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SUBJECTIVE AND KETRICAL DEPIH OF Td: SUBCRBITAL FO38!
I. INTRODUCTION

The maxllla, a vasculay bdne with numerous
arteries and a rather large sinus, is & paired bone
situated in tha_antebimr vortlon of the skull,
Singularly, it articulates with more bones (nine) of the
gkull than any other, Its anterlor surface, whlch faces
forward and laterally, presents severzl anstomical land-
marks. Among these are () the ridges produced by the
roots of the canine and lateral inclsor teeth which glve
rise to the nasallis muscle. Superior and lateral to
the canine ridge 1s (b) the depresslon known variously
a8 the caniné fossa or the suborbital fossa (lirdlicka
1952:158; Boule-Vallois 1957:288; Howells 1959:356).

The caninus muscle (levator angull oris) arises from thils
&épreﬁﬂian; At the apex of the suborbital or canine fossa
and near the margin of the orbit 1s (¢) the infraorbital
foramen through whlch the Infraorbital branch of the

fifth eranial nerve (trigeminal) and the infra-orbital
artery pass. These appear in the face beneath the quad-
ratus ﬁKECIﬁ (levator labil superioris), which runs from
the lower orbital border to the upper 1lip, and above the

caninus muscle whlch runs from the fossa 1o the angle of

P



the mouth., The msdial margin of the anterlor surface
is deeply concave, forming (&) the nasal noteh which is

the lateral boundary of the nasal asperature (Fig. 1).

Osaiflication

Qaslfication of the maxilla taken place'from two
centers located in the membrane covering the cartilaglnous
‘naaal capsule. These appear during the sixth to eighth
week of intra~uterine life and glve rilse to two components
that compose the bone at full growth ~~ the premaxilla
and postmaxilla (Horris 1953:174-178), The postmaxilla
center of ossificatlon appears at & spoit corresponding
to the futurafaxt@rnai bony ecovering of the alveolor
process, "From that point a plate of bone grows
rapidly upwgvéfuyen,thg wall of the nasal capsule, the
ascending process, downward as the external alveolar
plate, and backward in the floor of ths orbit . . ."
(Morris 195%:178), The premaxilla (Fig. 2) occurring
anteriorly and medlally from the postmaxllla, forms the
interior inferior border and part of the laterél border
of the nasel aperature (Montagu 1960:134), The postmaxilla
and premexllla, which rapldly unite into one bone, consti-
tute the ascending process and can be distingulshed up
to the stage of 60 mm, or about 2,5 to 5.1 fetal months
(Morris 1953:41)., Howsver, portions of z premaxilla have
been noted in the facisl aspset of human crania as late

as the Tifth yesr (Montagu 1960:136).
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Fig. 1. lateral and medial views of the left maxilla showing

the canine (suborbital) fossa and other landmarks.,

(After Gray 1896).
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Fig. 2a and b. Premaxillae cccuring in lumature
individuals. a, newborn; b, infant aged 11 months.
(After Montagu 1960).

Evolutionally, tne suborbltal fossa appeared before
the advent of Homo saplens. Indeed, 1t appears to
pre-date any specles of Homo, though Coon states that
it ocours in ", . . most but not all human maxillae,

and no others . . ." (1962:206), However, both Froconsul
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of the Hlocene perlod znd the Fort Ternan primate of the
Eaprly ?liocane had this fosssa {Coon 1962:201-206), while
the Rhodeslan and typical Neanderthal ecrania, generally
considered in the genus Homo, lack it (Howells 1959:209)
a8 do those cranla from Mount Carmel (Comas 1960:521).
But according to ﬁontagu; 1t is in the Early Heasnderthals
of the third interglaclal that ". . . there is a tendeney
£o (italics mine) the formation of a canine fossa
(1960:199) while In the Later Neanderthals of the

fourth glacial period there is an sbsence of such a
depression (Montagu 1960:199-201).

Though "patterné &nﬁ retes of growth are bétter
znown for th@‘féua than for any other pard of the human
skeiatan, due primsrily to the keen Interest and elegant
wethods of the orthodontlsts” (Londauer 1962:239), 1little
~ has been found In the literature about the &épth of the
suborbltal fossa and its significance in a skeletal
popuiaticn,

¥ost suthors have tresated the problem of depth
as a2 subjective classification rather than as an actual
measurable feature, Coon (1962:201) mentions a "small
depression” in the Proconsul fossll already described
above. Bouls and Vallols (1957:461) speak of a "deep
canine fosaa" when discussing the Florisbad crania from
the late Lower Paleollithlic and the somewhat later Grimaldi
material. Hrdlleka (1952:158) hes clussified the eoncavity

as slight, medium (+), or pronounced. Montagu (1269:613)



does not llst a preferentisl gyeten of alo oun, but rother

ineorporates into hls work the cls gni?icwbimn of none,
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fieabvlon Tor the foszo, Sone aarly worksrs in tue

Tield of Bilouectrles such 28 Voo and Lorant (193%) and

-

Fenrson and Woo (19235), neve devobed much tlume to the

study of the [ladness ond porphemetrics of the alkeletal
fage. A lobte as L9062, Cschinsky (1962) woes dealing with

vbien ares in his weork on irebtlc mongolold
meborlial, Thowpgh the above, ond obhers hove esteblished
goprdn, pianesn snd ! ﬁb?e" surrounding tiwe fozso, nons

have attempbted mecsuresments of go conopnicugus 2

fgpresslion.
ﬁowaver, Boss {1061}, in nis peasurements of

a@pr simately 4 300 skeledons from the Flalns, incovuporcied
(bﬁt did not report) vot only sublective classifications,
bud also a aysben of direct mensurcment, The liberature
exansined up te the present time has not yilelded any other
stienpt ot direct messurenent.
Thersfore, 1L ig the purpese of this study to
(1) ascertain i7 thape are peographic or loczl race
(Gorn 1061:14-19), asex, or age d1lferences in the Jdepth

of the suborbitzl fosss as deflned subjectively, (2)

establish, by metrlic smethods, un objecitlve clasgsill-

catlon, index and range Yor depbh of the fessu, (3)

see i? the pubjective classillicotlion con be cbjectiflsd,
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and (4} deternmine if thers are peographlc or local roc
(Garn 1961:14-19}, sex or age differences 3& the Aepth

of the {osez as delined objectlvely from our samples.
11 g&l.uﬁ.IﬁL

The skeletal nmaterial for this study consists of
adult eranis representing 160 individuals (93 males,
67 females), Table 1 shows a—%ra&k«dcwn of the sample

by probeble cultural ulfili% ion and bex.

Table 1l.~=5tudy sample by group ond sex.

@raﬁ? | Fales 1 ”gemal@s ?ot@l
{male and female)
Aﬁikara 43 3L Th
gentral Plains| 13 w0 2%
Paunce 7 & 25

Hasanlu T 3 10
Grow | 6 2 8

Totals 9% 67 160

The nmeasurenents and other dota on all of the
individuals were collected by Willlam M. Bass between
1556 and 1962, Deslgnablions of culturel affilistions,
1ith &he excepblon of the Crow, were recorded Irom the

srehasologlobs! repcrts¢

The arilkarn group lg composed of 52 indivicdunls

(33 moles, 19 females) from the Sullry sibte, 395L4, ond
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22 individuals (10 meles, 12 females) Trom tho Lower
Choyenme RAiver site, 39571. Doth are putadlve arikara
(Bass 196L:37) sites along the Mlzsourd River in
South Dakota. Both sites appear to be protohlstoric
in sge (Wedel 1961:195) and were occudled prior to the
Lewis and Clark Zupedition in 1804,

Tone Central Plains {ilscrben) group is composzed
of skeletal ma%mﬂim~ from three sites in Nobrsska,
There are 19 ind 1vi1uwim {11 males, © femalen) from an
unmaned site, 25DE13, 3 individuals (2 male, 1 female)
from the Jondegeard Ggssuary, 2503 and one Individual
{female) from the Christensen site, 25IW8., These slies
vere clossified as prehlstorie Central ¥Plaing by Buss
{(1961137).

The Fewnee group, except for two cranla (one n e,
one femule) from the Durkebt site, 25UCL and four mole
grania frop fHebpreake neterial housed at the
Smithsenian Institution, were also llated by Boss
(1961:37). These imeluﬁef& male and 3 femnle skulls from
the Linwood site, 25BUL; one male Irom the Clarks site,
25PK1 and 11 individuals (7 noles, 4 fesales)

HA11 site, 2BNTL.

fron the

The Hosanlu group is the only nen=imeprindisn sample
avallable for this study. It consiste of 7 male and

5 female cranls excovabted by the Universlity of Ienn-~
sylvanis at the Hasanlu site, Irsn, between 1055 und

1960, It is included in thls otuuj in order that
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gomparigsons may be made belween a Cauocasold element and
the Ameriecan Indlan groups. ‘Tha Hasanlu material 1s
thought to date from 1250 B.C¢. to Islamlc times

(pyson; personal communication on file with the skeletal
‘materiall.

The pubtative Handan skeletnl materlinl comes {rom
elght different sites in North Eaknta. The specimens
from each site are listed in Table 2. W1ll and
Hecker (1944) deseribe each of these sites =nd place
‘thenm within a Mandan culturzl conbext. |

Table 2«““Hmﬂﬁ&n sites and number o¢ selected cranial
material by sex?,

3ite no. Hlame - Page b No. of|lo. of |[Total
Refer,”|Males |Femaleg
22BLE8 | Double Ditch 8z 1 1 2
32BLO Larson g2 2 - 2
39&011~1a duff-Jennie :
Graner 94-96 1 1 2
3214026 Slent Villsge 9d 1 8 9
321029 Hotsiff 100 - 2 2
324037 Boley 103 - 1 1
320011 Lover Sanger 108 2 | - 2
Totals T 13 20

8Table 1is based after Bass and Birkby (1962:173).

Pope page references in Will and Heeker (1944)
are llsted here for convenlence.

The putative Crow sample, represented by 8

individuals (6 males, 2 females), are all from Montana
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and are housed in the American Huseum of Natural History
in New York. These were listed by the Huseum as being
possibly Crow, bubt without coming from a partlcular slte.
They were collected Irom scattered finds or as donations
over & perlod of years.

Ko attempt has been made to incorporate Infants,
children or subadulis into this study. It was felt that
the adult maberial would give greater varisnce, if such
existed, bthan would younger, immature individuals,

The material for this study was “selected" solely
on the basis of whether both the metric and the non-
metric observations for the depth of the canlne fossa
vere available., Those individuals lacking elither one or

the other observation were excluded.
III, HETHODS OF %E&SVHﬁﬁEﬁ?

Two older standerdized points, as well as two
newer Instrumentally determined polnts, were used in
taking meassursments for the estebllshment of the ﬁepﬁh
of the suborbital fossa. These points are (see Figs.

3, 4 and 5):
1. Besion (Ba) The median point on tie
anterior margin of the foramen
- magnum.

2, Alare (Ala) The most lateral point on the

lateral edge of the nasal

aperature.



e 11 -

3, Lateral (Lat)”

4, vedial (v=d)¥

{New measurement) Th@ most
anterior polnt on the malar
bone when maaaubm& from

point Basion. Instrumentally
deternined.

(Vevw measurement) A polnt

on the surface of the maxilla
witnhin the suborbiisl fosas
wh&mh~is the shortest distance
fronm point Baslon., Instru-

mentslly determlined.

Three dlfferent measurements incorporating these

points were recorded whenever available on the eronlal

data sheets at theltime the inltlial metriec observations

vere made on a shull, These measurenmenis were:

1. Baslon to Alare (Ba~Ala)

2. Basion to Mediel (Ba-tied)

3« Basion to Lateral (Ba-Lat)

These three measurenments were sll taken with the

standard slidling caliper and were recorded ho the

nearest vhole milliimeter, They were restricted, whenever

posalible, to the left slde of the skull.

Hon-metrical observations were noted and recorded

on each skull for a subjective elassification of the

depth of the suborblial fossa, These depths were

recorded as elbther none, shallow, medlum cr deep. There

#zetablished by Dr. Williem M. Bass



Filgs 3. Lateral view of skull showing the four
involved points used in the descriptlon and ealeulation
of the depth of the suborbltal {fosne.



Filg. 4. Frontal view of skull showing the snterior
points used in the description and calculation of the
depth of the suborblital fossa.



Flg. 5. Besilar view of sxull showing the four
Involved polnts used in the descriptlon and caloculation
of the depth of tune suborbltal fossa,



was no consistent pattern in observing the shkulls as far
ag startlng or ending with metric or non-zetric observatlions,
That 18, not all skulls were measured pricr to making
non-metric observatlons, nor were sll of the slkulls given
non=metric observations before starting the measurementa,
The pattern, therefors, was gulite varleble.
411 measurements and observations on the skulls
vere made by the same person, Dr, Willianm ¥, Bass, In
thils wayy 1t was possible to hold to a minimum the
CIndividusl variation in reading or handling the instruments.
Originally, the three measurenents (Du-Ala, Ba-led
and Ba-Lat) were to establish e plane over the fossa and
were also to yﬁald angles as well, However, examination
later revealed that not enough informatlion was glven to
compute angles by trigonometric means. MHence, the original
ldea of the esiablishment of & plane over the fossa was
abendoned, though the three points (Ala, Med, and Lat) on
the anterlor of the face were retanined., In retaining
these three anterior polnts and their measurements
which originate at point Banion, it was possible to
eatablish a'mathematieal formuln which provides datz from
wileh the depth of the fosss may be measured and defined.

The formuls referred to is

(Ba=ala) + (Ba-lot) =« {Ba<ied) = 4
-2

vhere d is the depth in millimeters., Thils is schematically
represented In Flg. 6.
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[ Ala,
L Mean (Ba-21a) - (Ba-Lat)

g o ——

Depth \\\
(d) NS Lot
““7md 7 ’

/

Fig. 6. BSehenmatlic representatlion of the formula
(BozAla) + (Ba-lob) - (awtied) to describe depth of the
2 suborbital fossa.

The sbove formuls for depth (d) of the suborbltal
fosaa, since 1t 1o definitive, does not take}iﬁ@o aceount
gexucl dimorphism and the individual varictions In size
of the skulls themselves. Tnersefore, 1t was necessary
to devise en index (I) for depth., The index formuls is

as follows:

Index (1) = _a o |
(Bamile) + (Ba-Lat) = (Da-ved) - 100

where 4 is the depth computed from the first formule

%ﬁormula established by Dr. Charles Hlmmelberg,
Department of Hathematlces, The Unlverslity of Kansas,



and each parenthetleal elenment of the dgnominator is a
liné from point basion to the three anterior polnts on

the skeletal face.
IVe ANALYSIS OF MATERIAL

Initlally, 1t was necessary to determine whether
the six eultural groups {Arikara, Centrel Plains,
Paymee, Handan, Orow and Hosanlu) could have been drawn
from any single populatlon on the basis ol thelr
neassuremnends alone, even though they are érchaaolagically
distinet. That is, ls esch group distinct in 1is
neagurenents from eazch of the other [ive groups -~
dintincet snough to rule out the possidbllity that they
could 21l represent randou sampling from ths sane
population or universs?

In order to cnswer bhot cuestlon, an cnalysis of
varlance was employed (Table 3) using the nessurenents
for depth of the suborbiial fossa (d) caleulated from the
above f@rmula {p. 15). This offers z nethod of tesbing
slgnificance of differences between 21l six group means
ot once., - Acsording to Hegood and Frioe}(1§§7=332),

"1t doss thils by separablon of the tobtal variation
dicplayed by the / mensurements_/ into two parts == the
varlatlon arising from the verying of / messurcments_/
around their reapective / group_/ means and varistlon
erising from the varying of / group_/ means around thelr

kL

'grand mean' . . .," i.e., o mesn of means or the mean

of all the individusl measurements.
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Table 3.--Analysis of variance of the suborbital fossa
depth of 160 skulls (93 males end. 67 females) obbtained
from six cultural groups.

b ———— Ve gt bt ‘"

Source of Variction Sﬁ& of ﬁegrée@ of'| lean Bauare | &
o | Bquares| Freedom Varisncs

Total | 606,38 159

Between-group 82,18 5 16.44 4,83

Within-group 524,20 154 3,40

In Table 3, the "sum of sguares" (sum of squared
deviations) is split into two parts {vetween- and within-
group) whiech when divided by thelr respective degrees of
freedom, yleld two mean sguare variances. The ratlo of
the betwesn~group velance to the within-group varionce
is called ¥, The probability (P) of getting an F ratio
of 4,82 based on 5 and 154 degrees of freedom, as shown
in Table 3, is less than ,001, 3tated another way, there
is less than one chance in 2z thousand thet the differences
exhibited betveen the six groups and within the six
groups could have occurred by chance aslone 1f they were
from the same universe.

The groups were next divided into their respectlve
male and female components and tested with the znalysis
of varliance to gsee whal role sex might play in the
combined~sex variance of Table 3. These results are
shown in Tables 4 and 8 where the male probablility of

ovceurrencs by random sampling ls less than 1 percent
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while the female probebllity 1s not significant since

1t exceeds the 5 percent level,

Table 4,-~inalysis of variance of the suborbital fosse
- deptn of 893 male skulls from six cultural groups,

‘ SRR ‘ ; ‘

HSource of Varistlon| Sum of |Degrees of |Hean Bguare | F ‘
Squares| Freedom | Varlance

Total 304.31 92

Between-group 65,15 5 13,03 4.75
Withinegroup | 239.16 87 2.7

BfFg g7 = 4‘1577 L0001

Table 5.--dnalysls of variance of the suborbital fossa

depth of 63 female skulls from four cultural groups.

Bource of Varistlon | Bum of T%agreeﬁ of |[Hean Scuare | P
3quares Freedom | Verlance

Total 256,15 61

Betveen-group 26,80 3 8,93 |
‘ ' 2.26

Within-group 229.35 | 58 3.95

P[5 5 = 2§a§7 «05

*Grow snd’ Hasanlu not included because of small
gsample 8lze -~ N = 2 and 3 respectively.

- Because 1t cannot be concluded thnot the femnle
group varlations are significantly different from the
randon variation (Teble 5), one wmight assume that other
sour&eslcf voriation &fa responsible (iagood and Frice
'195?:385~386). While this statement may be true, a

logiezl reason for this ocourrence might be due to the
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smallness of the Tenale group devlatlions sround the

grand mean of the sample. This is graphically and
numerieally Lllustrated in Flgure 7 whilch shows that the
females are more nearly alike than ere the msles, The
total numerical deviation from the grend meen iz slightly
mdﬁa than 3 unlts greater for the males, Diagrommaticslly,
the female wvariation witﬁim grma§s is not much different
from thelp yariatiom‘beéween grnuyg, with the possible

- exception of the Centrzl Flains sample which varies
conaiderably. | |

Ir one can aceept the abavafsxplmmatimnffor the
ap@arenﬁ lack of femals gignificance (Table 5), then
regardless of the gex, the six groups were not drawn
from the samo uﬁivera&‘ Thus ﬁh@& may be used to test
for lecal op larger racial unit (Cern 1961:14-19)
differences in the depth of the suborblital fnssa;

One oth&r,analyaia of varisnce ls necessary before
work can commence on the establishment of o metric system
of elassificatlion for the suborbital fossa depth. This
is %he‘agmiysis of varlence of the suborblial fossa
index (I) whiech was formulated on page 16. Iven though
“the six gréuﬁ&’hmva been shown by depth (4) not to be
from the same universe (Table 3}, the new formuls might
Inadvertantly chenge them to such an extent when 1t is
applied, iHowever, the index (I) has no deleterious
effect on the six groups, as illusirated in Table 5§~ §hs

probabllity of occurrence by chance alone for the indlces
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Group Male Group |Female Group Numerical Deviation
Means lieans from Grand Mean (9.9L)
(in mm.) (in mn.) Male Female
Arikara 9.73 9.61 .21 .33
Central Plains 9.23 8.00 Nl 1.94
Pawnee 10.70 9.81 .76 .13
Mandan : 11.71 10.00 1.77 .06
Crow , 11.58 9.50 1.6L Ll
Hasanlu 11.50 10.67 1.56 .73
Total €.65 3.63

Fig. 7. Male and female group means for depth (d) of suborbital
fossa divergence around the grand mean of the samples.
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of the six groups is much less than .1 percent and could
not nave been drawn by rendom seupling from the same
universe.

Table &,=-Analysis of vorlance of the suborbital fossa

index of 160 skulls (93 males, 07 females) obtalned
from alx cultural groups.

o

Source of Variation| Sum of |Degreess of |Mean Sguare ¥
Suuvares| Freedom | Varilasnce

Total : 168.57 159

Between-group 167.57 5 33.5
5150

Witain-group | 1,00 154 L0065

' Pﬁgglﬁ# = 51507 +001

Thersfore, it is ressonably certain that the
index (1), Just as the depth (d) already discussed, is
valid and may be‘aaa& o teat for loeal or geographle
racial (Gern 1961:14«19) differences, and for sex and
age differences in the suborbltal fosse. Since the
index tends to tske indo sceount the variation between
slge of the skull measurements due to sexual dimorphlam,
1t is probably the better of the two methods. |

The preceding considerations nave established that
the total sample (N = 160), by depth or by index, has
not been drawn from the same population. Therefore, an
atbempt can now be made to‘find out if there 1s any
correlation between the depth and index of the suborbital

fosse and the degree of ithe non-metric sublectilve
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clussification, i.e., none, shallow, medium or éeep as
established by visual inspection.

| The mesn deptus and indices of the fossa for
males and females, pglven in Table 7, were computed from
the three baslc measurements within each &agb&a‘of
subjective classifleatlion, It should be noted that for
both wmales and females the depths snd indices numerically
ineresse with eaeh inerezse in the subjective clussi-
ficénion; This strnnglyiaﬁggeatg that there is a
écrralatzan between the mothod of classification and the
ealoulated depth and index. JHence, it 1s now possible
to objectifly th# subjective claasificatione.} Fronm
Teble 7, it cén also be seen that the greater percentage
of both males and females fall within the “"shallow"
range of classificatlon.
Table T.-~Total male and femazle mean m&msuréments for
each non-metric subjectlive classiflcatlion with its

corresponding mean suborbibal fossa depth and index =nd
the percentage of indlvidusls possesasing each classifi-

; - .eation.

Subjectivel :
Classifi- | Ba-Ala| Ba-lod| Ba~Lat| Depth | Index | Ho. 4
eation (mn. ) ; (mm, ) | (mm, )

| | Hales (M. = 93)
None 89.78 |82.33% |91.44 | 8.28|3.15 | 9 | 9.68
Shallow 90,55 |B1,57 |91.09 | 9.71| 3.69 |42 45,16
Hedium 88,37 |76.59 [90.78 |10.98 | 4.27 |27 | 29.03
Deep .- | 90.53 |79.80 |92.07 |11.50 | 4.40 |15 | 16,13
: ‘ Females (N = 67) ,
Hone 87,80 | 80,00 [88.60 | 8,20 [3.20 | 5 | 7.46
Shallow | 86,17 |78.33 [88.17 | 8.83 | 3.51 |36 | 53.73
Deep 86,91 |75.64 |88,91 |12,27 | 4.89 |11 |16.42




Although the objectification of the subjective
classification (Table 7) is 2 highly desirable charace
teristic, it is not altogether realistic when the sgexes
are analyzed by their éultural groups in Tables 8 and 9.
The Arikera males and femeles, and the female Mandan are
the only ones which show s progressive lncrease in the
depth and index with lnecreases In the degree of sublective
eclasalificatlon,

Table 8,--Hsle mean measurements by group for esch non-
metric subjectlve classification with its corresponding

mean suborbital fossa depth and index and the percentage
of individuals possessing each eclassificatlion.

Subjective | ‘ |
Classifi~ | Ba-ila| Ba=led| Ba-Lot|Depth| Indox|No. 7
eation | (mm.) | (amm.) |(mm.) |{(m2,.)

’arixara (K = 43)
Hone 89,00 | 81.75 |91.25 8.38] 3.20 4 .30
Shallow 90,62 | 82,04 |91.75 | 9.18| 3.46] 24 | 55,81
Medium 88,11 | 79,11 |91,22 |10.56| 4,09 g 20,93
Deep 91,83 | 80,50 92,67 |11.75| 4.44 6 12,95

~ Centyral Plains (N = 13)
None 88450 | 80.5% 91,00 | 9.25) 3.59| 2 | 15.38
Shallow 91,00 | 84,28 |95.,28 | £.86] 3.30 T | 53.85
Hediun 87.50 | 78,75 |89.75 | 9.88| 3.86 4 | 30.77
Deep e o T RSSO R e
Poavmnee (N = 17)

None 89.50 | 82,50 (89,50 | T.00| 2.67 2 | 11.76
Shallow 89.50 | 78,75 (91,00 |11.50| 4.44 4 | 23,53
Fedium 89.40 [ 79.60 (51,00 |10.60| 4.09| .5 |23.41
Deep 90.17 [ T9.67 [91.83 | 11.33 4436 & | 35,29
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Table B-~Continued

Subjective | ‘
Classifi-~ | Ba~Ala| Ba~Med| Ba=Lat|Depth | Index | No. 9
cabion | (mm.) |{(mm.) |(mm.) |[(mm.)

Handan (¥ = T)

Shallow 99,50 [82.50 94,00 |11.75 | 4.34 2 28,57
ﬁ&&iﬁm 93&6? 89;35 g4d33 11;67 &032 3 42&86
Deep 87 00 [ 76,50 89,50 |11.75 | 4.65 2 28,87

Crow (ﬁfm 6)

zq@ﬂ&» ] o - S s o A w2 -~ - oo
8hallow 89,00 | 80,50 |98.00 10.50 | 3.99 2 133.33
%ediﬁm 85467 7#'33 3@»33 lﬁ»@? ?alg 3 50*90
2

Deep g2 83 95 10.50 | 3.89 X 16.67
Hosanlu (N = 7T)

None 96 58 97 8.5 |[3.02 1 |14.28

Shallow 88,67 |T5.33 [86.00 (12,00 | 4,80 3 42,86

Fediun 86,00 | 75.67 |89.33 (12.00 | 4.77 3 42,86

I}&&F L - oy - - s - - " o - - -

Table 9.--Female mean peasurements by group for each non-

metric subjectlve classificatlon with its corresponding

mean suvorbdital fossa depth and index, and the peroentage
of Indlviduasls possessing each elassification.

dubjectlve

Clapsifl~ | Ba~Ala| Ba-Mad | Ba~Lat |Depth | Index | Ho. )
cation {mie ) (mm. ) 3
Arixara (N = 31)
None 84 77 86 8.0 |3.24 | 1 | 3.22
Shallow 86,13 | 76,33 |87.93 | 8.70 | 3.45 | 15 |48,39
Medium 85,22 | 76,55 (86,11 | 9.11 | 3.566 9 [29.03
D%@p ] 85-83 74&0@ 88009 12,92 | 5,22 ) 19.35
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Table g-«~Continused

”ﬁubjaetiva

C¢lassifi~ | Ba~Ala| Ba~ied |Ba~Lat|Depth |Index |No, %
cation (mm,} (ma‘) (um§) {(mum. ) '
Central Pla;ms‘(ﬁ = 10)
None 88,00 [ 79,50 |87.50 | 8.25 |3.23 | 2 | 20,00
Shallow ET.67 | BLe33 (90,33 | T«67 |2.95 6 | 60,00
Hedium 86.50 | 78.50 (88,00 8,75 |3.46 2 20,00
3}@@@ . i - - v o - - e
Pawnee (¥ = B)
Shzllow £3.00 | 75.20 |85.80 9,20 3 80 5 62,50
Hediun 86,00 | 75,00 E@;Gﬁ 11,00 |4.46 2 25,00
Deep 90 |80 |91 |10.5 [4.02 | 1 |12,50

¥andan (H = 13)

None 89.50 |82,00 |91.00 | 8.25 |3.15 2 | 15,38
Shallow 86,20 |78.60 (88,80 | 8,90 3.53 5 | 38,46
Kedium BB,50 [T8.50 (92450 [11.00 |4.28 2 15.38
33@531) 873?5 ?7 o0 8? 175 13—*?3 i{.“ 65 & ?)’9 u??
Crow (N = 2)
I\;r{}na P o e s o . - o o Ema— -
3hallow B6.50 |77.50 |87,50 | 9.50 |3.78 2 100.00
f«fg&ium - s s ot sy - o V- - - o od - o
D@fg? - - - i e - - v o > d
Hosanlu (B = 3)
z\ggne " ke o - o e - o " . - o o
Snallow | 88,33 |77.67 (86433 |10.67 |4.23 | 3 [100.00
ﬁ@@p . - - g v . i - o wad -
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It 1s apparent from Tables 8 and 9 that while the
subjectlve estimate of depth br the fossa 13 close to the
oblective depih, 1% is still too variable, That is, 1t
depends too m&éh upon the individual observer's classi-
fieatlons which mey vary from one day or waek'tq the
next. It is aleo possible that the total faclal morpnology
of the skull may Influence the selection of the subjective
classificatlion for depth, Thus it 1avﬁaceaaary to
establish o more relisble oblective or metrical systenm
which will gi&a an index range for each of the four
degrees of classification,

What ia felt to be a more reliable objectlive
aysten was eata&i&skaé in two brosd steps.

1. Thﬂ.avéfaaa numericsl distance between the
combined male énﬁ female means for depth (é); taken
from Table 7, was used as the true range limits of depth
for each degree of classiflcation. This is graghically
illua%ra@éd in Figure 8 which shows a depth ranpge in the
sample of from 5.0 mm. to 8,76 mm. for the classificatlion
"none," 8.77 mm. 10 9.77 mm. for the classificatlon
shallow,” 9,78 mn. to 11.07 mm. for "medium,” and &
range of 11.08 mne Yo 15.0 mm. for the "deepn.”

The dlstribution curves in Fig. & show
considerable overlap, but the means (2lso shown in Table 7)
are sufflclently separated to eatablish‘égain the oblecti-
fication of the subjective classiflcatlion, The number and

percentage of iIndividuals who fall In each ciassification
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Pig. &. Subjective classiflecatlon distribvution
curves for the suborbital fossa depth (d), their neans
and the ranges proposed for the objective clzaslficatlon.
For both sexes of all groups.
are glven in Table 10, It is interestlng to note that
the prehistoric Central Plains group, which has the highest
incidence of occurrence in the category of "nome,” has
slmost a 43,5 percent drop between "none"” znd "deep,”

It is not known whebher this 1s o significant finding

in this study. However, Bass {1961) found in nis sbtudy
of Plainsg Indlans thaet the Central Flains group appsared
to be morphologleally different from the Arlkara, Povnee

end Mondan (Bass and Birkby 1962:175), particularly in
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the eranlal index, lengih helght index and the wean
helght index, 2&&1@ 10 =zlzo shows a high nate of
incldence (70.0 percent) in the "deep” classification
smong the Caucgsold Hasanlu group. Thls may be dus to
the sample size (I = 10), though it moy be attributed
to the dlfferent raclal stoek. |

Table 10v=-Percent of Individusls, by culiural group,
- falling within the established ranges of objective

classificatlion for the depth of the suborbital fossa.

Boged on date from Pig. 8.
Group ‘_ Hons ‘Bhellow | Hedium Deep
Nl % |H I O 5
Ar%%ar&7¢) 26 | 33.78| 13 | 17.57 | 17 | 22,97 | 18 |25.60
B B~ :
Ge?gval §%&1ﬁﬁ 11| 47.83 30,43 | 41739 1| 435
(N =2 _ 4
.}?mzrrgaa 35) 4| 16,00 16,00 | & | 32,00 9 36,00
Wom :
Fandan 25.00 2 110,00 5125.00 8 | 40,00
(N = 20)
Gr%g‘ &) ‘ e 25,00 | 225,00 4 |590,00
A o= .
Hasanlu 220,00 s | == 1] 30,00 7 |T70.00
(% = 10)
Total 48 | 30,00 | 28 |17.50 | 3T | 23.12 | 47 |23.38

2. The aversge numerical distance between ithe

combined wmale and female means for the index (1) tzken

from Table 7, was used as the true range limlis of the

index for each degrsese of clsssifiication, Thus, as shown

in Pilg. 9, the Index renge for the sample runs from 2,22

units to 3.40 units in the classification of "none,"

3.41 units to 5,82 units for "shullow,” 3.83 to 4.34

]
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unibé for “maﬁia&g“ aﬁd 4435 tb §;§9 units for the
objective classilfleation of "deep." The distribution
‘ﬁurvas in Fig. 9, Jusb ag in Fig. &, ahﬁw~amnﬁiaerabla
overlap, %ﬁough the means are wnffiéi&nﬁlyISQparatad,

The mamber and psrgentege of iIndividuals who fall in
gach objective cntegory of classiiication are giﬁen-in
Table 11, dJust as in the previous table, the prehistorie
Central Plains group has ﬁhé aishest occurrence {586,5
vpﬁﬁaenﬁ) in the classification of "nons" and steadily
decreagses by almbat_&é percent at the "deep" category.
The Hasanlu Caucssold proup remnins numerically unchanged
from Table 10. | | o

Table 1l,--Percent of individuals, by cultural group,
folling wlthin the established ranges of objective

classification for the Index of the suborbitzl fosun.
Baged on data Irom Fig, 9.

Group Hone Shallow Medlun Deep
N s | ® A A g4
Arikure 20 351 | 15 | 20.3 | 17| 23,0 | 16| 21.6

(N = 74)

G%?tr&12§%ainﬁ 13 156,85 51 21.7 3] 13.0 2 8,7

(W= 23)

Paunee | 4 16,0 31 12,0 Gl 36,0 9| 35,0
(v = 25) ,

sandan 4 120.0 3| 15.0 L] 2040 91 45.0
(X = 20) _

Crow - - 3| %7.5 1l 12.5 4 | 50,0
(¥ = 8)

Haganlu 2 120,0 - —— 11 10,0 T1T70.0
(B = 10)

Potal |47 |29.38| 29 | 18.13 | 35| 21.87] 47 | 20.38




None
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Fig. 9. Subjective classification distribution airves for the suborbital fossa index (I),
their means, and the ranges proposed for the objective classification. For both sexes of all
groups.
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The index (1) value of each individual was then
plotted and classified in aaesréanceﬁwith the objective
eclassification ranges establlished in Fig, 9, The results

of this regrouping of the indices in%aftneir proper
objective classification are shown for each sex in Table 12.
Here, as In Table 7, there are progressive numerical
increases in the éaﬁthfand'%ha indax aa the degrees of
classification increase from "none ta §a@ep.“ The
percentage of individuals possessing each degree of
cl&é&ifiaati&n;‘wﬁen compared with Table 7, hoso been
k'ma&éraﬁe& to the extent that no one ¢l&ﬁﬁifieatihm is
excessively predominant over the others., The depths of
the fossa in Table 12 also show a wider separatlon from
one classificatlon to the next; |
Toble 12,~-lean male and female measurements, depths end

indices of the suborblital fossa arranged according to the
suggested classiflcatlon renge established from Fig. 9.

ﬁhjeativa R . o
Classiil~ | Ba~iAls| Ba=Hed|Ba-Lab| Depth | Index | No. 5
caﬁ%ani‘ (mgf) {mm, ) (mm,)’ {mm, )
ales (N = 93)
None 91,04 | 84,13 92,91 | 7.85 | 2.95 |23 |24,
Shnllow 0,12 Blﬁée 91437 O 44 5:53 1& 17.38
Mediun 90, 04 80;?#9’3‘ G204 |10.62 | 4,05 24 25,81
Deep 88460 | TT417 |90,06 | 12,17 | 4.76 30 32.26
Females (ﬁ'a 67)
None 86.42 | 79,75 |88,19 | 7.58 | 2.98 |26 |38.80
Shellow | 85.92 | 78,15 |88,31 8136 | 3.55 | 13 %9.»’;
Ned lum 86,36 | 76,75 |08.00 |10.%5 | 2,16 |11 |16.42
Deep 86,50 | 74,82 |87.65 |12.20 | 4,04 |17 |25.37
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Tables 13 and l&A&ra 2 break-down of Table 12 into
1ts component cultural groups. The index (I) values of
the individuals in émﬁhiﬁraup were plotied and elaggifled
&éaar&ing to the aﬁjactiv& classiflcation ranges established
In Fig. 9. For each group there are progresslive numerical
increases in itne méaﬁa of the deplh and index as the

Méegregs of @1asai£icatian‘inereaae ~~ there being no
gwceptions,  This d4iffer:s eonai@gr&hly fﬁom’t&e findings
Tor each group In Tebles © and wh@f@ the meens of the
indlces and depths were raﬁgéﬁ by'ﬁubgacblve clasaliil-
catlon, ?h&r&, only a minority of ﬁﬂ&,gﬁmﬂ?&i&k&%ﬁﬂ
imafaaﬁaa in the depih and index as ﬁhe'&egrees of
“elasgifleation increased.

Table 13.~-Mean male me&amremants; depths and indlces of

the suborbital fossa for each group, arranged according
to the suggested elassification renge estublished fronm

Figse 9.
abjective |
Cleseili- | Ba-Ala| Ba-Ned| Ba~Lat| Depth | Index | Xo. 4

cation (s ) | Cmwe) | (mize) | (maa)
Arikars (B = 43)
Home . | 90.07 | 62,93 |91,57 | 7.80 | 2,98 |14 | 32,56
Shallow 90.89 | 82,11 | 92,44 | 9,55 | 3,60 9 | 20,92
Ledium 90,58 | 80,92 |92.56 | 10,66 | 4,04 |12 | 27.90
Deep 86,62 | 77.50 | 89,87 | 11,75 | 4.59 | & | 18.60
Central Plains (§ = 13)

Shallow 83,67 | 76,33 ET.00 | 9.00| 3.64 3 23,08
Deep 87,00 | TT.00 |90.50 | 11,75 | 4.61 2 | 15,38




Table 1%-=Continued
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Objective | : ' 1
Clossifl-| Bawila| Ba=Med| Ba~Lat| Depth | Index | No. A
cation | (mma) | (mme) |(ause) (mw,)
Pavnee (¥ = 17)
None 89,50 |82.50 |80.50 | 7.00 |2.66 .| 2 | 11.76
Shallow 96¢%O 7,00 197.30 | 9.75 | 3.47 ,g 1 11.76
Hedium ,8906? 7950 (90,33 | 10,50 | 4,04 6 | 35.29
sondan (K = 7)
Y%I{)nﬁ . - - Pty A - pon . - e 954 v - o
Shallovw 94 84 93 9m§ 3,51 1 | 14,28
grow (N = 5)
Shaldow 87 g0 91 9.0 349 1 16.67
Kedium g2 83 95 10.5 [3.89 1 | 16.67
Desp 87,00 . [76.00 [90.00 |12.5 #;9# o 66,67
Hasanlu (¥ = Yf
None 86 88 97 8.5 |3.02 1 | 14.28
sm:}_law’ e i - v - - - s o ot - s -
Hedium 83 76 a0 10,5 4,22 1 14.28
Deep BB.20 |75.40 |87.20 [12.30 | 4,90 5 T1.43

Table 1l4,--lean female measurements, depths and indices
of the suborbital fossz

{or each group,

arranged acaording

to the sugpgested classiflcation range establianed from
Flg. 9.

Oblective

Clagsifi- | Ba~Alsa|Ba-Med | Ba-Lot ﬁagtﬁ Index %
catlon (mm. ) [ (ome) [(mm,) f(ome) |
Arikara (N = 31}
None 85,08 [78.42 [66.92 | 7.58 |3.03 |12 |38.71
Shallow 85533 | 77433 86,83 | 8.75 |3.51 6 | 19.35
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Table l4~~Continued

- Objective . j
Clugsifi~ | Ba=Ala| Ba-led| Ba-Lat| Depth | Index| Mo, %
eation {mm, ) (mms) (mm.) | (mm. )

, ¥edlum 84,20 ?5‘2§ B87.20 | 10.50 | 4,26 5 16,13
- Deep Eﬁgﬂﬁ T75.50 | 88,50 | 12.75 | 5,07 8 25,81
Central Plaines (N = 10)

Hone 8T.14 | BOAT | £8.57 | T.43 | 2,90 T 170.00
Shallow 88,50 [B1.50 | 92,580 | '9.00 B A3 2 22,00
Hedium 88 78 88 10.0 J94 1 10.00
3:36&}3 -fadn T - un‘-- \a-n-nu- [T TN - -
?&'&’t“m@e (B = 3&)
tonea 85.50 | 79.50 | 89.50 8.00 | 3.14 2 25,00
Shallow 83 76 87 9.0 3,66 1 112,50
Medium 86,00 | 76,00 | 86,33 | 10,17 | 4.00 | 3 |37.50
Mandan (N = 13)
None 88,50 | 81,50 | 90,00 | 7.75 |2.98 | & |30.77
Snallow 86,00 |79.00 | 90,00 9,00 | 3,53 2 15,38
Medium GL.50 |81.00 | 92.50 | 11.0D 4,15 2 15,38
Desp 85.80 | 75.20 | 88,20 | 11,80 | 4,7k | 5 |38,46
Crow (N = 2)
Ncne - ———— - > -~ . o~ - - - o - P——
dhallow 86.50 [77.50 | 87,50 0,50 | 3,77 2 100,00
Medluw T e N (RO [ty vy IR, i
Deep - -—— - - ——— ———| ——
Hasenlu (N = 3)
‘None 91 84 a1l L Te0 2.6% 1 133.33
Shallcw - - -~ - o - - - - o~ -
Kedium e Tl Tl Dl T I g
Deep . 87.00 | 74,50 | 87.00 | 12.5 | 5,03 2 66,67
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~ There does not appear to be much difference between

the sexes as far as the deplhs and indlces are concerned.
This is borme out in Table 12 and in the distribution
curves of Figs. 10 and 11. The slight differences which
ars shown may be due to the sample number of each sex,

the males being greater in number (N = 93, females
N o= 67).

| There appears to be no sex differences in the
depth or the index for each cultﬁral group glven in

Tables 13 and 1l4. .The slight varlations which do occur
are srratic, i.é., the males @ay have a numerlcally
grester depth of index in one degrese of objective
classifleatlon while the females of the same group exhibilt
& greater dep%h or index ln another degree of the
objlective clussificatlion. There appears to be no group
differences In these two tables, even when the sexes are
combined. Agaln, as in Table 12, the variations are
erratic. Tables 7, 8 and 9 are equally frultless in the
establishment of sex or group differences in 2 gubjective
clasaificatlon,

The meéns of the three baslc measuremenis, Irom
which depths and the indices ﬁere established, are
sunnarized in Table 15, The means of the three basic
neasurements do not shovw much variatlon between the six
groups. The difference between the mean low (87,50 nmm,)
and mean high (89.10 mn.) of the Basion-ilare measure-

ment is only 1.60 mm.; that between the mean low (77,40 mu.)
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Fig. 104

Table 15.~~GP04@ means and pra nge in mlllimeters of the

Sex distribution curves plotted from
the suborbital fossa depth (4).

three basle measurements from point basion to the anterior
of the skeletsal fub@.

, &roup" Ba-ila Ba-led Ba~Lat
Low| High| Been |Low|iHigh|Mean |Low|High|NMean
Arikers s
(N = 74) 79| 99 | 88,28 | 68| 88 |79.,40 | 79[100 |89.89
Central Plains
{8 = ) 80] 98 | 88.65 | 75 92 |81.30 | 83/100 | 91.35
- Pavnee .
(8 = 25) 801 99 | 88,08 70| 20 |78.48 | 81|101 |89.64
Mandan '
o (8 = 20) 83| 96 189,10 | 72| 84 [79,35| 86| 97 [90.80
oW 1 ; )
, (% ; 8) B2 92 |87.50| T4 83 [77.75| 84| 95 |90.12
eganlu o
(8 = 10) 83| 96 | 88,50 | 72| B8 [77.40 | 82| 97 | 88.80
Kean Rong 87.504 77,404 88.80-
BAan menge 89.10 81,30 51735




Fig. 11. Sex distribution curves plotted from the subortital fossa index ‘(I).

_gg-



- 39 -

and high {81;3% e ) wf\the Q&aiéh~%eﬁia1‘m&aauremént

is 3‘§ﬂvmm;; and the Basion-Lateral meﬁauremeﬁt differs
between 1ts mean low (88,80 mm.) and high (91.35 mim.)
by 2,55 mm. Hetrically, thess are very smzll differences,
Measurements, for comparative pa?;ssaa; on any two
individuals from any of the six groﬁ?s;aoulﬁ easlly vary
‘ b} the above amounts. “

| The age of an individual has nc bearing on the
indax_(aﬁﬁ consequently, the deptn) af.ﬁhé suborbital
fossa, This 18 shéwn by the scattergram in Pig. 12
where the mean skeletal age of each individual was plotted
ageinst his inéex, The plotted polnts show a random
patterning, and itrqan ba,raasdmably concluded from this
faet thaﬁvtha fossde do not increass in depth with
advaneling years aftar‘yaung adulthood.

Tcathulﬁgs, thouszh not shown in the body of this
paper, Gppears on gross examim&ﬁiaa to have no correlation
when compared with the subjective and olLjectlve degrees
of claaaifié&hicn. Completely edentulous individuals
have degﬁees of classification ranging from "none"
to "deep," Jjust as do those individuals with complete

dentitions,.
V. CONCLUSIONS

On the basis of this study, it has been shown for
the firet time that there i1s a meiricel Jjustification for

the subjective classificatlon of tne &éptﬁ~cf the suborbital
Tossn., ‘ '
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Fig. 12. Scattergram of individual mean age plotted against the index (I) of the



- 4] «

It was possible on the basls of this metrical
analysls to establish four degress of oblectlve
classificntion ranges for the depth of the fossa and ita

 indices. They are as follows:

 Classification Depth | Index

~ None ‘ ox = B.76 mum. , X - 3.40
3hallow CBMT7 = 9477 mm.  3.4L - 3.82

- Medium 9478 - 11,07 mm, - 3.83 - 4,34
Deep 11,08 « x’mm,i : 4,35 ~:x

The maaaurements, éepths, indleces and classlflcatlions
k were used Lo datérmin@ if thers were any differences in

the dﬁptﬁ of the fossae of the six groups studlied, It

was found that there wers no aignlfié&nt gifferences Iin

the depths‘of‘thm fossa wilthia or betwsen any of the

‘group& with regard to sex, age or geographical areas of
nablitation,

Therefore, from these [indings 1t would not be
rossible to use tie auborbltal fossa depth és a criterlon
in'the establiéhment oi sex, age or local and geegraphle
raclal units in unknown skeletzl materiszl. Thls does
not rule out the possibilitles that (1) there may be
me&muraable arens of the fosss, other than those gliven
herin, which would show théae differences and (2) the
pmeasuresble arezs used infﬁhié atuay might show geographlcal
or losal récisl unit differences 1T the sample had nob
been limited by th@ material ﬁVailabfe %0 the flve Plalins
 Indisn groups and one Kiddle Zastern Caucesold Eroup.
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