

l6
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periods is ottributed to the belief thot children in oniiquity likely spent much of

their time outdoors, even during the winier months (Roberts & Monchester 1995).

3.2 RICKETS IN ANCIENT ROME

Most of the surviving wriiten sources referring to the presence of rickets

come from oncieni medicol texts, such os Cornelius Celsus (1st c. A.D.)

DeMedicino, Soronus' (lst c. A.D.) Gynoecology, ond Golen's (2nd c. A.D.) De

sonitote tuendo.

Soronus of Ephesus, who lived during ihe reigns of Trojon ond Hodrion (98-

138 A.D.), wos the first to give o detoiled description of rickets eorly in the 2nd

century A.D., observing the diseose to be porticulorly prevolent in Rome (Foote

1927:Iemkin lg56; Simonetti 1950; Colon & Col6n 1999). Soronus describes the

symptoms of rickets, indicoiing o high number of children suffering from

deformed spinol columns ond legs (Steinbock I993). He wrote "if no one

supervises the movement of infonts the limbs become distorted in most coses"

(Colon & Col6n 1999:57).

Loter, Golen's (130-200 A.D.) medicol writings describe o number of

skeletol deformities in infonts ond young children, specificolly knock-knees,

bowlegs, funnel-shoped chests ond pigeon breosts, seen in rickets (steinbock

1993). Golen olso comments on the hobits of women, thot they "stoy inooors,

neither engoging in strenuous lobour nor exposing themselves to direct sunlight",

hoving detrimentol consequences on the vitomin D stoius of mother ond thus

infont (Gornsey l99l).
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3.3 RICKETS FROM THE MIDDTE AGES TO THE RENAISSANCE

Rickets is thought to be o diseose of increosed urbonizotion ond

industriolizotion. There oppeors to be o groduol increose in the skeletot evidence

of rickets in Medievol times (350-1450 A.D.), of leost in cities ocross northern ono

centrql Europe (Steinbock l926; Lorse n 1997). The prevolence of rickets during

ihe medievol ond post-medievol periods is, however, difficult to ossess, os rickets

could often noi be differentioted from other diseoses offecting the skeleton of

the child (stuort-Mocodom r988, r989). Shorier (r982) stotes thot Viking

skeletons from the lSrh century in Greenlond showed mony rickety chonges.

These chonges consist of twisted spines ond norrow pelvises ond it wos thought

thqt the women possessing them would be incopoble of giving birth (shorter

1e82).

With the possing of feudolism come indusiriolism ond people begon to

congregote in cities where weoving, metolworking ond other industries

developed (Foote 1927). In the lost holf of the ISfh century ideol conditions

existed for the development of rickets in Europe. The people lived in crowded.

wolled, cities in o northern climote with little sunlighi ond o poor diet (pork 1923).

Evidence of rickets is found in the ciiies of corogne, Nuremberg ond Bruges

between 1450 ond l50O (Foote 1927). The l5th ond l6rn century morked the rise

of religious ort in Centrol Europe, especiolly in Germony ond the Netherlonds. lt is

reosonoble to suppose thot ihe presence of rickets would be depicted in the ort

of the time. Pointers of the period depict infonts with squore heods, potbellies
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ond grooved chests (Foote 1927). Foote (1927) found clinicol signs of rickets in ot

leost fifteen pointings, doting from l44O to 1500.

Rickets wos not just o diseose of the workers or proletoriot, nobility olso

suffered. King Voclov ll of Polond ond Bohemio suffered from rickets (Dudzihski

1989). A poriroit pointed in 
,l568 

of the two yeor old King Sigismund Voso lll of

Polond reveoled he olso suffered from rickets (Dudzifrski 1989). Chorles I of

Englond suffered from severe rickets ond his opporent shome of his crooked legs

spowned o foshion trend of boois for men ond long coots for women to hide

their deformities (Clorke 1962: Fildes 
,l986b). 

The second doughter of King

Chorles l, Princess Elizobeth who died in 1550, olso suffered from rickets to on

odvonced degree (Clorke 1962; Cone 1979o).

3.4 RICKETS IN THE 17TH AND 18IH CENTURIES

In lZth ond l8tn century Englond, rickets wos the principle diseose of

infoncy ond the clinicol monifestotions were well known (Fildes 1986b). Rickets

wos seen to occompony industriolizotion ond urbonizotion, occurring with greot

frequency in the smoky monufocturing towns of Northern Europe ond North

Americo. In the lZth ond l8rh century, rickets wos olso quite prevolent in the

New Englond colonies, os it hod been in the Europeon countries from where the

settlers hod come (Weick 1967). The mojority of medicol writers were English ond

oll described rickets qs o new diseose, first noticed oround 1620 (Fildes 1986b).

Doniel Whistler, 
.|645, 

wos the first to describe the diseose in ony longuoge,
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olthough he hod been occused of plogiorizing his contemporory, Frqncis Glisson,

1650 (Fildes 1986b).

After 
,l650 

ond the discovery of rickets by Glisson, eorly English

obstetricions of ihe iime were describing the problems of delivering infonts

through the rickety pelves of women (Hess 1929; Dunn 
.l998). 

lt is interesting thot

in the middle of the lZrh century forceps were introduced into proctice ond mole

midwives were becoming more common (Dunn 1998).

Accounts of rickets compiled by lTtn ond l8tn ceniury medicol writers

stote thot those children offecied by rickets come from weolihy fomilies, os it

wos, "the children of the oristocrocy ond higher gentry who suffered most

frequently ond most severely" (Fildes 
,l986b: .l25; 

Rosen von Rosenstein 1984).

Glisson stoted thot, "this diseose doth more frequently invode the crodles of the

rich thqn offlict poor men's children" (cited in Dunn 1998:F155). Fildes (1986b:

125) stotes, "some of the poorest infonts (foundlings ond some porish children)

olso controcted rickets, but those from the poor ond middle ronks of society

remqined unoffected". Glisson prescribed swoddling to stroighten the bones

(Colon & Col6n 1999). Physicions ot the iime blomed the prevolence of rickets in

weolthy children io the "ill orderings" of wet nurses, tronsmitted by the milk of o

diseosed wet nurse, (Fildes 1986o, 1986b). The occurrence of rickets wos olso

linked to weoning from the breost ond supplementol feeding. Glisson found

signs of rickets to oppeor between the oges of 6 months to 2.5 yeors (Fildes

1986b; Dunn 1998). The onset of rickets moy hove been o consequence of the

type of foods given during the weoning process, ond to the totol or portiol loss of
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breost milk (Fildes 1986o). The oge of which rickets oppeored moy be reloted to

the foct thot this is the overoge oge of which children first crowl, stond ond wolk.

li is of this iime thot bowing of the legs ond other skeletol deformities would

become opporent. Another possible focior is the mention of rickets increosed in

the medicol literoture; physicions moy hove been more owore of it ond oble to

put o nome to on existing diseose (Fildes 
.|986o). 

The high incidence of rickets in

weolthy children wos likely due to culturolfoctors linked io socioeconomic closs

but moy olso hove been the result of under reporting, os the poorer closses

could not consult o physicion (Fildes 1986b).

The recommended weoning diet of the upper closses consisted of moinly

meot ond breod, resulting in o lock of vitomins D, C, A, ond colcium (Fildes

1986o). Children in poorer fomilies probobly hod o more bolonced diet;

however, they moy hove suffered from lock of quontity of times (Fildes 1986o).

Fildes (1986o) stotes ihot the diet of most of the populotion wos different in thot it

wos better bolonced thon thqt of the weolthy. Diet moy hove been more of o

foctor for the lower closs children, but for the upper closses, it wos likely on issue

of sociol ond culturol proctices. Weolthy women ond children were more likely

to stoy indoors; not hoving to toke on the burden of physicol lobour, such os

would the poorer closses. Fildes (1985o: 127: Gibbs 1994) notes richer children

were, "cosseted ond kept well wropped up in nurseries", whereos poorer

children would hove been outside from on eorly oge, thus their diet could hove

been deficient but exposure to sunshine would hove counterocted the effects.

Culturol ond socio-economic foctors reloting to the omount of occess children
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hod io sunlighi, rother thon on diet ond weoning foods, ore more likely to exploin

the neor epidemic incidence of rickets during this period.

Weolihy women employing wet nurses would not hove benefited from

the controceptive effects of breostfeeding. Child beoring hobits of the poor ond

weolthy differed. Weolthy fomilies put their children out to nurse in order to hove

os mony children os possible io counteroct high infont mortolity, to ensure heirs

to inherit lond or property (Fildes 
.l986b). 

McLoren (1979) stotes bosed on porish

records, thot ii wos not uncommon for weolthy women to hove up to twenty or

thirty children, whereos the overoge English fomily of the time hod four or five

children (Fildes 1986b). With on increosed number of pregnoncies ond o diet

which contoined little vitomin D or colcium, the culturol proctices of the

weolthier women moy hove been predisposing infonts to rickeis (Fildes 1985q &

b). There is o significont relotionship between the number of children under five

in o household ond the prevolence of rickets. The more children under five yeors

of oge, the more the demond on moternol stores of vitomin D ond colcium, os

closely spoced pregnoncies leove little time for the replenishment of moternol

stores (Ferguson 1918; Akpede ef ol. 1999). Under spocing of pregnoncies

predisposes infonts to rickets in cultures where mothers olreody hove subnormol

levels of vitomin D. The literory evidence suggests thot mony children seem to

hove recovered from rickets ofter three yeors of oge, but its long-term effects on

femoles become obvious when they ottempted to hove children (Fildes 1986b).
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3.5 RICKETS AFTER THE EIGHTEENTH CENTURY

During the offluent l8fh century the occurrence of rickets seemed to

decreose, but towords the end of the lSth century rickets wos ogoin on the rise,

especiolly in the industriolized cities of Englond, Scotlond qnd Germony (Owen

1889; Fildes 1985b; Wilton 1995; Lorsen 1997). During this iime, fomilies moved

from the countryside to foctory towns to seek work. With this chonge of

residence ond politicol economy, come chonges in fomily size ond infont core.

Most weolthy women were more likely to breost feed their own children, ond the

proctice of wet-nursing declined (Fildes 
,l986b). 

Poor, nutritionolly deficient

children were expected to work the doylight hours in the shelter of foctories

(Roberts & Monchester i995). There is on eorly introduction of weoning foods in

populotions in which mothers experience chronic poor nutrition qnd heolth ond

where they must meet heovy lobour ond reproductive demonds (Groy 1996). As

poorer women were now expected to work long hours in foctories, they were no

longer oble to fully breostfeed ond used nutritionolly poor weoning foods os o

substitute (Fildes 1986o & b; Dunn 
,l998). 

Without the controceptive odvontoge

of breostfeeding, poorer women hod lorger fomilies who were brought up in

smoll, enclosed environments locking sunlight (Dunn 1998). The poor did not

hove occess to dietory sources of vitomin D ond living in industriol cities clouded

wiih smoke, their exposure to sunlight wos insufficient to prevent rickets. As ihese

cnonges occurred, o new picture of rickets emerged. lt become o diseose of

the urbon poor, no longer o diseose of the rich ond offluent (Fildes 1986b). In

British industriol cities during this period working-closs children moy hove gone for
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weeKs or even months without sunlight exposure (Beck 1997). The clossic Chorles

Dickens's chorocter Tiny Tim from A chrisfmos Corol is ihought to be understood

os o rochitic child {Beck 1997).

From obout the mid-l9m century visuoljudgments regording the

orevolence of rickets con be mqde through the exominotion of photogrophs.

Mony children hod severe rickets qnd in some city communities milder

mqnifestotions were olmost universol (Gibbs 1994\. Photogrophs of groups of

children from this period give further evidence os to the extent of the problem

(Gibbs 1994). During this iime rickets wos thought to be the product of poor diet'

unhygienic conditions ond bod oir (Gibbs 1994). Williom Mocewon' working in

Glosgow, referred to children in some ports of the city os being "shut out from

ihe light portly by the height of the houses (ond) portly from the foct thot even

the sun's roys which do monoge to struggle ihrough the conopy of smoke which

envelops them, ore so diluted ihot they ore of comporotively little volue" {Gibbs

lee4).

children were kept in fociories, schools ond cities where the sun wos

blotted out by soot ond smoke (shorter 1982). Additionolly, children behind

window gloss ore not protected from rickets os window gloss filters out ultro-violet

rodioiions (Pork 1923). A siudy conducted in 1889 determined o relotionship

between city dwelling ond rickets in the Briiish lsles; the higher the populotion

density, the more rickets (stuort-Mocodom 1988, 
.l989)' 

In controst, rickets wos

rore in rurol disiricis ond virtuolly obsent in villoges ond villoge iowns (Stuort-
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Mocodom 
.l988, ,l989). 

Rickets during ihe Victorion ero wos lorgely the result of

socio-economic conditions, which limited children's occess to sunlight.

For the yeor 1910, 1282 coses of coesoreon section in Greoi Briioin were

exomined for cousotion. In iO58 of these coses the indicotion for the operotion

wos pelvic deformity (Hess 1929). Hess (1 929) found thoi in Glosgow ond

Monchester where rickets wos especiolly prevolent, compored with cities of

similor size with less rickets, the number of Coesoreon sections wos greotly

increosed.

Infontile deficiency rickets wos very common in urbon Americo of the turn

of the lost century (l 900) (Welch ef o/. 2000; Fomon 2001 ). In the United Stotes,

poverty, tenemenis ond o generol neglect of the immigront populotion odded

to the prevolence of rickets (Weick 19 67). Ferguson ( I 9l 8) found thot sociol ond

economic foctors ployed o role in the cousotion of rickets, os fomilies of rower

closs were more susceptible. In the lote l9ih century rickets wos frequenily

observed in Africon Americons ond immigront fomilies (Weick 1967). At the turn

of the century it wos soid thot no notionolity wos exempi from rickets ihot lived in

the city (Weick 1967). In the United Stotes, records show thot between tg lO ond

1961, I 3,807 deoths were ottribuied to rickets (Weick 1967).

With the introduction of pollution conirols ond the use of cod-liver oil the

severity of rickets begon to decline in Europe ond North Americo (Wilton 1995;

Beck 1997: Fomon 20Ol). In remoining ports of the world, rickets wos relotively

rore, only occurring omong those in speciol circumsionces, primorily the result of

culturol prociices (Stuort-Mocodom .l988, 
l g89).
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3.6 CONTEMPORARY RICKETS

Most coses of rickets todoy ore the result of culturolfoctors, offecting

people of oll socioeconomic bockgrounds or of the severely molnourished

(Pugliese ef o/. 1998; Oken & Lightdole 2001). Rickets is now more commonly

found in the tropics ond subtropics of Third World countries, despite odequote

sunlight (Stuort-Mocodom 
.l988, ,l989; 

El Hog & Korror 1995; Thocher ef ol. 2OOO:

Chesney 2001: Horris et o/. 2001).

lmmigronts from sunny countries who move to higher lotitudes with less

sunshine do not occumulote stores of vitomin D, becouse of limited exposure to

sunlight (Sonders 1995; Pol & Show 2OO1: Tomoshek et ol. 2001). Custom moy not

encouroge toking bqbies outdoors, ond when token out they ore olwoys fully

covered or clothed (Binet & Kooh 1996). Colour preference is onoiher culturol

foctor thot moy predispose children to rickets. Some mothers of Africon ond

Asion oncestry deliberotely keep their children out of the sun becouse ihey do

wont to him to become "o block mon" (Possmore & Eostwood l986).

Culturol dietory foctors (e.g. vegonism, Sikhism, Eost Asion consumption of

unleovened breods i.e. chopottis) resulting in o high phytote or high fiber diet will

increose vitomin D ond colcium requirements (Sonders lgg5; Dunnigon &

Henderson 1992; Koper et ol.2OO0; McCoffree 2001). Doiry products fortified with

vitqmin D moy not be o troditionol food source for some groups, ond loctose

inioleronce moy olso be o foctor (Howorth 
.l995; 

Moffqtt 1995; Binet & Kooh

19961.
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purdoh requires thqt o womon be veiled during pregnoncy, porturition

ond loctotion, exocily the time of which vitomin D ond colcium need is

intensified {Chesney 2001). Inodequote moiernol sun exposure in women, who

proctice purdoh results in o greoter risk for osteomolocio ond in relotion to

perinotol vitomin D deficiency, moy hove odverse consequences for infonts of

these women (Chesney 2OO1; Grover & Morley 2001; Moson & Diomond 20Ol;

McCoffree 200.l; Nozzo & Roddo 2001).

As moternql vitomin D stotus is the mojor fqctor reguloting the viiomin D

content of humon milk, "prolonged" breosifeeding without odequote vitomin D

supplementotion or exposure to sunlight moy predispose infonts to rickets (Kreiter

et o/. 2OOO; Oken & Lightdole 20Ol). Bobies thot ore breost fed ore less likely to

develop rickets providing the fitness level of the mother is high (Fildes 
,l986o;

Fildes 1995; Stuort-Mocodom 
.l988, 

1989). Reduced duroiion of breostfeeding,

coupled with nutritionolly poor weoning foods moy olso predispose infonts to

rickets. Other foctors contributing to contemporory rickets ore feor of skin concer

ond the increosed sedentory indoor lifestyle of children {Edidin et o/' 
.l980;

Soffron 1995; Roo 1999; Holick 2001; Tomoshek et ol' 200.l).
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Chopier 4

SKETETAI MANIFESTATIONS OF RICKETS

Rickets con be troced bock to ontiquiiy through ihe exominotion of the

skeletol evidence. Skeletolinvolvement of rickets vories from individuol to

individuol, ronging from mechonicol deformities, to porosity of the skull ond

epiphyseol plotes, os well os floring of the bone ends (Ortner & Moys 
,l998).

Rickets produces chorocteristic skeletol deformities in the skull, long bones, ribs,

verfebroe ond pelvis. Unminerolized osieoid does not survive in the post-buriol

environment ony more thon muscle or soft tissues ond os o result, the pores or

other defects where unminerolized osteoid wos present ore whot moke ihe

condition opporent (Ortner ond Moys 1998).

4.1.1 Skull - Often the eorliest chonges seen in rickets oppeor in the skull (Siuort-

Mqcodom i98?). Croniol mqnifestotions of rickets include the deloyed closure of

the fontonels ond thin. softened oreos of the croniol voult ond fociol bones. ln

octive infontile rickets, the posterior porfions of the porietol bones ond occipitol

squomo ore especiolly offected (Aufderheide & Rodriguez-Mortin 
,l998; 

Ortner

2003). Permonenf posterior flottening or loterol ond osymmetricol deformity of

the skull moy result when ihe oreo is subjected to pressure when the infont is

resting (Ortner 2003). Thickening of the cronium is seen, with disoppeoronce of

the outer toble ond, often, the inner toble. This resembles the porous

oppeoronce of diplo6, due to externol (ond sometimes internol) subperiosteol

bone deposition (figure 4.1) (Ortner 2003). The thickening is olmost entirely on the

?R,
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outer surfoce ond is not evenly distributed being more pronounced of the

eminences of the frontol ond porietol bones (Steinbock 1976).In more

odvqnced rickets the 'squore heod' is o fomilior clinicql hollmqrk due to the

bone deposition on the four frontol ond porietol bosses (figure 4.2) (Steinbock

1976). Frontol bossing or the visuol ond polpoble prominence of the centers of

ossificotion for ihe frontol bones is o normol feoture of the growing fetol ond

infont skull ond con be differentioted from rochitic frontol bossing through the

presence of porotic bone deposition (scheuer & Block 2000). During the heoling

process, port of the excessive osteoid on the frontol ond porieiol bosses is

obsorbed but mosi ossifies ond remoins os permoneni evidence of rickets

(Steinbock 1976).

Figure 4.1 - Rochitic colvorium showing externol & inlernoldeposition of subperiosteol

concellous bone (ortner 2003: 395).

Figure 4.2 (belowF Squored heod of o
rochitic child showing fine porotic bone
deposition of frontolond porietol bones
(Oriner 2003:394).).

The externol surfoce of the croniol voult ond roof

of the orbits moy show porosity (figute 4.3 &4.4

below) ond the frontol bones moy olso show

deposits of woven bone {Ortner & Moys 1998).

Fine subperiosteol bone deposition moy be seen

on the globello ond fociol bones (figure 4.5

39

below) (Ortner 2003). The mondibulor romus moy show obnormol mediot-
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posterior bending due to muscle oction during chewing (figure 4.6 below)

(Ortner & Moys 1998).

Figure 4.3 - Orbitol roof porosity SCR 103 lpnoto c. Wood).

Figure 4.4 - Outer toble, porietol bone. showing
porous periosteol bone (Ortner 2003:3951.

Figure 4.5 - Fine subperiosteol bone
deposiiion on the globello & fociol bones
(Ortner 2O03:3971.

7
7

.' t$
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\
Figure 4.6 - Mondibulor romus showing obnormol
mediof posterior bending (orrner & Moys jgel:491.

Rickets olso couses o deloy in tooth eruption os well os enomel hypoplosio in the

deciduous teeth {Hess lg2g; possmore & Eosiwood l gg6; Aufderheide &

Rodriguez-Mortin 1998). Dentine ond bone ore onologous structures of similor

origin ond in the obsence of vitomin D; dentine ond enqmel will not develoo
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normolly. Defects in the enomel ond dentine moy increose cories formotion.

There is o much greoter prevolence of dentol cqries in northern countries thon in

tropicol countries which moy in port be due to less exposure to sunlighi ond the

consequent reduced synthesis of vitomin D in the skin (Possmore & Eostwood

r e86).

4.1.2 Long bones - The most obvious skeletol monifestotion of rickets is the

chorocteristic bowing of the femur, tibio ond fibulo. The weight beoring bones

become bent when the child begins to wqlk ond the orm bones moy olso

become deformed when o child begins to crowl (Roberts & Monchester'1995).

These bending deformities occur only in children who hove good muscle tone

ond ore oble to wolk. A child who hos good muscle tone bui is not ombulont will

show mild or no deformity, whereos o child who hos poor muscle tone ond is not

ombulont, will not show bowing deformities (stuort-Mocodom 1989). ln oddition,

long bones moy exhibit floring, froying ond cupping of the metophyseol ends

(Aufderheide & Rodriguez-Mortin 1998). This is the result of excessive

unminerolized cortiloge cousing on increose in the length ond width of the

growth plotes of the bones (figure 4.7 below) (Roberts & Monchesier 1995; Ortner

2oo3).

Figure 4.7 - Rochitic rodius ond ulno showing

obnormol curvoture ond thickening, {normol rodius &

ulno on right for comporisol-l (ortner & Movs 
.|998:49).
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The growth plotes of the long bones con show obnormolity in the form of porosity

ond roughening of the epiphyseol plotes (Ortner & Moys 1998). These chonges

ronge from fine-groined-roughness, to pitting, to extreme roughness ond porosity

(Ortner & Moys 1998). Chonges in ihe shofts of the bone develop loter thon the

chonges of the ends. The diophyses moy show o loss of density in oddition to

thinning of the cortex (Stuort-Mocodom 1989). Froctures ond pseudofroctures

con occur, which oppeor rodiogrophicolly os symmetricol, tronsverse, ribbon-like

zones of decreosed density (Stuort-Mocodqm 1989). The cortex of the

metophyses moy olso oppeor porous ond on irregulor "strut/slit" onotomy moy

be present, porticulorly towords the distol end of the offected bone (Ortner &

Moys 1998).

Join ond coworkers (,l984) described 20 coses of qdvonced rickets

showing chonges in the short bones of the hond ond feet. These chonges ore

chorocterized by generol osteoporosis wiih morked cupping in ihe metocorpols

ond metotorsols (ibid.).

4.1.3 Ribs - The ribs moy show flottening of their curves ond floring towords their

sternol ends (figure 4.8 below).

Figure 4.8 - Inferior view of ribs,

together with o normol rib (on the
extreme right) for comporison. Ribs

show thickening, porticulorly towords
the sternolends ond floring of the
sternol ends 1o*ner & Moys 1998:52).
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There is often osymmetricol flottening of one or the other hemithorox ond the

siernum moy protrude or become ocutely ongled (Monkin 1974o).The

costochondrql oreos of the ribs become nodulor prominences, referred to os o

'rochitic rosory', ond push the sternum out to produce o pigeon breost deformity

(Aufderheide & Rodriguez-Mortin 
.|998). 

Alternotively, the orched costochondrol

junction pushes the sternum dorsolly, creoting o funnelshoped breost

(Aufderheide & Rodriguez-Moriin 
.l998). 

Softened, unminerolized bone bends to

the troction of the diophrogm of its points of ottochment; this inword pull couses

o circulor depression in the lower rib coge (Horrison's groove) (Aufderheide &

Rodriguez-Mortin 1998). The cortices of the costochondrol ends of the ribs show

irregulority ond porosity, specificolly pitting (Ortner & Moys 
.|998).

4.1.4 Vertebroe - In severe coses, the vertebroe moy become porous ond

decreose in height due to compression (figure 4.9) often combined with o

scolloped oppeoronce of the end plote {Ortner 2003). A prominent lordosis

pushes the obdominol content forword producing o pot-bellied child

(Aufderheide & Rodrfguez-Mortin I 998).

Figure 4.9 - Porous vertebroe, decreosed in height
due to compression (Ortner 20o3: 400).
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4.1-5 Pelvis - The pelvis is more offected by oltered growth thon by mechonicol

deformotion (Ortner 2003). During octive diseose the rochitic pelvis oppeors

smoller ond plumper thon normol (figure 4.10 below), but does not show the

deformity of the odurt postrochitic pervis (ortner 2003).

44

Figure 4.10 - Inferior view of the left ilium showing obnormol loterol curvoture with onu9!ltu!1("n th",ight) f", son (ortner & Moys lee8:5t).
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4.2 SKELETAT MANIFESTATIONS OF OSTEOMATACIA

Osteomolocio is the odult form of rickets most often ossocioted with

femoles during odolescence or young odulthood (steinbock l?93; Aufderheide

& Rodriguez-Mortin 
.l998; 

Ortner 2003). Osteomolocio develops lock of sunshine,

from poor diet, ond the stroin of multiple pregnoncies during odolescence.

Osteomolocio is especiolly prevolent omong women of childbeoring oge (20-40

yeors old), os numerous closely spoced pregnoncies, ond the demond of

prolonged loctotion, represent o heovy droin on the bone minerol ond vitomin D

of the mother (Possmore & Eostwood 1986; Ortner 2003).

The first chonges seen in osteomolocio oppeor rodiogrophicolly os o

diffuse diminished density of the bone, not undistinguishoble from osteoporosis

(Ortner 2003). In dry bone, the skeletol elements ore very lightweighi ond hove

the consistency of cordboord (ibid.). Osteomolocio is chorocierized by severe

mechonicol deformities, roiher thqn by chonges in the growth plotes (ibid).

Skeletol chonges ossocioted with osteomolocio ore most often observed in

bones thot contoin the most concellous bone (ibid). These ore the verteoroe,

pelvis, ribs, sternum ond occosionolly the lower limbs. The skull is rorely offected

(Ortner 2003). The replocement of structured osseous tissue wiih decolcified

osteoid results in soft ond frogile bones, with the end product being scoliosis,

kyphosis, bowing of the long bones ond frociures ond deformities of the pelvis

{Zimmermon & Kelley 1982). Distortion of the pelvis moy complicote pregnoncy

ond the infont con be born with rickets if its mother hod osteomolociq in o

severe form (Zimmermon & Kelley 1982).

45



MA Thesis - C. Wood - McMoster - Physicol Anthropology

The odult postrochitic pelvis is chorocterized by the onteroposterior

norrowing of the pelvic conql, primorily o consequence of growth deficiency of

the ilioc portion of the pelvic ring (figure 4.l l below) (Hess 1929; Lorsen l99t:

Ortner 2003). In oddition, ihe socrum moy protrude into the pelvic conol ond the

ocetobulo hove o more forword focing position thot normol (Hess l92g; Ortner

2003).

Figure 4.1I - Rochitic flot pelvis. {32-
yeor-old womon, 1860) lortner a
Pulschor 1981:2791.

The rochitic pelvis would produce difficulty during child birth. lt is estimoted thot

prior to the 1920's, before the mechonisms of rickets were discovered,

opproximotely one in four women wos likely to hove pelvic bones sufficiently

molformed io couse o deloy in lobour (shorter 1982). Flottening of the pelvis is

well documented in clinicol populotions ond modern onoiomicol somples in

comporison with lower ond middle closs groups (Lorsen 1997). Women who were

children during the First world wor hove flottened pelvic inlets due to poor

nutrition during these yeors (Lorsen 1997),
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4.3 MEDICAT DIAGNOSIS OF RICKETS

Medicol diognosis of rickets is deiermined through clinicol, biochemicol,

rodiologicol ond histologicol meons (Freoney ef o/. 1986). In mony coses.

physicol findings moy not be obvious to the clinicion during the eorly stoges of

vitomin D deficiency rickets. Skeletol findings ore the most siriking clinicor

monifestotions ond moy be evident within severol months ofter the onset of

vitomin D deficiency (Joiner et o1.2000).

Respirotory infections ond pulmonory otelectosis (incomplete exponsion

of the lungs) thot ore reloted to severe chest deformities ore frequently

ossocioted with rickets (Joiner et o/. 2000). lqbol ond colleogues (2001) found

thot fomily screening is effective in finding undiognosed vitomin D deficient

subjects. They found thot 67% of fomily members of potients diognosed with

vitomin D deficiency olso hove similor problems.

Suspected rickets coses often present with deformities, oches ond poins,

foilure to thrive including deloyed milestones, recurrent dionheo ond respirotory

troct infections with signs of widening of ihe wrisi, onkle ond knees ond bowing

of the legs (Ahmed et ol. 1975). Thocher ond coworkers (2000) determined

whether or not clinicolfeoiures of rickets con identify children with octive rickets.

They found thot wrist ond cosiochondrol enlorgement were the most

independently predictive signs of octive rickets. Seventy-five percent of children

with octive rickets hod wrist enlorgement ond seventy-seven percent hod

costochondrol enlorgement (Thocher et ol.2O0O). Due to the foct thot these

clinicol signs resolve more ropidly thon leg deformities, ihey ore more relioble
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thon other clinicol feotures of rickets (Thocher et o/. 2OOO). Clinicol feotures of

rickets such os genu volgum (knock knee) ond genu vorum (bow leg) moy

remoin long ofier rickets hos heoled biochemicolly ond rodiologicolly (Thocher

et ol.2000). The limitoiions in using wrist ond costochondrol enlorgement ore

poor reproducibility between investigoiors due to the subtlety of the troits, ond o

lock of on objective definition of rib beoding ond wrist enlorgement, limitotions

thot the physicol onthropologist olso foces in diognosing rickets (Thocher ef o/.

2000). The more pronounced the wrist or costochondrol enlorgement the greoter

likelihood they signify octive rickets.

A rodiogroph of the growing ends of the long bones is o necessory

invesiigotion in o suspected or estoblished cose of rickets (Opie et ot. lg75:

Pettifor et o/. 1983). Rodiogrophic findings include froying ond cupping of the

metophyses of the long bones, rib floring, decreosed minerolizotion of the bone

motrix (generolized osteopenio) ond muliiple froctures in vorious stoges of

heoling (Joiner ef o/. 2000). Rodiogrophs moy noi be helpful in eorly diognosis of

rickets becouse 50% of colcium hos to be lost before the rodiologicol chonges

become visible (Ahmed et ol. 1975).

In post clinicol proctice the outhorotive stotement regording the

presence of metobolic bone diseose wos dependent upon exominotion of bone

using histomorphologicol methods (Freoney el o/. 
.l986). 

some or oll of the

trobeculoe ond the cortex ore not only locking bone, but whot bone there is, is

surrounded by o loyer of unminerolized bone known os qn osteoid seom (Monkin

1995). Osteoid seoms con be reveoled through histologic sectioning but connol
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be detected in dry bone somples. osteoid seoms oppeor in corticol bone os

rings ond in concellous bones os crescents topering of eoch end (porfitt lggg).

The width ond number (totol count) of the osteoid seoms provide o good index

of the severity of the process (Monkin )97 4o). Ahmed ond colleogues (t 9/5)

found wide osteoid seoms present in g7.3 percent of rochitic individuols ono

stote thot osteoid seoms moy be the only evidence of rickets in on older child.

Those suffering from rickets ond osteomolocio, regordless of the couse, snow

similor histologic feotures of bone ond os o result the correct diognosis connot

be mode on the bosis of histomorphometry olone (Monkin lgg5). These osteoid

seoms ore olso seen in hyperporothyroidism, fibrous dysplosio ond bone forming

tumors, ond while ore highly suggestive of rickets ond osteomolocio, ore noT

pothognomonic (Monkin 1974o, I 995).

A review of medicol opprooches to the diognosis of rickets show greot

voriotion in which troits were expressed. This is encouroging for skeletol diognosis

of rickets in orchoeologicol humon remoins. The physicol onthropologist moy still

be oble to diognose rickets os oll skeletol elements moy not be required. lt olso

shows the reseorcher thot voriotion in the expression of troits is expecied,

reducing frustrotion ond ihe chonce of misdiognosis. Medicol opprooches to

diognosis reflect whot wos found in the preliminory diognosis of the lsolo Socro

individuols, voriotion in the expression of rochitic troits. Biochemicol tests ore

ofien thought to be the gold stondord of medicol diognosis but in mony

instonces no correlotion between clinicol ond biochemicol doto wos found. The

diognosis of rickets con be estoblished or excluded with reosonoble certointy by
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rodiologicol ond clinicol exominotion, tools thot ore reodily ovoiloble to the

physicol onthropologist.

4.4 oTHER DEFICIENCY D|SEASES: scuRVy & tRoN DEFtctENcy ANEMTA

Skeletol obnormolities typicolly ottributed to rickets were ossessed

individuolly in order to orrive of o differentiol diognosis of this diseose in

orchoeologicol humon skeleiql somples. Lesions qssocioted with rickets were

identified through o seorch of the literoture. Other potentiol couses of the tesions

were considered, porticulorly scurvy ond iron deficiency onemio. As oll ore

ossocioted with molnutrition, it is possible for more thon one of these to occur in

the some individuol, or group of people (Ortner & Ericksen 1997: Aufderheide &

Rodriguez-Mortin 1998). lt is iherefore necessory to delineote ond define the

pothologicol feotures qssocioied with eqch diseose, in order to differentiote

between these conditions, ond other pothologicol bone eniities present.

Morphologicol troits exhibiting consistency, with no overlop or problems

ossocioied with oge will be utilized in diognosis ond deemed primory troits. Those

troits with less thon optimol chorocteristics will be given secondory considerotion.

4.4.1 Skeletol Monifestotions of Scurvy

scurvy wos not cleorly recognized by Greek, Romon or Medievol

physicions (Possmore & Eostwood i986). Scurvy is o deficiency diseose resulting

from o lock of vitomin C (oscorbic ocid) in the diet. lt occurs in the qbsence of

fresh fruit ond vegetobles but still con be ovoided when these ore noi consumed

if the diet is rich in cooked meot (steinbock 1976; Steinbock 1993). Mony writers
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found thot the diseose could be cured by o voriety of fresh fruits ond vegetobles,

but medicol leorning wos so constricted by Golen's clossicol pothology of

"humours" thot the concept of o deficiency diseose wos not reolized until lono

ofter (Possmore & Eostwood lg86). children who experience ropid ond

demonding growth show the signs of scurvy much more ropidly thon odults

(stuort-Mocodom 1989). Lock of oscorbic ocid is responsible for the

chorocteristic feotures of the diseose, but such o diei is likely to lock other

nutrients such os iron, folote, vitomin A ond sometimes protein (possmore &

Eostwood 
.l986). 

As o result, oscorbic ocid moy relieve the predominont signs of

ihe diseose but it moy not cure the potient. Although the diet moy oppeqr to be

rich in oscorbic ocid, it moy in foct be counterproductive if the vitomin C hos

been destroyed by cooking (Possmore & Eostwood 1986). Ascorbic ocio posses

from the mother ihrough the plocento to the fetus so vitomin C deficiency does

not exist oi birth. lf no vitomin C intoke occurs ofter birth it tokes severol months

before the deficiency monifests iiself (Ortner 2003). The infontile form of scurvy

becomes opporent during the lotter holf of the first yeor, seldom before 4 months

of oge, ond presents some skeletol monifestotions similor to rickets. Unrelieved

scurvy usuolly results in severe infection, most commonly pneumonio ond

eventuolly deoth (Steinbock 1976: Aufderheide & Rodriguez-Mortin lg98; Ortner

2003).

Vitomin C is essentiol for the body to combot infection, obsorb iron, ono

for the normol formotion of the body tissues, especiolly osieoid ond collogen

(Zimmermon & Kelley 1982: Stuort-Mocodom lg89; Roberts & Monchester 1995;

(1
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Aufderheide & Rodrfguez-Mortin 1998). Collogen is ihe moin protein component

of connective tissue, including skin, cortiloge ond bone (Stuori-Mocodom l9g9).

The defect of collogen synthesis is monifesied by on inobility to produce

effective osteoid (Aufderheide & Rodrfguez-Mortin lggg). As o result, the

vosculor extension into the cortiloge zone, to resorb the cortiloginous cells ond

reploce them with osteoid, does not occur. The presence of colcified cortiloge

creotes on exponsion of the zone of colcificoiion, creoting o rqdio-dense

structure known os o "white line of Froenkel" (Aufderheide & Rodriguez-Mortin

1998; Riepe el o/. 2001). A thin diophyseol core is the result of continuing

osteoclosiic octivity, with osteoblostic octivity, impoired by defective osteoid

formotion during bone remodeling (Aufderheide & Rodriguez-Mortin lggg; ortner

2003).

Vitomin C deficiency predisposes the body to bleeding into the skin ond

beneoth the periosieum (Zimmermon & Kelley 1gg2). Scurvy is o

poleopothologicol rority, likely due to non-recognition or misdiognosis (Ortner

2003). Skeleiql evidence of scurvy follows the identificoiion of the bony reoction

to hemorrhoging, periodontol diseose, ontemortem tooth loss ond hemorrhoging

into the joints (Roberts & Monchester 1995). An importont chorocteristic of

scorbutic hemorrhoges is thot they ore commonty symmetricql (stuort-Mocooom

1989; Aufderheide & Rodr(guez-Mortin l99g). During the heoling process,

omounts of new bone ore deposiied beneoth ihe periosteum producing o

distinctive irregulor ihickening in the diophyses (steinbock 1976).The periosteum

of infonis is much more eosily seporoted from the cortex; the resulting frogility is
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such thot the subperiosteol hemorrhoge involves o proportionotely greoier oreo

ond volume (Aufderheide & Rodrlguez-Mortin 
,|998).

A number of onotomicol sites within the skeleton ore ossocioied with

scorbutic lesions ond specificolly, obnormol porosity ond hypertrophic bone

formoiion on the subodult skull. Ortner ond Ericksen (1997) exploin these chonges

os o reoction of bone tissue to: (o) chronic inflommotion ossocioted with

bleeding, resulting from o combinotion of obnormol blood vessels formed when

on individuol hos scurvy, qnd minor mechonicol troumo from muscle

controction; ond (b) ihe unusuol onotomicol relotions of the bronches of the

moxillory ortery. Although these lesions mimic those seen in onemio ond

infection, their distinctive onotomicol locotion ond ossociotion with chewing

moy differentiote them in most coses.

Skull- Abnormol porosity ond hypertrophic bone formotion ore common on the

orbitol roof (figure 4.12 below), croniolvoult (figure 4.13 below), loterol portion of

the zygomotic in the orbit, internolsurfoce of the zygomotic bone (figure 4.14

below), posterior surfoce of the moxillo (figure 4.14 below), the polote (figure

4.15). ond infroorbitol foromen (figure 4.16) (Ortner ei o/. 2001).

Figure 4.12- Porous lesions of
the orbii in scurvy (orlner et ol.
'1999:3261.

53



MA Thesis- C. Wood - McMosler- Physicol Anthropology

Figure 4.13 - Skull voult of infont with porous enlorgement of the croniol bosses (ortner &

Ericksen 1997:2141.

Figure 4.14- Porous lesions of the right posterior moxillo
ond internof zygomotic bone lortner et ot. 1999:3241.

Figure 4.15 - Abnormol porosity of lhe moxillo, polotine process ond the polotine bone
(Ortner et ol. 1999:3291.

Figure 4.16 - Porous ond hypertrophic
lesions of the infroorbitol foromen (ortner et

The coronoid process of the mondible ond mediol surfoce con olso be offected

(figure 4.17 below). Porosity of the orbitol roof is often mistoken for the chonges

of onemio. Ortner ond Ericksen (1997) report feotures on the exiernol surfoce of

the greoterwing of the sphenoid pothognomonic of scurvy (figure 4.18 below).

These lesions ore biloterol, ond ore chorocterized by porosity qnd hypertrophic

bone formotion in some coses. Teeth moy be lost ontemortem due to the
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weokened collogenous ottochment of the gingivol to the periosieum.

Antemortem remodeling of tooth sockets moy provide evidence of this.

Figure 4.17 (left) - Abnormot porosity of the teft,
mediolcoronoid process in the mondible of o child 4
yeors of oee (Ortneret ot.1999:3291.

Figure 4.18 (below) - Abnormolporosity of the greoter
wing of the sphenoid (orrnererot. 1999:3231.

long Bones - Corticol thinning ond deposition of reoctive periosteol bone con

occur up to r centimeter thick {ortner 2003). Enrorged zones of porosity moy

occur in the metophyseol ends of the long bones {figure 4.lg below} (orfner ef

ol.2OO1).

Figure 4.19 - porosity in metophyseolends of
humerii & femur (Ortneref o/. 20ol:34t!).
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Metophyseol infroction (incomplete froctures) ond froctures of the long bones

con occur (Stuort-Mocodom 1989). The metophysis of the femur con cove in

beneoth the heod, leoding to o depressed ongle of the femorol neck (Ortner

2003). Scorbutic infonts moy olso show widening of the meiophyses, os o resuli

of hemorrhoging in the wrists, onkles ond knees (see figure 4.lg). The

hemorrhoge into the bone inferiorly in infonts is usuolly torgeted of the

metophyses, between the osseous end of the bone shoft ond the zone of

colcified cortiloge (Steinbock 
.l993; 

Aufderheide & Rodriguez-Mortin 1998). This

moy result in the complete seporotion of the epiphysis, ond the growth plote

itself moy be offected. Rodiologicolly, o "ground gloss" oppeoronce in the

metophyses results from the resorption ond poor formotion of trobeculoe

(Steinbock 1976; Zimmermon & Kelley 1982). Moot (1986) stotes thot the tower

port of the lower extremiiy is offected most frequently os the result of stress by

body weight. For the some reoson, injuries to ihe bones of the legs ore olwoys

symmetricolwhile uniloierol chonges ore olmost exclusively seen in the upper

port of the body (Moot 1985).

Ribs - Bone odjocent to the osteochondroljunction con be tronsversely

froctured, resulting in the inword dislocotion of the sternum ond the rib cortiloges

(Ortner 2003). This produces o distortion in the costochondroljunction of the ribs,

creoting o knobby oppeoronce ihot beors some similority to the rochitic rosory

expression of vitomin D deficiency (Zimmermon & Kelley 1982). The scorbutic

beoding of the ribs is more ongulor ond less knobby thon in rickets, while

subperiosteol hemorrhoges often oppeor on the rib shoft (steinbock lg76l.

56



MA Thesis - C. Wood - McMoster - physicol Anthropology

Flol Bones - Subperiosteql hemorrhoges con occur on the pelvic bones but ore

more commonly seen on the suprospinous qnd infrospinous fosso of the

scopuloe (Ortner 2003).

4.4.2 Skeletql Monifestotions of lron-Deficiency Anemio

Anemio is defined os q reduction in the concentrotion of hemoglobin

ond/or red blood cells below normol levels. lron is necessory for the

development of hemoglobin in the newly formed red blood cells in bone

morrow. In those who suffer from onemio, red blood cells become smoll ond

pole ond experience o shortened lifespon of up to holf the normol life of l20

doys (Roberts & Monchester 1995). Storoge of iron tokes ploce in the liver ond

the spleen when old blood cells ore broken down. Ninety percent of the iron in

old red blood cells is needed in order to form new cells (Roberts & Monchester

1995). As iron deficiency develops, the stores of iron ore depleted, while the

body ottempts to obsorb increosed omounts of iron. In oddition to hemoglobin

formotion in red blood cells, ond the tronsfer of oxygen to the body cells, iron is

required for tronsmission of nerve impulses, for collogen (protein) synthesis ond

contributes to immune system strength (Roberis & Monchester 1995).

Bone chonges ottributed to onemio ore most common in childhood ond

vory in extent ond severity (Stuort-Mocodom 1992; Roberts & Monchester lgg5).

Specific criterio for idenlificotion of onemio in orchoeologicol groups hove been

identified. Mony onemios ore reflecied by chonges in skeletol moss os o result of
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widening of the morrow covity ond os o consequence of decreosed bone moss

relotive to bone volume (Gorn 1992).

Porotic hyperostosis ond cribro orbitolio ore useful in determining the

possibility of nutritionol stress (steinbock I976; Steinbock l9g3; Roberts &

Monchesier 1995; Aufderheide & Rodriguez-Mortin l99g; Ortner 2003). These

klotty monifestolions ore not diognostic of o specific type of onemio, but serve os

generol indicotors of iron deficiency onemio. bui see Hershkoviiz (lgg7) for on

olternotive view. lron deficiency onemio mcy result from blood loss, porositic

infection, dietory deficiencies ond/or the inodequole obsorption of iron

(steinbock 1976; Roberts & Monchester I995; ortner 2co3).

Skull- Porotic hyperostosis is chorocterized by symmetricolly distributed cronicrl

lesions involving the outer toble of the frontol ond porietol bones ond rorely, the

occipitol. Rodiogrophicolly, bone chonges include "hoir on end" trobeculotion,

ouler toble thinning, texture chonges, diploic thickening, orbitql roof thickening

ond orbiiol rim chonges (Stuort-Mocodo m 1992). In o well-developed lesion. ihe

offected oreos of the skull ore thickened by exponsion of the diploic loyer, ond

the otlter toble overlying the lesions hos been resorbed comoletely ffigure 4.20

below) (Steinbock 1993).
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Figure 4.20 - Croniol voult lesions in onemio (Roberts & Monchester 1995:168).

This reveols the trobeculoe of the exponded concellous bone, while coorsening

of these trobeculoe is evident. These chonges ore the result of the body's

ottempt to produce more red blood cells in the morrow to compensote for the

lock of iron. In less odvonced coses, the outer toble is incompletely resorbed

which oppeors os multiple pinheod-sized perforotions (Steinbock 1993). Cribro

orbitolio is o similor, but smoller lesion, specificolly locoted in the orbitol roof

(figure 4.21 below). Orbitol ond voult lesions of porotic hyperostosis con occur

concurrently or independently. Orbitol lesions moy oppeor olone, but voult

lesions rorely occur without involvement of the orbits (Stuort-Mocodom 1992).

Cribro orbitolio is considered more common in o populqtion, which suggests

voult lesions ore indicotive of o more severe form of onemio, ond is therefore

regorded os o more sensitive indicotor of the underlying siimulus of onemio

(Stuort-Mocodom I 989; Steinbock I 993).
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Postcrqniolskelelon - Postcroniol chonges reloted to iron-deficiency onemios

ore less well known. lt hqd been suggesied thot o lock of involvement of the

postcroniol skeleton wos o diognostic foctor in differentioting between iron-

deficiency onemio ond genetic onemio {stuort- Mocqdom lggg). lt is now

opporent thoi postcroniol chonges do occur, but wiih less frequency ond

severity, thon those seen in genetic onemios (stuort-Mocodqm lggg). other

postcroniol chonges ottributed to onemios in generol ore mild to severe

osteoporosis of the pelvic bones ond lumbor vertebroe (Stuort-Mocodom lggg).

Widening of the hond bones due to on exponsion of ihe medullory spoce ond

thinning of the cortices wos found in children (stuort-Mocodom iggg).

lron deficiency onemio is the most common form but iwo genetic onemios,

tholossemio ond sickle cell onemio, produce similor lesions in the skull, ond both

produce chonges in other oreos of the skeleton qs well (Roberts & Monchester

1995). Tholossemio is o geneticolly determined disorder coused by o problem in

hemoglobin synthesis where pole cells with too low hemoglobin conient ore

produced, but ore ropidly destroyed (Steinbock 1976). A high frequency is seen
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in populoiions of Mediterroneqn origin ond olso south-eost Asio (stuort-

Mocodom 1989; Aufderheide & Rodriguez-Mortin 1998). Tholossemio shows bone

obnormolities in the poronosolsinuses, mostoids ond fociol bones, in oddition to

the voult ond orbitol lesions. The metocorpols ond meiotorsols enlorge, with

thinning of their cortices ond o generolized osteoporosis of the spine develops.

Sickle cell onemio results in the distortion of the red blood cells. The

skeleton shows ihe effecis of chonges in the skull, vertebroe, pelvis, hond ond

foot bones. These occur due to morrow over octivity ond enlorgement os the

body tries to produce more red blood cells (Steinbock 1976). Necrosis of the

bone occurs due to blockoge of the blood vessels by these obnormolly shoped

cells (Steinbock 1976).

Skeletol chonges ottributed to onemios ore common to oll types, moking

the diognosis of o specific type of onemio difficult on this bosis olone (but see

Hershkovitzet ol. 1997). Geogrophic locotion or ethnicity moy norrow down the

list of possible onemios (Roberts & Monchester 1995; Aufderheide & Rodrlguez-

Mortin 1998). For exomple, there is no unequivocol evidence of sickle cell

onemio or tholossemio in the pre-Columbion New World, so iron deficiency

onemio is usuolly used to exploin the presence of porotic hyperostosis ond cribro

orbitolio in these oreos (Aufderheide & Rodriguez-Mortin 1993). In some coses of

porotic hyperostosis, the onemio is o genetic iype, found mosily in geogrophic

oreos where molorio wos common ond bolonced polymorphism evolved os on

odoptive mechonism. Siuort-Mocodom (1992) stotes thot it is more likely thot

most coses of porotic hyperostosis reflect on ocquired qnemio, such os iron-

61



MA Thesis - C. Wood - McMosler - physicol Anlhropology

deficiency onemio, ond cites three lines of evidence to support this. First,

occording to colculotions bosed on the highest gene frequencies for genetic

onemio in modern populotions, the probobility of finding individuols from

orchoeologicol collections with skeletol chonges os o result of genetic onemio

ore quite low (Stuort-Mocodom 1992). Secondly, high levels of porotic

hyperostosis exist in groups from norihern Europe ond North Americo, where

geneiic onemios ore not known to hove existed in the post (Stuort-Mocooom

1992)' Lostly, severe bone chonges os o result of genetic onemiqs, porticulorly os

they offect the postcroniol skeleton, hove rorely been found in orchoeologicol

collections.
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4.4.3 DIFFERENTIATING RICKETS, SCURVY & ANEMIA

There is often o lock of similority between clinicol knowledge of o diseose,

ond whot is octuolly observed in skeletql remoins. Stoges of different diseoses

moy hove o similor skeletol morphology ond ihus, present o difficulty of

differentiotion. The morphologicol omolgomotion of different pothologicot

processes is not reodily opporent, but something observers should be owore of.

These problems further illustrote thot coreful ottention to onotomicol detoil,

combined with extensive knowledge of pothologicol processes thot offect bone

tissue ore necessory to estoblish differentiol diognoses.

There is no definitive protocol for the morphologicol ossessment of rickets

in skeletonized individuols. Overlop between rochitic troits ond ihose of other

diseoses mokes them ineffective for the purpose of identificotion (see Toble 4.1

below)' Single troits should never be looked of in isolotion. Insteod, knowledge of

o combinotion of troits, ond possibly, the individuol frequency with which they

oppeor in rochitic individuols should be employed. unfortunotely, the

poleopoihologicol literoture does not provide references to the frequency of

rochitic troits found in orchoeologicol somples.
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TABTE 4'1 - summory of Pothologicol Feolures ossocioted wilh rickels, scurvy & onemios.

Individuolly eoch troit is copoble of substontiolly increosing one,s chonce

of correctly diognosing rickets. The correctness of the diognosis of rickets will

increose with the number of troits found in on individuot, when using troits in
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Croniol voult/orbit,ol roof
porosity
- Globellor/fociql bone porositv
- Deloyed closure of lhe
fontonelles
- Posterior flottening or lolerol &
osymmelricol deformity of skull
- Squored heod (frontol &
pqrietol bossing
- Thickening of lhe cronium wr
reduction of ouler ond/or inner
toble
- Deformed mondibulor romus
- Deloyed looth eruption &
hypoplosio

Greoter wing of spneno=lo
nyperostosis
- Moxillo, poslerior porosilv
- Zygomotic bone internol porosily
- Croniol voult/orbitol roof porosity
- Croniol voult/orbitol roof
nyperostosis
-Squored heod (frontol & porietol
bossing)
- Slighl thickening of the cronium
- Loterol morgin porosity of the
orbit
- Infroorbitol forqmen porosity &
nyperostosis
- Polote porosity
- Coronoid process porosity
- Antemorlem toolh loss

Porolic hyperostosis
- Cribro orbitolio
- Porosity in poronosol
sinuses, mosloids &
fociol bones

long bones - Deformed orm bone
- Floring & cupping of
metophyses
- Deformed leg bones
- Metophyseol infroction &
froclures of long bones
- Cortex porosity of the
metophyseol ends of long
bones
- Growth plole obnormoliiy of
long bones

Cortex porositv of tfre
melophyseol ends of long bones
- Corticol thinning ond deposition
of reoclive periosteol bone
- Metophyseol infroction &
froctures of long bones
- Widening of lhe metophyses in
the wrisls, onkles & knees

- Exponsion of
medullory spoce &
thinning of corlices in
hond bones

- Pigeon or funnel breosi
- Honison's grooves
- Flored costochondrol end of
the ribs
- Floltening of rib curvoture
- Corlex of costochondrol ends

- Scorbutic beoding of the ribs
- Thickening of ribs loword
costochondrol junction
- Tronsverse froclure of ribs
odjocenl to the costochondrol
junclion

- Suprospinous fosso porosity &
nyperoslosis
- Infrospinous fosso porosity &

- Mild lo severe
osteoporosis of the

- Abnormol curvoture ono
plumpness of ilium

- Mild to severe
osteoporosis of the
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combinotion. ln orriving of o finol troit list, numerous troits were deemed less

diognostic due to ossociotions with scurvy, onemio ond/or generol molnutrition.

Therefore, morphologicol troits exhibiting consisiency with no overlop or

problems ossocioted with oge were emphosized (primory troits) while the ress

optimol chorocteristics were given secondory considerotion. Eoch troit wos

evoluoted individuolly - see below.

Mony of the diognostic iroits of rickets, scurvy ond onemio, refer io

porosity os on indicotor of diseose. Porous bone or porosity ore defined ofier

ortner ond Ericksen (1997), os o locolized obnormol bone condition in which fine

holes, visible without mognificotion, bui less thon I mm in diometer, penetrote o

lomellor bone surfoce. Porous bone is the result of chronic inflommotion ond

needs to be distinguished from porotic hyperostosis, o porous condition of bone

resulting from hyperplosio of hemotopoietic morrow (Coposso ef o/. lg95; oriner

et ol.2O0l ). Porosity occurs in the subodult skeleton os o normol feoture of

growth ond remodeling, so coution must be used when ossessing pothologicol

conditions bosed on porosity olone. lt would be ideol in the future to estoblish o

ronge of normol ond obnormol expressions of porosity for subodult bones tissues.

Helpful in moking this distinciion is ihe extent of the porous lesion relotive to the

long oxis of the bone (Ortner et ot.2Oo1). Ortner ond colleogues (2001) stoie thot

corticol bone porosity rorely extends beyond 5-lO mm from the growing end of

the metophysis in normol growing subodult bone. The extent of this normol

porous zone vories within, ond between bones, ond increoses with the oge of

the individuol (Ortner ef ol.2OOl). Another problem foced when using porosity os
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o diseose indicoior ore issues of preservotion, os tophonomic processes moy olso

creote porosity.

Bone is limited in the number of woys in which it con reoct to disturbonces

in metobolism' Metobolic bone disturbonces generolly result in the reduction of

bone moss by inodequote osteoid production, inodequote osteoid

minerolizoiion or excessive resorption of normol bone tissue (Steinbock lg76).lt is

o well-documented foct thot in the post, scurvy ond rickets often occurred in the

some individuols (Pork 1923; ortner 2003). Thomos Bqrlow wos the firsi to ctorify

the true noture of infontile scurvy in 1883 ond ottempt to differentiote it from

rickets (Borlow 1883; Evons 1983; Rojokumo r 2oo1). The presence of one diseose

does not seem to hove on inhibiting effect on the expression of the other, ond

the question of which diseose is dominont over the other is uncleor (ortner 2003).

Follis ond colleogues (l 9a0) stote it is possible thot on ontogonism exists between

vitomin c ond vitomin D in thot o deficiency in one vitomin moy prevenr o

deficiency in the other from showing itself in chorocteristic lesions, signs ond

symptoms. Ortner & Putschqr (1981) orgue thot vitqmin D deficiency inhibits

vitomin C deficiency from expressing itself). In controst, pork ond colleogues

{1935) stote thot os vitomin C deficiency inhibits osteoid formotion, expression of

rickets would be inhibited by scurvy. lf the deficiency of vitomin C is extreme ono

odvonced, the signs con be recognized histologicolly even in the presence of

extreme rickets (Follis el o/. l94O). The most chorqcierisiic sign lies in ihe

connective tissue formotions corpeting the spoces between the trobecuroe

(Follis et o/. i940)' From o histologic point of view vitomin D deficiency definitely
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inhibits vitomin C deficiency from expressing itself ond moy in some coses mosK

vitomin c deficiency oliogether (Follis ei o/. 1940). Rickets moy mosk oll

rodiogrophic evidence of scurvy, specificolly, the bright bond oi the end of ihe

shoft, the chorocteristic clefis ond zones of rorefoction in qnd beneoth the

lottice of the colcified cortiloginous motrix fromework ond ihe shodows cost by

the periosteum elevoted qs the result of hemorrhoge (Follis et o/. 1940). Rickets

olso interferes with the clinicol signs of scurvy os well, such os enlorgement of the

costochondroljunctions, epiphyseol seporotion ond rickeis moy give rise to poin

through frocture (Follis el o/. 1940). Deficiency in vitomin C should interfere with

development of signs of rickets. Osteoblostic ociivity is inhibited by vitomin C

deficiency ond the development of the osteoid covering of the bones is

diminished or stopped. Follis ond colleogues (1940) found ihot osteoid formotion

con be well developed even in ihe presence of scurvy.

Rickets is similor to scurvy in thot its effects ore most noticeoble in oreos of

ropid bone growth. Scurvy ond rickets shore severol feotures: croniol voult/orbitol

porosity, squoring of the skull due to woven bone deposition on the porietol ond

frontol bones, thickening of the cronium, porosity of the metophyses of the long

bones, widened metophyses of long bones (especiolly those of the lower limb),

metophyseol infroction/frqcture of long bones, ond prominent ,,knobby"

costochondrol rib junciions, similor to the "rochitic rosory" (toble 4.1 obove).

While these feotures ore produced by different mechonisms, to which often

enough would be sufficient to differentiote between the two, in coses of

orchoeologicol remoins tophonomic processes often complicote this motier.
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croniol/voult porosity ond thickening of ihe cronium qre found in rickets,

scurvy ond onemio' Vorious diseose processes often preferentiolly offect groups

of bones' specific bones ond specific locotions of bones. predilection or o lock

ihere of is on importont ospect in itself. lt is ihis concepi thot ollows for the

seporoiion of rochitic ond scorbuticolly induced porosity of the skull. when

diognosing rickets it is importont thot the iroit oppeor biloterolly. This oids in

diognosis in order io differentioie between locorized infection ond iophonomic

processes' In rickets, porosiiy is found oi ihe globello ond on ihe fociol bones.

Porosity in the fociol bones should be biloterol; if not, locolized infeciion moy be
the couse' In scurvy, the presence of other oreos of croniol porosiiy, such os the
greoter wing of the sphenoid, moxiilo, porote, zygomotic bone, ond infroorbitor

foromen moke it possibre to differentiote between the two diseoses. To

differentioie befween rickets ond onemio, porous bone, the result of chronic

inflommotion, con be distinguished from porotic hyperostosis, resurting from

nyperplosio of hemotopoietic mqrrow. Bone morrow reoctions in porotic

hyperostosis produce lobyrinth-like lesions of ihe skull ond exponsion of the diploe

(Ortner 2003).

In rickets, deposition of subperiosteor conceilous bone does not show

lobyrinth-like lesions. conversely, the otrophic form of rickets olso shows wide

spoces occomponied by relotively few, ond thin, spongy bone trobeculoe.

Rodiogrophs moy further oid in diognosis. As croniol porosity is indicotive of oll

three meioboric diseoses, coution shourd be used. rt is creor thot skeretol
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monifesiotions of this troit moy often be indistinguishoble. li would be wise to

look for other evidence of rochitic octiviiy in other oreos of the skeleton.

posterior frottening of the cronior vourt, or roteror osymmetry, moy resuri

when the oreo is subjected to pressure when the infont is resiing. Some generol

degree of froitening is seen in infonts due to the open fonioneiles ond

subsequent pliobiliiy of the infont cronium. In children with rickets, the cronium is

sofiened, which wourd produce more extreme degrees of frottening.

ldentificotion of this troit os rochitic should depend on ihe degree of flottening.

In orchoeologicol remoins ii is often rore ihot the skull is in one piece. pettifor ond

colleogues (i98a) found thot croniotobes (obnormol softness of the bone in the

oreo of the occipitol ond porietols olong the lombdoidolsuiure) is o common

finding in 3 month ord infonts ond is of no herp in diognosing rickets in young

infonts.

The rochitic squored heod is o product of thickening of the ouier

eminences of the frontol ond porietol bones ond is thought to be o clinicol

hollmork of rickeis. However, porous enlorgements of the croniol bosses ore olso

found in scurvy (ortner & Ericksen 1997).In comporing the rochitic squored heod

found in figure 4.2 (pg.39) to ihe scorbutic squored heod found in figure 4.13

(pg'54) ii wos concluded this troit wos too similor to be deemed o primory troit.

The mondibulor romus moy show obnormql mediol-posterior bending due

1o muscle oction during chewing (ortner & Moys lggg). observotion of this troit

demonstroted thot correct diognosis is dependoni upon knowredge of the

ronge of voriotion in infont mondibulor form.
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Dick (.l916) described os "olmost pothognomonic of rickets" the forms of

enomel hypoplosio symmetricolly involvlng upper ond lower permqnent incisors,

conines ond first molors. This troit wos observed in 20% of rochitic London

schoolchildren. An ossociotion of rickets with interglobulor dentine (lGD) wos

discovered by Mellonby (l 929) Ihrough experimentotion with puppies deprived

of sunlight. Interglobulor dentine within the crown of the tooth is often found with

lineor pitting ond stoining of the enomel surfoce (lvonhoe 1994). Mellonby (1934)

reported o higher prevolence of severe grodes of enomel hypoplosio qnd IGD in

deciduous ond permonent teeth, extrocted from children of the lower

socioeconomic closses, where rickets wos rompont. This doto wos compored to

teeth of children from o higher socioeconomic closs where rickets wos much less

common ond subsequently, enomel hypoplosio wos found to be much less

common (Mellonby 1934). The presence of dentol enomel hypoplosio is o good

indicotor of genero/ nutritionol stress (Johnston & Zimmer 1989). Enomel

hypoplosio is, however, o common occurrence ond connot be used os o

diognostic chorocteristic of rickets in isolotion.

Porosity of the metophyses of the long bones is quite similor in both scurvy

ond rickets. Unless thicke.ning of the long bones occomponies porosity, o

diognosis of rickets connot be certoin. Observqtion of thickening is best corried

out when one hos o normol bone for comporison. In diognosing porosity of the

metophyses, corticol bone porosity should extend lO mm from the growing end

of the metophysis in order to be considered obnormol (Ortner et ql.200l). The

oge of the individuol should be token into considerotion os the extent of normol
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zone of porosity vories within, ond beiween bones, dependont upon oge (Ortner

ef o/. 2001). Observotion of this troit suggests coution, qs tophonomic processes

moy creote porosity.

The most obvious ond the troit considered most pothognomonic of rickets

qre the bending deformities seen in the femur, tibio ond fibulo, ulno, rodius ond

humerus. Observotion of this troit reveols thot it is comporotively eosy to

diognose, provided one is fomilior with the normol voriotion of curvoture in these

bones in the subodult skeleton. lt is essentiol to confirm thot tophonomic

processes thot produce worping of the bones ore not responsible for ihese

deformities.

Metophyseol infroction ond frocture ore common in both scurvy ond

rickets, ond oppeqr relotively similor in rodiogrophs. lt is suggested thot infroction

ond frocture be used os o secondory troit only.

In rickets, metophyseolwidening, cupping ond floring is the resurt of

extreme obnormolity in the metophyseol-epiphyseoljunction due to multiple

insteod of single ossificotion centers ond irregulor cortiloge proliferotion

(Aufderheide & Rodrfguez-Mortin 1998). In scurvy, metophyseol widening,

cupping ond floring is the result of ossificoiion of subperiosteol hemorrhoges

whose form is often recognizoble (Stuort-Mocodom lgSg). when exomining

these troits rodiogrophicolly, difficulty wos met in trying to discern between

metophyseolwidening os o result of ossificotion of hemorrhoges, ond ihe result

of multiple ossificotion sites ond irregulor cortiloge proliferotion. lt is suggested
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thot metophyseol widening be used in combinotion with other troits of rickets,

but not in isolotion.

Growth plote obnormolities in long bones consist of porosity ond

roughening of the epiphyseol plotes. Some difficulty wos met when trying to

determine o normol ronge of voriotion in porosity of growth plotes in infonts.

Further observotion of this trqit is required.

The rochitic rosory chorocteristic of rickets is produced by on orching

cortiloginous moss obove which ihe edges of the osseous portion of the rib

projects discretely (Aufderheide & Rodriguez-Moriin 
.|998). 

For the most port,

cortiloge does not survive the buriol environment ond ihis troit is diognosed

skeletolly by observing floring of the bony rib ends. The enlorgement of the

costochondroljunction in scurvy is coused by subperiosteol hemorrhoge, whose

ossificotion thickens the bony rib, exponding the rib ends, ending obruptly of its

cortiloginous junction (Stuort-Mocodom 
.l989). 

The scorbutic beoding of the ribs

is more ongulor ond less knobby thon in rickets.

The rochitic pigeon breost deformity is the result of the pushing out of the

sternum due to the costochondrol oreos of the ribs becoming nodulor

prominences ond oppeors to be unique to rickets. This troit is shown in the

reduced curvoture of the ribs, o unique feoture of rickets. In scurvy, ribs odjocent

to the costochondroljunction con be tronsversely froctured resulting in the

inword dislocotion of the sternum. In rickets, the orched costochondroljunction

pushes the sternum dorsolly, creoting o funnel-shoped breost. These skeletol
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monifestotions ore similor, but moy be differeniioted by the mocroscopic or

rodiogrophic presence of frocture.

Horrison's groove, o circulor depression in the lower rib coge, is o troit

unique to rickets. ln rickets, the cortex of the costochondrol ends of the ribs show

floring ond porosity, specificolly pitting. Corticol bone porosity should extend l0

mm from the growing end of the subodult rib in order to be considered

obnormol. The irregulority ond porosity of rochitic ribs needs to be differentioted

from the scorbutic subperiosteol hemorrhoges oppeoring on the rib shoft.

ln severe rickets, the vertebroe moy become porous resulting in o

decreose in height due to compression. This is often occomponied by o

scolloped qppeoronce of the end plote. In onemio, mild io severe osteoporosis

of the lumbor vertebroe moy be present. Postcroniol chonges in generol onemio

occur less frequently thon those seen in genetic onemios (Stuort-Mocodom

1989). Compression of the vertebroe is likely the result of rickets, while porosity

moy be due to onemio or tophonomic processes. Observotion of this troit

suggesis coution in diognosis.

During octive diseose, the rochitic pelvis exhibits obnormol loterol

curvoture ond oppeors plumper thon normol. These troits ore unique to rickets

bui o normol pelvic bone should be used for comporison.

Age reloted troits, when diognosing rickets in orchoeologicol populotions,

ore olso problemotic. Age reloted troits, such os the deloyed closure of the

fontonels, deloyed tooth eruption ond stunting, ore of limited use os there ore no
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records to compore with octuol oge. Therefore, these trqits were removed from

the troit list.

The primory feotures of rickets ore os follows: globellor/fociol porosity,

deformed mondibulor romus, deformed leg ond orm bones, thickening of long

bones, flored costochondrol ends of the ribs, cortex of costochondrol ends of ribs

porous ond irregulor, flotiening of rib curvoture, ond obnormol curvoture.

plumpness of the ilium ond vertebrql compression ond porosity. Secondory

feotures of rickets include: croniolvoult/orbitol roof porosity, squored heod,

thickening of the cronium, dentol deformotion ond enomel hypoplosio, growth

plote obnormolities of the long bones, metophyseol infroction & froctures of long

bones, floring, cupping ond cortex porosity of ihe metophyseol ends of the long

bones. This study found thot thot for the most pori rickets is better diognosed by

troits thot result in bone deformities, for exomple shope or girth, rother thon by

the presence of porosity.
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Chopler 5

MATERIATS & METHODS

5.1 lhe Necropolis of Isolo Socro

The exominqtion of infontile rickets omong the children of the clossicol

Romon Period wos occomplished through the study of humon skeletons of lsolo

Socro, on lmperiol Romon necropolis of the 2nd-3rd century A.D. lsolo Socro is

locoted opproximotely 23 kilometers west of Rome between ihe urbon centres

of oslio Antico ond Fiumicino (Povolini 1996). lt is situoted on on ortificiol islond

thqt wos creoted during the dredging of o conol, the Fosso Troiono,in 
.l03 

A.D

thot connected the Tiber River with the coost (figure 5.1) {Monnucci & Verduchi

tee6).

Figure 5.1 - Mop showing the locotion of Porfus Romoe ('porto' on mop), ostio Antico,
ond the necropolis of lsolo Socro (Rossietot. 1998).
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Stretching olong 1.5 km of oncient rood connecting Ostio Antico ond porlus

Romoe, the necropolis contoins inhumotions qnd cremotions of the populotion

from the neorby city of Portus Romoe (Colzo & Becoiti lg74). The necropotis wos

used by the inhobitonts of Porfus Romoe from the lst to 3rd centuries A.D. (figure

5.2, below). The cemetery eventuolly fell into disuse ond wos groduolly covered

over by encrooching sond (sperduti .|995). 
The oreo oround portus Romoe is

now completely surrounded by lond, ond Fiumicino oirport now occupies the

oreo to the NE of Trojon's horbour.

The necropolis of lsolo Socro is comprised of o wide voriety of buriol

struciures, ronging from simple interments in sond io monumeniol multiple tombs

reflecting the complex ond diverse funerory proctices of the Romon period.

Seventy-five chomber tombs hove been uncovered of lsolo Socro (figure 5.3, 5.4

& 5.5, below) (Prowse 2001).
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Figure 5.4 - Chomber tombs of lsolo Socro (photo s.R. sounders).
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Figure 5.3 - Chomber tombs of lsolo Socro (pholo S.R. sounders).
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Figure 5.5 - Sorcophogus within chomber tomb lprroto J. Borrql.

Single internments of different kinds ore

interdispersed omong structures of

different dimensions, which contoineo

both single ond multiple buriols

(Angelucci ef ol. l99O). Soil ond sqnd

buriols ore intermenis in the ground

without ony evidence of o protective

structure while inhumotion buriols ore

ossocioted with coffins mode of wood or

tenocotto bricks (Angelucci ef o/. 1990).

'Coppuccino' buriols ore covered by o

series of lorge tenocotto tiles (fegu/oe)

stocked to form o roof over the buriol structure (Angelucci ef o/. l g90). Mony of

the infonts ond children hod been buried in lorge storoge vessels colled

omphoroe (figure 5.6) (prowse 2OOl).
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columborio buriols ore reciongulor borrel-voulted iomb chombers wiih the

remoins stored in urns ploced in niches in the wolls (Meiggs lg60; Toynb ee ig71).

columborio differed in size ond copocity, wiih mony of them contoining more

thon one hundred urns, focilitoting long term use (Meiggs l g60). The mojoriiy of

descriptions found in orchoeologicol reports focus on the orchitecturol feotures

of the monumentol tombs, so there is comporotively litfle informotion on the

secondory burior struciures found of the site {prowse 2ooi).

The skeretor colrection from rsoro Socro includes the remoins of

opproximotely 2000 individuols of both sexes ond from oll oge groups (sperduii

1995)' Mony of these ore commingled remoins from colzo,s eorly excovotions,

but there qre over 800 skeletons thot hove been individuolly cotologued ond

onolyzed (Prowse 2001). This somple is housed of the pigorini Notionol Museum of

Prehistory ond Ethnogrophy, Rome rtory, ond represents one of the mosr

significont skeletol collections from Mediterrqneqn Europe, for the clossicol

Period.

G. colzo first excovoted lsolo socro between lg25 ond lg4o ond

uncovered some of the lorge monumentol tombs (prowse 2001). The nexr

excovotions took ploce between 1923 ond 19g2, ond were corried out by the

Archoeologicolsuperintendency of ostio, the University of Rome ,Lo 
Sqpienzo,.

ond the University Institute of orientolsiudies of Noples (ibid). The moin focus of

their efforts were to restore the monumentol tombs ond recover the humon

skeletol remoins excovqted by colzo thot hod been hophozordly dumped bock
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into the tombs once his excovotions were completed (Boldossorre 1984, \990:

Rossi el o/. 1998). During ihis time opproximotely 1,000 individuols were recovered

(Boldossorre el o/. 1985; Angelucci el o/. 1990).

The most recent excovotions of lsolo Socro occurred in 1988 ond 1989

(Prowse 2001). Focusing on oreos in between the monumentol tombs, the

excovotion yielded 600 odditionol single ond multiple buriols io which the

mojority of the subodult somple used here belong (Boldossorre 1990). In 1992 oll

skeletol moteriol recovered from lsolo Socro wos entrusted to members of the

Anthropology Section of the L. Pigorini museum, whose commission it wos to

identify, cotologue, ond study the skeletol somple.

According to Boldossorre (1984), the oldest tombs (lst century A.D.) ore

locoied closest to the rood, while the next phose of the cemetery corresponds

to the construction of tombs locoted further bock. Toword the end of the

cemetery's use some of the existing structures were in foct reused (ibid.).

8l
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5.2 Portus Romoe during fhe Romon lmperiol Period

The eorly Romon Empire wos chorocterized by o period of relotive

politicol ond economic stobility beginning under the rule of Augusfus (63 B.C. -

A.D. l4). During this time the Romons enjoyed increosed urbonizoiion, wider

distribution of trode goods, ond exponsion of ogriculturql octivities (Alston I 998).

Toxoiion of imported goods wos low ond control of trode wos left lorgely in the

honds of privote troders ond entrepreneurs, greotly encouroging trode

throughout ihe Mediterroneon region (Prowse 200,l). The groin supply however

wos imported from the provinces under the close supervision of Romon officiols

ond soldiers {Alston l99B).

It wos during the I't century A.D. thot the originol port of Oslio Aniico (co.

3 km to the South) wos no longer oble to occommodote heovy ship troffic due

to progressive silting of the woterwoy (Prowse 200.|). Cloudius then ordered the

construction of o new port, built between 42ond 64 A.D., ond Trojon ultimotely

completed on odditionol inner horbor in I l2 A.D. This port complex wos known

os Portus Osfiensis or Porfus Augusti until the 4rh century A.D. (Monnucci &

Verduchi 1996).

The construction of Porfus Romoe did not outomoticolly result in the

decline of Oslio Antico. Ostio Antico increosed its economic development

which chonged it from o morket town to on offluent residentiol city (Monnucci

Verduchi, 1996). All moin odministrotive octivities continued to occur ot Ostio

Antico, while Portus Romoe wos considered on extension of the first port with
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mony of its eorliesi inhobitonts coming from Osfio Antico ond from Rome

(Monnucci & Verduchi, 
.l996). 

By the end of 2"d c. A.D., Portus Romoe wos

hondling oll commerciol troffic coming in to Rome (Prowse 2001).

Commerciol ociivity of Portus Romoe stqrted to decline by the end of the

4fh century A.D., but it remqined o horbor for the Romon fleet during the Vondol

invosion in the Srh century ond the Gothic wor of the 6fh ceniury A.D. (Prowse

2001). With the decline of the Romon Empire ofter the Sth century A.D., Portus

Romoe too hod collopsed, ond by the 9th century ii wos completely obondoned

(Prowse 2001).

Trojon's port (Portus Romoe) wos directly linked io Rome through o series

of docks ond quoys olong the Tiber River. Trode octivities of Portus Romoe were

olso supported by o series of smoller ports olong the coost through

interconnecting rivers ond roods (Rickmon 1?96). Porfus Romoe held on

exclusive commerciol role becouse it wos the troding entry point to the lmperiol

city of Rome (Prowse 2001). The sociol stoius of the inhobitonts wos considered

middle-closs, iheir occupotion cited os odministroiors, iroders, ond merchonts

(Meiggs 1960; Monnucci & Verduchi, 1996). The distribution of buriols between

the tombs oppeors io be foirly homogeneous, ond there is no evidence for

systemotic exponsion of the cemetery ihot implies o speciol locotion for 'poorer'

buriols (Angelucci et o/. 1990). The mojority of inhumotions did not hove ony

ossocioted grqve goods, with the exception of some coins, lomps, ond 'femole'

ornoments (Sperduii I 995).
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The greot weolth of the city of Rome wos the result of the politicol ond

economic stobility of ihe Meditenoneon region of the beginning of the Romon

lmperiol period. Due to its exclusive role, the lives of the inhobitonts of Porfus

Romoe were direcily linked with the prosperity ond politicol dominoiion of the

Romon Emoire.

The moin living quorters of the inhobitonts of Podus Romoe were found to

the Eost ond South of the hexogonol bosin (Prowse 2001). Much of the port

complex is now buried under the modern Fiumicino Airpori. Luckily Oslio Antico

is extremely well preserved, offering some informoiion obout the orgonizotion of

Rome's oort towns.

5.3 Esfimotion of Age of fhe lsolo Socro Subodulf Skelefol Somple

Age ot deoth wos estimoted by A. Sperduti (l 995) for her PhD dissertotion

on the poloeodemogrophy of the lsolo Socro somple (University of Rome, 'Lo

Sopienzo'). Aging methods used for the subodult skeletons were bosed on the

development ond emergence of the deciduous ond permonent dentition,

development of the temporql ond occipitol bones, development ond fusion of

the epiphyses, ond moximum long bone diophyseol length (see Sperduti, 1995).
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5.4 Diognosis of Rochific froifs in on orchoeological populdtion

Observotion of rochitic trqits took ploce during two weeks of onolysis,

during which Iime 282 subodult skeletons were exqmined morphologicolly for

diognostic indicotors of rickets. Age estimotes of the lsolo Socro subodults ronge

from birth/fetol (0 - 0.25) to l5 yeors of oge. Bone preservotion is generolly good,

but of these individuols, 98 hod to be excluded due to their frogmentory stote. In

oddition, 2 individuols locked any doto for oge ond were olso excluded. The

finol number of individuols for onolysis is 
,l82. 

A full discussion of the diognosis of

rochitic individuols in on orchoeologicol context is found in Chopter 4, poges 63-

74.

Precision is o meosure of on obseryer's obility to reproduce her/his results

ond is both o reflection of the reseorcher's copobilities os well os o commentory

on the noture of the feotures being exomined. Low precision (high introobserver

enor) indicotes thot o feoture connot be ossessed reliobly. Introobserver tests

stress the importonce of fomiliorizing oneself wiih the ronge of voriotion present in

diognostic criterio. Morphologicql troiis show wide ronges of expression; in order

to remoin consistent, colculqtion of introobserver error con be found in loble 5.1

(below). The first observotion took ploce in Rome, ltoly in Moy of 2002 on the

skeletons themselves. In oddition, skeletol lesions were diognosed by onother

observer (S.R. Sounders) during the Rome observotion. The second observotion

took ploce in August of 2003 ond wos corried out by the outhor using

photogrophs of the skeletol elements ond by reviewing the doto collected in
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Rome. The discreponcy between the first ond second observoiion is likely due to

on increqsed fomiliority with rochitic troits os well os confirmed knowledqe of

primory troits.

IALTE 5.1 - Colculotion of Introobseryer error
Firsl Observolion

Positive Neootive Uncertoin
24 132 27

Second Observolion
Positive Neqoiive Uncertoin

27 132 24

Difference
? 0 ?

Rickets, scurvy ond iron deficiency onemio con occur in ony combinotion

with ony, or oll other metobolic diseoses. Rickets ond scurvy cqn express

somewhot similor skeletol symptoms. A number of onotomicol sites ore

ossocioted with scorbutic lesions, specificolly obnormol porosiiy ond

hypertrophic bone formotion on the subodult skull. Although these lesions mimic

ihose seen in rickeis ond infection, their distinctive onotomicol locotion ono

ossociotion with chewing moy ollow for differentiotion in most coses. lron-

deficiency onemio shores with rickets porosiiy of the orbitol roof, frontol ond

porietol bones. lron deficiency onemio con sometimes be distinguished from

rickets by the locotion ond form of porosity.

To differeniiote between genetic couses of rickets ond those of o

deficiency origin the skeletol expression ond oge oi onset of the diseose wos

determined. The frequencies with which these genetic diseoses occur in mooern
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popuroiions determined the probobirity with which they moy oppeor in

orchqeologicol skeletol somples.

The morphologicol troits exhibiting consistency wiih no overlop with

scurvy' onemio ond/or generol molnutrition were considered primory while the

ress optimor chorocteristics were given secondory considerotion. Troits

ossocioted with oge (deloyed closure of the fontoners ond deniol deveropment)

were removed os they ore of no use without occomponying documentotion.

skullfrogmentotion is commonproce omong the rsoro socro individuors.

Therefore, posterior froitening ond roieror osymmetry courd not be reodiry

ossessed in the mojoriiy of coses ond were removed from the troit lisi. Diognosis

of rickets in the lsolo Socro subodults employed the list of primory troiis found in

toble 5.2 (berow), with secondory troits used onry in combinotion wiih prmory

iroits.

TABI.E 5.2 . & Seco Pqlhol ol Feolures ossocioted with Rickets.

6/

L Globellor/fociol Oone porosity
2. Deformed mondibutor romus
3. Deformed orm bone
4. Deformed leg bones
5. Thickening of long bones
5. Flored costochondrolrib ends
Z. Flottening of rib curvoture
B. Costochondrol rib ends iregulor ond
porous

9. Abnormolcurvoture ond plumpness of
the ilium
10. Vertebroe c

l.Croniolvouttporos@
2. Thickening of ihe cronium
3. Squored heod (frontol/porietol bossing)
4. Enomel hypoplosio/ dentol deformities
5. Growth plote obnormolity of long bones
6. Metophyseolinfroction ond frocl-ures of
long bones
Z. Floring ond cupping of metophyses
B. Cortex porosity of the metophyies of long
bones
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Chopter 6

RESUTTS

A summory of oll lsolo Socro subodults showing rqchitic chorocterisiics is

found in Toble 6.1 (poge 89). Toble 6.2 (poge gO) shows ihe percentoge of tsolo

Socro individuols suffering from rickets. Individuols identified os rochitic ore

presented on o by cose bosis with occomponying photogrophs ond descriptions

of eoch troit present. The completeness of the skeleton is stoted. The oge ono

buriol informqtion for eoch individuol con be found in Appendix B. These coses

ore grouped os either rochitic individuols or secondory rickeis. These individuols

exhibit o voriety of feotures ossocioted with the inodequote minerolizoiion of

bone. Toble 6.3 (poge 93) summorizes the pothologicol feotures ossocioted with

the lsolo Socro individuols. Toble 6.4 (poge g5) shows the percentoge of rochitic

troits found in the rsoro socro individuors. Fifteen percent (27/1g2) of rsoro socro

subodults show rochitic trqits. Seven percent of individuols ore deemed

secondory rickets os they ore more subtle in their monifestotion or o limited

number of skeleiol elemenis were ovoiloble for observotion. Figure 6.67 (poge

1 l9) shows the oge distribution of rochitic, secondory rochitic ond nonrochitic

individuols. Figure 6.68 (poge 1 l9) shows the distribution by buriol type of rochitic,

secondory rochitic ond nonrochitic individuols. No overlop with scurvy or onemio

wos detected. However, three possible coses of genetic tholossemio were

tentotively identified by other workers (Mocchiorelli 2oo2,pers. comm.). lt is
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suspected thot on odditionol13% suffered from rickets but due to o lock of

skeletol elements, they could not be properly diognosed.

Stotisticol onolysis consists of the chi-squore test to explore for the

independence of two voriobles. The purpose of this tesi is io determine if the

observed frequency of events, in this cose the presence of rickets, deporr

significontly from frequency proposed by o null hypothesis. lt is the gool of the

stotisticol onolysis to deiermine if there is on ossociotion between oge cotegory

ond ihe presence of rickets ond buriol type ond the presence of rickets. Figure

6.69 (poge 122) shows the oge distribution of rochitic ond secondory rochitic

individuols. Figure 6.70 (poge 124) shows the distribuiion of buriol type of rochitic

ond secondory rochitic individuols.

RA SUBADUTTS SHOWING RICKETS

dv

Rickets Secondory rickets Totol Rickets
14/182 13/182 27 /182
= 87o = 77" = 157"
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MA Thesis - C. Wood - McMoster- physicol Anthropology

TABTE 6.4 - PERCENTAGE OF RACHITIC TRAITS FOUND IN ISOTA SACRA SUBADUTTS

Rqchific iroit # of individuols Percenloqe
uerormeo orm oones 12 44%
verleofol pOfOSttv & Comoressi.)n t2 44%
rrur rr lg/cupptnO ol meloohvses 12 44%
Deformed leg bones ti 4t%
\-rcrntqt voutT/orotlol roof oorosiiv li 4t%
uerormeo mondtbulqr romus 8 30%
Kt(') porostTy/ trreoulofl tv 8 30%
tooTn oetormotton /EH 1

26%
rrqle oonormolttv of lono bones 7 26%
tntcKentng oI lono bones

18.5%
\rtqoeilor /fqctol porositv

3 1 1t/tl/o
n(lreo np enos 1 1o/tt/o
\-orTex porostty of lono bones ? t1%
Squored heod z 77
InrcKentng ot cronium z 7%
rturrentnq oI nO curyoture I 4%
l\onormot plumpness/curvoture of ilrr rm AA7+/o
rrQCTUre oI tong oones 0 l\47v/o
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MA Thesis - C. Wood _ McMoster _ physicol Anthroporogy

6.1 - Rochilic individuols

SCR t - Dental age I.S-2 yrs, Skerero I Age 1.5 yrs

The skeleton is complete with exception of the socrum ond sternum. The fibuloe
show slight curvoture (figure 6.1). The tibioe qre flqred of their proximol ends,

(figure 6'2) evident on x-roy os well. The righi fibulo below hos been broken ond
hos not odhered properly.

Figure 6'r - scR r sright curvqrure of the dght fiburo (phoro c. wood).

figure 6.2- SCR I proximot ftoring of tibioe(photo C. Wood).

96

-t

(Y)

C\I

o

o

o
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(o

u)

.J'

o

a

SCR 47 - Dentot Age 0.5, Skelefot Age 0_0.5

The skereton is comprete with exception of the siernum, socrum ond epiphyseol

ends of the femoro, tibioe ond fibuloe. The croniol voult ond orbitol roof ore
porous (figure 6'3)' The mondibulor romus shows obnormol mediol/posierior
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bending. The humeriishow obnormor curvoture ond thickening (figure 6.4). The

rodii oppeor ihickened ond ore frored ot their distor ends (figure 6.5).

Figure 6.4 - SCR 47 Abnormol curvqture of
humerii (photo c. woodt.

figure 6.3 - SCR 47 Orbitotroof porosity
(photo C. Woodl.

:lEIlIlgSElE& rhickened of rodii (phoro c. wood).

SCR 62 - Denlot Age 0.5, Sketefot Age 0.25_0.5

The skeleton is comprete with the exception of the epiphyseor ends of o, the
long bones, the socrum ond sternum. Ail skeretor erements ore quite porous;

especiolly the vertebroe {figure 6.6). rhe mondiburor romus shows obnormol
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mediol/posterior bending. There oppeqrs io be two postmortem froctures on

possibry the Sth ond 6rh ribs. Bending of tibioe (no x-roys ovoirobre) is opporent
(figure 6'7)' The left ond right deciduous upper second molors ore deformed.

SCR 72 - Denlol Age g )rs, Skelefo I Age l I yrs

The skeleton is relotively complete bui the sternum ond the epiphyses of o' the
long bones ore missing. The croniol voult is thickened. The ends of the ribs ore
flored. Lineor enomer hypoprosio is opporent on the conines. cusp tip pits ore
present in the premorors. No pictures ore ovoirobre for SCR 22.
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SCR t00 -Dentol Age tS)rrs, Skelefol Age t5_l6yrs

The skeleton is complete. There is microporosiiy olong the sogittolsuiure line.

Externol periosieol overgrowth (ihickening) is evident oll over the cronium with

exception of the temporol bones ond olong the sogittol suture line (figure 6.g).

Heoling of orbitol roof porosity is opporent (figure 6.?). The rib ends ore irregulor

ono porous' Rib depressions ore opporent (figure 6.10). The rodiiond ulnoe ore
thickened (figure 6.r r & 6.12). No obnormor bending of the reg bones is

opporent on x-roy. Microporosiiy of the epiphyseol plotes of the tibioe ond
femoro ore present (figure 6.13). There is o depression on mediol/frontolside of
ihe lefi humerol heod' The humerol heod is olso quite porous. Mocroporosity ond
depression is opporent on the distol ends of the iibioe {figure 6.14). The ilio ore
plumped (figure 6'15)' The vertebroe ere compressed ond porous. Lineor enomel

nypoplosio is evident in the rower reft ond right morors. ond premorors, the upper
Ieft ond right first molors, conines, ond incisors {figure 6.16). There is discolorotion

of the right conine (teft missing) (figure 6.17).

Figure 6.8 - SCR l0O Thickening of cronium (pholo c. wood).
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6.9 - scR t00 glggilgl porosity (phoro c. wood).

r00

ft*r$

l l.1

ffi
,i.iJtr;

Figure 6.1I - SCR lO0 Thickened rodii lpnoro c. woodl.
t-

FiflggglS - SCR t00 Thickened utnoe (pLqro c. wood).
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Figure 6.13 - SCR IOO porosity of lrochonter
(photo C. Woodl.

@

N

(0

tl,

.s

Figure 6.15 - SCR lO0 plumping of ilium (phoro c. wood).

figure 6.16 - SCR IOO IEH of incisors
(pholo C. Wood).

figwe 6.17 - SCR lO0 Dlscotorotion of conine(photo C. Woodl.

Figure 6.14- SCR lO0 Depression of fibiol
epiphysis (phoro c. woodl.



MA Thesis - C. Wood _ McMosler_ physicol Anthropotogy

Figure 6.20 - SCR
C. Woodl.

I l0 Curvoture of ulnoe {phoro

102

SCR t I0 - Dental Age 2 yrs, Skelelol Age l.S yrs

The skeleton is complete with exception of the epiphyses ond ihe sternum. The

globello (figure 6'18) ond orbitolroofs ore slighfly porous ond irregulor. The ends

of the ribs ore inegulor ond porous {figure 6.lg). The ulnoe show obnormol

bending (figure 6-20). The rodii oppeor thickened. The proximol ond distot ends

(figure 6'21) of the humeriiore porotic. The distol ond proximolends of the tibioe

ore flored (figure 6.22). Ail epiphyses ore obnormoily shoped ond porous (figure

6'23)' The femoro ore flored of the distql end but even more so of the proximol

end (figure 6'24, o & b). The vertebroe ore porous ond hove holes on their

onterior side.

Figure 6.18 - SCR I l0 Gtobeilqr porosity
(photo C. Woodl.

Figure 6.19 - SCR I l0 Rib ends porous (phoro cWoodl.

l-23/.56789.,t)
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Figure 6.21 - SCR I lO porosity of the dislol
humerus (photo C. woodl.

Figure 6.22- SCR ll0 proximol& distolfloring
of libioe (phoio C. woodl.

figure 6.24 - SCR I l0 Distot ftoring of femur(photo C. Wood).

Figure 6.23 - SCR I l0 Abnormol epiphyses
of humerii (phoio c. wood).
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SCR f 39 - Dentol Age t.5 yrs _ Skere iol I year

The skeleton is complete with exception of the sternum qnd socrum. The croniol

bones ore porous (figures 6.25 & 6.26).The disiol ends of the femoro ore flqred
(figure 6.27). The vertebroe ore very porous {figure 6.28).

lt$''u 
- scR 139 Exlernol porosity of the cronium (phoro c. wood).

,t'n'@"n "t 
ot+l ends of femoro (phoro c. wood).

Figure 6.29 - SCR 139 porosity of the verlebroe
(photo C. Wood).

IT

Figure 6.26 - SCR 139 porosity of the
lemporol bone (photo C. Wood).

h.-
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SCR t40 - Dentol Age 0.75_l yr, Skete tol Age 0.5

The skeleion is complete with the exception of the lower poriion of the sternum

ond ihe socrum. The orbitor roofs ore porous ond irreguror (figure 6.2g).The
mondibulor condyles show obnormol mediol/posterior bending (figure 6.30). The
proximor ends of the humerii ore porous (figure 6.3r). There is bending of the
urnqe ond froring of iheir distor ends (figure 6.32). Ail deciduous upper incisors.

contnes ond firsi molors ore discolored {figure 6.33).

Figure 6.29 - SCR 140 Orbifol roof porosity (phoro C. Wood).

Figure 6.30 - SCR

-

Figure 6.31 - SCR l4O porosity of proximol humerii (phoro C. Wood)

Figure 6.92 - SCR l40 Bending of utnoe &
flodng of distol ends lphoto c. woodt.

140In bending of
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Figure 6'33 - scR r40 Discororotion of incisor (photo c. wooc'b- 

-r_ 

-rrYr tl/rrvrr-r\-. VYOOQT.

SCR tZ5 - Denlot Age g_9yrs, Skelefol Age 7 yrs

The skeleton is three-quorters present. Those erements missing ore the sternum,
socrum ond upper portion of the cronium. The righi femur is slighry bowed ond
flqred of its distol end (figure 6.u).The lefi femur hos been cut for sompling. The
tibioe qre bowed ond thickened (figure 6.35). The distol ends of the fiburoe qre
flored ond bent (figure 6.36). No x-roys ore ovoirobre. A, epiphyses ore porous
ond ineguror (figure 6.g7).Alrvertebroe ore porous (figure 6.3g).

ltifllf!|,|t 
slisht bendins & ftorins of disrorfemur (phoro c. wood).

Figure 6.35 - SCR l Zl

r* ..........stng ottioio rohotoc. Wood)

r06
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Figure 6.36 ' scR r 7s Froring & bending of distor ends of fiburqe(photo C. Wood).

Figure 6.37 - SCR l Z5 porosity of epiphysis (phoro c. wood).

SCR 24 - Dentot Age 5-6 yrs, Skerefol Age 4-5 yrs

The skeleton is complete minus ihe midjoce. A squored oppeoronce of the

heod is opporent (figure 6.39). The right humerus is deformed ond o bony spur is

present {figure 6.40). The proximol portion of the left humerus is missing ond

bending deformities connoi be ossessed. The left fibulo is curved ond ihickened

(figure 6.41). The right fiburo is missing. The femoro (figures 6.42) ond tibioe

(figure 6'43) ore qbnormolly curved. Rib depressions qre evident (figure 6.44). The

sternol ends of the ribs ore flored {figure 6.4s). The ribs ore obnormolly curved

(figure 6.46). All epiphyses ore very porous ond irreguror (figure 6.47 &6.4g). The

upper ond lower deciduous second molors hove enomel defecis (figure 6.4g).

107

Figure 6.38 - SCR 175 porosity of verlebroe {phoro c. wood).
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Lineorenomelhypop|osioisopporentonthe|inguolportionsofihedeciduous

firstmolors.Pithypop|osioisopporentonthebucco|ond|inguolsidesofthe

deciduous second molors. The righi deciduous first molor hos linguol & buccot

pithypop|osio.Cuspiippitsoreopporentinihemo|ors.A|lvertebroeoreporous'

Figure6.3g.scR244Squoringoftheheod/fronto|bossing(photoC.Wood).

Figure 6.40 - SCR 244 Bending of right humerii ond

bonY sPur (Photo C' wood)'

Figure 6.41 - SCR 244 & thick of left fibulo

23 | ! ?
8910 1 1 12 '13 1.4

iirilrr'irlliliri

Figure 6.42-SCR 244 Bending & flodng of right femur (photo c' wood)'

Figure 6.43 - SCR 244 Bending & floring of tibioe

(photo C.Woodl.
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Figure 6.44 -SCR 244 Rib depression lprroto c' wood)'

(photo C. Wood).

109

6.46 - scR 244 Abnormolcurvoture of ribs (pT_3t 
ffi3 6.47 -scR 244 porosiJ.V of

--{ 
nJoa of femur (Photo c' Wood)'

"-?4$|!*'**"*.1

Figure 6.48-SCR 244 PorositY of

humerql heod (Pnoto c' wood)'

Figure 6.4? -SCR 244 Defecis of

lhe second molor (Photoc' Wood)'
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SCR 276- Dentol Age l '5-2 yrs' Skefefol Age l '5 yrs

The skeleton is complete minus the sternum' A squored Oppeoronce of the

heodisopporent(figure6.50).Thereisorbito|roofporosity(figure6.5l).The

mqndiburor romus shows sright medior/posterior bending {figure 6.52}' The right

humerii ore turned mediolly (figure 6.53)' The rodii show floring (figure 6'54)'

porosiiy is opporent of rib ends in costol grooves with some porosity of the rib

ends. The vertebroe ore Porous'

Figure6.50'scR2T6Squoringoflheheod/fronto|bossing(photoC.Wood).

- 

Figur- 6.51 - scR 276 orbitol porositv

Figure6.52-scR276S|ightinb.nryondy|es(phoioC.Wood}
c')

f.-

{
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Figure 6.53 - SCR 276 Humeriiturned mediolly (photo c' wood)'

Figure 6.54 - SCR 276 Floring of disfol end of rodius

SCR 5l I - Denfqf Age 0.5'0.75, Skefefal Age 0'5

The skeleton is olmost complete. The tibioe ore qbnormolly bent onteriorly ond

show exiensive porosiiy of their distol ends (figure 6.55). The left iibio shows o

lorge oreo of porotic woven bone on its disto-loterol shoft. The femoro show

floring of their distol metophyses ond flottenlng their disiol of ends (surfoces hove

very litfle relief). The femorol shoft cortices show extreme porosity (figure 6.56). All

but three of the siernol rib ends ore flored ond porous'

Figure 6.55 - SCR 5l I Bending of tibio, distol porosity lprrolo c. Wood).

figure 6.56 - SCR 5l I Porosity of femorol
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SCR 636 - Skefefol A'ge 1.5 Yrs

SCR 636 consists of o left clovicle ond right rodius. The rodius shows strong loterol

curvoture, thickening of its proximol end ond midshoft ond floring ond cupping

ot its distol end (figure 6.57).

0 1 2 3 4 5 6 7 I I 10
Figure 6.57 - SCR 636

Right rodius showing

curvofure, thickening,
floring & cuPPing ot its

distol end (photo c.
Wood).

SCR 660 - Denfof Age 7 yrs, Skefefol Age 7'8 yrs

The elements present qre os follows: right side of mondible ond moxillo, humeri

missing humerql heods, right rodius, distol right ulno, distol left ulno, three-fourths

of the right femur, distol portion of left femur, left tibio ond fibulo, proximol right

tibio ond distol right fibulo. The humerii ore twisted bui the picture below does

not illustrote thot welt (figure 6.58). There is slight mediol bending ond floring of

the right rodius (figure 6.5?). The right femur (figure 6.60) ond left tibio {figure 6'61)

show obnormol curvoture. The other long bones ore missing. Lineor enomel

hypoplosio is present on the upper incisors.
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Figure 6.58 - SCR 660 Twisting of humerii (photo c' wood)'

:, . Figure 6.59 - SCR 660 Mediol bending &

distql floring of right rodiq-1phoffid)

Figure 6.61 - SCR 660 Left tibioe shows

slight bending (Photo c. Wood)'

Figure 6.60 - SCR 660 Abnormql curvoiure of right femur

(photo C. Wood).
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6.2 - Secondory rochitic individuols

SCR t0 - Denfof Age 1.5-2 yrs, Ske'etol Age l'5 yrs

The skeleton is complete with the exception of the epiphyses of oll the long

bones. Coronoid processes of the mondible ore curved loierolly (figure 6.62)' The

heods of the romi ore curved

mediolly. Ribs ore Porous of their

sternol ends.

Figure 6.62- SCR l0 loferol curyoture

of coronoid processes (photo c. wood)'

SCR 14 - Denfof Age 2'3 yrs, Skefefol Age 2'3yrs

SCR l4 consists of the occipitol, porietols, body of the mondible ond frogments

of the froniol bone, moxillo, ribs ond ilio. Also present ore the proximol ends of

the ulnoe ond rqdii, ihe mid-shofts of the humeri, left femur ond tibio' The femoro

ore obnormolly curved indicoting genu volgum. The ends of oll long bones

connot be observed becouse they ore missing. orbitol porosity is opporent. No

pictures ore ovoiloble.

SCR 94 - Denlol Age 4-5, Skefefol Age 4'5 yrs

The skeleton is compleie with the exception of the epiphyses of the orm bones'

the mid-foce qnd the siernum ond socrum. There is qctive pitting in the orbits'

globello ond opproximotely 2cm over the porietols. some mediol curvoiure of

the proximol ulnoe is opporent. No pictures ore ovoiloble-
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SCR tO2 - Denfof Age 1.5 yrs, Skelefol Age I yr

The skeleton is complete with exception of the disiol ulnoe ond socrum' The

proximol ends of the iibioe ond distol ends of the femoro ore slightly flored'

orbito|porosiiyispresent.Nopiciuresoreovoi|oble.

SCR t 76 - Denlol Age 7-8 yrs, Skefefof Age l0'll yrs

The skeleton is complete with the exception of the epiphyses of the right

humerus. There is heoled pitting over the globellor region ond polote' The

proximol ulnoe oppeor bent (figure 6.63). Woven bone ond micro-pitting is

opporent on the onteroloterol surfoce of the proximol shoft of the right tibio'

There ore mony microfossoe in the cortex of the femoro. The ihorocic vertebroe

show severe porosity ond qnterior lesions in their bodies (figure 6'64)'

Figure 6.63 - SCR 176 Slight bending of proximol ulnoe (pholo c. wood).

Figure 6.64. SCR 176 Porosity of the thorocic verfebroe

{photo C. Wood).
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SCR 523 - Deniol Age 5'6 yrs' Skefetol Age 5-6 yrs

The skeleton is complete minus some fociol bones, ihe right humerus' siernum'

socrum, ond oll epiphyses. The left femur hos been cut for sompling' The right

femur is bent posteriorly ond twisted. The diophyseol ends of the long bones ore

porous. orbitol porosiiy is present. Lineor enomel hypoplosio of the incisors ond

molors is opporent of the cemento-enomeljunction' No pictures ore ovoiloble'

SCR 530 - Denlol Age l0'll yrs, Skefefof Age 8'9 yrs

scR 530 consists of the skull minus the right temporol ond fociol bones, the right

femur, distol ends of left femur, right tibio, diophysis of left tibio, distol ends of the

fibuloe, portions of ihe humeri, rodii ond ulnoe frogments ond some vertebroe'

There is subtle bending of the tibioe ond femorq. The vertebrql bodies ore

compressed. No pictures ore ovoiloble'

SCR 542 - Denfof Age l-1.5 yrs, Sketefof Age l'l'5 yrs

The skeleton is complete with the exception of the epiphyses of the long bones

qnd some portions of the frontol, temporolond porietol bones' Slight floring of

the proximol ond distol tibioe is opporent. There is porosity of the orbitol roofs' No

pictures ore ovqiloble.

SCR 612 -Skefelol Age 2-2.5Yrs

scR 612 consists of the mondible ond the left humerus. Some curvoture of the left

humerus ond tibioe is opporent. The proximol ends of the tibioe ore flored' No

pictures ore ovoiloble.
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SCR 64 - Denfol Age l-1.5 Yrs

SCR 644 consists of o mondible ond the diophysis of the left femur. There is

inword curvoture of the mondibulor condyles. No pictures ore ovoiloble.

SCR 683 - Denlof Age 12'15 yrs, Skefelof Age l2-l4yrs

SCR 683 consisis of the left mondible ond moxillo, clovicles, scopuloe, humeri,

rodii, proximol left ulno, ilio, right femur, distol left femur ond some vertebroe.

Loterol curvoture of the right rodius is opporent. The left rodius is broken. The rib

frogments show porosity. The vertebroe ore porous. No pictures ore ovoiloble.

SCR 773 - Denfol Age 0.75, Skefelol Age 0.5-l yr

SCR ZZ3 consists of the mondible minus the right romus, clovicles, right scopuloe,

right humerus, ond distol port of left humerus, lefi ilium, right rodius, proximol

portion of right ulno, midshoft of right femur, ond the proximol portion of the right

fibulo. Mediol bendlng of ihe heod ond neck of the mondible is opporent

(figure 6.65). The righi side is missing.

Figure 6.65 - SCR 773 Mediol bending of

the heod & neck of the mondible (photo

C. Woodl.
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SCR 780 - Denfqf Age l'1.5 yrs, Skefetol Age l-l'5 yr

SCR Zg0 consists of the occipiiol bone, scopuloe, humeri, ulnoe, left rodius, right

ilio, femoro, tibioe, fibuloe ond some frogmentory veriebroe. Bending ond floring

of the fibuloe is opporent (figure 6.66).
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FIGURE 6.67 -
PERCEMAGE OF RACHIIIC SUTADUTIS 8Y AGE
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6.3 STATISTICAL ANALYSIS

6.3.1 - Relotionship between qge ond rochilic ond nonrochitic subodults

of rochitic & nonrochitic suPqd

Chi-squore: oge ossociolion

To test for the independence of the two voriobles, diognosed rickeis qnd

oge, the chi-squore test wos utilized. The null hypothesis stotes thot there is no

ossociotion between oge of deqth ond the oppeoronce of rickets ond thot

there is no stotisticolly significont difference between rickets in eoch oge group

(Ho: the two voriobles ore independent). lf the chi-squore volue is equol to or

TABTE 6.5 - Aqe dislribution c
Aqe cofegorles Nnn-rachilic Rickets
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greoierthonthecriticolVolue,thenwerejectthenul|hypoihesis.Thestondord

volue of P is 0.05'

Chi squore = 5'53

il.d';;t of freedom (5 cotegories - 1)

p vqlue = 0.05

briticolvolue = 9'488

Thechi-squore5.53islessthonihecriticolvolueg.4Sssothenul|

hypothesisconnotberejected'Therefore,thereisnoossociotionbetweenoge

ondtheoppeoronceofrickeis.Thedistributionofthepercentofrochiticond

nonrochitic suoodults by oge is found in figure 6.69 below'
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6.9.2-ReloiionshipbetweenBurio|typeondRochiiicondNonrochiticsubodu|ts

r-lli^ crrhadtlll3 buriol
Totols

uan-rachitiC Rickets
Buriol tYPe- n l( (oz^'l 42I'15.1-/ol

nh.)rrje 3'2lt | .o-19_)
t0 (5.5%]

e (s%)
coppuclng t9 lto.A%l

\s (8.2%l_inhumotion | \ IA ?v"l 4 (2|2-/")

t216.6%l 3I.67")
84 (46.2%)

7s 141.2%l

12 (6.61eI_
e (s%)

lomo
0 (0%) t2 6.6%l

unknown*
27 14.8%) 170 (tOQA_

Iotols 143 (78.6%)

tu nknowftAegon/ not included

Chi-squore: Buriol tYPe

To test for ihe independence of the two voriob|es, diognosed rickets ond

burioliype,thecni-squoretestwosuti|ized'Thenu||hypothesisstotesthoithereis

noossociotionoetweenburio|typeondtheoppeoronceofricketsondthot

there is no stotisticolly significont difference beiween rickets in eoch buriol group

(Ho:thetwovoriob|esoreindependent).|fthechi-squoreVo|Ueisequoltoor

greoter thon the criticol volue, then we reiect the null hypothesis' The stondord

volue of P is 0'05'

Chi squore = 4'48

il.-d,;;t of freedom (5 cotegories - 1)

P volue = 0.05

briticqlvqlue = 9'488

Thechi-squore4'48is|essihonthecriiico|vo|ue9.488sothenu|l

hypothesisconnoiberejected.Therefore,thereisnoossociotionbetweenburiol

type ond the oppeoronce of rickeis' The disiribution of the percent of rochitic

ond nonrochitic subodults by buriol type is found in figure 6'70 below'
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6.3.3 Summory

Fifteen percent 1271182\of lsolo Socro subodults show rqchitic troits' Eight

percent of these coses ore considered severe while seven percent ore milder in

form. The lsolo socro subodults suffered from hyperplostic rickets' less likely due to

ocute mornuirition orihough in the more subile rickets coses, hypertrophic versus

otrophicformsweredifficu|ttodeiermine.Thiswou|dindicotethoithemojoriiy

ofthelso|oSocrosubodu|tsidentifiedosrochiiicwerefoir|ywellnourished.

Rickets wos better diognosed by troiis thot result in bone deformities

rotherthonbythepresenceofporosiiy.Therewosogreotrongeinihe

morphologicol presentotion of troits ond the combinotion of troits voried widely'

The most common rochitic iroiis ore deformed orm 144%l' ond leg bones (4\%)'

vertebrot compression ond porosity (44%). floring ond cupping of ihe

metophyses$a%\ondcronio|vou|t/orbito|roofporosity|41%).

Sixindividuolsshowedoctivericketspriortotheonseiofwo|kingshownby

deformities in the upper limbs os o resuli of crowling' Two individuols showed

deformiiies of ihe upper ond lower limbs indicoting octive rickets both before

ond ofier wolking commenced' seven individuols showed deformities of the

Iower |imbs indicoting octive rickets on|y ofter wolking begon' Eight individuo|s,

ronging in oge from birth to 3 yeors, showed deformities of the mondibulor romus

indicotingthottheseindividuo|shodstortedtobeweonedonso|idfood

requiringchewingorwerecnewingonhordnon-foodobjectstoo||eviotethe

discomfori of teeihing'
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Al|ogecotegories(0-3,3-6,6.9,9-12,12-15+)ondburio|typesshowed

rochitic troits. The highest number of rochitic coses wos found between birth to

oge ihree, but no stotisticolly significoni ossociotion wos found beiween oge

ond the oppeoronce of rickets. The highest number of rochitic coses wos found

in the tomb ond omphoroe buriols but differences in buriol iype were not

stotisticolly significontly diff erent'
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Chopter 7

DrscussloN

Not oll children who suffered from rickeis, or died of rickets or other couses

when they were suffering from rickets, will be represenied in o mortolity somple'

Rickets moy not leove permonent ond chorocteristic bone chonges in every

cose of the diseose. children dying quickly, before telltole skeletol evidence of

rickets monifests itself, would not be identified' This would especiolly be on issue

in Romon times os it hos been estimoted thot 25-40% of oll children born in

Romon ontiquity died within their first yeor, with 33 -50% dying before oge 10'

while others hove ploced the mortoliiy rote of infonts to be 50% before oge two

{Jockson 
.l988; 

Brodley 1998). Rickets moy hove been o common diseose but

infontsondchildrenregulorlysurvived,withcompleteheolingondremodelingof

skeleiol lesions, suggesting the prevolence of rickets in the lsolo Socro somple is

likely higher thon found here. In the future, exominotion of heoled coses of

rickets in oduris ond order chirdren in the rsoro Socro coilection moy give o better

ideooftheprevo|enceofihisdiseose.Furtherproofofricketscou|dbeg|eoned

from histologicol meihods'

Al|skeleiqlfeoturesofricketswereseeninthe|soloSocroindividuo|swiih

iheexceptionofmetophyseolinfrociionondfroctureofthelongbones'likely

due to the foct thot rodiogrophs were only ovoiloble for o limiied number of

individuors. Rochitic troits invorving the ribs were often difficurt to observe due to
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poor preservotion. The squored oppeoronce of the heod wos olso difficult to

deiermine due to the frogmentory noture of the croniol bones' There wos o

greot ronge in the morphologicol presentotion of troits ond the combinotion of

troits voried widely. The most common rochitic troits ore deformed orm (44%l'

ond leg bones 141%),vertebrol compression ond porosity 144%l' floring ond

cupping of ihe metophys es (44%) ond croniol voult/orbitol roof porosity 141%)'

The most proboble explonotion for ihe skeleiol chonges found in the lsolo

socrq individuols is the hypertrophic or hyperplostic form of rickets' In most coses'

ihebonecorticesoreporousbutihick,ondoredistortedinshope.Thiswou|d

indicote thoi the mojority of the rsoro socro subodurts identified os rochitic were

foirly well nourished. In the more subile rickets coses, hypertrophic versus otrophic

forms were difficult to determine'

Rickets octive prior to the onset of wolking con produce deformities in ihe

upper limbs os o result of weight beoring os the infont crowls' Rickets octive prior

to wolking is opporent in 6 individuols (scR 42, 1 10, 1 40' 276' 612 & 636) from the

oges of 6 months to 3 yeors. Active rickeis before ond ofter wolking commenceo

produced deformiiies in both ihe upper ond lower limbs of scR 512 ond 660' lf

rickets occurs ofter working begins onry the rower extremities wit show the telltole

bendingdeformities.ThisisopporentinSCR1,14,175,244,523,530&78Owho

ronge in oge from I to 1O yeqrs of oge'

Eight individuols (scR l o, 47 , 62, 140,276, 644,773 & 780), ronging in oge

frombirthto3yeors.showeddeformitiesofthemondibu|orromus|ike|ydueto

the result of muscle oction during chewing' This deformiiy moy indicote thot
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these individuols hod storted to be weoned on solid food requiring chewing or

were chewing on hord non-food objects to olleviote the discomfort of teething

(Ortner & Moys 1998).

All oge cotegories (0-3, 3-6, 6-9,9-12, l2-15+) ond buriol types showed

rochiiic iroits. No stotisticolly significont ossociotion wos found between oge ond

the oppeoronce of rickeis. Five of the rochitic individuols were under 1 yeor of

oge, suggesting low moternolstores of vitomin D contributed to rickets in these

individuols. Two older subodult individuols, 14-15+ yeors in oge (SCR 100) ond l3-

l4 yeors of oge (SCR 683) ore diognosed os hoving suffered from rickets- lt wos

thought thot these individuols moy be femole ond possibly the product of

viiomin D deficiency due io pregnoncy. However, while SCR 683 is femole, SCR

100 is possibly mole (Sperduti 1 995).

No stotisticolly significont ossociotion wos found between buriol type ond

the oppeoronce of rickets. The highest number of rochitic coses wos found in the

tomb ond omphoroe buriols but this is likely becouse the greotest numbers of

subodults ore found in these cotegories'
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Bioculturolfoctors contributing lo Rickels in the lsolo Socrq subqdull somple

The most importont source of vitomin D is exposure to sunlight os 84% of

circuloting vitomin D is derived from non-ingested sources (Hoddod & Hohn

lgZ3; Holick & Adoms 1998). Diet olone is on insufficient explonotion for rickets

bosed on the physiologicol ond pothologicol bosis of the diseose ond the greot

extent of informotion obout predisposing behoviorol foctors.

7.2.1 Romqn Childcore Procfices

tn mony coniemporory societies much of the knowledge concerning

childcore proctices is leorned from oiher women ond possed from one

generotion to the next. Much of the evidence used by modern scholors to

reconstruci elemenis of oncient Romon life, such os Romon childcore proctices,

is bosed on surviving oncient literory texts. These writings ore written from the

point of view of upper closs doctors, odvising their mole, upper closs clients on

whoi kind of regimen they should put their children ond women through

(Gornsey \gg9). The mojority of literory evidence is olso likely biosed towords

descriptions of the Romon elite, os the life woys of the urbon ond rurol poor were

not usuolly the focus of the oncient outhors (White 1976). There is no woy of

telling to whot exieni the literory prescriptions were put to use ond how for down

the sociol hierorchy the suggestions reoched' lt con be orgued thot ony

reconstruction of Romon life bosed on medicolwriters is prescriptive rother thon

descriptive ond ideologicol rother thon informotive (Gornsey 1999). Whot is irue

is thot these medicolwriters ore commenting on the issues thot were of
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imporionce during their time os physicions, reflecting existing problems to which

they wished to offer the best solution or if they could not' loy oppropriote blome'

The most significont surviving text is ihe Gynoe cology written by the Greek

physicionSoronusofEphesus(A.D.98-ll7).Gynoecologywosoneofthefirsi

pediotricguidesondwosconsideredthesinglemostouthorityoninfontfeeding

in the pre-industriol world (Fildes 1986o). soronus's Gynoecology wos in foct still

outhorotive os lote os thel grn century (Gornsey l99l )'

Mony porenis in ontiquiiy unknowingly followed child-reoring proctices

thot undermined the heorth ond survivor prospecis of their chirdren. The perilous

risks of being on infont ore demonstroted in the number of protective deities for

children ond childbirth (Horlow & Lourenc e 2OO2). There is Diespoter for the birth'

Meno ond Lucino for women mensiruoting ond childbirth, opis ond Levono for

occeptonceofthechi|d;Voticonusforthefirstcry,Cuninoioguordthecrod|e,

Rumino for breostfeeding, os well os mony more (Horlow & Lourence 2002)'

lnoncientRome,predisposingbehovioroppeorstohovebegun

immediotely ofter ihe child wos born. According io soronus' Romon children

were swoddled from birih, including complete covering of the heod (Temkin

1956). The infoni wos wropped mummy-like in o long linen bondoge ond kept

this woy usuolly for ihe first 6 months of life (Shorter 1982)' Soronus stoted thot

swoddling wos procticed to give the child firmness ond on undisiorted figure

(Temkinl956).Theprocticeofswoddlingpredisposedchildrentorickets'when

coupled with confinement indoors ond o poor diet' In foct' bobies swoddled

l3l



MA Thesis - C. Wood - McMoster - Physicol Anthropology 132

ond kept indoors would hove o tendency to develop rickets even before dietory

foctors become qn issue (Gornsey 1999).

7.2.2lnfonf feeding procfices in Ancienl Rome

Soronus thought feeding on demond should noi be procticed ond the

infont should not olwoys be given the breost when it cried (Temkin 
.l956). 

Soronus

recommended thot Romon infonts not be fed for two doys ofter birth, unless the

infont oppeored to hove on oppetite, in which cose it wos to be fed boiled

honey or goot's milk (Temkin 
.|956). 

Sorqnus olso recommended o purge mode

of butter/oil of sweet olmonds combined with sugor/honey/syrup (Fildes 
,l995).

After two doys, milk from o wet nurse wos given to the infont, but milk from o

womon who hod given birth 2-3 months eorlier wos recommended, os it wos

believed to be of better quolity thon thot of the recently delivered moiher.

Colostrum wos thought to be unheolthy for the infont (Temkin 1956). Golen,

however. mokes no mention of this (Colon & Colon 1999; Gornsey 1999)'

Fildes (lg86o) believes wet nurses were o meons of spocing children

closer together. During this iime Romons were owore thot loctotion inhibited

pregnoncy (Gornsey 1999). Wei nurses were common omong ihe weolthy

Romon ctosses ond in the empire, of lorge (Gornsey 1999). In Romon period

Egypt, wet-nursing controcts from oncient iimes hove been discovered. The

controcts ronge from periods of 6 months to 3 yeors, with 2yeors being the

overoge (Fildes 1985o; Gornsey 1999). Soronus orgued thot wet nursing wos on

efficient meons of reoring children ond ii is likely thot weolthy porents were
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influenced by his writings. to odhere to the sfotus quo (Temkin 
.l955; 

Gornsey

jgggl. The poor, who were not constroined by trends in child reoring, moy hove

been of on odvonioge, os o boby fed by iis own mother hos o greoter

resistonce to diseose, despite the mother's nutritionolly deficieni diet (Gornsey

1999).

The distrust of colostrum hos o long hisiory in Europe ond still exists in

presenldoy third world countries (Fildes I 986o; Fildes 1995). Colostrum is three

times richer in protein thon moture humon milk, ond in the first six weeks of life

orovides ontibodies ond proteins, which guqrd the newborn ogoinst infections,

porticulorly in the gostrointestinol troct (Fildes 
.l986o: 

Cunninghom 
.l995; 

Stuort-

Mocodom l gg5). The introduction of cow's milk or ony other food interferes with

the immunologicol protection provided by breost milk by oliering the pH of the

stomoch qnd intesiines, which creotes o medium for the growth of bocterio

(Venkotoromon et ol. 
.l985; 

Stuort-Mocodom 1995). Breostfeeding provides o

system whereby the mother's body monufoctures ontibodies to microorgonisms

thot the infont is exposed to ond tronsmiis these ontibodies io the infont vio the

breost milk (Cunninghom 1995). The body's entry point for microbiol or ollergenic

invoders is the mucous membrone of the oeroolimentory system. known os the

respirotory ond gostrointestinol trocts (Cunninghom 1995). li is this secretory

system thot is the primory defender ogoinst invosion. The secretory immune

system is o system of ontibody producing cells ihot lines the mucous membrones

of ihe gostrointestinol ond respirotory trocts (Cunninghom 1995). These cells

produce secreiory immunoglobulin A - (S-lgA). Newborn infonts hove ontibodies



MA Thesis - C. Wood - McMoster - Physicol Anthropology

circuloiing in their bloodstreom thot ore ocquired tronsplocentolly from their

mother but iheir secretory immune sysiem is not funciionol ond requires

odditionol time ond exposure to pothogens for iis developmeni (Cunninghom

1g95). Colostrum ond humon milk conioin obundont quontities of S-lgA ond in

foct, the mommory glonds contoin cells thot produce S-lgA (cunninghom 1995)'

The sources of these cells ore the enieromommory ond bronchomommory oxes

(Cunninghomlgg5).GostrointesiinoIondrespirotorytroctpothogens

encountered by the mother stimulote the development of cells thot line her

mucosol membrone, which ore cells thot produce S-lgA (cunninghom 1995)' The

S-lgA then octs os o borrier to invosion of the blood ond orgons systems ond is

considered the first line of defense (cunninghom 1995). Simultoneously some of

the S-lgA prooucing cells circulote to the mommory glond in order to produce s-

lgA for ihe infont (Cunninghom 1995)'

The ossociotion between rickets ond the deniol of colostrum is reloted to o

compromised immune system, specificolly o strong correloiion wiih ocute

respirotoryinfeciions,especio||ypneumonio.|thosnotbeenestoblishedif

vitomin D deficiency could be the result of immunologic obnormolities ond

pneUmonio, or if hypocolcemio results in poor c|eoring of ihe bronchopuImonory

secretions (chesney 2001). Vitomin D is known to hove effects on immunologicol

functioninqnimo|sondmoybeofoctorresponsib|eforreduced

immunocompetence (Moxwell 1994). New reseorch is showing thot oddiiionol

biologicol roles of vitomin D in mony orgons ond tissues ore reloied to cellulor

growihonddifferentiotionwhichsuggestsihoiclinico||ydissimilordiseosesmoy

r34
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shore on oberroiion in viiomin D (Moxwell 1994)' As previously meniioned', it is the

octions of 1,25(OH)zD thot olter gene tronscripiion directly in combinotion with

thevitominDreceptor(VDR)(Holick&Adoms1998)'Ho|ickondAdoms(1998)

believe thot 
.l,25(OH)zD hos immunoregulotory effects' The expression of the VDR

in mitogen or ontigen octivoted humon lymphocyies ond peripherol blood

monocytes os well os the obility of stimuloied mocrophoge-like cells to moke

1,25(oH)zDsuggesistheproductionondinieroctionofoctivevitominD

metobolites with cells in the lymphocyte ond monocyte/mocrophoge lineoge

moymodu|otetheimmuneresponseinonimo|sondhumons(Holick&Adoms

.l998). 
A voriety of iissues ond cells thot ore not ihe usuol torget tissues for

vitomin D hove nuc|eor receptors for 1,25(oH)zDo (Ho|ick & Adoms 1998). The

brqin,porothyroidglond'gonod'thymus'poncreosondskinhovehigh-offinity'

|ow-copocitynucleorreceptorsforl,25(oH)zDosdomonycirculoting

mononucleorcellpopu|otionssuchosmonocytesondoctivoiedBondT

|ymphocytes(Ho|ick&Adomsl998).1,25(oH)zDmoyhe|pregu|otehormone

secretion, induce moturotion of o voriety of tissues including ihe skin' olter

immune function, ond offect myocordiol octivity' olthough its physiologicol

importonce is noi known (Holick & Adoms 
.l998)'

colostrum oids in the evocuotion of meconium in ihe neonote's intestine

(Fildesl995)'|tcou|dbehypoihesizedthoiinfontsdeniedco|ostrum,resu|tingin

theimproperevocuotionofmeconiummoysomehowimpoirtheobsorptionof

vitominDintheirintestines.However,iiispossiblethoiifochilddidnotreceive

colostrum, ne or she would be more likely to die before rickets is seen in the
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skeleton os the porodox of rickets is thot the child hos to be growing sufficiently

to develoP the diseose'

7.2.3 Heolfh Sfofus of fhe Mother

Adequote growth ond development of the newborn infont depend upon

the quontity ond quolity of ovoiloble fetol stores ond ingested milk' ihe efficiency

of gostrointestinol obsorption ond energy expenditure (Boersmo ef ol' 1991)' Low

moternolvitomin D inioke likely ployed o centrol role in ihe prevolence of rickets

throughout history. The source of rickets for newborn children hos been difficult

to determine. li hos been presumed thot the diet is o source of vitomin D for very

young children. In mony species of mommols including humons' newborns ore

cored for owoy from sunlight ond os o resuli, eorly postnotolvitomin D con come

from neither dietory nor solor sources. The only other possible source is o reserve

loid down before birth (Froser 
,l983). 

At birth in humon infonts' the circuloting

25(OH)D concentrotion is strongly correloted with thot in ihe moternol blood

(Froser 1983; PorK et ol. l98z). Therefore. fetol requirements of vitomin D ore

obtoined directly from the moternol pool (Froser 1983)' Premoture infonts oppeor

tohoveon|yo|imitedobilityiosynthesize25(oH)D,withthisoctivityincreosingot

thetimecorrespondingtofu||-termgestotion(Froserl983;Botes&Prenticel994|.

Asthereis|owfeto|25(oH)Doctiviiy,the25(oH)Disbeingsuppliedfrom

moternol meiobolism. Vitomin D thot crosses the plocento will occumulote

unused in fetol hepotic tissues ond will be ovoiloble to meet postnotol needs

(Froserl983)'Therefore,infontsofvitominDdeficientmothersoreotincreosed
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risk for rickets becouse vitomin D stores of the newborn ore entirely dependent

upon the mother (Bochroch et ol' 
.|979; 

Froser 1983; Tomoshek et ol' 2001 )' The

fetus is protected from ony disturbonce in colcium homeosiosis' while ony

vitomin D the mother ingests, goes to the fetus firsi (Mccoffree 2001 )'

Not surprisingly, it hos been found thot osteomolocio of the mother results

in rickets of the newborn. Neonotes of mothers with osteomolocio ore born with

softened croniol bones, rorefied bone siruciure, widened distol metophyses ond

cupping of the rodius ond ulno ond occosionol frocture of orm bones (Pork ei o/'

1987:Monkinlggo).Five(SCR47,62,,l40,511&TT3lofthelsolosocroinfonts

oged birth to 1 yeor showed signs of rickets. These infonts showed thickening of

the croniol vouli, deformed mondibulor romi, widened distol metophyses'

thickened ond cupped rodii ond ulnoe, floring ond frocture of ribs' enomel

defects ond generol porosity of oll skeletol elements'

Themostimportonifoctorinfluencingthevitomincontentofhumonmi|kis

the nuiritionol stotus of the mother. Vitomin D content of breost milk vories with

moternolvitomin D intoke, which is dependent upon the mother's sun exposure

ond nutriiion (Roihberg et ot. 1982;Tomoshek et ol. 2001)' when moternol

viiomin intoke vio foods is low, humon milk vitomin levels ore low ond respond to

supplemeniotion (olofsdottir et o/. 2ool)' However, when the moternol intokes

ore high, milk vitomin levels opprooch o ploteou ond ore less responsive to

supplementotion (olofsdottir et ol. 2001). The vitomin D content of breost milk is

low,evenwithodequotemoternolvitominDintoke(Tomosheketol'200ll)'

Moternol colcium intokes likely hove little influence on breost milk colcium levels

137
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(Botes & Prentice 1994). Provided thot ihe vitomin D supply is odequote' then the

colcium ond phosphorus requirements of term infonts con be provided by breost

milk for of leost 26 weeks postportum (Botes & Prentice 1994)'

7.2.4Weoning ond Weonfing dief

Modern heolth experts ocknowledge thot infonts being weoned ore

porticulorly vulneroble io diseose. They identify two periods of poriiculor

concern. The first period begins of oround 3 months of oge ond is ossocioted

with the initiol introduction of supplemeniory foods, which moy be nutriiionolly

suspect ond unhygienicolly prepored (Fildes 1986o; Gornsey 1999)' The risks to

the infont of this time ore increosed morbidity ond the predicoment of "weonling

diorrheo" (Gornsey 
.l999; 

Moffoi 2ool ). The second period of high vulnerobility to

diseose occurs when the supply of breost milk folls behind need' ond the child is

increosingly dependent upon inodequote weoning foods (Gornsey 
.l999)' 

This

period is estimoted to begin oi 9 months of oge ond is chqrocterized by on

increose in growth velocity, thought to continue for opproximoiely o yeor

(Gornsey 1999)' |t is often chorocterized by nutritiono| deficiency, in oddition to

ohighsusceptibi|itytoinfectionondmolnutrition.

soronus recommended weoning begin between 6 ond z months of oge

oncj finish between 2 ond 3 yeors of oge. Prowse (200.l) found support for ihis

scenorio os isotopic evidence from the lsolo Socro subodults indicoted thot they

were likely breostfeeding for o short period of time ofier birth' followed by o

longer period during which breost milk wos groduolly removed from the diet' This
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extended weoning period begon just ofter 3 months ond losted uniil 2 yeors of

oge (ibid.).

The most common weoning foods were cereols ond crumbs of breod'

softened with milk or wine (Gornsey 199,l; Colon & col6n 19?9). When the infont

got o liitle older soronus recommended o soup mode of spelt, o very moist

porridge, ond on egg thot could be sipped (Fildes 
.l995). 

Evidence of ihis

proctice is seen in isotopic volues for the lsolo Socro site in Rome (Prowse 200.l)

ond ihe Dokhleh oosis in Romon Egypi (Dupros ef ol. 2ool ). Foods thot contoin

vitomin D, wiih the exception of egg yolks, ore not typicolly found in infont or

toddler diets (Tomoshek ef ol. 2001)'

When reviewing the genetic couses of rickets (chopter 2, pgs'20-23) only

celioc diseose wos considered o concern for the lsolo Socro populotion os its

incidence is reloiively high (l in 250 Americons) (Holsted 
.l996)' 

Celioc diseose'

olso known os gtuten intoleronce, domoges ihe villi in the intestines when

specific food-groin ontigens found in wheot, rye ond borley ore consumeo

(Holsted 1996). Gluten is o structurol protein in ollwheot, rye ond borley (Greco

1995). The high incidence moy in foct be the consequence of modern diets

consisting of highly refined ond gluten rich foods (ibid'). over the lost 200 yeors

octive genetic selection chonged wheot dromoticolly;from few groins ond little

gluten, to lorge horvests ond highly enriched gluten content (50% of the protein

content) (Greco 1995).

Themointypesofgroinsconsumedinthelto|iondietduringthepre-

Romon onO eorly periods were spelt, emmer wheot ond borley (Moritz 
,l958)'
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Borley wos considered on inferior quolity of cereol, suitoble for sloves, onimols

ond the poor ond never octuolly ottoined populority in the diet of oncient

Romons (ibid.). Emmer wheot wos the moin cultivoted wheot in eorly Romon

Itoly ond moinly for the production of breod (ibid.). Spelt, the ponidge

commonly consumed by infonts is in foct poorer in gluten content thon other

types of wheot (Greco 
.|995). 

While celioc diseose oppeors to be o modern

phenomenon, it is possible thot the Romons could in foct represent the first coses

of celioc diseose os o consequence of ihe high content of groins ond thus

gluten, in their diet.

Cereols ore low in colcium ond olmost totolly deficient in Bz riboflovin,

vitomins A, C, ond D, with the exception of thiomin ond vitomin E (Possmore &

Eostwood 
.1986; 

Sippel 1987; Gornsey 1999). Phytote ocid found in cereols,

especiolly in bron ond the germ, impedes the obsorption of vitol minerols such os

colcium ond iron (Mellonby 1949 Gornsey 1999). The moin onti-colcifying effect

of phytote occurs becouse it competes in the intestine with its structurol

onologue, inorgonic phosphote, for colcium (MellonbV 1949). As o result,

phytote limits the omount of colcium ovoiloble for obsorption under the

influence of vitomin D. While vitomin D in sufficient quontity prevents phytote

from producing rickets, it connot suppress the onti-colcifying effect of phytote

(Mellonby 1949). Even very high vitomin D intoke (1000 i'u. doily) does not

increose the omount of colcium obsorbed from the intestine ond still results in

bones thot ore less colcified ond more osteoporotic thon when phytote is obsent

from the diet or reploced by inorgonic phosphote (Mellonby 1949). A diet high in
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phytote requires not only on odequote omouni of vitomin D but olso o high

colcium intoke (Mellonby 1949). Although uncommon, low dieiory colcium

intokes moy be o foctor in the pothogenesis of rickets by either exocerboting

vitomin D deficiency or by direcily precipitoting hypocolcemio ond connot be

ruled out os o foctor in the lsolo Socro subodult somple'

In oncient Rome, the quolity of cereol ond flour used wos closs specific;

the lower the closs, the lower the quolity of cereol ovoilqble (Gornsey 1999). The

highest quolity of flour for breod moking wos produced by of leosi two grindings

ond siftings using either o hond mill or on onimol-driven mill (figure 7.1 below)

(White 1988).

Figure 7.1 - Millstones in o Bokery in Ostio Antico (photo S.R. sounders).

It wos the siftings, not grindings of the groin thot would produce different quolities

of flour (Moritz 
.l958). 

The woys in which cereols ore processed moke o

consideroble nutritionql difference. Flour inefficiently sieved would hove high

phytoie content, the higher the phyiote conteni the more deprived of vitol

r4t
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minerols the body would likely be (Gornsey 1999). Low extroction (over-sieved)

flours hove lost much of their minerol content but whot remoins moy be beiter

qbsorbed becouse of o loss of phytote during the extroction process (Gornsey

1999). While the sociol stotus of the inhobitonts of Porfus Romoe were

considered middle-closs (Meiggs 1960; Monnucci & Verduchi, 1996), it is difficult

to oscertoin the quolity of flour they would hove eoten.

7.2.5 Socioeconomic Aspecfs of Food Allocotion in Romon Sociefy

Food behoviours reflect the sociol hierorchy ond sociol relotionships. The

stotus of on individuql in the household, ond in society in generol, will be cruciol

in food ollocotion. Potterns of infont ond child feeding, bosed on culturol beliefs

offect the nutritionol stotus, heolth ond growth of children. Potterns of infont

feeding hove underlying culturol beliefs concerning the noture of the child, the

noture of food, how, when, ond whqt kinds of foods children should eot

(Dettwyler 1987). The dietory regime of o middle-closs populotion from Portus

Romoe would be expected to foll somewhere between thot of the urbon eliie of

lmperiol Rome ond of ihe rurol peosontry in the surrounding countryside (Prowse

2001).

The Romon dinner toble wos more obout public disploy thon fomily

volues. Although women ond children were not completely excluded, dinner ot

the Romon home wos for the mon of the house, ond his mole friends obove oll

(Brodley I998). The division of food in the Romon fomily wos bosed on needs,

stotus ond power (Gornsey 1999). The functionol ond physiologicol explonotion
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of food distribution is the equivolent of "needs" (Gornsey 1999). Gornsey

11g99:101) stotes: "if the overoll oim is to secure the survivol ond well-being of the

fomily, then the lorger shore will go to its most produciive members, the workers".

Power, or control over resources, with o focus on moteriol ond power

relotions is onother ospect of Romon food distribution systems within the fomily.

Culturol bios is evident in ihe history of the Romon fomily especiolly in regord to

children. Children were expected to eot more "frugol foods", qnd older children

were fovored (Gornsey l 99l ; Brodley 1 998). Prowse (2001 ) found thot subodults

in the Romon site of lsolo Socro were consuming o predominontly herbivorous

diet ond were eoting of o lower irophic level thon others in the somple. Beser

ond Cokmokci ( 1994) found thot the prevolence of rickets is found to be three

times higher in children who do not eqt fish when compored to those who do' In

ootriorchol societies, such os Greco- Romqn society, women would hove been

given less of o shore of the fomily food resources thon men (Gornsey 1999).

Stotus, power ond control do not oct in the interests of women in Romon society.

Greoter emphosis would hove been put on the needs of men ond older mole

children. ln societies where moles ore preferred, "women moy themselves be

the instruments of their subordinotion" os they moy hove not fed children of both

sexes equolly (GornseY 1999:112).

Romon girls were morried young, often by the oge of l5 ond of the lotest

l8 (Jockson 
.1988; 

Horlow & Lourenc e 2OO2). The Romon concept of morrioge

wos on institution for the procreotion of children ond lorge fomilies were the

norm (Jqckson 
.1988; 

Horlow & Lourence 2OO2). An increose in skeletol density is
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criticol during pregnoncy ond loctotion. lncreosed serum 1,25(OH)zDe

concentrotions of pregnoncy promoie ougmented intestinol colcium obsorption

from the moternol gui, becouse the skeleton loses bone moss during loctotion

(Chesney 2OOl). lf o womon becomes pregnont during lote puberty, when bone

moss is increosing most ropidly, she is of risk of even greoter skeletql loses during

pregnoncy (Chesney 2001 ). lf pregnoncy occurs before mojor modeling hos

ceosed in mid-puberty, the skeleton loses bone minerolwith loctotion ot o

period prior to the ropid goin in bone minerol density (Moro el o/. 1999). Two

older subodult individuols, l4-15+ yeors in oge (SCR 100) ond l3-]4 yeors of oge

(SCR 683) suffered from rickets. lt wos thought thot these individuols moy be the

product of vitomin D deficiency due to pregnoncy. One of these individuols is

femole SCR 683 however the other SCR 
,l00 

is possibly mole (Sperduti 
.l995).

Medicol writers of the time reflect power, stotus ond need in their

suggestions of o dietory regime oppropriote for girls ond women. Women were

to hove o "simple diet" ond it wos recommended to "regulote ond moderote

their intoke of food ond not let them touch meot of oll, or other foods thot ore

very nourishing" (Oribosius, Liber Incutus, in Gornsey 1 999:1 O I ). Romqn doctors

were seemingly concerned with limiting the food consumption of femoles

whether rich or poor or young or moture. This wos put forth os knowledge

regording ihe "needs" of women. lt wos justified os women did not, or were not

expected to work; they hod reduced food-energy requirements ond should be

fed less thon octive men (Gornsey 1999J. However, medicolwriters of the time

were owore thoi pregnoni women required more nourishment ond should eot
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ond exercise more (Gqrnsey \999). The ideo thot women required less food thon

men must be received in ihe context of mole inierest ond o mole-dominoted

potriorchol society. lt is not known how closely the odvice of mqle doctors wos

followed.

Another relevont fqcior regording the physiologicol needs of women wos

the concept thot good heolth wos the result of the hormony of the four bodily

fluids, or "humours" (Gornsey 1999). Food ond drink were two of the foctors thqt

offecied the humours. Women were perceived to hove o cold ond wet

constitution, which needed to be weighted towords the worm ond dry. Women

were odvised to ovoid foods ihot would moke them colder ond wetier such os:

"eels, sheoi-fish, sturgeon, iurbot ond in generol river fish, fotty fish ond meots

thot come from newborn onimols" (Gornsey 
.l999:.l05).

The Romons consumed o wide voriety of morine fish, freshwoter fish, ond

seofood, olthough this ospect of the Romon diet is not widely discussed by

modern scholors (Andr6, l98l; Brothwell 
.l988, 

1998; Froyn, 1993)' Agoin, the besi

dietory source of vitomin D is fish oil, fotty fishes ond shrimp (Stuori-Mocodom

l g89; Holick 2001). Fish were considered expensive food items by some oncient

outhors (e.g., Juvenol ond Pliny), suggesting thot the regulor consumption of fish

moy hove been resiricted to the elite (Froyn, 1993). Fish consumption moy hove

been higher olong the coostol regions, so thot the proportion of fish ond seofood

in the diets of the people of Portus Romoe wos likely higher thon the 'typicol'

consumption levels for inlond populotions (Prowse 2001). However, Prowse

(2001) found o slight isotopic (6r3c ond 6'5N) difference between moles ond
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femoles suggesting thot femoles were probobly consuming more ierrestriol

resources, while moles were consuming o greoter portion of morine foods. This

moy in foct hove hod implicotions for the vitomin D stotus of women'

Other good sources of vitomin D ore egg yolks ond chicken liver.

Chickens were found on every form ond used for the production of eggs, but

goose, rother thon chicken wos ihe preferred poultry meqt (Dosi & Schnell, 1986).

Methods for the preservotion of eggs were known during the Romon period ond

eggs were widely consumed, often of the beginning of o meol (Brothwell 1988,

1998; Dosi & Schnell, 1992\.

Besides stotus, Romon women ond children were prey to o porqllel ospect

of sociol hierorchy, power. Power in this cose, con be token to be mole control

over resources. ln Romon society women did not work, in the some sense thot

men did, or control the product of their work. therefore limiting their occess to

power. tn upper closs society, where womerrwere confined to the home, they

were honded the power to indulge their olleged weoknesses in the motter of

food ond drink ond, os o result, culturolly prescribed limitotions were thought to

be needed (Gornsey 1999). In o rurol context, however, women porticipoted in

ogriculture ond moy hove been ollotted o greoter portion of the food resources

{Gornsey 1999). While diet ond energy demonds of work moy hove

discriminqted ogoinst the poor ond loboring closses of women, by working

cutside. rurolwomen would hove occess to the mosi importoni source of vitomin

D, sunlight.
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Gornsey (1999) stotes thot it is improboble thot the odvice of men who

were procticing doctors wos compleiely ignored, even if there ore few woys of

meosuring its impoct. one could predict thot molnuirition ond morbidity would

hove been more widespreod ond serious omong women, especiolly those of

childbeoring oge. No figures ore ovoiloble for the moternol deoth rote' lt hos

been estimoted by Jockson (l 988) thot the rotes would be similor to Englond

between the I 6rh ond l8th centuri es,25/1000 moternol deoths. Joshel (1986)

found thot inscriptionol evidence from Romon tombs suggests o higher deoth

rote for women in their reproduciive yeors. Unheoled childhood rickets would

hove hod serious implicotions for ihe reproductive heolih of femoles loter in life'

Bone deformities of the pelvis in women leods to obsiructed lobour ond

increosed perinotol morbidity ond mortolity (Hess 1929; Bishop 1999)'

As Gornsey (.l9g9) stotes, occess to food is o reflection of the sociol ond

economic distinction between different closses in ony society. Avoiloble foods

moy be identified through locol production or trode, bui occess to these foods

wos determined by on individuql's stotus in ihot society'

Food shortoges ond fomine ore widely recorded in the oncient liieroture

ond were influenced by climoiic fluctuotions cousing crop foilures, politicol

instobility offecting distribution ond tronsport of supplies, or worfore (Gornsey

\999). The literory evidence suggests thot there were siotus-bosed differences in

the diet of the Romon populoiion, with non-elites hoving limited occess to

expensive food items such os fish ond meqt ond possibly consuming greoter

ouontities of inferior' groins (Prowse 2OOl )' Gornsey (1999) re-exomined the
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quesiionofmo|nutriiioninontiquity,ondSuggeststhotmo|nutritiononddiseose

wereprobqblymorecommonomongwomenondchildrenintheoncient

Meditenoneon, oue to socio-culturol foctors'

7 .2.6 TheHobifs of Romqn Women: lifesly|e, c|othing, ond beoufy ideo|s

Golen comments on ihe hobiis of Romon women writing thot they "stoy

indoors, neither engoging in strenuous lobour nor exposing themselves to direct

sunlighi" (Gornsey 1999:48). The Romons believed thot it wos "o finer thing for

the womon to stoy indoors", ihon to spend time in the open (Lefkowitz & Font

1982:146). Husbonds preferred their wives io stoy indoors ond to "send out those

servonis whose work is ouiside" rother thon hove the wives go out themselves

(Lefkowitz & Font 1982:146). These sentiments likely reflect the wishes of men os

womenmusthovegoneouttoshop,gonetotheboths,visitedfriends,

worshiped ot temples ond to ottended public spectocles (Boldsdon 1974)' lt is

ihought thot Romon women in foct enjoyed greoter freedom ihon their Greek

counterpqrts (Dixon 2O0l ). The cloistering of Romon women wos likely primorily

confined io erites who courd rery on o murtitude of servonts to do iheir bidding' lt

is unlikely thot the middle-closs women of Porlus Romoe were confined indoors'

Women,sclothingwostobesimpleondnontronsporent(Lefkowitz&

1982).lnpub|ic,womenworeosto|o,whichwosessentio|lyqtunicthot

exiendedtothegroundoverthefeetondopo|lo,whichisovery|orge,

reciongulor showl used to cover the heod, its lower edge extending os fqr os the

knees (Boldsdon 19741. ln eorly Republicon Rome when o womon went ouidoors



MA Thesis - C. Wood - McMoster - Physicol Anthropology

no more of her body would be exposed thon o nun in full hobit (Boldsdon 1974)'

Women were to cover their heods when outdoors, os foilure to do so might result

in punishment ond in one cose were grounds for divorce (Lefkowitz & Font 1982)'

This husbond. Goius Sulpicius Gollus, exploins his reosoning os the low prescribes;

you for my eyes olone, "if you invite the look of someone else, you must be

suspected of wrongdoing" (Lefkowiiz & Font 1982\26). The pqllo survived

without chonge until the third century A.D. ond in foci the style of women's

clothing in generol chonged very little for three hundred yeors, with the

exception of the colour ond texture of the moieriol (Boldsdon 1974). The stolo

ond pollo beor close resemblonce to the burco of Muslim women' ln

contemporory society, Muslim women ore of the greotest risk for osteomolocio

ond conseouenly hove on increosed incidence of rickets in their children. Lock

of the skin's exposure to sunlight through culturolly prescribed dress moy hove

hod serious implicotions for eorly infoncy ond moiernol stores of vitomin D

possed during pregnoncy to the plocento (Gornsey 1999; Mughol et ol' 1999)'

women whitened their foces using white-leod (cerusso) ond cholk or

Melion-white (melinum) (Boldsd on \974: Wyke 1994). This suggesis there moy

hove been beouty issues connected with the ovoidonce of sun' Mony culiures

ovoid sun os lighter skin is thought to be more ottroctive. As well, lighter skin tone

is sometimes o symbol of higher stotus whereqs those who hod to work in

sunshine would be much dorker. The outdoor work of the poor ond loboring

closses of women would hove given them occess to o constont supply of vitomin

D. Those of upper stotus who wished to convey o life of leisure moy hove

149
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ovoided the sun ond consequently limited their occess to vitomin D. Additionolly,

ihe white leod ond cholk on the foce moy hove impeded obsorption of

ultroviolet roys. Agoin, sun ovoidonce due io beouty ond stotus issues moy hove

been detrimentol for eorly infoncy ond moternol stores of vitomin D.

7.2.7 lssues of fhe Environmenf: fhe conseguences of urbonizolion.

Environmentol conditions provide opportunity ond constroint to humon

oction ond heolth (Thomos 1998). Children still suffer from rickets in o

Mediterroneon environment in modern times (Gornsey l99l). Rickets wos

thought to be rore before the Romon period brought the growth of cities (Grmek

1983, in Gornsey l99l). However, cities ore not necessorily o defining

chorocteristic of the Romon period. There ore other eorlier cities, like Alexondrio.

thot moke no mention of rickets. Perhops it is oportment/tenement dwelling ihot

is o defining chorocteristic of the Romon period. The lock of sunlight in urbon

environments due to the closely spoced, overhonging houses of Rome moy

hove ollowed very little sunlight to penetrote into the street. lt hos been

suggested thot even when mothers went out with their children, the Romon style

orchitecture blocked out much of the ovoiloble sunlight (Seor 1992). While the

dwellings of Portus Romoe hove not yet been excovoted, o street in Osiio Antico

illustrotes the norrowness of Romon streets (figure 7.2 below).
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Figure 7.2 - Streei in Osfio Anfico (phoro S.R. Soundersl.

The residentiol populotion densiiy of Podus Romoe is likely less thon Rome, but

the living situotion wos not necessorily much more spocious. There seems to hove

been o preference for living in close quorters perhops o consequence of costs

(Moncioli 1989). Mosi people lived in oportment buildings with few orsmotl

windows, working on the moin froor ond riving on the upper froors (Monciori

1989)' windows ond bolconies opened onto the sireet or on internol courtyord

(ibid.). windows were crosed with brinds, skins or soporteiloni, o sorid wood

window covering propped open of the bottom. (Monciori rggg). windows were

ploced such ihot sunlight could only come in of certoin hours of the doy, wiih

lomps ond condles used for lighi (ibid.)

The environmeni of infonts ond young children con be quite different from

the odult situotions. lt is possible thot children were not exposed to ihe sunlight

eosily' hoving been swoddled ond living in smoll oporiments or houses. still, in o

I (l
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climote like thot of south centrol ltoly, ii seems much more probobre thot socio-
culturor ond socioeconomic foctors were of primory importonce, more thon
sociolly constructed environmeniol foctors. lt is sociolfociors thot dictote
disodvontogeous Romon childcore proctices, ond undermine moternorsrores of
vitomin D which in turn moy hove influenced the prevorence of rickets in the
lsolo Socro suboduli populoiion.
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Chopler I

coNctusloNs

This study utilized iwo independent forms of evidence, skeletql ond

historic, to study the prevolence of rickets in on orchoeologicolsomple of

subodults. Fifteen percent (2l ll82) of lsolo Sqcrq subodults show rochitic troits' lt

is suspected thot on oddiiionol l3% or 23 individuols did in foct suffer from rickets

but due to q lock of skeletol elements could not be properly diognosed' The

lsolo Socro subodults suffered from hyperplostic rickeis, which is less likely due to

ocute molnutrition. Observotion of troits in individuols showed greot voriotion in

whot troits were expressed in ony one individuol. To some exteni this moy be

dependont upon oge, yet, this con be used to demonstrote the importonce of

using numerous troits for diseose diognosis. This study found thot rickets is better

diognosed by troits thot result in bone deformities, for exomple shope or girth'

roiher thon by the presence of porosity. There wos o greot ronge in the

morphologicol presentotion of troiis ond the combinotion of troiis voried widely'

The most common rochitic troits ore deformed orm (44%), ond leg bones (4\%),

vertebrot compression ond porosity 144%), floring ond cupping of the

metophys es la4%) ond croniol voult/orbitol roof porosity 141%1.

Active rickets wos found prior to wolking shown by deformities in the

upper limbs os o result of crowling. Deformities of the upper ond lower limbs

indicoted octive rickets both before ond ofter wolking commenced. Active
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rickets wos opporent only ofter wolking begon indicoied by deformities of the

lower limbs. Deformities of the mondibulor romus in subodults oged birth to 3

yeors indicoted thot these individuols hod storted io be weoned on solid food or

were chewing on hord non-food objects io olleviote the discomfort of teething'

All oge cotegories (0-3, 3-6, 6-9,9-12,12-.l5+) ond budol iypes showed

rochitic troits. No stoiisticolly significont ossociotion wos found between oge ond

the oppeoronce of rickets, nor wos ony ossociotion found between buriol type

ond the oppeoronce of rickets. The highest number of rochitic coses is found in

the tomb ond omphoroe buriols but differences in buriol type were not

stoiisticollY significontlY'

While the residentiol populotion density of Portus Romoe wos less thon

Rome, spocious living wos not cost effective. In o climote like thot of south

centrol ltoly, it seems much more proboble thot socio-culturol ond

socioeconomic foctors were of primory importonce, more thon sociolly

constructed environmentol foctors'

Romon cnildcore proctices unknowingly predisposed children to rickets

ond undermined their heolth ond survivol prospects. such proctices include: the

swoddling of infonts from birth, deniol of colostrum, wet nursing, ond the use of

nuiritionolly poor weoning foods. The deniol of colosirum moy result in the

improperevocuotionofthemeconiumondmoysomehowimpoirihe

obsoroiion of vitomin D in the intesiines. Vitomin D is known to hove effects on

immunologicol function in onimols ond moy be on odditionol foctor responsible

for reduced immunocomPetence'

154
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Although the vitomin D conteni of breost milk is olreody low, in

comporison to nutritionolly poor weoning foods such os cereol, breost milk would

still provide the lorgest ingested source of vitomin D. For the children of lsolo

Socro weoning begon just ofter 3 months (Prowse 2OOl) resulting in o reduction

ofihebestsourceofvitominDre|otivelysooninlife.

Cereols were o mojor food source for the oncient Romons ond o porridge

mode of spelt wos the moin weoning food for children. While spelt is relotively

low in gluten, the high gluten content of other groins in the Romon diet moy

hove resulted in gluten intoleronce or celiqc diseose which produced

osieoporosis. The high phyiote found in cereols con impede the obsorption of

colcium which results in bones thot ore less colcified ond osteoporotic' Therefore

olthough rore, low dietory colcium intokes connot be ruled out os o foctor

cousing rickets in the lsolo Socro subodult somple'

potterns of infont ond child feeding, bosed on culturol beliefs offect ihe

nutritionol stotus, heolth ond growth of children. Romon texts suggest children

eoi more 
,,frugol foods", reflecting their designoted lower stotus (Gornsey 1991:

Brodley 
.l998). 

lsotopic doto indicotes thot subodults in the Romqn site of lsolo

Socro were in foct eoting of o lower trophic level thon odults in the somple

{Prowse 2001 ).

As viiomin D stores of infonts ore entirely dependent upon the mother' low

moternql vitqmin D is likely o strong contributing foctor of rickets in the lsolo Sqcro

somple. Five of the rochitic individuols were under I yeor of oge. suggesting

moternol stores of vitomin D contributed io rickets in these individuols.
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A number of socio-culturol foctors influenced moternol nutrition ond sun

exposure. Morrying young, on overoge oge l5 ond beginning to hove children

during puberty, when bone moss is increosing most ropidly, increoses the loss of

vitomin D ond colcium (Jockson 1988; Chesney 2o0l ). The high demonds of

multiple, closely spoced pregnoncies would hove hod dire consequences for

the vitomin D stotus of some Romon women'

The culturolly prescribed dress of Romon women, which bore close

resemblonce to the burco of Muslim women, limited sun exposure os did sun

ovoidonce due to issues of beouty ond stoius. Women whitened their foces,

suggesting they ovoided ihe sun os lighter skin is thought to be more qttroctive

ond o symbol of higher stotus. The outdoor work of the loboring closses of

women would hove mode iheir skin much dorker while those of upper stotus

who wished to convey o life of leisure moy hove ovoided the sun ond

consequently limited their occess to vitomin D'

Women did not fore well in potriorchol Romon society when it come to

their shore of food resources. The socio-culiurol beliefs obout whot women

should eot limited their occess lo vitomin D rich foods os suggested by their

slighly lower isotopic levels. Due to socio-culturol foctors, mqlnutriiion ond

morbidity wos likely more widespreod ond serious omong women of

childbeqring oge. The moternol deoth rote hos been estimoted oI 25 per 1000

births (Jockson lg88) ond inscripiionol evidence suggests o higher deoth rote for

women in their reproductive yeors (Joshel 
.l986). 

Unheoled childhood rickets

ond osteomotocio, the odult form of rickets, would hove hod serious implicotions
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for the reproductive heolth of femoles os deformities of the pelvis results in

obstructed lobour ond consequently increosed perinotol morbidity ond

mortolity. In the future, the odults in the lsolo Socrq skeletol collection could be

exomined for the presence of osteomolocio io determine if moternol stores of

viiomin D ployed o centrol role in the prevolence of rickets in the lsolo Socro

subodults. Distortion of the pelvis moy complicote pregnoncy ond the discovery

of pelvic bone deformities moy exploin the high moternol deoth rote of Romon

women. Lostly, exominotion of heoled coses of rickeis in lote odolescence ond

odulthood moy give o better ideo of the prevolence of this diseose in the lsolo

Socro collection.
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ô
a
o

o
o

z

ol!loloolololo
otototo
OIEIEIE
>l>l>t>
ol ol ola)
olololo

otototo

otototo
JIOIOIO

o
c
.9
o

c)

.-o.:>

o:
'A'^

9.= fi606
ESo
c't hiv:R>
:-v

7qa
.=FL
hiic

o:

F

E
o

o
o
c

.c

c)o
I

h

F

o-

I

E* |

!+ |

o6 
|

nco I

c:q
€E

finxlgF>
08oo

.sIc
E'N ;
'=;i -gy n*- 2i
-ni !?.Y'V U
6+v

m
o

o
-o

-
o

o
z

o)
'

_c

o

C)

o
a
c)

o

z

o

5I
;

o
E

)
E
o

c
c-
o;
,6

o
0)

(J
g
o
-
c
C)

E
n

!

I

-l

:ol-xl

=flo6l
9>l:>1
o'g

5t

5od

ni -O

g-:

RH;.x.=
o-
'xv

iF
X d'i

c
c)

0)

o
C

.o
o
c

;
E

a
'F

ol

491j*l

)-l
cyl
EUI
o.l
-xl

i!
AJ

^ ,.Y

oq)

?4
Aq
.Yf

o-Y

a

E
0)

E

n
,=

;
c)

o.
0)

yi
C)

o

c
o

c)
O)

olz

o,
vE
.o.E

,;
h

5
€
d

,;
o

F
Y
o)

E
l

;
u.

a)o

?i
o

.o

c

m

;p
tu n
t!;
[) F

.c.

E

E
q)

l

o

0)

=
o
o

o

o
F
.
Y
o

Q)
q)

-
c

E
c
a

o
_c

.f-o
u.

t)
5

6
0)

0)c

F
E

U

-
a)
0)
c

t
o
c
o
E
o-
u

2

)

6

o
o
o
E

J

c
I
=

o
U

m

,g

C)

o

0)

0)
o
E

q)

!

E
;

5
od

E

o

c)

tF x

tT -

c
o
t
c
U
o

c

7i
v
c)
q)

E

o
c
>

0)

.ts

od

0)

.oH
:>
on
;o
oc,

FY-x
u_o

-l
ol
-l

v

5

E

q)

E

-

o

o

o
al

-
c
0)

E

o

a
q)

6
o

c.

=
C
o
U

i
6o

9xl
9r
a'F
Uo)

()
stu

N
r)
s

r)
t
c.l

n

o

r)q
C)
L

\o
LO

s o.

()
t

G
.o

s
(')

N

N

o.
N o.

o.

.o r)

or o
co 6

(\a
o

(t
@

ro
o

.o
@

@
6 o.

ro
o.

@
6

6
o. 8

@

(Y)

o€
o
@ @

N
@

ro

o
to

@

t
cl
ro

o.(t
@

c..l.o
c!

.o
N

\o
c..l

.d

.o
c.l

f-.o
c{

.o
N

o'.o
N

N
N

N
c!

N
N
c.l

(a
N

{
N
N

\o
N
N

.o
N
N

F\
F\
N

N
c.l

6.
N
N c.l N

c..,1

N



APPENDIX B -
ISOLA SACRA SUBADUTT INDIVIDUATS USED IN ANALYSIS

MA Thesis - C. Wood - McMosler - Physicol Anthropology 188



o.

b
a

-c.

c

E
O

o-
I

o

o
(J

I

o

=ri
I

a)
-cF

o
c
z

o)lcl

El
ol
pl
-1 

|

';l
ol
JI
0l

loEl >
lo ql!
t= et!

l= elr
l* -;to yt >

lO xl "

I> Xl)
l\ vl;
l6 xli
lr Xliln-/
l.='+l \

olcl
ill

9lTI
1l
ol
'6 

1

dl
Iol

5 la
f la
o t7n l:

i lr
.Y t>
h I'

l5 lr
l(

lo 9lt
l>fl ;

l'8 9l't
lo rl:
lo- olz

0)
n
Yo
0)

0)

d
E
o
()

b
o

o
.E

;

lo
lolE<

t5E

7

oa
a
C)

o

z

b-. |--
F L F IA

^.9 
I.:2

>9 tr tc
=A - t'-
g o tr la
E".q .i I s
* v .i l.:

u i V lT
> v 

- lrl

E 6.9 l-
r-r: v l;
v V n .\l w

35dblo
0EF9l3
n hF nt )
o9 x ll*
>. ts X "l\
eEtdli
e >r ) Tl';
I b: Ititn o " 9t .

lXOod Ll;
t_ v - Nt I

l< oE El)

I

.,^l
Eol
8El
>. dl

xol
o*l
-nlo;l

58tr^

l6n
lo >
lh.:/t*o
IlJ q)
t'6 tr
tF -tnE
]a I

o)

Z

o

o
o
o

z

0)
O)

o

p
c)
E

og:x

i;
;<'dvt
ov

P3,
<v

o lc
:t:
o lc

^ 
lrx t>g

o I(
ollo l(> t;
() l(

o l(o l(zla

h

o
o

-
q)

z

o

c)

--
o
c
c
c
z

=l"-iI

:l'-l
odl

ol
9l
dl
bl

l(J
t.9
lo
lod
l-
I 

u-1

t-
l>
to
IR;
l;.6
tp-
lo6

El
8l
6tol
9l
OItrl(,l.ol

lo
t;
l6
tc)
t6

IR

IE
t-c
l3€
lx 6

lq>
ln F
IEE

=
7

t
.c

o

t
.c
c
c
c

=a
c

I
c

-
E
c
c
0
s
c
(

I
c

bf
Il
cl
atl
./rl
>l
<l
zl
<l

Izl
ol
u|l
ol
=l
UIz
;

3
o

o

=h

d

l
O
o

i
o
0)v
c)

c)
o
tr

td

ol o
616
6lb
vtJ6lq
c.rl o;

6t6Ft6

ol o
UIO

l0)
>l .c
lba
al g O
Dl= 

=
5l; i
f,+r o

at.^u:
611=trr
9tE ei
ilE x Itft- v
Olod d e
ul= 

"i ?

5l; p:
=tv 

J -

EIXFN
sli Ei

1

]
=
?

0

a.)

q
o
E

J

I

d ql
aLl
>cl
+o(J bl
r 9>9;>.xo_
1c^ Y n- x:.v yl

9.:S >

6 YF o

FlgE
X X )n
'9::
Y *O i
n'c v*
XQ;tL:
YEXI
g'EEX

to
t>.
lo
l'6
ICJ

ll
t'F
lc

6tb
-l-n
.vt_v
^t -ot o
ol c)
-olA

ol o
OIO

)c
)-s

D.r
I hr
J Y'E

xi5"i-c F

=d\;Ei i
^::E 9J

^ 
>-'

d9:
OF\

:-0i

oa

6:

9,:H->Y

= 
F,9 I

I -*

o: - 0)

9cF>.^7c-':z'= o od

:atrEo;o9;o
;i.o t 6
= - 

F'.Fn =;i-6.!; o

-.tr-n
E;'s {
'Q'X 

ct *
6Ee5

jo 
I

)4 I
.l

-nl
f n I

i-

5 .lY

=ui:.1
n:V
Y 9;i

r;: trxv:
i oc)

c)
c)v
c)

0)

E

rl

C)

0)

0)

c)-
E

o

o
o

F

t>
lo
lc
lc)
Itr
tn
Ili
I

-
n
c
Q)

E
o
o

ll

:l
-l
<l

tl
i
:

I
a
x)

"^

I
0)

6
E

-l
tl
-l
)l
:l

rl

:l
3l
=l

'z:
2

U

=c
c
-
Un
:
0)

e)

>{
ot
o|l
C'I

ol
ul
(,I
ol ql
<t- N

ro TIT(f)lo
N
.o

q
N

"?
(f)

N

r) {
f)

N
.o

T()
()
$

c\;
.o
6

()
s

() ()

:)l
ol
<lol
=l.tl
<l
e,l
UI
tt)

o
2

I

c{
ul
oo

(l,
o
F

E
f

:
o
c
o

p

o
E

c

=
E)
c

-co
E

o

o
E
c

c
'.F

E

_c

o
.g
(J
U
f

o
I

^o
E

r.
c
E
c (J u

C

F

E
f
_c
.E

-c

E

.;

E

t
c

o

c
E
c c

c
o

E

-c.
c

=n
E

c

l

o
o
U
a

c

=
E
l
.c.

_c
o
E

o

.c.
o
E

6

C.l
<- {

e.l
.<t
c\

6

N
-t

N c.l c.l c.l c\
()
c.l c\

N
N

c..i
c.l

ro
c{

(o
c!

e
o

c{ (t !t ro aO o.
o c{ rt (\a

N
(t
c{

ra
s

gr
c{ a)

G'
G'

o
!t

c{
t

(9
rt $

!

+ N (f) s () .o N o.
c\ Y 11) .o N o.

c..l N



o.

6

.c

E
U

I

c)

o

U

I

=O
I

o
F

2

EI

a+l
:* v I

iOn I

/^,/'l
i5h I

=>od I

).i9 |

-:.! |
<^C I

-LX I

c]i ;
^ --
{ F** Y.!l
5h5
;2"6
F+]:=
- 

= 
E'fr

m

'
E

o

e
c)

z

-
a
_c

c
c

7

bl
odl
(o --:91- |

:ot I

9€.0 I
E 9J IOZr I

V-n\ |

--hE Il) + o I

lE xb 
Ilo o! |

l= x.:!
l# E.E >
lF*^b 6IF;F b
lnL:u

IEE qE

lF 8;6
lE€€ e

OI
ol
ol
s

o

a
o

z

€ l:
> El;

9 0l c

w "lt
P dt;
(l) ctl
+( ol (
,9 Ol z

-.=t/

-U
J

d

c
o

c)

E

m
o

E

o
-o

0)

o

z

o)

b
-c
oo
0)

b
o-
o

oz

riil
:AI
?- v Ixpd I

: i-* |

"6? 
|

6o5 |

:68 |xE> |

7'X )

o y.Y
ooP
6Ftr
;N i
'=XO
! 9'6
lc d;i

LE y'=
t=E x

l.XEoP
lo x Y!
l< x o l

'i

o
C)

o
a
o
o
oz

'i :E I

F5 g !?e I

65g€*EsXF:l
e:sgqagF!;l
qpgEi.Ess€bl
:FEJe***E9Eq_agl;'a 

fi; ps g

3i=EiREEgg;
eSEHE::=o8<

E:E*EEEg:*
I3TgE PEE;At
lg8eEgFg6aE

ol
^!1 Ip.s 

I

I

;:
=v

.c.

sg
=-Ooi
7U
oL

UP

l: Q.9
l.:l'P q
14E L

I

Iol
€l
nl

I

il
F
6

z
.6

1.9
l.o
t.
IX
t9
t6

l-to)
IElo >
l*'etc s,

tot

06 l
Iol

=lF
;EE>
v0)
o>
E->
jo
X^

f"a

"oX
xs

l- O a
tx t !,

b
q)

-o
AE'^f
OO

F6

-l
!F

bod
g8
l- '6
ld\=

16-rc
tsh f
IF 

= 
L

t: F htv i u
lo.lv ;
I

ql 
I

)l 
I'tl

6l 
Iot Idt IFl 
I.l 
loIncty

Fth
=txEt"

ol o
0t;ot-
*l.s
..1 c
+tv

9o;

\)lq

IE
ZIY tr
)l ; 0)
)t >;
tl o.od

-lv ljla b
3lg e
16 a
2.li Fl|o x
-t o ^alo c
:t; e
xt u'tsl;-'
gla o

JIO a)

I

ol
cl

ol
- |

cl

E

=Y'

-c

E-ooo
;o
lY -^Itr "
t<o

lo

Dlo
=l 0)

alo

l'il-vl;
ol h
-lz

6lu

ol;
cln,
6tv

=liY
>-l tr

-l-

0:

c
r
A

-:
:(
O1

-(
o(
o!
6l
vi6a

-od

i(D

)=
:o
592
rr)
i-:
,'-o_
oO
oc9l

F L=

^k9Ji;ts

:
2

:
1

=

1
2
c
,d

F

E
x

t-

c
o
c)

6

o
q)

E

Q

1t

n

l>
oc*0)2trY;.
<,!

JI

fl
-l

i
o
0)

o
c)

tro

()
YIq
6l'- N

A?IT
e{16

(): (o
{

+()

* c! N

o
o
-co
E

l

-c

o

'o

o
c
(,

o
o

s

E

l
o
o

c
F

E

n

.c.

E
c

s
-co
E
o

c

=
E
f
.c.
.g

s
-co
E
o

'F
o
E

-c
!
o

-
C

E

E
o

c.l
c..,1

N N
G .+ lst-

N N
c\i

N
N

.o
N

N
o
s

N c..,1

c.]
N

s o.{ rt
ro .o

.o

.o
(\
.o

c{
o.

c.{
o.

(t
o.

{
6

ro
6

oo o
(1
o

c.i
N e.l

s
N N

.o
N

F\
c.l N

o.
c.l (o

N s ()
(f)

.o



o.

6

b
o

c

E
.9

-c
o-

I

c)

o

o

I

o

=U
I

o
F

=U

_c

*
=
Y

o

lvt-
IF

to

tv
lo
la)
t6
l0)t=
I

i
C

hv I

-'6 "6ql
? H g! 

RI

-ErE Fal
€EE s 8l

9ic€8
E ps*9 e
^g-"._- x x ;?
od'fr Y ;i Xo6oI-)
6 i'o €-e
^ 

v= Y n;^v;x
YYt6'Av
o).! -fr v 'r
f, ii -: Y tr

;i:eF?cxo;lx:d;t
tx v._ v .

ls 9'F or 5
lE 

= 
E.s I

t^J s g 
=l;':?ol

I

l
I

I06 
l

!1 tr I

.l

I

H; IvE I

}F
.Y'A

"o '$>n
=y

litE
l9 n\-
tx Y..

l>-v X

l^J=

lvae

o

E

o
(D

l6

l6
t>
l0)
I.o
lo
IA

lz
I

ol
0l
-lel
clol

al>l
E
C

s
(J

vt
>.o
=>
l9 "6
tx o
t.>ln -
It;i

13 q
tn F
lE :r

lF'c

I
-l

otol
ol
ol
0t
EI
d

E

Y
li
tx
lo)
IC
l=
t'6
l-
t9 -t0I
l>;

69 |
60 |

=nlll- I'd> 
|

Z'a Ieo 
I

>v
x=

3>
I .!l

0g
=o

t;'o
EE s
lE .a -bleF o

l= o >

I

ol
V-Pl
FcEI

E8€;l
?,=X-
l|lhllod

Y ='a =F- v 
=1'1-g ()

9;Eh
FE9 F

t ** a:xi g
'8b pP
Q€.= h
**6:;
R b"69Y oood
o:tXh

IEIiFt#c"x
ld sb:

b

o
0)

l6
IE
t>
t6
lo
lo
10
1z
I

o)

b
-c

o
C)

o
u
C)

-o

z

0)

=

0.)

o
o

b
i

tvt7
l;
tc
l-
lc

Rti
v t',.c t!
6 t:
o lS
b l(o l(
>l

I l;
! t!o l,o l(
zt2

c
ct
.c

c
c
6

3

tl
tt+
ttp
I In
tl"
I tcI t'-
I t-
I lo
I lv
I tF
I t-
I tctt*
I la
I l!
ll=

h t6 t-
n tn tl

!l!

o lo lro lo lc

blble
9 19 l[
9 19 l-
A t^ tl

v tv ta

o lo l(
lz lz l:
tll
ffi

l..
l!

la
t-

l7
l-

t:

'l;
il c

1:
:l-
tl .:l;
( l.:

Dr

:l ;

:l :

ti
+

o

.o

o
0)

.c.

.;

c.

c)

0)

o

F

| 
(,)

tltltl
tttl
lltltol
l9l
t.ol
lqt
ILlo
l>to

5ld
;il.!
Fl 6
vlF6t-

etF

UI:

.6

o

.C,

'0_

o

c
l

c

o
v

td!

lo c

t6 b
IVO

o

ri
5
o.

o

.o'c
;
0)

.2

q)
o.

tY n

IOE
lh'=
lc n
lJv

o
q)

0)

q)

a
E
c

0)r!
^lD+J

!bu

J=.

-il

=v:._ i

;od i

.9'
cA)
n.=\
_! u j

c

C)

:=
o

l

.i

=

0)
C

lot;
lz

olcl

-l
0)
C

o
o
c

(,

qc

Y? .!r

YC!o

fio
UO

c

o
c)

0)

C)

o.
E

U

;
;
;
c
c
c
o
o
0)

C)

C)

E
o

q)
r
0)

=
o_

-o'c

6.ts

o'E
Ca
ic

I

I

I

ol
Ibl

gl
o
.9

F
o
o
U
X

l9 r
to ot6-
IFY
lo btoo
I

c
'o
,z
E

a

E
A

c

I
I

I

I

I

-lFI5l
9l
-l-l
c
o)

0o
o
c
9>

lvr=
lc -.Llo P

l>E

e
q)

c)

c)

E

0)

q)

c
0)
q)

o

.o
a)

c)

l9
lL)

5

od

o

'6
E

o)

F
.F

IY
lo
I c..l

,l
rl
Jl

DI

=l

11

al

-l

ol
OI
XI
o
c)

0o
E

:

o.
N c.l N

N

\o ro
.;

N N N

T

s
c{

N ro
$

9IT
F\ lO

6.

s
E
o
E
o

E

c
E
c

r
c
c

c c

Y
o
o.
E

o

E
o
o
o

Y

E
o

Y
o

E

o
-co
E

ot!

Y

.c.

E
o

E

E

p
c
c
c
E
c

6
o
E
o

c
.c.

E
n

9l
d
o-
E
a

N

6{ c c!
N c.l c!

.o
N

\o.o o. .o

G'o co 6o o rt ro
(rt

.o(t (t,
or
{t

ot q 6rt G)
ro

ll
lo

(\
\o

lo
ro .o @.o

st
N

N 6
c.) s - c.l{ s t

Y
() .o

t Ns t
o. lc
ttr () N

6 6 ()
()
r)

.o() N
6



c\
o.>'69o

xx

->-
o.q-

o0)o-

=^
-c >,

:Y

orx
c-

ios

;o;

= ^.Y9 Y'A

xE j y
Y*;,.

;'t )l Y
9€;9;
n r\-! a\
6E9i*
"68=>F
5 * R 6E'6Y**I -oooo:
i3 ar X'Hj2+ 9tQ
I bE 8 b
O! d - hioHa ii
b6660
x *E a.d
56.pX 3
!NUEV

=;=uxE=b=E

n

ac
c
c

3
c
e
0
c
c
c
z

o
o

0)

e
c)

z

q)

,6

F
f
o
E
c
o
o
'^
.E

'c
n
E
i
o

o

o

c)
c

;
=

o

o

0)

.o
o

c)

z0

o

o.
ia

b

t

c)

-o

a
c)

z

=
-c
n

0)

.o
o

o
-o

z

c
q)

l=

Y
o

0)

.2

-c

F*
LLC

;
-c

0)

o
o

o
-o

z

9-=

>-Ytl . >'
:: < o'A:
Ed#ELo*F,,
oooo)E:-:L'jo
- c c X€ - -A
6'-'FEh"69E
F _g; € 4-,.X Ip9TiSEE-;
g-UP{b6F
n: E.O d E.E o
f;;; A F B,'o.s

53 U FT:E:
-:E€:eEHE:
a e <t.Ps;FBg:68 dE 9= h
;; E; sEcp,E
E3EC!8ft98
s-*E€aCIF;9

-o

-c

c

c
'.
E
C)

c)-

o
o

o
a)
o

c)

z

E

o
oa
-
o

z

h

6
E

o
c)

.o

o

z

;:r Lq
;EE 9
R9XX
6 ts Oar-tl -xr; 

=.E6 E.: 0)

:F6bIIFtr>

E;E X
_- ot x
XO.- U

_ckno
= X i7
or.g 2 6

O.; X 6
- X YO
;E;6

o

.c.

o
0)

.o
o
z
c)

o

z

6

\:
o.->E

'-f

=q

NPx9
ov

so

.o
<E

'6
,2
E

E
c
o

o
,E

o
c
o
-o

0)

_c
o
o

.E

c

o
)z :)

o--ctr*
L./ .E

0)

E
3
a)

-
c)

:)

q)

E

E
o
U

o

6u

o
;-

o

-
o

i
o
(D

o

c)

c)
o
E

U

c
.9
=

o

.g

0)

c)

q)

c)
o
E

O

o
.>
0)
o
yi
o

c

E
f
c
Y
0g
>c)
F>
iar

:FE;
gn

=

o
o

.9

od

x

>_d

c

E
o

o
o
E
c
(-

c

t
q

-s
c
E

L

E
.9

d
'c

o
o
Q)

tr..
.2e
9F
hai

nx
trt
Orl

c
a
=E
c
a
U
r
c
a
a

c
c

t
c

t
E
c
c

;
fp

ni)
XF
YA

-4
.=h

CE
:+

oq)
:^
d1 v

-Vc6O

;!:^

Uo

=1)
C

u

o

c

o
0)

o
o
o
E
o
()

c)
u
.ao
.E

o

0)

o

t
C)

9-vn

o

o)
n

o
o

0)

o
6

o

='w

c
'e

o
.i
o

!=

.9 
"6o*

c-

oo
oo
9F[:

E
f
c
()

.E

c
o
c)
o

o
a)

o
E

(J

c
,9
E

o
a
o

=o

c
c)

X
o
o-

c
.9
=
c
o

.
0)

i
q)

q)

o
o
o.
E

(_)

G N

.o N
N
.o

N c! G () () o €
ro

N c!
c.l N

N c.)

N
G

=
E
l
-cc

U()

E

o
d
o
E

g
o

E

n
Y
o
.c.

E

n

)

o

g
o

o
E

6c.

trt

c
o
l

E 'd_

-c

o

s
o

E

o

-co
E

.9

E)
.E

'0
loo
(')

o.
a

.o N .o .o
c c\ c\ .o

N
f) N

.o c-{(o co
cc(\

c{o(\ 3
c{

6o
o{

c{
c{
c{

o.
ol(\

ro
(t,
c{

q
\l
c{

ot
c{

ro
ro
(\a

(t
c{

st\
c-{

.o

c{

(
(\

lo
(t

@() o.() .o .o oi
\o

c.j\o {.o rt
.o

.o

.o l-
-o .o

o\.o N N
N
N N

t
N N

b

-
c

U

-c

I

o

(,)

I

E

o

=
O

I

c)
-c
F



(Y)

o'

o)

a
o
.c.

E
o'6

o-
I

0)

o

I

=
O

I

o
.c.

O)

;
n

o
E
o
z
C)

-o

z

x>.flo
)t o

qo
Dl c)

>t>
q)t o
olo
ol o
ol oztz

o

_c

C)

-o

a
0)

z

o
o
E

o
.o

a
0)

z

o
o
-c.

q)

o
-
0)

z

=l 
>

-t m

^l 
o

ulb
Xl^JI Xrt:
;tx
ot >

Ftv

Jtz

I

I

I

I

ol
-l

pl
9l:l
0)

c
E
c)

q)

c

oo
6'a,
=6<tr

;

o)

a
C)

o
o
z

I i:lr._ o I

l; i; s:c I

ligE!,Ea l

llo 6 dRts
t8 P:E6 q

iligElc sa

iltEItgEg
316.ba86€
Hlq g HEq! q
Yl#: x:6 x+J4lF+!

6
n

o

a
q)

z

o)

6
d

(l)

o
e
q)

-o

z

o
a

q)

-
0)

-o

z

I

t.
Le
t!

tc
tr

t(
tl
t-l7
lc

t*
i{q

'l)1ft
:l(

Dt '
)l (

)l (

Dlt

)li
1lq

alc

I

:l
I l.t; l.:;o etl
i6€ll. -- >t'
;H trI]
);6odl'
I ) s"ll
I ool
r n .!21

t f --'!l

^rl:;ivl

I d@1.

a.o r4l.
) v'lizo !
:"'61
eE 9lrhol'

Y>^l
zoOl

I

-l
=l1l
DI:l
:l
5l
!
!l
5lrl
=lDI
>l

;l
d

F]
et
9l

;
2
J

x'=

c)

c

(!)

q)

c)

L:]
NU
() a

c

=

U

o
6
ox
o
o-

0)

E

E
a

-

-

f

c

=
g

.g

I

0)

o

o
g

c
l
e
yi

F!

->

t,= \

l'j (

';
f

o

l

;
=
o

P'
.6>
fl
6i

c
n;
o
c
U

oo
co

n=;x
v:

Y;

-+

vxu 0.:

q)

o

q)

o

E

al

c)

v
o
o

E

O

v;
f
o
n
rO

r'=J>
Y7

cO
jri

FL

ol

-l..o I

-nl

o^
?s
oo).?-.io
.:E

v>

;-i
9ni

FgR

o
'^
F

.f

I
od

o
E
l

j

X

{a
a-J+ >

C;O
:tr!2
i?J

9.lcc
U;<

^ )*Ebo

o 9E
oll .
Y Xa )
- =.Y 

F

'-,ill c

s!-o-

a
2
E

E
l
c

o
Q)

o

o
c)

E

el
!l
olol
-lvl

-
o
o

d\>

E6

9'p
:o

I

I

I

I

I

I

I

I

I

-lol
dl
-ol
ol
cl

-l

-l
ol

ol

q)

Io
c
o
E
oa

q)
c

=,-

o
q)

E
oq

tltltl
-tlot Ict Iot Iol 

Iotlol I-t Iot I

3t Iot I

:l;l
SlPl()l+l
il fl
olol
ot ol
ot ol
EIE]

ol ol
UIOI

6l
6l
6l
vl
ol
0l

FI
dl
ul

I

I

I

ot
-l

6l
:l
ol
:t
-l
ol

ol
:l
ql
-l
ol

0)

5E

.,h

FO
c-
9q
!lx
)zcq)

o-
>=
FX
uo

o
Y
-o
o
0)

U;

.E

o
E
o

;
c
0)

E
o
n
E

E
c

(-

c.,t

c\
r)
^ o

N
F.

N .o
()

c..l (r)

N

r)
c.i

()

s ro
A

i()

I c')
N

N
.o

.o
r) I

N

n
o-trn
izc

Y

c
E
c

frcr
nO
c=

0)

-o

.g

c
o

Ns

E

e.l
F\

E

F

E

-c

c

=o
E
I
.g

aC

tr:

N

^=

ro
U o

E

U
c..t

E
o
E

Ur I

E
o

'=

E

F
U

Y

E

o
o
.c.
o
o

o

0
l
o

o

C

F

E

E
c

$.
c c r c

o r.)
C.l

c\
N c

\o
c{

r)
c..l r) c..t

N .o

ro(t
o.
ro
('I

(\l

GI
oo(t

co
@(t

(\a
o.(t

o
ct
t

Nort rt\t
o\o
\t

6rt
ro
or
ll lo

(\
ro

(v,

lo
s
ro ro

@

ro
c{
c{
ro

.',
ol
st

o.
c{
b

.o
N

F\
N N

o.
N

N cf)
co

ro .o N
@ o

6
@ o.

:
o.

c{
o. o.

t
o'

(o
o,

<t
o.



s
o.

o)

bo
o
.c
c

E
(.)

E
o_

I

c)
6

o

I

o

=O
I

.2
c)
.c
F

,2

0)
c

-o

;
o
a)c
o
o
E
O

o
U
CJ

.s
l-o

lo
l!ltvIn

l- -
l-*

c
'6

c)

o
o
(J

ri
Y

o
od

'^
F6

^x7'X

LYo-
^;l-v

l-o>
t6v

o
xd\
UC

--Q

Xd\X;*o
a;
G)>o
0)n

-O=
o)o

lo q)

lo o
tFot=ts
IO;
I

o

-c

o
0)

a
0)

o
z

t9
l6
lo
IE

'6

0)
o'6

=
E

od

'x

lc
lo >
l-'-'

loJ

o
x
o

yi
l
Y

o
-
o

.E

q)

F
-
F

o)

6

o
o

e
c)

z

o

q)

n
t
c)

o

z

;
E
o

c)

-
o

z

c
c
t
c

I
I
C

c

o
q)

:i
F
E
c)

C'c

E

]c
;
o

'6
.?

0)

o
!

t-
IF
lo,fi;t-

'

_c

o

o

a
o
-o

o
z

o)

b
_c

oo
6

t>
l6

lolo
lz

0)

l

o
3

-c

I

=c

t

o
t= .^
la;l

l^=t.Y 6

l--.: i

:-l
ol
-oltrl
fl
-l
-lol
;lol

o
.go
=o)
c
o

t-

ti o

t'^ .!2

l-n
lv. -
I

FI

9l
ol
ol

l

o
;
c

I

=o
b
=o
c

:

.s
-o

ci.

.'x

.5 b;
- g).:
fYL

t 'K
o Y',>

-=d)n

;i= e c

l= ,\.= a
I-_ FE

lE tr nr qtlr = x -t; F.x v
lz 

=! 
\

l.Y d\ 
=';

=v5"d ct

-XYqL5
; -od

e?.x Fy: x

;u:-

-v=v.9 I
i Xn
F.C,Ycc)v
OAE+.=

to.8
j'6 i

q)

q)
J

0)

C)

o
E

U

r'^
)'E):

?8
)_ ?,
=X

vnEaa/
6 >X
;.-S*
9*a
-6'c
try=xxc

3
(D

;
od

o
o
!

E.

'-

oP
>Y
!o
oc
6rc

l9 F
IL:

ol

ol
(JJ

o
o

g

C)

o
!

q)

o
E
E

I
I

Iol
ol

I

;l
ol

-co
=
o
'fr

o
IF

lJ'
It o

l'e c)

I

q

-oa
^o

g,z9
- ^''=.Yi
- 

^:ll.,c

aa6>
dr;'

91i
EA:
^'A 

(

u o.:

c)

E

>d

o

o
O)
0)

>6

E

d

o
E

!E

o
o')
c

o.)

E

q)

o
E
d
o;
c

c^

-l

6.d

?b
O:

e;6

Y,6v>

t6

Ytr
Xh

bl
cl
ol
6l
6l
0)

6
a
o
o
v;

9)-tY o

tr -
lo 6
ld\ -
lE n
ld:
t;b
I

I lc
I l0)

I t9
I to
I loI t-

lt-
qlalo
ololF
OIOIY
vl)ll=

9l9tF
ol ols
trttrt>

dtdtd

l)

c
o
n
F
ui

o

:5

occ
r.!
)=
qr
t>

=t!;

c

!
j)
E
q)

j

g

o
o

5
,;

o
E

g

3 -c.

=6

,.x
o-
Of

tsq
x:

l=
fro

"5 ci
t=

oJ

:o

J

o

l

l
n

:
!_o

1-i ri

J

n
C
5
g

6-
f

!
s

.j
o

oa=
Jod
oll

j

.t?'

E

q)

E

E
c)

E
f

j

-
l9
t9
IE
ti5

o.
N
.o

{) N \o
l.

N

ro
$
r) ?t"Nts

N N
.o

N N
.o

N
(f)

.o
()

N
\o

(\
.E

llc

g
o

E
o

E

N
\o

Oco(Jr)

.E

E
l
.c.

.g
o
l

o

.9
o
E
f

o
_c
o
E

U()
Icl

oo

(.)s
t-

c-

fror

EEoc

tLJ
t
o
E

c

.z

F\^

c-
nO

ci

Ns
-o
E

Ns

E
o

o
N{
E

N

.o
E

I
tl
l"l
lNl
l{l
tol
tEl
tol
-l:

c\
N

N o. N c
r

N.

o
c

lql'
-

I

lo
l\

-l-

o(t
lo

(t
to

(!
(t,
ro

(t
G)
ro

ro
G'
lo

\tlo
c{rt
ro

c,rt
ro

ros
ro

@rt
ro

c{
ro
ro

rt
.o
lat

o
ao
lo

.o
@
ro

oolo
t
Orl.t

lo
o.
ro

.o
o.
U'

I

lx
lo.
Ito+-

I

Ito
lo'
Ito--i-

N
o. o.

o'
o,

N (f) { r) .o N o, N
I

l=
I

I

l.o

l=



o.

o)

bo
a

E

E
.9

c
o-

I

0)

n

U

I

-

=O
I

'6
o
E
F

o
c
.E

I

I
I

I

I

Iol
-l
vl
(JOI

;sl
E9l
o=
0'6 Y
o)x

=F

lo "
l3"d

lsv

I
Iolol
I

6l
I

E

Ep
c)

;
o

F
le
tJ >
t- n

lo 6
tx x
t6-x'
l<+
I

bl
I

cl
o
E
CJ

b
od

o

l-
ln
t-
lo -:

ln'=

IE;

t: vtv =loe

t
-c

c)
b
a
q)

o

z

;
E

0)

-on
a
o

oz

;
.c.

o

o

t
o

oz

b
_c

o

o
.o

a
o

z

h

;
_c

o)
E

o

oz

ol
cl

-9 ol

ai .}ll

=9
=n
o.

A.Y

6-
6 0'6t:-

tF x
l-a u
lq X
IJ Y

lso

^

0)

-o

-
o

oz

m
o

o
o

C)

oz

F

o
a)

o
t
o

o
oz

F

o
0)

c)

o
oz

0)

c
U

5
Io
c

E
q)

E

0)

f

U

Y
o

'

;
oo
o

ot
o

oz

^
;
.c.

o
c)

a
c)

o

z

o
b
_c

Eo
o
.o

a
0)

o

z

I

I

I

I

I

I

I

I

J
oi
ol
bl
-l

q
ol
-nl
nl
il
ot

ol

1

I

I

I

I

I

I

I

I

J
ol
ol
6l
=lolq
ol
6I
ol
>t
6l

ol

1

€
r

.!{
c
c

;
7
c
c

c

c

h

F
.E

o
U

c
=..=

E-
l--
L.Y

-=

F5
FK

>.J C

>Ytr

a)

E
l
-c

o
od

o
o
E

:l
XI
v

l

I
j

;

,_. E

go
{3
F 0'6

=^-'^

olnl

-91

F_

kr
lv

o'a;
6=
6X
>H:>
n:
.Ys

pl
fil
-l
!.
l

0.)

'.;
3a
Fll
ZE

?iE

6-

F:
od

5
Ep

n

-
=f
vi
2
n

0)

!>
:c
5c
Oq
.. c

;ir
v:

2l
6l

FI
o
o
-
Y

o

E
2

*-'F
og
5p
.=;,

Ep
u
i
o
o
6
l
o
E
l
E
!

l

o
g

a)

U't

o:

0)

.9

o
o
!j

:

o

ol
5-l

iO
tr]-j
hFy.=
,?

vF
Y'T!/Y
;*
9gcll
EO

,F

XI
9l
6l
6-l
?^i+
!lc
!:)F
-c 6)
Lo
.iE

-*.9
YY
$a
OE
OE
Fb
d>

-f
u. u.

c
o
E
h

c
o
E
o

o
E

:tr

n
E

;
o
E

.c.

-t-
Y

tr

N

o
x
E

E
0)

o

6
fi
c

c)

c)

IO

I
;

c
l
j

l'fr
Xr
Y:.=_L

,lL

-!

5

I
Rn
E

=

a
o

n
5
o
N

:

2

o

J

ri
5

u

-.o

5;
n0)

?
a)

E

l

o

U
n
o
o
f

E

o'6
i=

P
?i
q)

o)
c

Ep
0)

E
o:

,i

$
CO F\ c! c\

N
N N

o
o.

A c{ ()
{ o.

@ N
N

s

o.
c!

r

ll
l"l
,l;l
't-l
H

o
Ns

E

o
\-
trt

.o

aO

trtoo

N.{-

o
E
o

N
t
-o
E

-o

c!oo
o
E
o

(f,

E
o

(f)

-o
E cioo

o
E E E

-oNT

FF

_o
Nf

oo

€.
Et

YN
nO

lcr
aO
tsL

LOF{ N trt
sv

(o
t

E

tltl
tl
.l*l
f l{l
-t -l
)l o
1:

o o
c c

o o c o n
I

)l o\| \
I

or
o.
r{'

o
.o

c{
ro

(\
.o

c{
c.l
\o

ro
oaro

c:{ (t
.o

c{(t
.o sro

{t(t
.o

.o
(|l,
.o

(t
.o

o\(t
.o

ot
.o

ll.o
(!
Iro

Itrt.o
.o
t.o

@rt.o
o.s.o

I

rl-
r)lrool'

N o.
N c{

e.t
N

(f)
c\

s
C.l

r;
N

.o
C.l

N
c\

@
N

o.
N

C.l s () .o N l;
| 
(.)

l-



\o
o.

h

o

o
E
E

E
.U

o-
I

C)

o

o
o

=
O

I

.2
q)

F

c)

o

-i
5p
od

o'b
E

c
fi
e
q)

-o

-c
.q,

>-
>*

o
b
_c

o
q)

o
o

o
-o

z

6
-c

o
o)

-
q)

z

h

o
o
_c

o
q)

-o

t
c)

o

z

o

oo

tl="* 
=T.d Fti

4,y -I ril
Fg:,

.9C
sL:

^ 
l!

o)- -c
E v!'

-6Eb
E::--

-co;
.9E 5
q9v

0)

'^
=j

c
o
i

d=

=!ov
hC
.-- v
OYc.o

n

=

q)

-o

-
C)

o

z

h

7i
-c
oo
o

0)

o

z

O)
o

o

C)

o

o
c

z

c)

.o:x
a=

Onr:6
Eh

-fo6
5>

>:
!a
YE

x
.E
o

.c
O)
c

=o
U

9;
OF

Eo

n=:X
odE

E9
-Foo
C1
C)e
>'=

A-o

o
o

o
c)

c)

oz

o

o

ot
0)

z

o
;
-c.

q)

o

c)

z

x

o

c)

-o
o

o

z

o
o

o
c)

o

E
'-

o

o
.c

0.)

.9
-cF

o
o
-c

q)

.o

C)

o

z

b
-c

o
o
n

c)

.o

z

o)

;
-c
oo
c)
.o
o

0)

o

z

n
5
o
n
U

q)
o

o
o

o

l
o
E
f

_c
j

l
Eg
e
;
5o
od

F
L

oo
5E
- 

.\l
odF

_-(J
\\'=-
.!2.;.E
F.=

"dEozP

o

5
I
.j
c)

E
f

-
c
o)

E

€
-
o

q)

o

o

)
_c
g

c)

.v! 
= -svn

6ng!

{EE 8X
f;PsPE
ff = 

lg.!2 ^'iY:Oll;
oQJlc?Y
- ! o -! 

J
tr:=FrE-O
;iI6"oI
", ? X* dc
i d: E-E.g
6 - - 

vr+ 
-= 

c<'E= o

!,6 PbeE
o E q5 >.dxF.92\F^v-r<;i.!z
: ri -.t.lY-O
n'i-= 4l,c=rx*60Ei E gsb.g

5

c)

ri

=g
(D

f
-c

o
X

od

o

E c.:
Cn

<'=

.l

o
J

o
o

=
.E

c)

E
lr

c

Y

m

c)

-c

l
E
9s
.66

JO

:
E
c)

3
0)

- ":a

5g
to

>Es*
c .!u

tr"
;i\ i
6'U

o9

o6

;
5^

;=i
9s E

)!lr
:.! 

=exF
o' x .t:
'x ._-;i

Lyv

o y .- v
o E 

=*^=Fv

c x* >

t <.\1,6
sE 

=hPri6v v.Y x

E
.E

I
o

od

q)
u
-:
l
E
I

ct!
;

od
(l)

5

-n

vti
=-r-

;X
=v

20

c.l

cio
-1.=_o>

-E
.r 0'6

'En
v:

=FVY

=_N
_-o

-c. -

Ff

-

op

-c
'c

q)

o
-o

c
J

=o
!j

=
.2

n
'^

=-:

E
o

od

E
l..

o
't

o
-
o
l
q

;
c

t

l
(_)

oc)
-coo

o

_c
o
.;

'c

,;
f

E

x
o
o
L

eg

c
5N

-c)
€5

+lo
-i].:

':o

()
A

t
N
.o (f)

@
N

c\l
(t

r) .o .('

N
.o N

.o
ro

\o
r)

.o
()

+r)

Y

+

.q ()
t

N
.o

\<
nO

oo

N.-
v

oo

F\
T

E

.o
N

E

{-v
F\ f l
<-v

oo

.o
F\

E

$<
c
,9
E

-o
N

.o
E
o

'a
.9
E

E
o

trt

s
6
2
E

No\

d

.g

-H N
t
-o
E

a c.,1

'6
.2
E

o
c

n n
c c

n o
c c N. c N. c N c N.

G'
ro
.o

ro
r.'
ro

lo
ro

6
la,
ro

o.o
.o

.o

.o
c{
ro

ro

ro
ao
.o

(t
oro t.o oro o .o

r!, t cls (r)
rt
N

00\t o\rt

s Ns s Y Y
.o
v

Ns t o.\t (o c! (.) nr)
() .o

() Nr) {)



|t\

o.

o)

6
o
i
c

E
.LJ

(L

c)

o

o

j

1]

o

=
O

.2
0)
_c
F

o

6
.c

o
c)

-o
o
z
(.)

z

=
-c
o

o

a
o

z

l

0)

'6

od

o

=

E9
EXXX
YA
>U

vx

>5

;

j

.E
o)c
'^

F

-
q)

-

o
.o

-
o

z

;
oo
(.)

.o

a
o

o

z

=
-c

o
0)

-
o

o

z

;
-c

o
C)

.o
o
a
a)

z

;
-c
oo
0)
o

c)

z

=
F

:

c
o
c
C)

-o

b
C)

:- O)

'FA
i;t

F

o
0)

-
c)

z

o

.c.

o
c)

t
0)

z

6
-c
o

o
-o

t
0)

o
oz

o

=.o

c

E
od

c
E
o
co

o

_c

oo
o
.o

a
o

z

o
6
E
o

c)
.o

a
0)

o
o

z

o
6

o
c)
o

0)

o
o

z

h

;
oo
o
a

o
o

z

a

o)
.s
c)

o

E
0)

=
c)

c)
-c

6

-

o!

CU

_c

';
q)

o
J

--

=

;
c

E
06

i
E

f

6
E
l
_c
J

l
E
0)

!

ni

)
o

-c.

b

jf

l

o
L

x

od

c

!j

OY
c^

14'Enl

=6

od

o
E

_c

o

5

fi

:
5

o

ig
a9

o

€

=
L

i
o
T
yi

E
v.Y:oa-
oo

-v

od

';i
F

o

l

v;
.E

o

5
o
o

X=

<E

c)

o
o

d

q)

o)
s

'- .,

o'i

op

g .!D

o

c
c)

Y

C)
o

=

c)

-co

j

of

; "v

;; x x
ii= h d-

4E 3' j
= 

v'=,

tr-i9di
I I g+
.' o 'j 

s

4Ego
7 

= 
\t

nr ri1*ni 3:
=a>L;oF^'w

> yE5ts

=

l
o

cnt
x.9
Y-O

go

o:i

o

b
oa

g

E
o

oa lrE
!lht
---!l:FF:iY

cqri
j.b.x
dI):lJ

x'6 !
;'E F

tsir

n!:

rd

v:

=A.F

oo
='^

"i-'XE 56
x-;-
x.a y
edi
O..c

.!+3 tr
Yii O
XX9

C)

Y

oc

;
E

C

o
o-

l*tr
=;iu .lg

n'J

!-c

".c
=JF*"li
F 3r
:fi

:iO
" o--9)=
o 0)u
EEx
^v=x

I
ui

5
-o

;

o
-c

E
Y
c)

-c

d(Y-U
e.:

c)o
o

c'c
6_
o
c
.o

-a.efr

Ot

N

T()

\if o. c{
()

.o
6

.{
c..l .o

()
() c..l

r)
r) c..l r)

t N

()
t

$
J)
E

o.

.o
E
o

o]

!f

N9
N

ct

.o
N

o
E
o

.o
N

E
o E

co
r)
.{-

o
E

\o_
ta

=F:.

('){ vs v$

trt

-o.o

o
E

6N
s
^n
ct

Ns

E
o

c
o
c a' c c

o
o. c c c c

o
c

o
C

o n o

oa
ro
N

(r,
lo sro

N
(t co

lo o.
ro
t\

s.o
t\

ro o
N

(')

t\
s N

t\
(o o

cO
N

@
rt
6
N

@o o.
N

G,() .o -.o oi\o .o
.q
.o .o

.o

.o N\o .o o..o F\ N
.i
N N F\

r)
N

.o
N



@
o.

O)
o

o
-c
E

o
u

c
(L

I

a)

o

O

I

o
o

=
O

i

,2
C)
-cts

o)

o
-c

q)

o
o

0)

-o

oz

o*
;;i
'G>
'59
o'n
.=h
aY
E+oc
=o

Y'd
6=

9s
.oo
9?
66
FA
_L

VF

=X6R.X.Q
.Y!nx= x
d"s_d

;
E

o
;
o

C)

.g
c
o

I

h

=
iL

o6
a'lcse:
E.9
ii Yl
xlg
E;i
!=

9Hoo

P.i 9

=9^'=;i "sy n

leb E
6tst

o
o
-c

o)

0)

o

z

.9

0)

c)

z

o
o
0)

oo
o

l

c

o
0)

o)

o-

(J-c

c

=o
c
U

.c

o
o

c)

o
o
E

U

!;

a
-c

o

5
o.

E
o
;=vx
^-YI

.9 o;

OE

iE

c

=E

O

o
O)

c

6

c)

c)

o

q)

"69
6.1 0

;P

;t
:dl

o;

i

=

o

o

i
6a
6E

ioxi
o'F
o6

N

s

c{

i

N

()

o)
c

c

ct)

'a
.9
E

c

c

'6
.9
E

o)
c
,9
E

c

o

o

N' N' N. N. N'

(?
o
ro

o
c, 6

ol
@

ro

@

o.(',
@

N
N N

G
N

c!


