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ABST RACT

Numenical variations in the human ventebral column exist in

all populations. Although most people have twenty-foun pne-

sacnal vertebrae, a small number have eithen twenty-thnee or

twenty-f ive. The prevalent vjew is that vaniations jn the

pos'i tion of attachment of the ilia inf luence the numben of
vertebrae between the sKull and the sacnum.

I tested the hypothesis that identification of anatomjcal

featunes on the sacnum that indicate the positjon of attach-
ment of the jlia provide a pnedicton of pnesacral ventebnal

numben , Data was col lected f nom 180 sl<eletons at the C leve-

land Museum of Natunal Histony and gnouped into thnee sub-

samples of 23, 24, and 25 pnesacral ventebrae. I deveìoped

a measurement of the sacnum which was found to be associated

wi th the number of pnesacnal vertebrae at a highly sign'i f i -

cant level. A numben of other chanacteristjcs wene analyzed

fon associ at jon wi th pnesacna I ven tebna I numben . At tempts

to connelate statune urene unsucessfuì, but a numben of vani-

ables wene associated wjth my measune. The positjon of the

aur jculan sunface, wj th respect to the ventebnal column,

pnovided the best indjcator of pnesacnal ventebral numben as

i t al lowed the d jscr jmination of a number of long columns

fnom the nest.
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Chapten I

I NT RODUCÏ I ON

The human vertebnal column exhibits variation in the number

of vertebnal elements that maKe up the spine, This has been

neponted by many neseanchens neganding both contemponany and

past human populations, ìdorldwide. It would appear that a

small but signìfjcant pnopontion of eveny human population

has a number gneater on less than "nonmal ". The modal num-

ber of presacral ventebnae is twenty-foun: 7 cenv'ical, 12

thonacìc, and 5 lumbar; and of sacral elements is 5. Still
othen indivjduals have "compensated coìumns" with the modal

number of twenty-four pnesacnal ventebnae but diffenent nu-

menical anrangements of the types of vertebnae.

Numenous theorjes have been postulated to account fon the

variations, and explanations include: an heneditany anomaly

expnessed by the embnyonic germ tjssue; an jndivjdual func-

tjonal adaptatjon; and a pnognessive evolut'ionany tnend.

Stud'ies of complete spìnes wi th numerical vaniat jon neveal

centain changes in the anea of the hips which tend to sup-

pont one explanatjon of why the numben of ventebrae jn the

pnesacnaì coìumn and sacrum is not constant.

The anea of attachment of the i ì ia to the sp'inal

neveals the gneatest evjdence of vaniabi I'i ty" The

col umn

aim of
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this thesis is to determine if obsenvatìons and measunements

of only the sacnum and ilja can indicate the number of pne-

sacnal elements which had been pnesent. This would pnov'ide

physical anthropoìog'ists wj th infonmation about the individ-

ual, and that populat'ion, even when the remajns of the ven-

tebnal column ane incomplete, âs js so often the case ar-

chaeological ly,

It would appean fnom the Iiteratune that numerical varia-

tion in the ventebral column became of intenest in the late

1800's. A lange number of neponts since the tunn of the

centuny nefer to the theories pnoposed by indjviduals who

publ ished in the 1870's to 1890's.

According to h/j I lis (1923b:95): "Eanly jn this study the

lumban gnoup was consjdened sepanately, but it soon became

appanent that a vaniatjon jn the number of lumban vertebrae
js often cojncjdent wjth, and compensated by, a revense van-

jation in the thonacjc gnoup" oJ "a nevense varjation in the

numben of sacnal segments," In addjtjon, the "Rumben of

cervical vertebnae has been found practical ly constant not

only in man but thnoughout the mammalian class" and the

"numben of coccygeal segments js of negì ig'ible impontance"

(h,illis 1923b:95). Thjs is because they "nepnesent a vesti-
gial stnuctune and jt is veny djfficuìt jf not'impossjble in

many cases to state how many segments ane pnesent" (lili I I js

1923b:95). Dw'ight (190lb:326) pointedout that: "AlI the

sp'ine below the vertebnae supponting the i I ium, has but a
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subondinate functjon, and consequentìy js in an unstable

condition." For this reason it "is convenient to divide the

entire column jnto pne-sacnal and sacnal gnoups" (hlj I I is

1923b:95).

In 1875, Stnuthens publ jshed descnìpt'ions of numerous

specifjc cases of vaniatjon in the ventebrae and njbs jn hu-

mans, and jncluded descniptions of sjmjlar cases found in

othen animals jn the footnotes. He neponted a vanjation in
the fonm of a finst sacraì ventebra being created by the ad-

djtion of the lowen lumban ventebna, and cases whene the

sixth sacral ventebra is bonrowed fnom the coccyx. One case

is descnibed as hav'ing an extra lumban obtajned fnom the

sacnum whjch was compensated by gaining one fnom the coccyx

(Stnuthens 1875:69), Evidently, Struthens sunmised that in-

djvjdual segments could taKe on djfferent fonms but he made

no attempt to account for why thjs might happen. He also

analysed a sKeleton with six cenvjcal and sjx lumban vente-

bnae, jn add j t jon to typical numbers of thoracic (twelve) 
,

and sacnal ( five) and only thnee caudal , anKylosed togethen 
"

Although the ovenaìl numben of pnecaudaì vertebnae is nor-

maì, he did not thjnk that borrowing and compensat'ing ex-

pìained this case. He considered a ventebra to have been

suppnessed jn some pant of the column, and he suggested ei-
then the cenvjcal on the lumbar negìon, and gave anguments

fon both:

The lumbosacnal nerves would seem t
the lowest ventebra is the usual
fnee, thus accounting fon the seem

ndicate that
sacnal set

ly deficient
oi
1st
ing
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pelvjc ventebna, and leaving 23 instead of 24
vertebrae above. The appearance of suppnession c¡f
a ventebna jn the necK, is met by the considena-
tion that the 7th vertebna canrjes njbs, impen-
fect ly developed on one s jde, I jKe cenvical ribs.
Then although only 11 nibs nemain, the next vente-
bna below, though rjb-less, has the nonmal antjcu-
lar pnocesses õf a 12th dorsal ( 19th ventebna).
I f i t i s to be neganded as such, and not as a
first lumban, then the suppnessed ventebna would
be neally a lumban, aìthough thene ane six free
ventebnae between the thorax and the peìvi s
( Stnuthens 1 875:75 ) .

In 1876, Rosenberg "maintained that each jndjvidual

ventebna may be def jni tely 'ident j f jed and i ts homology es-

tabl ished by determining j ts serjal numben, counting back-

wands fnom the atlas" (Danforth 1930:464). He believed that

"the vertebnae are in a sense plastic and that the chanacten

of each is langely a function of i ts pos'i tion" (Danforth

1930:465). Rosenberg advocated the exjstence of an evolu-

tionany phylogenetic pnocess wjth a trend to shortenìng of

the presacnal spìnal column by the pnogressive upward move-

ment of the hind limb. The neason fon this contention is

the smaì ler numbens of presacnal ventebnae in man and an-

thnopoid apes, âs companed to the successively greaten num-

bers "in the line of Pnimate evolutjon leading bacK fnom

them to the pnimj t jve mammal " (tdi I I is 1923b:97) . Banclay-

Smith (tgll:162) stated that Regalia predates Rosenberg in

offering the "explanatjon of numenical variation 'in presa-

cral vertebnae jn the nelative posi tion of the pelvic gir-
dle, wh jch may pnesumably shi f t headwands or ta j lwands along

the ventebnal ax js. " However, ho refenences uüene given in

the Banclay-Smj th anticle.



5

Rosenbeng bel ieved the " i I iac attachment of the I imb

skeleton js supposed to advance along the spinal column dur-
'ing ontogeny" and he ascnibes "val iatjon in the adult ... to

a failune duning ontogeny to canry the processes of neduc-

tion as far as they ane usually carried jn the race, on

to thejn be'ing canried beyond this Iimjt" (Bandeen

1 904 :497 1 . In 1877, Topi nard a I so repon ted " that ontogenet -

ical ly thene is a pnognessive shif ting fonwands of the 'i lium

along the vertebral axis" (Patenson 1893:125). However,

this necapjtulatjon of phylogeny thnough ontogeny js dubjous

as Bandeen (lgO¿:499) found that the "iliac blastema is d'if-
ferentjated jn a negion mone anterion with respect to the

sp'inal segments than that which the i I jum laten occupjes, "

In addi t ion, Ma l l ( l gOS: 455 ) obsenved that the "centen of
the jlium appeans a little antenion to its centen on the

50th day, "

In 1889, Rosenbeng claimed that the thonacic is a neg'ion

which is be'ing encnoached upon f rom above by the cenvical

and f nom below by the lumban negions (lili I I is 1923b). In

Keeping with the phylogenetic tnend, Rosenbeng consjders aR

incnease jn the numben of lumban vertebnae to be progressive

if it occuns at the expense of the thoracic negion, and re-

tnognessive jf it is at the expense of the sacnal negion

(bJj I I is 1923b:98), Howeven, ü/i ì I is ( 1923b :102) disapproved

of Rosenberg's use of the tenm netrognession for conditions
whjch ane opposi te to the general tnend; these examples "ex-
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pness menely a lagging behjnd of a centain number of jndi-

viduals in the genenal process of evolut jon, " A cri tic jsm

nai sed by Dwight ( 1 90 1b: 325 ) i s that thene was no expl ana-

tion of cause offered.

h,illis (1923b:98) agreed wjth the exjstence of a phylo-

genetic process with a trend towand shontening, but unlike
Rosenberg, he does not feel the pnocess is taK'ing place at

the expense of the thorac jc negion. hlhen neferring to

sp'ines wj th 7 cenvical, 11 thoracic, 6 lumban, and 4 sacral

elements, or 7 cenvjcal, 13 thoracic, 4 lumban, and 6 sa-

cral, ttlillis (1923b:98) states that:

acconding to Rosenbeng, there is both a pno-
gnessive and netnogressjve varjat'ion jn the same
column, and yet the numben of pnesacnals js un-
changed. In applyjng thjs theony to those exam-
ples one must necognize Rosenberg's 'futurjstic'
and 'atavistic' tendencies as occuning in one and
the same column. This is a nathen difficult bit
of mental gymnastics, requìring one to lose hold
on the phylogenet'ic pnocess and to seize upon Pa-
tenson's theony of ' jnhenent variabi I j ty' , apply-
ing j t to each segment individual ly.

Many authors, incìuding Bateson 1894:110), felt as UJj I lis
( 1923b: 102) OiO, that partial lumbanization and sacnaliza-
tion are "lessen stages of the processes concenned in the

numerical variations. "

The defini tion of the 'ventebna fulcral is' as the one

having the most to do with supportìng the ilium, (by con-

tnibut'ing the langest portjon of auriculan surface), u/as

helpful fon dealing with the question of how to compane

vertebnae of one sp'ine to those of anothen. Fon example,
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should the njneteenth segment of one spine be companed to

the nineteenth of anothen, âs suggested by Rosenbeng and

supponted by Kei th ( 1903) , or should the first lumbar be

companed to the first lumban, regardless of numenical posì-

tion? The vertebra fulcnal is pnovides a stanting point and

refenence fon compan i son fon nesearchens us i ng s tructura I

chanactenistjcs to detenmine homology (0wignt 1901b:325,

Danfonth 1930:464). "In genenal, the fulcnaljs is no. 25,

but when it is not, some modificatjon is assumed to have oc-

cunned elsewhene in the column" (Danforth 1930:466). Paten-

son ( 1893 126-127l' attnjbuted the namjng of the ventebra

fulcnalis to Holl in hjs papen dated 1882. Howeven, Dan-

fonth ( lgSO:466 ) reports that üJelcl<.en "emphasized the ìmpor-

tance of the 'ventebra fulcnalis'" as eanly as 1878.

ïo explain the djfferent
numben of ventebrae appeaning between the fu'lcnal -
is and cnanium, jn hlelcken's scheme, appeal was
had to the idea of intercalation and excaìation of
ventebrae [which is] a theony invoked by Baur
I in 1891 ] (Danforth 1930:467) .

Dwight (1901a,b) found cases where djffenent vertebnae acted

as the fulcnalis on opposìte sides of the same jndividual,

This is inconsistent wi th th js theony, but he po'inted out

that anomalies can be expected in the fulcnalis, liKe those

in othen parts, In 1881 , ltJelcken descn jbed two types of ev-

olutjon involving the ventebral column: the auxjspondylous

fonm, in which there is an jncnease jn the numben of thora-

cicolumnban ventebnae, which has influenced the majonìty of
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manrnals; and the lipospondylous fonm, in whjch thene js a

decrease jn the numben of thonacicolumnban vertebnae, as has

been the case for the higher primates (hJi I I is 1923a:31 ) .

Paterson bel'ieved in jndividual peculiaritjes and not a

phylogenetic pnocess. His hypothesis js one of inhenent

van jabi lìty, of shif t'ing of one region at the expense of an-

other. An undiffenentiated vertebra becomes a ventebna of a

certajn type by the neduced or exaggerated development of

the costal element of the ventebna due to the cornelation of

sKeletal parts and the shifting of the limb with nespect to

the ventebnal column (Patenson 1889:289). Variatìons in the

position of the hjnd limb djctate the form of the segments

adjacent to them, negandless of numerical position, âs they

must "senve a simi lan punpose jn supponting the I imb-gindìe"

( Patenson 1 889:298 ) .

Patenson ( 1892) reported that an increase in the numben

of ventebnae of a certajn type is mone commonly due to an

addition fnom the lowen senies than from the higher senjes.

"Liberation of the finst sacnal ventebra is mone cornmon than

assimi lation of the fifth lumbar vertebra; and assimj lation

of the finst caudal ventebna is mone comron than libenation

of the fj fth sacral " ( Patenson 1 892:523 ) , Thus, he fel t

thene was a greater tendency toward elongation of the column

than abbreviation. He discanded inten- and excalation as

wel I as Rosenbeng's theony of phylogenet'ic shontening. He

stated that:
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It]hene is no evjdence to show that any definite
pnocess of ejthen shontening or lengthenìng of the
ven tebna I col umn i s goi ng on phylogenet'ica ì ly.
The vanjations found ane appanently indjvjdual pe-
culjanities; which, hotr,reven, taKen togethen, 'indi-
cate a tendency to elongation rathen than contnac-
tjon of the pnesacral negion (Patenson 1892:524).

Rathen, he felt there is "in the human ventebral column a

certajn I imi ted vaniabi I i ty in the conrelatjon of the seven-

al parts" (Paterson 1892:524). trüjlljs (1923b:98) js justi-
f i ed j n cn j t'i s'izi ng Patenson for f a'i 'l 'ing to vi ew the human

body as a pnoduct of the pnocess of evolution, Patenson

seems to have confused what Rosenbeng meant by a phy'logenet-

ic pnocess openatìng "jn the Iine of Pnimate evolution lead-

ing back from them to the prjmitive mammal" (Willis 1923b:

97), wìth the gneater tendency fon the pelvic gindle to at-
tach mone caudal ly than cnan'ially in the smal I pencent of
indjviduals exhib'i ting numerjcal varjatjon, ïhe human con-

djtjon has evolved, from a greater number, to have 23, 24,

or 25 pnesacraì vertebrae, wheneas the majority of mammals

have evolved fnom the pnjmjtive mammalian ventebnal column

to have an ìncreased numben (U/i'l I is 1923a:31 ) .

In 1891, Baun advocated a theony of jnten- and excala-

tion, which neferred to the addi tion or loss of ventebnal

segments from the body of the column rather than at i ts ex-

tnemj t'ies, at the st jmulus of the embnyonic genm cel l. Baun

( lgsl:331 ) stated that:
"Most monphologists ane jncl jned to the opinion of
addjtjon or subtnactjon of segments at the distal
end. But thene ane others , I j l<e Jher i ng and A I -
bnect, fon instance who adopt intencalatjon.
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Despi te th j s ment jon of others befone h'im, Baur' s name i s

general ly associated wj th thjs theony. Baur bel jeved the

extna ventebnae vúene created ej ther by " jntercalation, or by

division of the onìg'inal segments, on by add j t jon at the

caudal end", and the loss of segments was due to eithen "ex-

calatjon, unjon, on loss of segments at the caudal end"

(ir/iìlis 1923b:99). Some neseanchers, such as Keith

( 1903;16), do not support the theony of jnten- or excalatjon

but do feel that segments can be shed fnom the caudal end of

the column. Because the last presacral vertebna has pantic-

ular characteristics even when thene is a numenical vania-

tion present, Baun beìieved thene was no change at the lum-

bosacna I jo'int and the van i at j on mus t have occun ned f ar then

up the column (td j I I is 1923b:100) . UJj I I js (1923b:100) fel t

that the part'ial sacnaltzatjon of a lumban vertebra and the

pantial ìumbarization of a sacna'l segment wene evidence that

the variation is local ized at the lumbosacnal junction. Ac-

cording to lil'i I I js (1923b:99), Baun "has based his study upon

the modenn type of animal wjthout investigating the steps by

whi ch i t has acqu j ned i ts pnesent rnonphologi ca I stnuctune

theneby explaining nothing. "

Bjnm'ingham (1891:527 ) used segmentation of nenves, wh'ich

js primany, ìnstead of segmentatjon of ventebnae, which is

secondany, as the true indication of the condition pnesent.

"The last nenve which goes to the Iimb is the thind sacnal

and by obsenving i ts numerical pos'i t'ion jn the spinal



series, the wandening of the Iimb headwards or

be necognjsed" (B'inmingham 1891 :528) .

11

ta j ìwands may

0n posing the question as to whethen an extra vertebna

was due to the "intenpolation of a supennumenary segment jn

the ìumban negion or to the convension of a dorsaì on the

one hand on a sacnal on the other", Binmingham (lgg1:531)

concIuded that "the intenpolated segment would have no con-

nesponding nenve So the connections of the nerves show

quite cleanly that the abnorma'l number is not the nesult of

an interpolation." This conclusjon js made because the ner-

vus b joemus, wh'ich normal ly comes thnough the th j nd sacral

foramina, comes thnough the second jn indirriduals wi th twen-

ty-five pnesacral ventebrae. This indicates that the "sac-

num is but a numben of ventebrae modified and consolidated

for the suppont and attachment of the pelvic g'indle" and

"the incneased number of vertebnae in the lumban negìon de-

pended upon the connection of the pelvic girdle to the ven-

tebnal coìumn, one ventebna funthen bacK than nonmaì" (nin-

mingham 1891:532). He fol lowed Rosenbeng's v'iew that thene

is a gnadual shontening of the ventebnal column, Referring

to Rosenbeng, Bjnmingham (1891:534) said "a condjtion simi-

lan to his ancestnal type does occun jn man, and this occur-

nence, wh'ich may be considened a reversjon to an eanìy type,

is a strong argument jn favour of the theory whjch he has

advanced. "
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In 1892, Patenson (1892:524) descnibed three types of in-
djvjdual diffenences which can occun with nespect to the

correlation of the sp'inal nenves and the ventebnae:

(1) a vaniation in
wj thout any concomi
columni (2) a van
wi thout any concom
and (3) a coinciden
system and ventebra

t
ta
ia
it
t
I

he arrangement of the nenves
nt variation in the ventebral
tion in the ventebnal column
ant variatjon jn the nerves;
variation in both the nervous
column.

He went on to point out that: "These vany'ing nelations of
the nenvous system to the vertebnal column djminjsh the val-
ue of the spinal nenves jn the detenmination of the senjal

homologi es of the ver tebra I segments ( Patenson 1 89 1 : 524) .

Howeven, he added that:

I f ] un then j nfonmat i on as to the re I at i ve fnequency
of abnonmal jtjes jn the dìsposition of the sp'inal
nenves in the limb-plexuses and the nelative fre-
quency of the various modes of connelation of the
spinal nenves and vertebral column js nequined be-
fone adequate conclusions can be fonmulated on
thi s poi nt ( Patenson 1 892 :524) .

Bardeen and El ting ( 1901 ) studied the vaniations jn the fon-

mation and position of the lumbosacnal nenve plexus in hu-

mans, and found a number of djffenent plexus types, each be-

longing to jndividuals wi th various ventebral fonmulae.

Often the plexus was a diffenent type on the right and left
sides of the same jndivjdual, and the last spìnal nenve to

supply the limbs vanied fnom the twenty-sjxth to the twenty-

ni nth.

Bateson ( 1894:102) distinguished between two types of
vaniation: menistic, which is vaniation in the total number

of segments in the whole spine; and homeotic, which is the
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van i at i on 'in the numben on ond j na I pos'i t i on of the ver tebnae

in one or mone neg'ions of the coìumn and compensated fon by

changes jn ne'ighbouning regions, not necessaniïy jnvolv'ing

change in the total numben of segments. He pointed out that

i t is f nequent ly di f f jcul t on impossible to detenmjne the

total numben of segments due to the pnoblems associated with

the caudal series, as mentioned eanljen. Thus, jt is nare

fon a case of menistic varjation to be identifjed, âlthough

in almost any of the cases of homeotic vaniation, merjstjc
vaniation may be present, but obscuned.

Bateson ( lgg+:1 1 1 ) also introduced the tenms fonwand ho-

meosis and bacKwand homeos'is in onden to el iminate the mis-

leading use of phnases sush as 'the movement of the peìvis,

ei ther fonwand on bacKwand aìong the spine' Fonward homeo-

sis refers to cases whene a ventebna develops jn the fonm of

a segment which be'longs to the series above jt, and bacKwand

homeosis occurs when a vertebna develops jn the form of one

fnom the senies below i t.

Dwight ( 1901b:346) accepted Rosenbeng's "vjews on the

changes of position of the ilium, and the consequent modifj-

cation of ventebnae accond'ing to the posi tion j t f inal ly as-

sumes" but felt the "need of some explanation of cause of
these modifications". He could see no other than the opena-

tion of a "vi tal pnìnciple", which is a "force acting

thnoughout the onganism", impljed because "Ia]ften the oc-

cunnence of the oniginal ernon jn development there is a
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tendency fon the spine to assume as neanìy as possible its
normal disposi tion and pnoportjons". Dwight

(lgO1b:339,324,326) telt that inregular segmentation and in-

ten- and excalation are nesponsjble for some numerjcal vari-
ations.

In Dwight's vjew, innegulan segmentation accounts fon

changes such as unjlatenal dupljcation of a tnansvense pno-

cess nesul t'ing in two tnansverse pnocesses on one side of

the same ventebra. üJj ì lis (1923b:100) pnefened to consider

these types of occunnences as pathologicaì jn natune, caused

by enrons in segmentatjon and diffenent fnom the numerical

variations and tnansitional vertebrae which ane cons'idened

results of a phylogenetic pnocess. Dwight (1901b 324) con-

sjdened examples of jnten- and excalatjon to diffen fnom in-

regulan segmentation only jn that they "ìmply a conrespon-

dence between certain vertebnae at the ends of the senies

between whjch the change occuns." He felt the fact that

"the ventebrae at the bondens of centajn neg'ions are charac-

tenistjc ones and yet thene is an abnonmal numben between

them" is evidence that inten- and excaìation do occun

(Dwìght 1901b: 326), Howeven, Dwight (1901b:339,329) said

"the conditjon of a centain vertebna affects that of othens,

as for instance the effect of a certajn ventebna being the

fulcnalis on the two ventebrae above it and on the sacnum as

a h/hole", and " Ii ]t seems beyond question that centain

ventebnae ane capable of hav'ing chanactenistjcs of those
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above on below them jn numenical orden"" Believing this to

be the case, it seems inconsjstent to nely on intercaìatjon
to account fon an extna vertebra, or excalation for the lacl<.

of one, Genera'l ly, authons who feel the ventebnae can taKe

on the f orm requ j ned by the j n f unct 'ion , such as Bandeen

( 1905:267]l, who says: " Id] iffenentiatjon in the post-thora-

c jc neg'ion depends appanent ly in the main upon the posi tion
of the posten jon ì'imb", do not suppont Baur's theony of in-
ten- and excalation,

Kejth (1903:39,16), supported Rosenberg's view that seg-

ments of the same numerical pos j t'ion correspond, and he d js-

misses suppress'ion and intencalation fnom the evolution of
highen mammals, and claims that only at the caudal end can

suppnession or additjon occun. In his opinion: "it is not a

matten of ìifting out or jnsent'ing a segment, but the gnadu-

aì tnansfonmatjon of the characters of one segment jnto

those of the one lying next i t in the series" (Xei tfr

1903:40). Keith (1903:19) said: " ItJhe pnocess of tnansmu-

tation of the pne-sacral segments and suppnessjon of the

caudal began with the change from the honizontal to the up-

right posture duning the evolution of the onthognade type

fnom the pronognade. " Kei th ( I SZS:500 ) poì nted out that :

the developmental process which tnansforms a last
lumban into a finst sacnal ventebra is not one
whjch worKs only on bones; all the elements which
I ie in the same segment of the embryonic body
nerve, muscle, and vessel - undengo a tnansmuta-
tion connesponding to that of the ventebna
The evolutionany mach'inery which shapes new fonms
has to be sought fon jn factons which contnol
the development of embnyonic tissues
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Bandeen (lSO+) Uelieved numenical ventebral variation to
be an jnher j ted condi tion (naciaì ly not individua'l ly) , wh jch

is manifest eanly in embnyon'ic development. Bandeen

( lgO¿:513) neported that " Ia]fter attachment of the i lium to

the ventebral column is made jt is not segmentaìly altered

dun 'i ng subsequen t deve I opmen t . "

Duning the sixth weeK of embryonìc deveìopment the
sclenoblastema of the ilium becomes united to the
costal processes of the sacral ventebnae and by
various stages the blastemal sKeleton of the em-
bnyo becomes convented into a carti laginous sKele-
ton ( Bandeen 1 904: 499 ) .

He considened the prim'i tive ventebnae to be potent'ial ly

equìvalent (Bandeen 1905) .

Smi th ( I SOZ , 1909 ) descn'ibed an j ndi vidua I sp'ine of the

nonmal numben of ventebrae which exhibi ted fusion of the at-

las and axis. Thene wene "a whole series of hanmonìous var-

iatjons and not the disharmonious but compensatony anoma-

Ijes, whjch commonìy occur in abnonmal spinal columns"

( Smi th 1 909: 357 ) . The changes ane suggest ive of a shi ft i ng

bacK of the pnecaudal column by one element, but wj th fusjon

and partial ass jmj lation whene j t u/as not possible to change

an atlas into an axis, His conclusion is that: " It is not

an jsolated, localjzed ennon of development, but pant of a

widespnead jndecision on the part of natune as to which so-

matome was to develope Isic] a definite ventebna" (Smjth

1 909: 358 ) .
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Mannens-Smìth (lgOg:154) studied the varjabilìty of the

last lumban ventebna and found two types of anticulation on

fusion of the tnansvense pnocesses to the alae of the sac-

num, whjch can occun on one on both sides, The first type

is an antjculation of the latenal pnocess which he felt was

due to a post-natal mechanical cause. In the second type

the lateral pnocess js nesolved into jts transvense and cos-

tal parts and the "costal element may eithen articulate or

f use wi th the sacnum" (Mannens-Smi th 1909: 154, 155 ) , hjhi ]e

he felt "the mechanism is probably the same in both types",

this second type is "most certainly pnoduced jn uteno

whi lst those elements wene sti I I in a plastic state" (Man-

ners-Smjth 1909:157), He pointed out that "evidence whjch

has been accumulating wjthjn recent yeans would, however,

suggest that the sacralisation of the last lumbar vertebra

has not the monphologìcal s'igni f jcance i t was once thought

to have" , and "would impìy that the trans j tion is an easy

one; that a slight mechanjcal cause is sufficient fon jts
production and may, in the Pnimates, occur at any period

of l i fe" (Mannens-Smi th 1909: 159) .

Barcìay-Smì th (1911: 162) cla jmed that the most commonly

accepted explanatjon of the vanjations was the "compensation

theory", which:

assumes that a mone on less fjxed homology exists
between the individual ventebnae of all spìnes;
that the fonm value of any ventebna js not abso-
lute, i t may assimj late to a gneaten on less ex-
tent to a neighbouring ventebra; vanjation jn fonm
va'lue may I ead to numer j ca I neduct j on on j ncrease
in one neg'ion, compensated for by numenical in-
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crease on neduction in adioin'ing neg'ion or
regions.

He does not attnibute this theony to any jndjvidual or indi-
vjduals, but it appeans to be in Keeping w'i th 'interpneta-

tions made by Stnuthers as eanly as 1875.

Mi tchel I ( I gS0 :147 ) stated that :

Man's assumption of the enect posture has necessi-
tated many skeletal modjfications and they ane no-
where more apparent than about the lumbosacral
junction. Final'i ty jn stnuctune has not yet been
attained and developmental abnonmaljties are abun-
dant

L jlte rnost neseanchens by th js time, Mi tchel I (1936:147) be-

I ieved the:

total numben of segments seldom vanies Itherejsl no pnoof that intercalatjon on excalatjon of
whole segments occuns naturally, âñy additjon of a
vertebna to one region must be assocjated with
loss of a vertebna fnom anothen,

A simi ìar view expressed by Danforth ( ISSO:465) was that

"the ventebnae are in a sense plast'ic and the chanacten

of each js largely a function of jts pos'i tjon."

Numenous authons have concluded that thene is a genetic

basis for numenical variations in the ventebnal column (La-

nien 1939, Allbnook 1955, Bonnstein & Peterson 1966, Tulsi

1972). in experiments with nabbits, Sawin (1937) found that

an incnease in the numben of pnesacral vertebnae can be "in-

cneased by selection which shows that it has a genetic ba-

sis. " Studies of vanious human gnoups ane suggestjve that

the fnequencies of the van'iations ane charactenistic of a

population, as suggested by de Been Kaufman (1974:369).
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The fnequency of twenty-three and twenty-five pnesacnaì

ventebrae fnom a number of studies can be seen in Table 1.

Thene ane some djffjcultjes jn maKing dinect companjsons be-

tween the studies; the values are influenced by sample sìze,

and diffenences in the defini tions of what consti tutes a

pnesacnal ventebnal vaniation in numben. This ìatter aspect

is often a nesult of the authon's reseanch jnterest and per-

spect'ive. Authons deaì ìng wi th the pnesacnal column of ten

considen the tnan_si tional ventebna to be a lumban i f i t is

free and a sacnal if jt js fused, however incompletely.

Some authons nepont cases wjth transitional vertebnae sepa-

rately, as do Cushway and Maier (ISZS:703) who, in a study

of 931 males, found f ifty cases wjth some degnee of sacral'i -

zation, in addi tion to the fonty-sìx cases wj th extna on

ì ack'ing ven tebnae j n ei then the thonaci c or I umbar neg ì ons .

!üith this method of reponting vaniatjons it is impossible to

detenmine frequencies of the tendency to ejther jncnease on

decnease in numben'of pnesacnal ventebrae.

Shone (lgSO) Oiscussed abnonmalities of the lumbosacnaì

junctjon, including tnansi tional ventebnae, in a section

sepanated by thinty pages fnom his section on numerjcal var-

iations. He found foun cases with a tnansitional lumbosa-

cnal ventebna and seven columns with numerical vaniation,

Because Shone was not par t i cu I an'ly i ntenested i n the pnesa-

cnal column, j t nequired caneful scnutiny of his descnjp-

tions to detenmine that one of his tnansitional ventebnae
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Investìgatons

TABLE 1

Reponted Numerical Vaniations

Populatjon Samp I e
Sìze

ot
/o

23

ot
/o

25

P a ten son
P a ten son
Staderini

3)
3)
4**
1895 ,k*
nt 1901 **
)

)

Bianchl 1894/
Ancel & Sence
Bandeen ( 1 904
Bardeen ( 1 904
Steinbach 188
Steinbach 1BB

adult 132
embnyo 30
F lonence, I taly 1 00
Pnov. of Sciena 130
Nancy, France 908
embnyo 32
adult, white & blacl<,70
fetus (4-6 mo) 25
fetus (3-9 mo) 55
ch j ldren (< I yn ) 50
adul t 83
Museum, Pan'is 350
Amenican whi te 557
Amenican blacK 185
Egyptian adult 39
white & blacK adult 189
Inui t 49
South Afr ican 82
Inui t 217

nand
is (

js (

ter

189
189
189

187 7
923 (

923 (

1 926
1 929

5.3
J.J
7.0
9.2
4.7
3.1
7.1

0
1.8

5.3
3"3
4,0
2.3
4.3
3.1
8.6
4.0
9,0
2.0
7.2
2.9
0"7
1,6
7 .7
9.5
2.0
1.2

12 .0
3.0
7.0
2.0

11"6
5.3
3.1
8"5
4"0

10,8
17 "9

Stei
S tei
Topi
trüi I I
t,l/i t 1

Tnot

nbach 188
nbach 188

9**
9**
9 *{<

9**
**

a))
a))
)

)

0)

0
3,6
2.3
4.2
4.9
2.6
4.8
6.1
1.2

0
6"7
5.0
3.0
3.4

,F4"9
*8. 3
*3"0
4"8
5.8
7 "1

Tnot ten
Danfonth ( lgS
Shone ( 1930)
Stewant ( 1932)
Hodges &
Lan'i en ( I
Lanier ( I
A 'l I bnook
Bornstein
Bonnstei n
Bonnstei n
Tulsi (19
de Been K
de Been K

Pec[ {1937) nmenican male x-ray 447
939) American blacl< 100
939 ) Amenican whi te 1 00
( 1955) East Afnican 206
, Peterson (lg0O) white 488
, Peterson ( lg00) blacf sfi
, Petenson ( lgO0) asian 294
721 Austnal ian 125
aufman (1974) South Afnican blacK 462
aufman (1974) San 28

)k includes 1 individual wi th 22 pnesacnal ventebnae

** neponted in Bandeen (1904)
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h/as a twenty-founth whjch was partly fused to the sacrum.

Thus, th'is jndividual had only twenty-thnee free presacral

vertebnae. 0f hjs seven spines wjth vaniations, oñly one

had a change in number in the pnesacnal neg'ion. This jndj -

vjduaI had twenty-five pnesacraì vertebrae. Therefone, aI-
though Shone's study was not neadi ly companable to most of
the othens, it was possible to detenmine the pencentages of
twenty-thnee and twenty-five presacnal ventebnae found jn
the e'ighty- two sKeletons studied.

Trotten (1929:97) analyzed 189 Black and U/hi te Amenican

vertebnal columns and neponted only that 9% of the indjvjdu-
als exhibi ted lumbanization on sacnalization and that 6y"

showed unusual annangements not'involving the lumban or sa-

cnal negions, u,ithout funther clarjfjcation. Thnee yeans

aften her study of South Afnican pnesacral columns, de Beer

Kaufman (lgll ) conducted a study of precaudal columns of
South Afnican BìacKs, San, and Amenjcan Blacks.

Although thene is an appnoxjmately equal tendency for hu-

mans to deveìop eithen twenty-three on twenty-five pnesacnaI

vertebnae instead of twenty-four (Bandeen 1904:516), in the

studjes of sufficjent sample sizes of both males and fe-
ma I es , ilñ i ncneased tendency j s found fon ma I es to have

twenty-five and females to have twenty- thnee (Bonnstejn &

Petenson 1966, Tulsi 1972, de Been Kaufman 1977l.,
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Patenson ( 1892) found lowen fnequencies of vanjatjons in

the adul t than the fetal sKeletons he studied. According to

Bardeen (1904:510), this "diffens gneatly fnom Stejnbach

" Bornstein and Peterson ( 1900:142) stated that numerical

vaniatjon js not associated with âg€, "jn contnast to patho-

logic lumbosacnal fusjon - a condition whjch was not present

in any slreleton unden the age of 40 yeans ,.. " Manners-

Smi th ( 1909:155) bel ieved that lumbosacral fusion can occur

at any stage of ì i fe. Lanier ( 1954:366) fel t that lumbosa-

cral fusions "ane found in embnyos and fetuses and have nev-

er been obsenved to deve'lop jn the postnatal perìod, "

Thjeme ( 1951:151 ) reponted that the fnequency incneases wi th

age. Bohant (1929:699) said "Ij]t appeans to me that a sa-

cralizatjon of the transvense pnocess js an effort of nature

to overcome a stnuctunaìly weaK spine at its base, to bol-

sten up and stnengthen a weaK f namewonl< rr

UJhen detenmin'ing the bones which fuse to form the sacnum,

some authons have attempted to diffenentiate between sacna

of the same numben wi th segments of di f fenent olig'in. For

example, Paterson ( 1893:135) tabulated the fnequency of cas-

es with vanious numbers of bones in the sacnum. He distin-
guìshed sacra with five segments fnom those with four plus

one coccygeal, and those with sjx fnom those with five plus

one coccygeal. Based on appeanance of the sacrum aìone,

these distinctions ane of dubious accunacy, The posjtion of

a vertebral segment nelative to the posjtjon of the ilia de-
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tenmines the function of that segment, which jn tunn deten-

mjnes it's fonm. Once a lumban or coccygeal segment has

been inconporated into the sacnum it is difficult on impos-

sjble to dist'ingu'ish this ventebna fnom othen sacral seg-

ments of the same positjon, Even in cases of incomplete fu-
sion, it is not neadì ly appanent whether the sacrum has

alrnost gajned a coccygeaì on has almost neleased the last
sacral.

Le Double (1912:357 ) expnessed thi s viewpoint:

Quand on ne possède pas la colonne vertébnale toutentière,- il est très djff icile, ìmpossible même,
de dì f férencien le sacnum à 5 pai re's de tnous de
chaque côté, nésul tant de l'ännexion de ìa lre

ygienne, de celuj à 5 paìnes de tnous
é, résu 1 tant de ì ' ad joirct i on de I a 5e
e celui à 5 paines de tnous-de chaque
cune ventèbnä n'est empnuntée ni aux
coccyx.

ventèbne cocc
de chaque côt
lombai re et d
côté dont au
lombes ni au

Apparentìy Le Double believed jn intencaìatjon as well as

function detenmjning fonm and the sh j f tìng of the 'i I ja, be-

cause he assumes a thind case exists where thene are six
segments wj th the extna bejng nei then lumban or coccygeal jn

onigin. If the ventebral column js complete the numenjcal

position of any vertebna can be used to detenmine its orj-
gin, (it the "nonmal" fonmula of 7,12,5,5 for cervical, tho-

racic, lumbar and sacraì, nespect'iveìy, is applied as a

standand fnom which the vaniations onìginate).

The possib'i l'i ty of detenmjning the numben of pnesacnar

ventebrae fnom an analysis of only the pelvjc gindle depends

on the existence of evidence on the sacnum of the position
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of the embnyonic attachment of the iìia wjth nespect to the

ovenaì I column. In individuals wi th the modal numben of
twenty-foun pnesacnal vertebrae, the i I ia attach to the

twenty-fifth ventebnal segment, which becomes the fjnst sa-

cnal element, In cases with ejther twenty-three on twenty-

five pnesacnals, the jlia attach funthen up or down the co-

lum, nespectively, nesul t'ing in the inconponat jon of
djfferent ventebnal segments into the fused sacrum.

At the beg'inn'ing of this centuny, Dwight (1901b:339)

found jt "nathen surpn'ising that no effort has even been

made to decide whethen sacna could be distingujshed one fnom

anothen acconding to the panticu'lan vertebna that happens to

be the fulcral is", which is the ventebra contributing the

most anea to suppont of the j I ium. He then went on to de-

scribe centain distinctions between columns with sacna of
djfferent numerical compositjon. Appanently, no one has at-
tempted this yet, and because the method requines knowledge

of the entine column jn orden to decide the numerical posi-

tion of the fulcnalìs fnom the sKull, it was not dinectly
appl icable to the pnoblem at hand. Howeven, due to the fact
that the ventebra fulcnalis is detenmined by the posjtion of
attachment of the i lia, I chose it as a chanacteristic won-

thy of study, as it may help to reflect the numben of pnesa-

cnal ventebnae.

In 1893, Patenson descnibed the chanactenistics of sacna

of sp'ines whene the hi ps had sh j f ted.
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If the il jum is attached h'igher up on the first
sacnal vertebra, the transverse pnocess is not
wel I manlred, the pnomontony between the f jnst and
second ven tebra does not exi st , and the fi rst
ventebna is fused with the second. If the attach-
ment is lower down, wê obtain a gnadual senies
showing ljbenation of the finst ventebna, until at
ìast cases anjse, in which, on one on both sides
thene is a fnee, non-ant'iculating tnansverse pro-
cess to the vertebra whjch normally js the fjnst
sacnal (Patenson 1893: 129) .

Thus jt appeans that a sacral hjatus between the fjrst and

second sacra I ver tebna j s of i ntenest when at tempt'ing to de-

termine the position of attachment of the ilia and the ne-

su I t i ng numben of pnesacra I ver tebrae.

Paterson (1893:161) also found that:
A pnomontony between the fjnst and second sacraì
ventebnae occuns fnequent ly; jn the majori ty of
cases in association with the pnesence of six sa-
cnal vertebnae, and mone fnequently in the male
than in the female, jndicat'ing a gneater tendency
in the male toward libenation of the first sacnaì
ven tebna.

Howeven, these chanactenistjcs may be simi lar

sacna'inconponating a last lumban as well as

libenating a finst sacral.

to those of
those cases

Thieme ( lgSl ) found an anatomical nelationship of the

pelvic gindle which pnedisposed indjviduals to lumbosacnal

fusion, which js the complete or partial inconponatjon of
the last lumban vertebna into a sacnal memben. Thieme's

purpose ì,úas to investigate whether lumbosacnaì fusion is a

" functional adaptatjon to the mechanjcal nequi nements of
enect postune" (Thjeme 1951:149). He chose the point of in-
tersection of the ancuate line of the hips to the sacral
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aìa, wh jch was "not anbi tnarì'ly chosen because of ease of

measunement", but because i t js a funct jonal po'int where the

"division of the forces that ane tnansmitted down the spine

and out to the n ight and left legs" occuns ( Thieme

1951:157). He found that "pensons who have this poìnt of

intensection close to, or antenion to, the sacral pnomontony

are pned'isposed to nonmaì lumbosacral fusjon" (Thieme

1951:156-157)" In these cases the sacnum is completely or

pantly out of the dinect line of fonce and new bone is bujlt
up, bn'idging the last lumban to the f i nst sacral in nesponse

to the stnain (Thieme 1951 ).

Al though Th jeme was jntenested on'ly jn cases whene lumbo-

sacnal fusjon develops during a penson's ljfetime, it seemed

to me that the relationship of the arcuate ljne to the sa-

cnal pnomontony could be used to detenmine the posjtion of

attachment of the hips wi th nespect to the whoìe ventebral

column. KnowÍng which segment fonmed the fjrst sacral ele-

ment would then neveal the numben of pnesacnal vertebrae in

the individual,

My hypothesis, in onden to be useful to physical anthno-

pologists dealing w'i th fnequently 'incomplete anchaeological

ventebnal columns, had to deal wj th only the pelvjc gindle,

assuming no othen l<nowledge of the ventebnal column. Thene-

fone, p?rthen than tnying to ident'i fy cases of lumbosacnal

fus jon (whereby a lumban has fused to the sacrum) and taK'ing

the measune on the on'iginal sacnum as Thieme djd, I jncluded
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all of the fused and pantially fused segments in my defjnj-
tjon of the sacnum, negardless of on'igin. In this wây, an

jnd'ividual wi th lumbosacnal fusion would pnovide a large

measunement of distance fnom the intensection to the sacnal

pnomontony (which vúas original ty the last lumbar). Thjs is
in contnast to the smal I measunement denived by Thieme, ur/ho

measuned on'ly to the orìg'inal pnomontony, one compìete seg-

ment bacK.

It seemed to me that the lange measure would belong to

indjv'iduaìs who had inconporated a lumban jnto the sacrum.

This would be tnue negandless of whether or not this jncon-

poration of a ìumban occunred dun'ing embnyon'ic development,

or post-natally as a nesult of stress fnom upright postune.

Ej then wây, these people would have only twenty-thnee seg-

ments supenior to the sacnum. It should fol ìow, then, that

individuals with a small measune ane those in which the hips

attached far enough posteniorìy that the usual fjnst sacnal

element (the twenty-fifth segment), was not nequined fon the

transmjss jon of fonces f nom the sp'ine thnough the hips to
the legs. In these cases, the twenty-fifth segment would

neven have fused to the sacrum, resuìting jn twenty-five
pnesacnal vertebrae. ïf this js indeed the case, then in-

tenmediate values should be found for individuals wi th the

modal number of twenty-foun pnesacral vertebnae, whene the

hips attached nean the middle of the twenty-fifth segment.



28

Although thjs hypothes'is seemed pnomising, i nealized

that the measune would neven be an accunate pnedicton fon

al I cases" h/hene a "shif t" of one entine segment occuns in

the attachment of the iìia, the ancuate line would intensect

near the centen of a segment, loolting fon al I intents and

punposes, "nonmal", Thene would be no indjcatjon that the

hips had jo'ined to the twenty-founth or twenty-sixth verte-

bra instead of the usuaì twenty-fifth. However, as these

f u I 1 segment shi f ts ane nean the extremes of th'is type of
var j at jon, I expected that they wou ld be nel at'ive'ly j nf ne-

quent.

Othen cases which would not fit well into this scheme

would be those indjviduals wjth twenty-foun pnesacnal vente-

brae and a low measunement ( typical of twenty-five pnesa-

cnals), who have not yet developed the ìumbosacral fusion

nesul t'ing f rom the stna jn of fonces tnansmi tted to the sac-

num when the intersection of the ancuate line is close to
the sacral pnomontony. However, I hoped that secondany

characteristics, such as artjculatjon of the sacnal alae

wi th the last lumbar, h,ould distinguish wh jch ind jviduals

were I il'tely to develop the lumbosacnal fus jon laten in I i fe,

had they I jved. Because these exceptions might prove to be

nane, I hoped that they would not stand jn the way of fjnd-
ing a measune which could be used as a reliable jndjcaton of
the numben of pnesacnal ventebnae.
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The I i tenature pen ta'inì ng to numen i ca I ver tebra I van i aton

has overwheìmingly supported the view that the fonm of a

ven tebna i s detenmi ned by j ts f unct'ion, whi ch can be deter -

mined by the position of attachment of the hìps. There is

some debate as to whether the vaniation'in the ìevel of at-
tachment of the hìps is due to a progressive evolut'ionany

tnend on jndivjdual pecuìjanities, but there is evidence for

a genet'ic basi s, and ìumbosacral f usions can develop post-

natally. It was this discussion of the varyìng height of
'i Iiac attachment, and especially Thjeme's (1951) Oiscoveny

of an anatomjcal nelationship pnedisposing to lumbosacral

fusjon, that led me to jnvestigate the hypothesìs that jt

m'ight be poss j ble to pnedi ct the numben of pnesacra I ver te-

bnae fnom the pelvic gindle alone.



Chapten I I

MATERIALS AND METHOD

2.1 MATERIALS

Because of the low fnequencies of numerical vaniatjons jn

the presacnal ventebnal column, a large sl<e'letal population

was nequjned in onder to obtajn adequate sample sjzes fon

statistjcal analysìs. The data wene gathered at the Cleve-

l and Museum of Natural H'istony which houses the Hamann-Todd

colìection of over 3,000 human sKeletons of known sex and

age. These indjviduals ì^/ene Cleveland's unc'laimed conpses

fnom the finst foun decades of this centuny. Because of
this, the sKeletal population is jn no way nepresentative of
the population as a whole. The people wene mostly immig-

rants and indigents who had no fami ly to claim them or the

famj ly had no money to buny them. Most wene male; only

about f jve hundned vúene female. A lange pnopontion of the

people wene Amen ican B I acl<s and the ttlhi tes u/ene f nequent ly
of necent Eunopean extnaction. Fon the most pant these peo-

ple wene in poon physical health and many died of diseases,

especi al ìy tubercuìosi s.

Al though the col lection is not repnesentative of the

overall populatjon, the sKeletons ane invaluable fon ne-

seanch. The vast numbers ensune statistical sample sizes of

-30
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most sKeletal varjations, and a lange number of pathologies

ane pnesent. Thene is a file fon each skeleton, and jn ad-

dì tion to age and sex infonmation, rnost contain photognaphs,

autopsy reponts, and skeIetaI assessments.

Approximately 2000 files wene seanched and all cases wjth

numenical ventebral vaniations reconded were selected for

study. In addi tion, a number of nonmal f j les ì,úene chosen

fon analysis. An attempt was made to include a sufficjent
numben of both males and females oven the age of s'ixteen,

for stat'istical analysis. The analysis fonms u/ene pnepaned

by copying down all nelevant jnformation fnom the files be-

fone I conducted the ana I ys'i s of the sKe I etons . Comp I ete

data wene gathered fon 180 indivjduals. The raw data can be

found in Append'ix A, These data ane not nepnesentative of

any neaì population because of the selection fon vaniants.

Sixty-nine of these 180 jndividuals (30 female and 39

male) nad the modal numben of twenty-four pnesacral vente-

brae. S'ixty-eight skeletons ( S fema le and 65 ma le ) fraO

twenty-five pnesacrals, and forty-thnee ( lS female and 30

male) naO twenty-thnee. Ideal ly, mone females wi th numeri -

cal vaniations would have been included. Howeven, only one

in six or seven individuals in the col lection is female, and

an increase in number to twenty-five presacnaI ventebnae,

especiaììy, is very nane in females. Eveny variant female

column encountened was analyzed, and the same is tnue for

the males, but time djd not penmit further searchìng of the

f i les.
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2.2 METHOD

The hypothesis that the pelvic gindìe could be used to pne-

dict the number of pnesacnal vertebnae nests on the assump-

t i on that thene ane rnonpho log i ca I j ndi catons that nevea I the

position of the attachment of the i lia with respect to the

ovenal I vertebral column.

In 1951, Thieme found a nelationship which pnedisposed

indjviduals to lumbosacnal fusion. He found that people

with small distances fnom''the sacnal pnomontony to the in-
tensections of the ancuate lines of the ilia with the sacnal

alae, wene mone ì ikely to develop a lumbosacrar fus jon.

Lumbosacnal fusion is, in fact, one type of numenjcaì vanja-
tion; a lumban ventebra js pantly on completety inconponat-

ed jnto the sacnum, leaving only twenty-thnee fnee vertebnae

above the sacnum, instead of the modal numben of twenty-

four.

The relationship of the sacnal promontony to the jnten-

section of the arcuate Iine with the sacral ala 'is cnitical
to my hypothesis (see figunes 1 and 2). Howeven, Thieme,s

measune could not be adopted pen se. Thjeme ( 1gb1 ) deten-

mined the distance of the intensectjon fnom the pnomontony

from x-nays as wel I as sKeletal matenial. In onden to maKe

both samples companable, he made mathematjcal connections to
compensate fon djstontion in the radiognaphic f i lms. How-

even, the two samples were not companed, and hjs method was

only described fon finding the points and taking his measune

fnom the x-nays.
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Refenning to sl<,eletal matenìal, Thieme (1951:154) said

only that al though the "point of jntensection of the pro-

jected iìiopectineal Iine and the sacnum" is "not an easily
def i ned I andmanK i t can be qu'i te accunately found i f the

orientat jon of the pe'lvis in the x-nay f j lm is Kept jn

mind." The distance to the sacnaI promontony js detenmjned

by measuning penpendiculanly from the intensectjon of the

arcuate line on the x-ray to the most anterjon point of the

sacnal pnomontony, To establ jsh this plane in sKeletal ma-

tenial would be diff icu'l t, at best, and I developed anothen

method, described below, of determjning this djstance.

Also, I decided that a straight measune m'ight not be

strict'ly companable between ind jviduals because i t d jd not

taKe into account the diffenences in size of the sacra. In

additjon to measuning the distance fnom the pnomontory to

the point of intersection, I measuned the wjdth acnoss the

sacnum at the pojnts of intensectjon of the ancuate lines

wjth the aìae. The fonmen measune was then divided by the

latterand mult'ipliedby 100 jnorden topnovide a ratjo
that contnolìed fon size diffenences between individuals.

I also decided to recond which sacral segment acted as

the vertebna fulcnalis, the maximum height of the aunjculan

surface, a profile dnawing showìng the position and shape of
the auniculan sunface, âs wel I as any evidence of asyrnme-

tnies, 'incompleteness of fusjon of sacnal elements, and ar-

ticulation of the sacrum with the last lumban.



The actual method of analys'is as appl ied

ual sKeleton and neconded on the fonm shown

as fol lows:

Fnom the files:

36

to each individ-
jn figune 3, is

2

3

Recond the jdentificatjon numben, sex and age infon-

mation.

Recond height and we'ight data when pnovided.

Recond any infonmation fnom the sKeletal assessment

cand nelevant to the vertebral coìumn.

Detenmi ne and necond the number of ven tebnae of each

type:

Cenvical - fonamina jn transvense pnocesses, ño njb

facets;

Thonacjc - rjb facets;

Lumbar - no rib facets, not fused to sacrum;

Sacnal - fused segments, howeven incompletely.

Recond any evidence of asymmetny, ìncomplete fusion,

anomaì jes, and articulation of the last lumban wj th

the sacnum on h'ips.

Recond which segment of the sacnum is the vertebra

fulcnal is (tfrat segment wh jch contnibutes most to the

aurjcular sunface, and thus to the anticulation of

the i I jum) , for both the lef t and nìght sides.

From the skeìetons:

2

3



37

VÉßTÉßRAu COtLrrv\N Þ¡AIA

VÉRTÉ-ßRAT J+ NO Tø"5

t.D. ¡oQl
sEN,'lr AC$ +ç HqCTHT /7 61Wú ¡GHT

ArlG .96

e< 4'- to

P .S{v\rr
bAlE, :.

'rlMÍ: ..

Hr
\Ne J

CÊR.vrc,lL

TI-l¿,t(qctC
Lunl riA (
SACRUM
(t t|¿ Yl

(w
-<Aa.Ruf"\ <,! \t
SCGrli€.ñr Wtucl-t ts rvvcßALts r '"

lW r-¿rvrrg ôtr AuQtcuLrqß soßFAaÉ (o I (c?

wrDrH 4ACRL tuDf[<n,\iAL LrilÉsMørALAÉ llt)
h\Er6HT úF'PR¡n4oñoßY ÉRorh lLt¿GcfiNAL tT \ = tEAsuRE x

Q,*,--.:-t ¿ll- T il"o'J-tl:L
c-¡Ant

C? *-^-i1r1.-,. 7,.c 1to'l 't'cl/ |
tt ryf
Lç ,l--!,.,""u1 ?.,ç^ *r,*t.lîn''

¡lr. o.l. vtnc.'t,J.\, .1¡,,.,*-
¡¿^)',. i",'"^l ,'''¿

g,., u^ ,,7 ¡,,.) G*2.ç.../'

AATÚ ,oç

7

s
í
1?

Luni\ßo >ÆflÁL lT
+r P?r'<Ar'(Ll-

rl.

oRA : C' srcÉ vtEwg ol SN.¡Corn -r ¡ft!{ Lu418Aß

@s+fit¡t AuÊruuÂe sußFÁct <-tz( * rfil+f(-
(i,rrð\¡- PotNl t)o%nru\u t¡f.rÉ' flvir çA<c,ufn

ßt6tlf

l-¡'rt(

Fr(st
sA((ltt
aNb

3ÈÞ

,{fH

.5ÌH

þ(11

-ÂçrfrL. -"

cì
I

/ /

I\
I

Figune 3: Sample Data Reconding Form



4

5

38

Measure and necond the maximum length of the auricu-

lan sunface, both left and night.

Hold an innominate ìn position on the sacrum and maKe

a pencil mank (A) on the sacnal ala at the point the

ancuate ('i ìiopectjneal) lineof the jliummeets the

sacrum (see figune 4lr, If the ancuate ljne dìvenges

before meet'ing the sacnum, and one branch js much

more prom'inent than the othen and does meet the aìa,

use this ljne. If the ancuate line divenges and dis-
appears, and thus does not meet the sacnum, êXtnapo-

late from the heavy ancuate ljne of the innomjnate

(befone it dìvenges), d'i nectìy to the sacrum.

Repeat the last step with the other jnnominate jn or-
den to get penci ì man[< (B ) .

Measure and record the distance between the two pen-

cil manKs (A) and (B), acnoss the sacnum.

Sketch the auniculan sunface indicatìng the shape and

location with nespect to the sacnal elements, both

left and night. Include a dot to nepnesent the loca-

t ion of penc'i I manKs (A ) and (B ) ( the i ntensect ions

of the ancuate lines and the sacnal aTae).

Hold a straightedge acnoss the sacnum such that j t
passes thnough both penciì manKs (A) and (B) on the

alae, and mal<e a pencil marlt (C) at the mjdline of
the sacraì body, in line with the two poìnts along

the stna'ightedge (see f igure 5) . ChecK to see that

the thnee penci T manKs l'ine up, as it is awKwand to

þ

7

I

I
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POINT A

RCUATE LINE

F'igure 4: Method of Detenmjning Point A
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Figune 5: Method of Detenm'inìng Point C
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hold the stnaightedge jn place and the point (C) js

quite a depth below the straightedge. Adjust if nec-

essany, and ensune that the points line up. If this
centnal point is above the sacnal pnomontony, the

measune talten jn the next step wj I I be negative, and

diffjcult to detenmine pnec'isely, Thjs nelatively
rane instance is descnibed at the end of the next

s tep.

10. Use coondinating calipers with the movable end ne-

moved, leav'ing only the f jxed end and the sl iding
nuler attachment. trúi th the sl ìding ruler in i ts

furthest (deepest) position it extends past the fixed

end. Hold this sl idìng pant so that j t nests on the

supenior surface, centnalìy, acnoss the body of the

first sacnal segment, anteno- posteniorly. Thjs es-

tabljshes the plane of neference fon the measunement.

The cal'ipen anms must then be brought togethen unti I

the fjxed anm is at the point (C) in the centne of
the sacnal body at the point between the ancuate

lines (see fìgure 6). Ensune that the sliding arm is

sti I I in posi tion aga'inst the supen'ion sacnal sun-

face. Recond the measune of distance on the calipen,
(not on the slid'ing anm) . This measure (X) js the

distance fnom the sacral pnomontony to Point C, wjth
the cal ipens held acnoss the body of the superion sa-

cnal segment (see figune 6). In many cases, it js

easjen to nevense the calipens, with the fixed arm on

T'&$ffi tjNEVffi$qffi$TY üF M&n¡ËT#ffiÅ L¿ffir:rÅFr&hffi 1
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POINT C

COORDINATING CALIPERS

SLIDING ARM

FIXED ARM

Figune 6: Method of Determjn'ing Measune X
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the supen'ion sunf ace and the s ì id'ing arm brought to
po'int (C), Frequently, however, the longitudjnal

cunvatune of the sacnum wi I I not penmi t thi s; the

posten ion segments obstnuct the ca I ipens , mal<i ng i t
'impossible to establ ish the plane of nefenence. if
the supen'ion sacnal surface js not f lat, but convex,

hold the arm of the caì iper across i t such that a

f lat plane is appnoximated wj th equivalent gaps on

ejthen sjde of the central nise. If the supenion

surface js concave, make sure the caliper anm crosses

both the anterion and postenion njms to establish the

plane. In nane instances whene the point (C) is su-

perior to the sacnal pnomontory, the best measune of
the djstance fnom the pnomontony to the estimated

po'int (C) was taKen, without attempt'ing to establ jsh

a plane across the pnomontony sunface.

Although a test of intna- and interobsenvon erron uúas not

done, a modification jn the method, which requjned a numben

of measunements to be nepeated, pnov'ided encounagi ng ne-

sults. For the cases where the modjfication had no effect,
measune X was neproduced qu'i te accurateìy. 0n'ig'inal ly, I

was holding the stnaightedge acnoss the sacrum, thnough

po'ints (A) and (B), whi le plac'ing the sl iding anm of the co-

ondinating calipers on the supenion surface and bringing the

f ixed arm to the stnaightedge (to establ jsh po'int (C)). 0n

the second day, I realized that in centajn cases the shape
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of the sacnum nesulted in inaccunate measunements, somewhat

langen than they should have been, The pnoblem anose when

the latenaì cunvature was gneat, (Keeping the calipens far

above point (C) ), and when the sacnal promontony was the

apex of an acute angle between the superion surface and ven-

tnal surface (as opposed to an appnoxjmate night angle). In

these cases the coordinat'ing cal'ipen would butt aga'inst the

straightedge whi le the fixed end would be pointìng below

point (C). At this point I swjtched to the more accurate

method of drawing point (C) wjth a pencil and nemoving the

stnaìghtedge, âs descnibed jn step 9 of the actual method.

I then went bacK and nedjd this measune (X) fon all of the

skeìetons I had completed on the fjnst two days. As jt

turned out, I d jd s'ixty dupì jcate measunes, and only thi n-

teen of these were diffenent fnom the finst attempt by mone

than 2 rr[n, with a range f rom 3 to 6 mm. The enrons wene

systemat'ical Iy langer than the remeasune and wene I ìKeìy

fnom the cases which pnompted the change jn method jn the

first place. I found the fact that 27 of the pajns of meas-

unes wene identical and anothen 20 were out by only one on

two mj I I imetres encounag'ing. Improving the method obvious'ly

made a diffenence jn at least thjnteen cases, but because

the decisjon as to whene to put pojnts (A) and (B) sometimes

nequìnes some judgement, I was 'interested to leann that I

could nepnoduce the measune (X) so close'ly.
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0n netunn'ing to ftlinnìpeg, I appl ied my method to e'ight

anchaeologìcal sKeletons fnom the Gray Site, SasKatchewan.

These nemains are housed in the Pj ltdown Memorjal Labonatony

at the Unjvensìty of Man'i toba. Each jndividual has only one

surviving ì 'l ium in addi tion to the sacnum, nequi ring the as-

sumption of symmetny in onden to establ jsh po'int (B) , Even

wjth thjs additjonal djfficulty thnown in, f jve of the eight

cases were measured identjcaìly on two separate occasions,

and the othen three pairs were onl,y out by 1 mm in eveny

case. These pneìiminany attempts imply that intnaobsenvon

ennor may not be a problem, although both intna- and inten-

observor ernor should be tested for using statistical sample

slzes.



Chapter

ANALYSIS OF

iII
RESULTS

The 180 individuals in my sample u,ene gnouped jnto thnee

sample populations acconding to the numben of pnesacral

vertebrae (23, 24, or 25\ , To mìnimize conf usion dea'l ing

with numbens, these groups wjll be neferned to as short,
nonma I , and ìong f on 23 ,24, and 25 , respect'ive ly, These

tenms do not nefen to the actual length of the columns, but

only to the numben of presacnal ventebrae. Shont columns

have one less vertebna between the sKulì and sacnum than the

normal columns, and long columns have one more than nonmal,

Cases wjth numbens othen than 23,24, on 25 ane not included

as none wene encountened, Both the measure (X) itself and

the natjo derived by dividing X by the sacral wjdth measune-

ment and muìtiplying by 100, wene used. Al I statisticaì
calcuìations r^/ene cannied out us'ing SAS, Statjstical Analy-

sis System, which is a pacltage of noutines pnoduced by the

SAS Inst j tute of Cary, N.C.

The MEANS pnocedune was used to calculate the mean, stan-

dand devjation, and varjance for each of the three gnoups,

and fon both sexes within these gnoups. The TTEST pnocedune

was appl ied to test the samples aga'inst each othen. Because

Student's t-test js only appnoprjate when applied to samples

-46
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with nonmal distributjons, the procedune UNIVARIATE was used

to test fon nonmality. The printed output fnom these pnoce-

dunes can be found in Appendix B. The fnequency plots fon

each gnoup and the ent jne gnoup can be found in F'igune 7

A summany of these nesults given jn Table 2 and as follows:

Thene is no significant diffenence between the ne-

sults using measure X and those usìng the natio. Ej-

then pnoduces the same results so I necommend using

the s'imple measune, nather than ìntroducing anothen

measunement, and i ts potential ernon.

There was no significant diffenence between the males

and the females wjthjn each gnoup. However, the num-

bens of females jn the short and long gnoups wene

smal l Because thene r¡Jere no appanent d j f ferences

the sexes wene not sepanated.

The thnee samples had means that rÀ,ene sign'if ìcant ly
different at the 0.0001 level, Thus, thene is less

than one chance in 10,000 that the short and long

samples could be randomìy drawn from ej ther the nor-

mal group, on the total sample.

The varjances fon the short and nonmal samples wene

not significantly djffenent. The vaniance fon the

long group was djffenent fnom the othens at the 0"01

I eve I . Thenefone, di f f erent t - tes ts u/ene used fon

the samples w'i th equal vanjances than those with un-

equal variances.

1

2

3

4
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No Pnesacna I

Sampìe Size

Ratio
Mean (mm)
Standand dev. (mm)
Range (mm)

Measune X

Méãn I mmT
Standard dev. (rnm)
Range (mm)
Femále Mean (mm)
emale sd (mm

emale Range
ale Mean (mm
ale sd (mm)

mm)

ale Range (mm)

T-Test
Ho: Xi-X=0
Signj ficance Level

Nonma I i ty
Shapjno-t,tJjlK (n<51 )

S'ignificance level
Koiomogorov ( n>50 )

Signi ficance Level
SKewness
Kun tos i s

Pencenti Ies (mm )

95rh
75 rh
50th
25 th
5rh

Fulcral i sffiTEgment
Finst/Finst
Finst/Second
Second/Second
Second/Th i nd
Thi nd/Thi nd

TABLE 2

Sunmany of Resu'l ts

23 24

43 69

32 ,63
7 .22
19 T0 47

22.90
8. 88-2 T0 43

8. 85-2 T0 45
22.63

2.28
0, 026

0.077
0, 15
-0.185
0"582

38
28. 5
22
17

6

"59
,43
7TO24

.49
7TO24

25

68

-13.8
0,0001

0. 087
0.15
-0.172
-0.301

9.18
6.03
-6 T0

3

.67

.86
TO

"63
36

18"55
15
9"5
5
1.75

68
0
0
0
0

50
2

14
2
1

23

33"47
7 .66
20 T0 50
35. 00
8. 26
23 T0 50
32.80
7 .44
20T04

22.77 I
9

I
5
2
I
6

F

F

M

M

M 45

6.22
11 T0
22 "87
10.51
-2 T0

11 .23
0,0001

0.964
0. 338

0.319
0.649

47
39
33
27
22

( one si
1

2

de/Othen Side)
4 32.56%

)

1

5
2
1

72.46%

27 .54%

100%

67.44%
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Table 2 (continued)

No" Pnesacnal 23

Numben of Sacnal
Six
Five
Four

Seqmen t s
32 74.42%
1 1 25.58%
00%

24 25

21
48

0

30 .43% r<

69.57%
4.41%

85 .29%
10.29%

3
58

7

Position
FeTãTï ve

Pnomi nence/H i atus
Aduìts (age 20+) 31 72.09% 24 34.78% 2 2.94%

of Auniculan Sunface
to Vertebral Bod ì es ( sacra I on L= I ast I umbar )

0% 4 ,35% 60,29%

85 . 51%

8.70% 1,47%

?bnoken 1 .45% 0%

L-
L-
L-
L-
L-
L-
L-
1-
1-
1-
1-
1-
1-
1-

0
0
0
0
0
0
0

29
0
I
1

2
2
1

0

3 / ?bnoKen
3/L-3
3/L-2
3/1-3
2/L-2
2/1-3
2/ 1-2
3/1-3
3 / ?bnol<en
3/1-4
3/2-4
4/1-4
4/2-4
4/ ?bnoKen

j67 .44%

\,, uu*

J
0%

1

23
1

6
7
2
1

25
1

0
0
1

0
0
0

)

0
1

0
1

1

0
0

58
1

3
1

2
0
0
1

\38.24%

x mây be oven nepnesented due to selection for columns
wjth lumbosacnal vertebnae jn attempts to find all cases
of 25 pnesacral vertebnae, but some wene fused to the
sacnum.
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The total populatjon and each of the thnee samples

r^/ene found to be nonma I Iy di stn jbuted. Thi s means

the hìghly s'ignificant t-test results ane neliabìe"

Obvious ly, aì though the samples ane s'igni f icant ìy di f -

ferent with nespect to measune X, overlap occuns between the

groups, especìally the shont and normaì samp'les. In an at-

tempt to furthen dist'inguish between the sampìes, secondany

chanacteristics wene compared. It soon became appanent that

centain featunes wene assocjated wjth measune X, but they

u/ene present on sacna with the same value of X, innespectjve

of the numben of presacral vertebnae. Fon example, 32 of 43

jn the shont sample had 6 segment sacra and none had 4 seg-

ment sacna, wheneas the long sample of 68 jndividuals had

only 3 cases of 6 segment sacra and 7 cases of 4 segment

sacna. The nonmal sample of 69, had 21 examples of 6 seg-

ment sacna and no cases of 4 segment sacna. However, the 6

segment sacna ìn the normal gnoup may be slightly over nep-

resented because cases which wene neconded in the fi les as

having a lumbosacnal vertebna urere selected for study in

case they uJene examples of 25 presacnal vertebnae. Some-

times these individuals tunned out to have a lumbosacraì

which was pantìy fused and therefone counted as a sacral.

These cases were then included jn the gnoup with 24 pnesa-

cnal vertebnae"

5
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The pnesence of a manKed pnominence on a hiatus between

the bodjes of the finst and second sacnal elements was found

in 31 of the 43 ìndividuals in the shont gnoup,24 of the 69

jn the nonmal group, and only 2 of the 68 jn the long group.

This chanactenistjc was found to be assocjated wj th ìange

measunes of X and occuns in 21 of the 23 individuals in the

shont gnoup with values of X oven 32mm (tfre 50th percent j le

of thjs gnoup), as wel I as in al I nine of those wjth the

normal number of pnesacnal ventebrae and values of X in the

same range. A pnominence on hiatus is veny nane (only thnee

cases), in adults fnom the nonmal group wjth values of X

ìess than or equal to 22mm (the 50th percenti le of thjs
group), Only two adults jn the long group also displayed

thjs featune, and thejr values of X wene in th'is same nange.

The ventebra fulcralis was always the first sacnal fon

jndividuals wi th long pnesacral columns, and fon those w'i th

nonmal columns and values of X less than on equal to 22mm,

except 1 case in 36. Above 24mm, only 12 of the 27 peopìe

wjth the nonmal number of pnesacnals had the fjnst sacnal as

fulcralis on even one sjde, and all of these measured below

33mm. In this same nange, the short sample had onìy 9 of 38

cases with the finst sacnal as fulcralis on at least one

s jde, and al I of these wene below 33mm as wel l. Al I of the

individuals wi th values of X greaten than on equal to 33mm

had the second on, less of ten, the thi nd sacna'l segment act-

ing as fulcnalis, almost aìways on both sides,
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I studied the actual posìtion of the aunjcular sunface

with nespect to the ventebnal bodies, from the sjde view.

If the auricular surface extended above the body of the

f i nst sacnal , j t u/as considened to include the pos j tion of

the last lumban , al though j t rrúas neal ly the transvense ele-

ment of the finst sacnal and jt djd not necessarily artjcu-
late with the last lumbar. I found that 58 of the 69 in the

normal group'involved the finst to thjrd sacral segments jn

the extent of the aunicular surf ace on both sides, and only

thnee cases had the auricular sunface extended above the

body of the fjnst sacnal, and these cases wene the only ones

in thjs gnoup to neveal facets on the ala(e) for articula-
tion wjth the tnansvense pnocess(es) of the ìast lumban. 0f

the long sample, only 25 of the 68 had thjs pattern jnvolv-

jng the finst to thjrd sacrals on both sides, and 41 had au-

niculan surfaces which extended above the bodies of the

finst sacrals, on at least one side, 14 of whjch nevealed

facets fon the transvense pnocesses of the last lumban.

Thjs latten group of 41 included all 25 of the sacna wjth

measures less than 10. The shont gnoup had none which ex-

tended above the first sacral and alì wene eithen fnom the

finst to thind or first to founth on one or both sides. The

individuals wi th h'igh values of X f nom both the short and

nonmal gnoups ane al iKe, of ten 'including the fourth segment.

The individuals u/ere also tested fon a correlation be-

tween statune and number of presacnal vertebrae, but the hy-
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pothesis of a linK was not supported by the data. Even when

the sexes u/ere sepanated, the nange of statunes fon al I

gnoups completely over lapped wi th no appanent clustening.

Bandeen ( 1900:379) Ueljeved the tendency to shontening of

the ventebnal column was "mone often found in bodies of less

than average length". Bandeen (1900:379) studjed 41 males,

the nonmal ones avenaged 165 cm and ranged fnom 145 to 175.

Those wjth shontened columns avenaged 163.5 cm and nanged

fnom 152.5 to 176. Thene wene onìy 18 females and the nor-

mal ones avenaged 157.5 cm with a nange fnom 150 to 165.

Those with shontened columns avenaged 146.6 cm and nanged

fnom 134.5 to 161. However, h'is numbers were small, hjs

body length nanges ovenìapped, and in the case of the males,

his means u/ene aìmost identical. Thus, it js not possible

to gjve much we'ight to his conclusion.



Chapter IV

CONCLUS I ONS

As stated earlien, the aim of this thesis is to detenmine if
obsenvations of only the sacnum and jlia can indicate the

numben of presacral ventebnae which had been pnesent. This

would be espec'ial ly useful for phys'ical anthnopolog'ists

worKing w'i th incomplete anchaeological sKeletons, In addi -

tion, establishment of a relationship between numenjcal van-

jations and monphological featunes of the lumbosacnal or sa-

cnoi I i ac regions would be of cl jn jcal jnterest to the

medjcal pnofession. This anea js cri t jcal for we'ight bean-

jng and tnansmissjon of fonces to the limbs. Thene may be

funct jonaì impì ications relating to lowen back djsorders.

As stated by Bohant ( 1929:698): "Anomalies and anatomic var-

iatjons in the symptomless sp'ine ane thenefore of intenest

to sungeons and noentgenologists in any attempt to detenmjne

the tnue etioìogy and pnognosi s of bacl< spnain on othen in-
jun'ies to the spine. " Centa'inly, Thieme (1951) found an an-

atomical relationship wh'ich pnedisposed some individuals to

lumbosacral fusion. Many authons, including Mi tcheì I ( 1936)

and Keim (lgZ+) attrjbuted low baclr paìn to sacraltzation

and lumbanization, wheneas many othens, includ'ing Bohant

(1929), t¡Jj ltse (1969) and Magona and Swartz (1978), found

that these vaniations had no effect on the incidence of low

baclt prob lems .

-55
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The I i tenatune relevant to numenical ventebral variation

supponts the view that the location of attachment of the

jlia determines the numben of pnesacnal vertebnae. Ïhe fact

that Thieme ( 1951 ) developed a measunement which jndicated

the position of attachment of the hìps nelative to the sa-

cral pnomontony led me to think that thjs nelationship could

be used to indicate the number of vertebnae above the sac-

num, Thenefone, based on the ljterature neseanch, I fonmu-

lated the hypothesjs that the posjtion of the ilia (as jndj-

cated by the locat jon of the 'intensect jon of the ancuate

ljnes wjth the sacnal alae), nelative to the sacral pnomon-

tony, wouìd indicate the number of presacral vertebrae. At

the same time, I decided to recond a numben of othen charac-

tenistics of the indjvìduals and their sacna that m'ight ne-

veal diffenences based on numerical vaniations of the vente-

bnae, âs suggested for the f ulcral is by Dw'ight ( 1901 ) , and

fon a hjatus by Paterson ( 1893).

The measurement I developed to charactenize the posjtion

of the ilia relative to the sacral pnonìontory (measure X)

proved to be diffenent among the short, normal, and long

columns, at a veny high level of signif jcance (0.0001). Us-

ing the nonmal distribution fon the thnee gnoups, characten-

izi ng each wi th i ts mean and standand devi at ion, the

UNIVARIATE pnocedune pnovided percenti le jnfonmation' It
appeans that the quantiles barely overlap. The upper 25% of

the long gnoup have values of X gneater than or equal to
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15mm, wh'i le the lower 25% of the nonmal gnoup have values

equal to or below 17mm. The upper 25% of the modal columns

have values equal to or above 28.5mm, wh'i le the lowen 25% of

the shont columns have values less than or equal to 27nrn,

It has alneady been establjshed that these gnoups are sjg-

njficantly different. The task was to find a method of us-

jng this knowledge to pnedict pnesacral ventebral number

f nom the measure. Because rnost (appnoximately 90% ) of eveny

population, has twenty-four presacnal vertebrae, jt js unac-

ceptable to f nequent ìy ass'ign nonmal columns jncornect ly as

short or long ones. If this wene the case, it wouìd be mone

accurate to assume all columns ane fnom individuals with

twenty-four pnesacnal ventebrae. This means the ennor of

inconnectly assigning a nonmal column should be no gneater

than 5% on eithen end, as ejther a shont on a long column.

Using the fifth percentiles for the nonmal gnoup we have

a range f rom 6rnm to 38m¡n wh jch would be assigned as normal

columns, and al I values of X less than 6mm would be consid-

ered to be fnom long columns, and all numbens greater than

38mm would be f rom shont columns. Only 25% of the ìong

group have measunes of 5mm on less, and only 25% of the

shont gnoup have measures of 39mm or rrìore. Because these

variations ane so nane jn humans (about 5% each), thjs means

that, jn an assemblage of 400 sacna, only 5 jn 23 of the

sacra identified as having come from a column with twenty-

five on twenty-thnee pnesacnal ventebrae would be a connect
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This js equivalent to a natio of 1 conrect

for every 3.6 inconrect jdenti fjcations in

lowen nanges, the short and long pnesacnal

0bviousìy, al though the gnoups are signjficantly dj ffen-

ent, the dinect use of this measune fon the punpose of pne-

dicting the presacral vertebral number is mjnimized by the

disparity between the fnequency of nonmal columns and those

with twenty-thnee on twenty-five pnesacrals.

I also anaìyzed the secondany chanacteristics studied,

including: statune; the occunnence of a hjatus or manKed

pnominence between the fjnst and second sacnal bod'ies; the

identification of fulcnalis; the numben of sacnal eìements;

and the position of the aunjculan sunface nelative to the

vertebnal bodies.

The resul ts nevealed that statune was not a usef ul ind'i -

caton of the numben of pnesacral ventebnae. This was the

only chanactenistic included whjch would have nequined skel-

etal elements othen than those of the pelvic gind'le, had the

nelationshìp pnoved posi t ive.

Because of the assocjation of most of the secondany chan-

actenistics stud jed, (i .e. h jatus, fulcral is, and numben of

sacral segments), wjth the distance X and not the numben of
pnesacna'l vertebrae, i t appeans to be imposs jble to use

these featunes fon djffenentiatjon between gnoups. brJhat
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this revealed was that the sacrum of an individual wi th a

pant ly assimi lated lumban loo[<s ] i]<e a sacnum wi th a pant ly

neleased sacral ventebna, and this js not unexpected.

It is possjble that sophisticated mul tivarjate statistj -

cal pnocedunes may neveal combinations of characteristics
that would be accunate pnedictons of presacral ventebral

number, although this is not nead'i ly apparent f rom the data.

Centainly, thjs js one of the dinect jons I would fol low in

futune neseanch into this pnoblem,

I found that the positjon of the auricular sunface, rela-

tive to the ventebnal bodies (as determined from a latenal

vjew), is a chanacteristic wonthy of funthen study, As the

position of the auriculan surface is detenmined by the posi-

tion of attachment of the ilia, the association of this fea-

tune with the numben of presacnal ventebnae is not surpn'is-

ing. By scann'ing my data sheets when they wene f i led jn

numenical onder by distance X, within the short, nonmal and

ìong gnoups, jt became appanent from my dnawìngs of the au-

niculan surfaces that the pos j tion js h'ighest in individuals

with 25 pnesacnal vertebnae and ìowest jn those with 23.

Funthen analysis revealed that sacna with an auniculan

sunf ace extend'ing above the supen'ion surf ace of the f j nst

sacnal body, and without facets on the alae for antjculatjon
wìth the last lumban, ane fnom individuals with 'long pnesa-

cnal columns (23 out of 23 cases). Those with this type of
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auriculan sunface and facets ane aìso l'ikely to be fnom long

jnd jvjduals (14 out of 17 , on 82.7%l . Using just the posi -

tion of the auriculan sunface, cases with extension above

the height of the finst sacnal body ane fnom columns with 25

pnesacnals 93% of the time (41 out of 44 cases).

This neìatively cleancut distinction between long and

othen eolumns looKs somewhat mone pnom'is'ing with respect to

veny sl'ight overlap, than does measunement X. Howeven, in

orden to test thi s reìat'ionship, the data should be col lect-
ed jn a djffenent manner than applied jn thjs thesis. I

would maKe a tracing of the actual aunicuìar sunface, and

mank on j t where the ventebnal bodies l'ine up, as wel I as

the contnibution of the transverse element of each segment

to the aunjcular sunface. To clarify what I mean by djstjn-
gu'ishi ng between these two f eatures , i t ì s necessary on ly to

pictune a sacnum with the tnansverse element of the fjnst
segment which extends above the height of the first sacnal

body. The last lumbar does not contnibute to the aunicular

surface, but the uppen extent of the aunjculan sunface ìines

up w'i th the last lumban, ât some f raction of body height of
the last Iumban. I would also attempt to quantify this in-
formation by developìng a method to measune the pnopontion

of each segment involved.

It is possjble that this nelatjonship would pnove to be

ïilte the one I found with the measunement I tested in this
thesis: h'ighly s'ign'i f icant, but of neduced ut j l'i ty due to
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the lange numbens of nonmal columns nelative to the short

and long ones" However, the jndjcation that 41 of 44 of the

cases wjth auriculan surfaces above the first sacral body

ane fnom individuals wi th twenty-five pnesacnals, appeans

pnomis'ing; there may be mone to djscover wjth in-depth study

in this area.

Al though the method I deve'loped u/as not as appl icable as

I had hoped, the h'igh s'ignifjcance of the diffenences leads

me to beljeve that thene may be some rlúay to use this jnfon-

mation, possìbly jn conjunctjon with a featune I have not

yet thought of. As yet, the best anatomical indicaton on

the sacnum for pred'ict'ing the number of presacnal ventebrae

is the occunnence of an aunicuìan sunface which extends

above the superion sunface of the fjnst sacnal body. Nine-

ty-thnee pencent of these individuals had twenty-five pnesa-

cral ventebnae, (one hundned percent, if there ane no facets

for anticulatjon wjth the transvense pnocess(es) of the last
lumban). Further reseanch may provide more anatomjcal indi-
catons for detenmjning the numben of pnesacnal ventebnae.
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Appendix A

DATA COLLECTED AT CLEVELAND MUSEUM OF NATURAL
H i STORY

The naw data, âs collected at the Cleveland Museum of Natu-

nal H'istony, are pnesented in tabular fonm. The foì lowing
js a list of abbneviations used as columnar heads, and an

explanation of the content of the columns:

0BS - 0bsenvation number within the dataset

ITEM - SKeleton identification numben (as pen Cleveland

Museum of Natunal Histony)

SEX - Sex of inividual as neconded in file
AGE - Age of inividual as necorded jn f i le

HEIGHT - Height of jndividual as reconded in file
t/úEIGHT - bleight of in jvidual as neconded jn f j le (if gjven)

C - Numben of cenvical vertebnae

T - Numben of thonacic vertebnae

L - Numben of ìumban vertebrae

S - Numben of sacnal vertebnae

CA - Numben of caudal ventebnae

RF - Sacnal element wh jch js the night fulcral is
LF - Sacnal element which is the left fulcralis
RA - Maxjmum length of the night aunjculan sunface (mm)

LA - Maximum length of the Teft aunjculan sunface (nun)

A-B - Point A to Point B, wjdth (mm) across the sacnal alae
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at pojnts whene the ancuate lines of the hìps jnten-

sect with the alae

X - Measune X (rnm) , from the sacnal promontory to Pojnt C

using the superior sacnal surface to determine the

plane of nefenence

POS - Position of the auniculan sunface neìative to the

vertebral bodies (i.e. L-3: the auniculan sunface ex-

tends fnom the last lumbar to the third sacral)

LLA - Last lumbar (tnanvense pnocess(es)) ant'iculation with

sacnal ala(e), (i.e. B=both sides, L=lef t, R=right)

H/P - Hiatus/pnom'inence between the f jnst and second sacral

body segments, antenior ly.
RATIO - Measune X divided by A-B multiplied by 100
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NtXBER OF PRESÀCR L ELIIIENTS .23 ---------

c T L S CÀ RF LF RÀ Lr À-B X pOS LL H/P R^T¡O
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102

92
't01
r0{

96
94
9l

r20
r t2
t02

90
'I 0l
't02

99

s
s
s
s
5
s
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
s1
sl
sl
s1
s1
sl
sl
s1
sl
s1
s2
sl
sl
s1
sl
sl
s2
s2
s'l
s3
sl
s1
sl
sl
sl
sl
sl
sl
s1
sl
s2
s2
s3
s2
s1
s2
s2
s2
s3
s2
s2
s2
s2
s2
s2
s2

sl
st
sl
sl
sl
sl
s1
sl

20,00
21.00.
22.00
2r.00
23.00
25.00
20.00
2r.00
22 .00
24 .00
2{.C0
2r.00
28.00
20.00
23.00
2¿.00
26.00
25,00
23.00
23.00
26.00
25.00
30.00
25.00
25.00
29. 00
30.00
2s.00
29.00
33.00
30.00
30.00
29.00
3¿.00
3{.00
34.00
3{.00
37.00
38.00
33.00
{3.00
36,00
{0.00
38.00

171¡{
1639

16{3
1 623
r 65{

167i
l 787
r 6?{
1 600
1585
1 652
l 758
r 668
| 509
I 740
1538

I 5eô

70
r09
55

75

63

96
91

¡02
93
85

I l0
106
100

91
9l

108
81

122
103
102

93
t01
t1{
113
r0l
r06
89

108
r 10

96
93

r r6
105
9l

100
10e
lll

95
9{
98
97
92
90

r10
87

r09
99

120

1107 r 25

r-3
r-3
l-3
2,1-3
r-3

t03
75
108
122
lt6
'I2r
7l

-31-{

16{ 3
r78l
1 667
,| 698
1720
l70 t
I 557
r 650

173ó
t76{

101
125
r38
1{5
ll0
l{l
91
9r 12

12
l2
13

129
'142
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NUXBER OP PRESACR^L ELEI{ENTS.25 ---------
1 L S C^ RF LF RÀ L,À 

^-B 
X pOS LLA H/p RÀTIOO8S ITET.I SEX ÀGE HEIGHT f{EIGHT C

rr3
l lt

20

952
956

I 5{{
879

rt t0
896
612

I 70{
101
558

I 575
t5ra
r r85

9a
703
r89

r 550
tt5

r r76
r08r
| 209
r 568
586

r 535
707
96{
217

r 077
90{
8{5
905
8l{
8s5
35¿

r 384
1222
6{3

1 530
r{99
t 392
t 246
860

127 I
1395

379
I 253
8{l
941
86

1 t28
r55
7{0

13t{
r20t
t 326
280

r 532
t075

397
a{8

1313
157 2
I 97a

531
t{t{
282

78
383

s
s
s
s
s
s
s
s

5
6
7
I
9

¿

2+
3?4
3
l+
't +
5?

H
¡l
H
l.l
I't
I'l
F
lt
H
t't
ll
ta

lt
H
lt
¡t
lil
I't
x
M

H
H
],t
I't
H
I't
H
H
I'l
H
H
H

H
ü
H
I'l
H
F
x
tl
lil
H
tl
H
M

F
H
H
H
H
H
ll
M

H
H
H
Irl
I'l
H
H
H
l.t
ll
I't
H
H
H
u

{0
{5
60
t5
30
53
36
20

{i
20
59
46
28
22
3{
{9
36
43
45
65
58
t0
60
32
20
30
45
50
21
11
35
28
{8
35
¡5
26
r0
50
30
39
23
39
{8
27
3l
50

35
5{
53
{0
65
29
8?
35
37
35
8t
31
35
l7
t8
{5
30
{5
32
35

1125
| 738
'18{1

t73r
't 760
I 738
r{05
I 70{

r52
r 35
150
r47
r 20
lt5
90
r{5

r 38

1
'l
7
'l
7

7
7
.,

'Ì
7
7
7

7
7
7
1
7
7
.,

7
7

7
1
'ì
7
7
7
7
'Ì
7
7
1
7
7
1
7
7
7
7
7
7
7
7

7
7
7
7
7
7
't

7
'ì
7
7
7
7
7
7
7
7
7
7
7
7
7
7

'12
12
t2
13
l3
't2
12
l2
12
t2
12
12
t2
12
12
r3
12

s1
sl
sl
st
s'l
s1
sl
s1
sl
s1
sl
sl
s1
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sr
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
s1
sl
s1
sl
sl
sl
s1
sl
s'l
sl
sl
sl
s1
st
sl
st
s1
sl
sl
sl
s1
sl
sl

r 753
1780
't 730

18{7

l+
{
3?+
{
1+
¡¡

1+
?
2+

2+
3
{

l+
2+
l+
3?
{
3+
l+
3+2
2+
3
1+
?
3
?
2?+

;
?
l+
5
3+
?

1¡

¿

2+
2+
5
4
5
?
l+

¿

2+
¡
/¡

4
1+
?
{
2+

sl
sl
sl
sl
sl
sl
s1
sl
s1
sl
sl
sl
sl
s1
sl
sl
sl
sl
s1
sl
s1
sl
sl
sl
s1
s1
sl
sl
s1
sl
s1
sl
sl
sl
sl
sl
sl
sl
st
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
sl
st
sl
sl
s1

rB
3 rL

rB

rB
B

rL

rL

rL

rR
rL

,L
rB

rR

'L

rR

55
65
65
55

656s5e55
6{
6¿
6{
65
65
65
55
65
6{
65
55
656s
55
65
65
65
65
55
66
65
55
55
55
65
6¿
55
65
55
65
655s
55
55
65
65
65
55
65
6{
55
55
55
55
55
55
65
65
65
65
65
55
55
66s5
55
65
65
56

78
35

66 r09
56 57 96
70 7l l0¡¡
60 6r r09
5a 54 96
6't 56 105
¿3 {s 99
67 58 95
62 65 9{
6{ 63 106
59 60 97
66 65 t1?
6't 52 99
60 6{ 98
52 56 8{
57 53 10t
71 68 t23
65 64 108
60 58 8{
69 63 ilo
56 57 r05
62 68 92

L-3
L-2
L-3
L-3
L-3
L-3
L-2
L-2
L-3
L-3

-7.00
-{.00
-r.00

l .00
I .00
2.00
2. 00
2. 00
2.00
3. 00
3.00
{.00
¡,00
e .00
{.00
¡.00
5. 00
s.00
5. 00
5.00
6. 00
6. 00
6. 00
7.00
7. 00
7.00
7. 00
7.00
8.00
8. 00
8. 00
8.00
8. 00
9. 00
0. 00
0. 00
1 .00
r.00
2. 00
2. 00
2. 00
2. 00
2, 00
3. 00
3.00
3. 00

-3

-6.00
-{.00
-{.00

'| .00
r .00
2.00
2.00
2.00
2.00
3.00
3.00
{ .00
4.00
{ .00
5. 00
{.00
a .00
5. 00
6. 00
5. 00
6.00
7.00
6.00
6. 00
7 .00
7. 00
7.00
6. 00
0. 00
8.00
7. 00
7.00
8.00
I .00
9. 00
9. 00
0.00
r .00
2.00
5. 00
r .00
2.00
2 ,00
2.00
2.00

rL
rB

2
23

121
125
1?6
121
r28
129
r30
131
132
133
l3{
r 35
r 36
137
r38
r 39
r {0
l{t
142
t43
l4¡¡
145
r{6
147
l{8
r{9
r50
'I 5l
r52
153
r54
155
r56
157
rs8
t59
160
t6r
162
163
r 6t
165
166
167
r68
r59
170
l7t
t't 2
t73
174
r75
r 76
177
178
t 79
t80

r30
95
85
120

'122
r{0
r30

l{6
r36
't{t
ltr
128
13{

30
55
33

13.00
r 4.00
1{.00
1{.00
r5.00
15.00
1 5.00
r5.00
15.00
r6.00
17.00
17.00
t7.00
17.00

I -3. L-
L-3
L-2
L-3
1-31-3
L-3
L-3
L-3

L-3?

L-2,L-3
L-3
L-2
L-3
L-3
I -3, L-3
L-3
l-3,L-2
L-3
1-3,L-3
L-3
L-2,1-2
t-3
t-3
1-3
L-3
?,r-3
L-3,L-2
1-3
t-3
1-3
L-3
L-3
l-3
t-3
L-3, r-3
l-3
1-3,L-3
L-3
r-3
L-3
1-3
L-3
L-3
L-3
L-3
r-3
'| -{
1-3
r-3

r736 130

1 700
r 76r
1705
r 6{7

I 67ó
I 665
1827

tsoi
1 629
17 2r
1776
1 673
r 785

1713
r 7¿0

r30
t27

1 540
17 20
I 706

76
t10
165

r 685
r855
I 668
1 730
1 820
1 66{
r 735

lr8
ta0
125
110
120
80
tr¡8

2
2
3
2
2
3

2
2
2
3
2
2
3
3
3
2
2
3
2
3
2
2
3
3

. 60 l0r
59 58 t1l
55 6{ r07
51 55 r0{
61 63 lot
69 71 ils
63 63 r0{
55 47 9565 6{ 't 12
57 58 r07
s{ s5 98
54 54 108
. 59 r08

66 70 lr0
59 61 t08
52 50 r00
69 70 r00
57 55 82
63 60 106
s6 59 r03
59 s7 9?
63 63 107
s8 s9 106
5't 51 99
58 67 r09
59 s9 97
67 57 9r
61 57 tl{
59 62 r1e
67 6{ 106
62 62 r05
58 s6 r0¿
6e 60 r00
6{ 63 t09
62 6{ rr8
63 63 r11
63 109
53 s2 9462 6{ rt0
61 61 r08
58 s8 93
5{ 61 123
58 6a 107
60 60 r05
66 63 lr0
57 59 toa

r 667

I 7oå
1 693
1927
r 76{

lt2
122
tt0
l2r

t45
125

t2l

135

't3
t2
12
12
t3
12
t2
r3
r3
13
l3
t3
l3
t2
12
t2
12
t2
l3
l2
't2
13
r3
l2
t2
t3

3.00
2. 00
r .00
5,00
2.00
3.00
{.00
{ .00
¿ .00
5 .00
s.00

t9r{
r856

r86ô

854
798

00
00
00
00
00
00
00
00

-3
-3
-3
-3
-3
-3
-3

1{ .00
15.00
1 6.00
18.00
15.00
17.00
19.00
1 5.00
1 7.00
18.00
20. 00
23.00

sl
sl
s1
sl
sl
s1

sl
sl
sl
sl
sl
s'l 24

-3
-3



Append'i x B

RESULTS OF STATISTICAL PROCEDURES

The fol lowing printed output ane fnom SAS (Statist jcal Anal-

ys'is System) statistical pnocedunes.
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VANIABL¿r XEASUR¿

PRTSÀC N

23 {3
2t 69

VAR¡ÀBLE: HEÀSURE

¡çonr{^L N

HO lrttBs 69

SACRÀT¡ 
'.IEASUREHENT

l{EÀt{ slD DEV

7.56360862
8.8{6975r0

SÀCRÀL HEÀSUREHENT

l.llÀ!l SlD D¿V

TTA3Î PROCEDUR¿

?IIST PROC!üJRE

lTBSl PROCTDUR¿

I,II NI I{UM

-2.000000c0
-7.000000c 0

PROB > ?'.

t{tNIHUil HAX¡r,n }t

20.00000000 50.00000000-2.00000000 45.0ooo0oo0

PROa > 1r.0.3196

DP PROB > ITI
98.7

1r0.0
0.0
0.0

00t
001

DF PROE > lll

628
594

33.{651
22 .7 681

STD ERROR

r .1 6868935
r .0650505t

SlD BRROR

1 .0650506t
0. 77952 r 50

ÀND 67 Dr

STD ERNOR

r.2879t653
1 .0650505a

VARI ÀNCCS

IJNEQUAL
EQUAL

VÀR¡ÀNCES

t XEQU^L
EQUÀL

vÀRt ÀNCES

UNEQ{'ÀL
EQUÀL

6 .1 652
6.5429

T

1

rOR Hot v^R¡ANcEs ARE EeuÀL, r,- 1.33 ïrTH 6g ÀxD (2 Dt

VARIABL¿I I{EÀSURE SACRÀL HEASUREI{ENT

PRESAC N HEAN srD DEv

i¿ 33 'B:tEBll#t å:il3å33åB
FoR HOt vARIÀNcEs ÀRE E(¡uÀL, p.¡ t.B9 er¡Tr{ 60

HINTHIJH H,AX¡HU,{

-2.00000000 {S.OOOOOOOO-7.00000000 24.00oooooo

PROB > Fr.0,0096

9.9859
9.9633

0.0
0.0

2l
35

VÀR¡ÀBLE! T,IEÀSURE' SÀCRAL }IEASURE}IENT

LoNG N HEAN srD DBv sTD ERRoR

19- 1\? 26.87s00000 9.8731823s 0.e329280tÍEs 6s 9.58s23529 å.izeoésiã ò.uugszrso
¡On H0 r vÀR¡^ltCBS ÀRE eUA!, f r. 2.36 r{¡TH 1 I I AND 67 D?

HÂX¡MuI.l

50.00000000
24.00000000

0.0002

Dp pno¡ ' lrl
92
9s

177.1
r 78.0

0.000 r
0.0001

t4.2
12.8

1IISÎ PROCEDTJRE

1 8.8378378t
22.7681 r59t

13.5690{267
8.8{697510 -2.35r7

-2. r 388
0.0198
0.0338

t{txlHut{ H^X¡HU}|

-7.00000000 50.00000000-2.00000000 {s.oo0ooooo

PROB > F'. 0.0002

VÀR I ÀXCBS

UXTÆUAL
EQUÀL

lrÀxlHull VARIÀNCES

UNEQUÀL
EQUÀL

I DF PROD > ITI
177.6
178.0¡o¡ Hor vÀRrÀtlcBs Ànr reUAL, F,r 2.35 H¡Tfi ilo ÀxD Sl Dt

VARIAELE!I.IEÀSURE SÀCNÀLXEASURET4ENT

SHOR T HEAN STD DEV STD ENNOR

NO 137 16.22627737 ,t0.t60{7,t78 0.86806?69fEs {3 33.t65t 1628 ?,66360E62 t. t6860936

fOR Hot VAR¡ÀNCES ARE EQUAL. F'¡ t,76 r¡¡î{ t36 ÀND t2 Dr

s.00000000
0.00000000

-t1.8{r
-'t 0. 2¡ r

TIISÎ PROCEDURE

}I¡ NTHUH

-7.00000000
20.00000000

PROB > Ft.0.0365

T

I

DF enoa > ltl
2.a 0.0001
8.0 0.000r

9
7

\¡(t



PRESÀC.2 3

UN ¡ VÀR¡ ÀTE
VÀRI ÀBLE.HEASURe

ll
HEAN
STD Dgy
sxunNEss
uss
cv
1:HE^N.0
SGN RAÈX
NIJX .- 0
l¡: NORH.ÀL

slEl'r LsÀF

SACRÀL l.tEÀSUREt ENT

HOnENIS
QUANTI LES (DEFÈ4 I EXTREI,IES

{3
33.4651
7.66361

0.3t8885
50623

22.9003
28.6347

473
43

0.96{058

43
t439

58.7309
-0.6{9{6

2466.7
1.t6869
0.000 I
0.000r

997,
952
90x
r0t

5X'tt

50
47

¡5.{
23.4

22
zo

HI GHEST
43
47
41
47
50

sur.l l¡cTs
sur,t
VARI ÀNCE
KUÊIOS¡ S
css
STD HEAN
PROE> lTl
PRoE> | s I

PROB<I{

t00x, MAX
75: Q3
5OI UED
zsu Qt
0z r.ilN

RAIIGE
Q3-Qt
¡TODE

50
39
33
21
20

LOf¡EST
.20
22
22
23
?4

0.338

s00
48
{6 000
a{
r2 0000
r0 00
38 00
36 000
3r 00000
32 000
30 0000000
28 00
26 000
2r 0000
22 000
200

LOT

tttr+

NORMÀL PROBÀBILTTT PL T5l+

45+

+++

I
l9+

I
33+

I
2't +

,,1

II

I

- --_+__ __ +___ _ +_ ___ +

-.J
o,



PRESAC= 2 4

UNIVÀRIÀ18
vÀRI ÀBLE¡HEÀSURE SÀCRAL HEASURE}IENT

lroMEN?S

x
x¿At
STD DEV
sx,Et{NESS
uss
cv
?:l'llÀ¡.0
SGÑ RÀNf,
xUX -- 0
Drl|OnH I¿

69
22.7 681
8.8{698

-0. t85355
{t09t

38,8s69
21,3775

I 205. 5
69

o.o772022

QUANTI LES ( DEF=4 )

45 992
28.5 952

22 90r
t7 10t_2 5Z

tt
41

tt.5
20

45+

EXlRBHESst lr r{Gîs
st l{
vÀn I ÀNCE
ruRlos¡ S
css
STD l.tEAN
PROE> I ? I

PRoB> | s I

PROB>D

I
¡

78.269
0. s82278
5322.29
| .06505
0.000 I
0.0001

>. t5

| 002 r,lÀx
7s¡ Q3
50¡ HED
25¡ Qt
O¡ HIN

R¡NGE
Q3-QI
I{ODE

LOfiEST
-2

1

4
I

ll

H] GHEST
36
37
39
40
45

69
157 I 45

38
3{
t3

6
-2

SIEI{ LEAF{r0
12
t00
380
36 00
3t 00

BOXr rLol
NORIIÀL PROBÀBTLITY PLg¡

32 00000
30 0000
28 0000
25 000000
2{ 00000
22 0000000
20 00000000
r8 00000
t6 00000000
r4 0
r 2 0000
10 0
80
6
{0
2
00

-0
-20

_ __- +-___ +_- _- + _ __ -+

l__.__J

l1
I

I

21+

-3+
+ - - -¡ +- - -_+ _ ___+ ____ +__--2 -1 -+----+---;;--------.i----'

\¡\¡



PRESAC.2 5

UN I VARI À18

VÀRI ÀBLI-I,IEÀST,RB SÀCRÀL I.IEASURET4ENî

HOHêNTS QU^NÎr LES ( DeF.4 ) EXTRE¡IES

N
lt¿ N

STD DUV
SKEI{NESS
uss
cv
13HEAN.0
scx RA¡{f
NI¡l -- 0
D¡NORXÀL

68
9.58824
6. {28 r

-0.17t913
90 20

67.0t | 5
r 2. 3002
1t23.5

68
0.0e7{ f 75

58
652

a I .3205
-0.3007 I 3

2?68.{7
0.779522

0.0001
0 .000 r

24
18.55

t8
2

-1.75
-7

HI GHESl
t8
t8
t9
2?
21

SUH HGÎS
StJH
VARIANCT
KURI{'S I S
css
STD HEATI
PROB> I T I
PRoB> | s I

PROB>D

1001 HAX
75¡ Q3
50¡ xED
2st Qr

OX HIN

RÀNGE
Q3-Q I
HODE

99
9su
90t
l0x

5B
IE

24
l5

9.5
5

-7

LOT¿EST

3r
t0
I>.t5

sTEr,r LEÀt
240 5+

9+

I
I
1

NORI{ÀL PROBABILITT PLOT
22
20
18
t6
t{
12
t0
I
6
{
2
0

-0
-2
-l
-6

0

00000
00 0000
00000000
000000000
000 0
0 00000
00000 00 0
0 00000000
000000
00

+++
tttt t

rttr+

00
0

2
'|

---- +----+--__ + _ _ _ -+ -7++r
+ - - - - + - - -- + ___- + ___ _ + _ ___+ ____+_ __ _ +_ _ __ +____+____ +

-2-10+l+z

\¡
æ



UN¡VÀRIATE
vÀRf^8L¿'t{¿ASUR¿

l{
XEAN
slD DgV
sx'ErrxEss
uss
cv
lrXl'Ài.0
scr{ tÀxx
xux .. 0
D 3l.ORt{ L

SACNAL HE¡SUREHENÎ

r'toHtxls
QUA¡IT¡ LES ( DE¡.{ )

32
NOR}TAL PROBABILtTT Pf.M

EXrRtx¿s
t80

20.3ta{
t2.r058

0.t727t1
r00r3{

59.5013
22.5t69

E0E r.5
t00

0.060 I I 2t

tE0
3652

lt6.55t
-0.568082

¿62t2.6
0.902!t5

0.000 r
0 .000 I

50 99¡
30 95¡
20 90¡
l2 t0¡_1 5t

r¡
57
l8
l1

17 .57
rt.95

16.9
I
2

-t.57

H¡GHBSl
t5
t7
a7
t7
s0

sw rrcls
5UH
vÀRt Arac¿
rurlþst s

t00t HÀx
75t Q3
50¡ xED
25¡ Qr0l xrN

Í.oIJEST

css
slD
PROB
PROI r l3l

-7
-{
-l
-2

IRANGE
Q3-QI
XODE

PRO!>D

slEX LE^r
50
4 5777| 00 I 233¡
3 5566777999
I gqqgq0t I I I 122223333r{ttl
z 555566667777788E999
I ggggg0 ! ! 1 22222222333ttttt tI 555555666657?777777?88E8888899
1 00r 1 r2222221333 J3lla{0 5555566777778E888E9
0 I I t 222233tttatt

-0 ta2
-0 ?

- - _ - a _ - _ - + _ _ _ - a _ r _ -+ - - _ - + __ _ - iXULTIPLY S1¿r{.LEÀ¡ By lO,r+Ol

0. I I t

I
I
I
7

t0
2t
t9
26
30
21
t9
t5

3
I

5

22.5

t
t artt

lt Ittrt+
tlr+

-7.5

\¡
CO




