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Abstract When the normal shape of a neurocranium has been altered by cranial deformation
many craniofacial measurements can be affected. But, if those measurements less affected by such
deformation are identified, they may then become useful in determining the phylogenetic positions
of the populations in which artificial neurocranial deformation had been practiced. Univariate com-
parisons in means between undeformed and deformed skull groups in three American Native pop-
ulations and the principal component analyses of direct associations between craniofacial measure-
ments and the degree of neurocranial deformation showed that some of the craniofacial measure-
ments are particularly strongly influenced by neurocranial deformation. As a result of excluding
such measurements, five sets of craniofacial measurements relatively free of deformation were ob-
tained for the classification of an Australian Pleistocene sample from Coobool Creek. The Maha-
lanobis’ D? distances between the undeformed and deformed skull groups in Coobool Creek esti-
mated using the five sets of variables are not significantly different from zero. The typicality proba-
bilities calculated using the three sets of variables showing the highest probabilities for the null hy-
pothesis of D? show that Keilor, an Australian Pleistocene individual, belongs to the Coobool
Creek population, containing both undeformed and deformed individuals, at the typicality proba-
bility of 0.62 to 0.80. If the variables significantly or relatively strongly affected by deformation are
excluded from the sets of variables to be used, the sets of remaining variables may be used to rea-
sonably classify the relevant populations.

Key words : Artificial cranial deformation, American Natives, Coobool Creek, Keilor, Typicality
probability

Recently, Mizoguchi (2011), using typicality
probability, showed that the skull of Keilor,
an Australian Pleistocene individual, resembled
those of the Jomon people in Japan more than
those of Minatogawa I from Okinawa and Liu-
jiang from southern China. However, based on
this limited comparison, it is difficult to say that
the Australian Pleistocene population is phyloge-
netically more similar to the Jomon than to other
Late Pleistocene and early Holocene populations
in the Asian and Australasian region. In order to
increase the robusticity of the statistical compar-
isons, and allow for the morphological variation

within Pleistocene Australians (PA), it would be
best to include all of the PA crania with adequate
preservation. However, phylogenetic compar-
isons involving a large proportion of the Aus-
tralian sample are complicated by the affects of
neurocranial deformation, which may also extend
to the orofacial skeleton and basicranium.

The largest sample from Australian Pleis-
tocene, Coobool Creek (Brown, 1981, 1989) is
potentially ideal for conducting an analysis on
the phylogenetic relation between the Pleistocene
Australian and the Jomon populations. Unfortu-
nately, however, about 40% of the well-preserved
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Coobool Creek cranial sample, as well as those
from the nearby Pleistocene sites at Kow Swamp
and Nacurrie, were artificially deformed during
infancy (Brown, 1989, 2010).

Up to the present, many researchers have ex-
amined the influence of artificial neurocranial de-
formation on other substructures such as the
face, cranial base, etc. to clarify real phylogenetic
relationships between populations, some of
which have the tradition of artificial cranial de-
formation (Brown, 1981, 1989; Droessler, 1981;
Anton, 1989; Suzuki ef al., 1993; Anton and We-
instein, 1999; Rhode and Arriaza, 2006; Arnold
et al., 2008), or to understand the role of biome-
chanical forces in craniofacial morphogenesis
(Schendel et al, 1980; Mizoguchi, 1991;
Cheverud et al., 1992; Kohn et al., 1993, 1995;
Sardi et al., 2006; Pomeroy et al., 2010; Cocilovo
et al., 2011). Consequently, some authors report-
ed that facial measurements are not or only
slightly affected by artificial neurocranial defor-
mation (Droessler, 1981; Mizoguchi, 1991; Kohn
et al., 1995; Suzuki et al., 1993; Sardi et al.,
2006; Pomeroy et al., 2010), while others main-
tained that both neurocranial and facial measure-
ments are influenced to a considerable extent
(Schendel et al., 1980; Anton, 1989; Cheverud et
al., 1992; Kohn et al., 1993; Rhode and Arriaza,
2006; Arnold et al., 2008; Cocilovo ef al., 2011).

The present study is an attempt to find sets of
craniofacial measurements that are either unaf-
fected, or only slightly affected, by neurocranial
deformation and are therefore suitable for phylo-
genetic comparisons. Once identified, these di-
mensions will be used to determine biological
affinities between Australian terminal Pleistocene
or early Holocene populations and other various
populations, as well as in future tests of phyloge-
netic relationships. For the initial testing of pro-
cedures and identification of dimensions influ-
enced by neurocranial deformation three relative-
ly large samples from the Americas are utilized.
They are larger than the largest of Australian ter-
minal Pleistocene and early Holocene samples,
i.e., the Coobool Creek sample.

Materials

The data used here are raw measurements of
deformed and undeformed skulls reported by
MacCurdy (1923), Oetteking (1930), and
Droessler (1981). Although these authors listed
linear and angular measurements as well as in-
dices, the variables analyzed here are only cran-
iofacial linear measurements.

MacCurdy (1923) described the characteristics
of ancient Peruvians from the highlands north-
west of Cuzco. The skeletal remains were col-
lected from caverns in several localities, but
the “stock is apparently the same as that which
left its remains in the caves and chaukallas
[dwellings or funeral parlors] of the provinces of
Yauyos and Huarochiri in the direction of Lima.”
The number of linear measurements analyzed
here is 26 (Table 1). The sample size is 69 for the
undeformed skulls and 44 for the deformed
skulls in males, and, in females, 40 for the unde-
formed and 42 for the deformed.

The materials reported by Oetteking (1930)
are derived from the North Pacific coast of North
America. They consist of the four series that had
been collected by 1913: the undeformed, the
Cowichan deformation, the Chinook deforma-
tion, and the Koskimo deformation series. The
Cowichan and Chinook have the anteroposterior
form of deformation, while the Koskimo have the
conical form of deformation. The undeformed
series is the same one as that used in Mizoguchi
(1991), namely, American Natives (the Haida and
Salish tribes) from the North Pacific coast. The
variables used are 18 craniofacial linear measure-
ments (Table 2). The sample size is 44 for the un-
deformed, 110 for the Cowichan, 58 for the Chi-
nook, and 111 for the Koskimo series in males;
and 25 for the undeformed, 33 for the Cowichan,
26 for the Chinook, and 38 for the Koskimo se-
ries in females.

Droessler (1981) examined the patterns of bio-
logical variations in American Natives from the
Late Woodland and Mississippian periods who
lived in the west-central Illinois region from
about A.D. 600 to A.D.1300. In the present study,
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all the data reported by her were simply divided
into two groups: the undeformed and deformed
skull groups. The number of craniofacial linear
measurements is 32 (Table 3). The sample size is
45 for the undeformed group and 113 for the de-
formed group in males, and 42 for the unde-
formed and 146 for the deformed in females.

Finally, 13 undeformed and 9 deformed male
skulls from Coobool Creek as well as Keilor, Co-
huna, Lake Nitchie, and Kow Swamp 5 (Brown,
1989, 2001) were used in order to confirm the ef-
ficiency of the sets of variables less affected by
neurocranial deformation in estimating more reli-
able biological distances between samples/indi-
viduals.

Previously, Durband (2008) attempted to iden-
tify artificially deformed crania at Coobool Creek
by comparing individual specimens of Coobool
Creek and deformed Melanesian skulls using
Mahalanobis’ D? distance and canonical analysis.
However, there is insufficient information on the
Melanesian sample that he used as a criterion for
regarding a Coobool Creek cranium as artificially
deformed. If undeformed Melanesian crania are
also taken into consideration in Durband’s scatter
diagrams of the canonical variates used as a kind
of criterion, it is possible that the diagrams may
only show the original difference between the
normal Melanesian and the Coobool Creek popu-
lations, rather than reveal the difference between
undeformed and deformed samples. In the pre-
sent study, therefore, we adopted Brown’s (1989)
simple criterion based on frontal curvature index
for classifying Coobool Creek individuals into
undeformed and deformed groups.

The variance/covariance matrices used in esti-
mating Mahalanobis® D? distances between the
Coobool Creek male undeformed and deformed
sub-samples and other samples/specimens are
mean within-group variance/covariance matrices
obtained from 47 Murray Valley and 29 Swan-
port Aboriginal males in Australia (Brown,
2001).

Methods

In order to exclude those variables strongly
affected by neurocranial deformation from a set
of craniofacial linear measurements, two proce-
dures were followed. The first was a significance
test for the difference in means between de-
formed and undeformed groups using Student’s
t-test for two means with equal variances and/or
Cochran’s approximate significance test (¢'-test)
for two means with different variances (Fisher,
1958; Snedecor and Cochran, 1967).

This was followed by a PCA or principal com-
ponent analysis (Lawley and Maxwell, 1963;
Okuno et al., 1971, 1976; Takeuchi and Yanai,
1972) and the succeeding Kaiser’s normal vari-
max rotation (Asano, 1971; Okuno et al., 1971)
to identify patterns of association between di-
mensions. Although these analyses are usually
performed under the premise of multivariate nor-
mal distribution, one or more variables of ordinal
scale for the degree of deformation were added
to a set of variables of interval scale, i.e., cranio-
facial linear measurements in the present study.
This is a convenient way to find a gross tendency
of the covariation between the degree of defor-
mation and craniofacial measurements. The rea-
sonability of the variables less affected by defor-
mation selected in this way are confirmed later
by practically testing the null hypothesis of Ma-
halanobis’ D? distance (Rao, 1952; Okuno et al.,
1976) between undeformed and deformed groups
based on such variables.

The degree of neurocranial deformation in
MacCurdy (1923) is defined as follows.

0: Not deformed,

1: Slightly or moderately deformed, or

2: Pronouncedly deformed.

In Oetteking (1930), two kinds of deformation
are distinguished: Anteroposterior deformation
and conical deformation. The degree of deforma-
tion is expressed as follows for both of them.

0: Not deformed, or

1: Deformed.

Finally, in Droessler, (1981), four kinds of defor-
mation were observed: Frontal flattening,
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8 Peter Brown and Yuji Mizoguchi

bifrontal flattening, occipital flattening, and
lambdoid flattening. The degree of the former
three flattening is as follows.

0: Absent,

1: Slight,

2: Medium, or

3: Maximum or marked.

The degree of the last or lambdoid flattening is as
follows.

0: Absent,

1 and 2: Slight,

3: Medium, or

4: Marked.

Using the sets of variables suggested to be rel-
atively free of deformation by #- and/or #'-tests as
well as PCAs, Mahalanobis’ D? distance was es-
timated between undeformed and deformed
groups in each of the three samples from the
Americas. The variance/covariance matrix neces-
sary for the calculation of D* distance was ob-
tained from the undeformed group of each sam-
ple. In practical calculations, however, theoreti-
cally impossible estimates, i.e., negative esti-
mates of D* distance may be obtained sometimes
due mainly to sampling errors because of small
sample size. In such a case, the variance/covari-
ance matrix was replaced by the matrix recon-
structed by excluding minor or trivial PCs, name-
ly, by using the reduced number of principal
components extracted from the original vari-
ance/covariance matrix.

In the next step, variables common to the Coo-
bool Creek male sample and the three respective
samples were searched. The univariate differ-
ences in means between undeformed and de-
formed groups were examined also in Coobool
Creek using 7- and #'-tests. In the comparisons
based on the sets of variables relatively free of
deformation in both Coobool Creek and any of
the three samples, D* distances were estimated
using the mean within-group variance/covariance
matrices obtained from two Australian Aborigi-
nal male samples, Murray Valley and Swanport.

Finally, typicality probabilities of Australian
Pleistocene specimens to the Coobool Creek
population were estimated using those sets of

variables which show the highest probabilities for
the null hypothesis of D? between the unde-
formed and deformed skull groups of Coobool
Creek. The method used for estimating typicality
probability is Campbell’s (1984) predictive ap-
proach. As regards the sample size of a reference
sample, the average sample size across variables
of the Coobool Creek male sample, containing
both undeformed and deformed individuals, was
employed in practice under the assumption that it
is the real sample size.

Statistical calculations were executed using
programs written by Y.M. in FORTRAN:
BSFMD for estimating variances and covari-
ances, COMCOV for calculating mean within-
group variance/covariance matrices, STSTBT for
Student’s #-test and Cochran’s approximate sig-
nificance test (¢'-test), PCAFPP for PCA and
Kaiser’s normal varimax rotation, TSTD2 for cal-
culating Mahalanobis’ D? distance, and TYPPRB
for estimating typicality probability.

The FORTRAN 77 compiler used is FTN77
for personal computers, provided by Salford
Software Ltd. To increase efficiency during pro-
gramming and calculation, a GUI for program-
ming, CPad, provided by “kito,” was used.

Results

The results of Student’s #-tests and Cochran’s
t'-tests are shown in Table 1 for ancient Peru-
vians, in Tables 2 for American Natives from the
North Pacific coast, and in Table 3 for American
Natives from the west-central Illinois region. The
results of PCAs and the rotated solutions for
these three samples are separately shown in Ta-
bles 4 to 15.

Tables 16 to 18 collectively reveal the lists of
variables suggested to be significantly or relative-
ly strongly affected by neurocranial deformation
through #- and/or #'-tests as well as PCAs or the
varimax rotations in the three samples. Using
these lists, variables relatively free of deforma-
tion were determined for each American Native
sample. In Table 19, the D? distances based on
such variables relatively free of deformation are



Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

“€11 0} L9 WO SALIBA SIUSIOLJI00 UONR[1I00 10§ 9ZIs d[dwes oy, ((€Z61) APINDIRIN :90IN0S BIR( |

98°08 98°08 €TLL vhEL 97°69 L9H9 T6S 0€°€s 44 IL1€ (%) uonzodoxd aanenun)
98°08 ¥9°¢ 6L°¢ 8I'Y 65 Sp'S €6'S 18°8 8171 1L1€ (%) uonnqLyuod [ejo,
¥9'v8 100 020 ST0 wo 1€°0 €ro— €0— S0°0— 650 y)peaIq yore [eyua(
168 1070 ST0— €0 T0— S1°0 0€0— v 0— €€0— 85°0 ISUd[ yoIe [eyua
09°CS 8¢°0 60°0 T0— 670 €ro— 91°0— LT0— ¥1°0 6£°0 wnuSew USWEIO) JO ISJOWEIP UL
¥$'T6 ST0 LT0 90°0 10— 80°0 LO0— LS0 9¢°0— €50 jutod [eseu-qns 0} UOIYISOI
8S°6L 91°0 S1°0 €10 9570 €10 €0°0— 8T0— 000 LS0 orered jo yipearg
(At 00— 97°0— LT0 10— €0 €ro— 81°0— LT0— €9°0 ajefed yo y3uag
¥8°€6 LT0 €€0 S0°0 00— €1ro 200 19°0 8T0— 0S°0 UOIYJUEYE 0} UOIYISOI]
61°L8 SI0— S0°0 ve0— 200 120— 01°0 10°0 00— 08°0 UOISBU 0} UoIseq
8768 1070 €0°0— 610— 70— 80°0— S0°0 SE0— 84°0— 0L°0 UOTYUBYE 0} UoIsey
68°06 90°0 L00— 90°0— 910— 200 10°0 LTO0— 1S0— vL0 uoryisoxd 03 uorseq
1€°9L 00°0— SI'0— S0°0— LO0— 81°0 L0 00°0— €€0 LT0 S}IQI0 USIMI] YIpeaIyg
8988 00°0— 00— 0T0— 010— S00— €ro 6£0— SH'0— 89°0 jutod [eseu-qns 0) uoiseq
0v'zL €0°0 S1°0 €0°0— LO0 9¢°0 $$°0 120- L070 9%°0 asou Jo yypearg
L8'8L ro— v 0— 01°0— LEO 70— 010— €0 00— L0 osou Jo (U]
¥9°59 LTO0— ro— 920 S€0 10— 120 LY0 610— ST0 ("9) 11q10 Jo Y31y
16°€L €T0— 1€°0 020 S0°0— 8%°0— S0°0 81°0 SI'o— 0S°0 ("9) nqio o yipearg
€008 91°0— 90°0 €10 LT0— Y1°0— 050 S0°0 ¥€0 85°0 1OJoWRIp [EJUOL) WINWITUT]A
L1°S9 0T0— 00°0— 120 7o 100— 80°0 100— 6070 ¥L°0 JOJowWeIp oetoZAZIq WNWIXeN
vL'LS S0°0 SI0— 00— ¥1°0 100— 80°0— 85°0 rE0— 19°0 UOIY}SOIJ UOISEN
L9°68 $9°0 €0— 8T°0 ¥0°0 0€0— €€°0 60°0 070 €0°0 [esoLied Yoy Jo ssauNdI L,
168 00— 00— €0°0— SI'0— 70 170— 1€°0 L9°0 6£°0 o1e uoryysido-uoiseN
€1°S6 200 €ro— 100 010— €ro— 10— LO0— 790 1L°0 SOUDIJWINOILO WINWIXEA
90°68 80°0— [4%0) SI'o— 00°0— 91°0 81°0— 81°0 790 19°0 Ayoedes jo 3001 01qn)
9L LO0 10°0 60— ¥0°0 S0°0 80°0— €10 70 £9°0 WS1ay onewsaiq-rseqg
0£°89 00— 110 70 S0°0— 620 0T0— 000 8%°0 150 ypearg
LL'ES 200 10— LO0— 60°0— €T0— €I o— 01°0— LY0 L0 MSua]
91°08 €0°0— YT 0— T0— 6070 €9°0 €10 ¥€0 €0— To— UOTJBWLIOJ3P JO 32133(]
(%) XI 1A 1A IA A Al 111 I 10d
oocmﬁm\r QENCN\/
_NHO.H mwﬁ%mo_ 10108

,'SO[BW UBIANIDJ JUSIOUR JO SJUIWIAINSBIW Te3UI] [RIURIOOINIU PUR UOHBULIOJIP JO 92139P ) UIMIDQ SUONBID1I00 3y} Jo sisA[eur Juduodwod [edound ¢ 9[qe]



Peter Brown and Yuji Mizoguchi

10

“€11 0} L9 WO} SILIBA SIUSIOLJI0D UONR[1I00 10J ZIs o[dwes oy, ((€Z61) APINDIRIA :90In0S BIR(

10— L00— 10°0— 80 €0°0— 8070 S0°0 61°0 €0 yipealq yore fejusqg
0] 80°0— 81°0 610 100— SI'o— 010 020 80 U] YoIe [eyusg
1T0 ¥0°0 €5°0— LEO 0ro— 60°0— €00 0T0 LO0 WNUSEU USLILIOJ JO IOJOUIETP UL
10°0 LT0— 90°0— 200 00— 10°0— 1670 600 ¥To Jutod [eseu-qns 0} UOI)SOI]
900 SI'o— 1T0— 080 80°0— 7o 000 €ro 1o ajeed jo yipearg
€00 LO00— 61°0 cro ¥0°0 ¥0°0 SIo §To 80 aje[ed jo iSuo]
200 €ro— S00— ¥0°0 00— 80°0 ¥60 7o Y10 uorgueye 03 uorysold
1T0— y€0— 50— L00 LTO0— sTo (44 LT°0 LY0 uolseu 0} uorseq
60°0— 80°0— 8¢0— 10 90— 910 cro 80°0— 080 uoryjuese 0} uoIseg
00— 0ro— ST0— LT°0 600— 1o €C0 €0°0— ¢80 uoryisoxd 0y uorseq
81°0 S0°0— 00— S0°0— 80°0 80 90°0— 020 00°0— SHQIO0 U9amiaq yipealg
010— 90°0— 8¢0— SI'o SI'o— ¥To L00 60°0— 8L°0 jutod [eseu-qns 0} uoisegy
00— 80°0 60°0— Seo L0O0 Lo 600 80°0 1T0 9s0U JO yypealg
80°0 08°0— 9T0— ¥0°0 €00 Iro— S0°0 ¥1°0 (44 asou Jo yi3uo]
00— €L°0— 81°0 1o 600— S1'o 1T0 90°0— S00— () 11910 Jo JySIoH
cro— 10— 00— ¥0°0 69°0— 80°0 €0 ¥0°0 81°0 () nqio jo yipearg
L00 ¥1°0— 10°0 100— 00— 99°0 7o 6¢°0 €ro 19joUWeIp [ejuoy WNTUIUIA
90°0— €€°0— 100 €€0 LTO0— 8C°0 110 8¢°0 seo Io)oWeIp O1RWOTAZIq WNWIXE
¥0°0 ¥9°0— 91°0— 900 800 00— 860 SIo LTO uoryysoxd uorseN
06°0 S0°0— 10°0— 00— L00— 910 €00 10°0 80°0— [esotred 359] JO SSaWOIY,
700 60°0— 00 L00— €ro L0°0 80°0 060 80°0— ore uotysido-uoiseN
L1°0 S0°0— 0T0— 1o 00— S1'o 90°0— ¥8°0 1T0 SOUSIJUIMOILS WNUIXEA
10— 00— 10— L1°0 80°0— 910 910 980 90°0— Ayoeded jo 001 21qn)
010— €ro— 80— L00 ¥0°0 910 120 150 S1o WS1eY onewsaIq-iseq
90°0— 600 1480 €€0 90°0— 1o o IL°0 60°0 ppealg
10 60°0— 0€0— 80°0 Se0— [ro 00— 1.0 LTO pSua]
61°0— 81'0— 600 01'0— 6L°0 (N0 61°0 10— S0'0— UOTEWIOfp Jo 2213a(]
XI A A IA A Al 1T I I 98]

s3urpeo[ 10308

SICLATN

~.m2.me UBTATNLIS{ JUIIdUE JO Sjual

-0INSBOW JBAUI| [BIUBIOOINOU PUB UOHBULIOJP JO 92139p A} U0AM)q SUONR[AIIOD ) WOl pajoenxd sjusuodwoos jedrourid suru jsiy oy jo uonnjos pajejoy G d[qeL



11

Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

"78 0} §€ WOLJ SALIBA S)USIOLJ00 UONR[SLI00 10 dz1s d]dwes oy "(£761) APANDIBIN 1901008 Be( |

85°08 85°08 YTLL LLEL TL'69 S LS'8S 6L'1S 10T 80'T¢ (%) uontodoid sapenuN)
85708 vee Ly'€ S0t 0TS S6'S 8L9 8L°6 ¥6°01 80°T¢ (%) uonnqLIuod [ejo],
LTES €00 ST0 0T0— S0°0 97°0 LT0— ¥0°0 170— LLO IpeaIq YoIe [eud(]
I1¢L ST0 ¥1°0 00— ro— YT 0— 91°0— ¥T0 0€0— ¥9°0 IS YoIe (eI
1769 600 610— S°0— LO0— 620 00 S10— 200 €0 WNUSBW USWEIO) JO ISJOWRIP UBSIA]
¥8°66 10— 00— 80°0— €20 60°0 1€0— 6L°0 61°0 S0 jutod [eseu-qns 03 UOIYISOIJ
€8'YL L00 €20 60°0— S1°0 8¢°0 €10 S00— 100 1L°0 ayefed jo yipearg
6LEL 91°0 170— 110 €€0— £0°0 60°0— 70 SE0— 09°0 ojered jyo ySuag
¥0°€6 10— €00 $0°0— ¥T0 LT°0 €€°0— SLO 070 9¢€°0 UOIIUBYE 0] UOIYISOI]
€518 €0— 010— 80°0 €00 6v'0— €20 €0°0— 90°0— L9°0 UoISeu 0} UoIseq
0598 80°0 10— 00— 01°0 00— 80°0 LO0 15°0— €9°0 uoTyjuENE 0) uoIsey
S0'98 [%0] ro0— S0°0— L0°0 €ro— 10°0 S1°0 LS0— 89°0 uoryysoxd 0y uoiseq
S9'6L 8¢°0— €00 0t'0 91°0 0€°0 200 SI'0— €0— 0S°0 $)1QI0 U99M19q YIpealg
91°06 200 000 80°0 vT0 8T°0— 60°0 00— 09°0— €9°0 jutod [eseu-qns 03 uoiseq
TS°0L L10— 80°0 710 €0— ¥v°0 070 €ro— LY0— 670 osou jo yypearg
TrsL 0T0 700 w0 ST0— 80°0— LEO €0°0— 0S°0 LTO asou Jo y3ua]
YeTL S1°0 91°0 100— €0 LO0O— 19°0 91°0 €0 ¥T0 (9) nqi0 o Jy3oy
8°0L ¥0°0 670 €€0— LT0— 01°0— 620 ¥1°0 LT0 ¥S°0 () 1q0 Jo yIpeaIyg
¥8°TL LTO— 90°0— 00— €T0— 9¢°0 100— 10— 200 L9°0 10JoUIBIp [EJUOL) WNTITUIJA]
W6vL 000— ¥T'0 $1°0 re0— 00— 070 €20 200 89°0 I)RWRIP ONEWOTAZIq WNWIXEA
68°16 L00 S0°0 S€0 00— €00 90°0 ¥S°0 50 840 uoryjsoxd uoiseN
70°S8 S1°0 S0 90°0 61°0 €ro— y€0— LS0— 100— 81°0 [esorred Yo Jo ssausdIYL
€968 90°0 €0°0— 00 ¥€0 ¥0°0 00— €€0— 820 L0 axe uonysido-uorseN
6576 S1°0 91°0— 10 €ro— 80°0 8T0— 6£0— 820 €L°0 9OUDIJUINOIIO WXL
16'€6 60°0— 81°0— ST0— L00 €0°0— 010— 81°0— wo 8L°0 Kyoedes yo joo1 o1qn)
€6'6L SH0— LO0 01°0— 110 r€0— 070 YT0— 6£°0 SH0 WS1oy onewsaIq-iseq
96°1L 200 91°0— 60°0— LEO— YT 0— 970— 60°0— w0 6t°0 ypearg
¥9'+8 61°0 170— S1°0 91°0 ¥1°0 170— 70— 120 99°0 p3ua]
95°09 61°0 YT 0— 01°0 wo 97°0 6t°0 100— €0°0— 710 UOTBULIOJOP JO 92130
(%) XI 1A IIA IA A Al I I 10d
uoﬁ.ﬁum> En_mﬁw\/
[ejoL s3urpeo| 1008,

| SO[BWJ UBIATIS] JUSIOUE JO SJUSWINSEIW JEJUI| [BIULIOOINSU PUE UOHBULIOIP JO TP AU} UddMII] SUOTIB[DLIOD 3} JO sisA[eue juduodwod [edoutd 9 9|qeL,



Peter Brown and Yuji Mizoguchi

12

"78 03 8¢ WIOLJ SOLIBA SJUSIOLJO0D UOKB[ALI0D 10§ 9z1s d[dwes YL, (€76 1) APINDIBIA :901N0s BIe(] |

€0°0 €0 6€0— 90°0 0¥°0 00— €€°0 70— ye0 ipealq yore [eyueqg
80°0 91°0 81'0— LT0— €00 81'0— €00 €L°0— SI'o 3] yore [eyusg
€0°0— €C0— 69°0— 60°0 <o 8C°0 €1'0— S0'0— o WNUFEU USUIEIOJ JO IOJOUWIBIP UL
00— cro— €00— 100— S00— 00— 960 SI'o— S0°0 jutod [eseu-qns 0} UOIYISOI]
£0°0— 870 wo— cro— 0 8C°0 £€C0 C0— LEO ae[ed jo yipearg
o YT0— 01'0— 61°0— 0€°0 LT'0— 14%0) €9°0— (14 aje[ed jo ySuaT
10°0 €0°0— 00— £0°0— €00 10°0— 960 01°0— L0°0 uoryjuee 03 UoNPSOIJ
89°0— 60°0— 00— 0C0— 1o 10°0 10°0 9¢°0— 00 uofseu 0} uoiseq
81'0— 00— 00— €00 ¥0°0 L00 000— 06'0— o uolyjuese 0} uoiseq
000— €00— el'o— 800 170 600 €ro 98°0— Y10 uorysod o) uorseg
81'0— 0ro €C0 €00 SLO L10 L00 9C0— 0T0 SHQI0 U9am}aq yipealyg
610— 910 00 600 170 81°0 £0°0— 98°0— 600 jutod [eseu-qns 0} uoIsegy
v1'0 90°0— 61°0— €0°0— SLO 10°0— 81'0— 10— 90°0— 9s0u JO y3pealyg
Io— LO0— 100— 18°0— 10°0— €ro 0ro— 600 o asou jo yy3uo]
6C0— 1o 80— 70— S1'0— 650 €10 10°0— S0'0— (") 1910 JO JyS1OH
YT0— 01°0 90— 9¢0— ¥0°0 01°0— €ro €C0— 900 () 1110 jo yipearg
910— 01°0— 0€0— 80°0— 650 01°0— 7o cro— 90 JI9)oWeIp [EJUOL WNTUIUIA
y1'0— ¥0°0 0€0— 90— €€0 cro— 1T°0 6£0— 110 Io)oWeIp ONRWOTAZIq WXL
60°0— L00— 10°0 89°0— 10°0 600 £€9°0 €0°0— 0C0 uoryisoxd uorseN
00— 80 80°0 80°0 000 y1'0— €C0— S0'0— €0 [esotied yyof Jo ssouxdIYL
£€C0— 620 90°0— £0°0— 80°0 81°0 SIo LT0— 6L0 ore uotysido-uoiseN
00— 80°0 80°0— C0—- LT°0 cro— 00— LT°0— 680 SOURIRJUMOIIO WIMMUTXEIA
00— 00— PE0— L00— <00 000— o Y1I'0— LLO Ayroeded Jo 001 01qn)
18°0— 600 SI'o0— y10— 10°0 10°0 000 00°0— 0€0 WS1ay onewsaiq-iseq
0C0— €1'0— 81'0— 80— y1'0— er'0— 80°0 01'0— LSO ypealg
00— cro 200 60°0— 10 SIo 100— LT0— L80 suo]
¥0°0 €1'0— 00— 00— 80°0 SLO €0°0— 90°0— L00 UOnBWIOJOp JO 2213(]
XI IIA A IA A Al 111 I 19eq

s3urpeo| 10308

SICLATIN

|'SO[BWIdY UBIANIDJ JUSIOUE JO SJUdW
-0INSBOW JRAUI| [BIUBIOOINOU PUB UONBULIOJOP JO 22130 9} U2OMIdQ SUONR[ALIOD A} WOl Pajoenx? syuauodwos [edrourid auru jsiy oy Jo uonnjos pajejoy L 2[qeL



13

Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

“€TE 01 7ET WO SALIBA SJUSIDLJI00 UONB[A1100 10§ 971s d[dues Ay, “(0€61) SUMNIQ :901n0s Be( ,

60°C8 60°C8 68'SL €rSL SO'IL €9°69 0S°6S 66'CS SShh LOLT (%) uoniodoid sAnemuny
60°C8 0T'€ LY'€ 8¢y ws €19 159 v’ 8t'L1 LO'LT (%) uonnqLyuod [e)0],
68°9L 8¢°0 6T0— 870 90°0— 00— v 0— S0°0— 8€°0 050 )PeaIq Te[0dA[E-O[[IXEJA
97°¢8 LT°0 200 LT0— Ly 0— 200 v 0— 6€0— wo wo )3UD JE[OSA[E-O[[IXB]N
€Y'8L 90°0— 0T0— 0T0— L00— 10°0 00°0— LY0 ST0 $9°0 WS1ey [eseN
€678 2070 ST0— ST0 8%°0 S40) LEO— v10— LT0 020 ypIm [eseN
69°1L €T0— ¥00— 01°0— €1 0— €0 90°0— 19°0 80°0— 610 W31ey [e)1q10
9T'v8 100— €50 7o ¥0°0 v€0 €T0— 91°0 LT0 €5°0 (So-yuwr) WpIM [€3110
€S°6L 60°0— 01°0 ¥0°0— 620 €10 90°0 €10 ¥L°0 €0 yipeaiq onewosAzig
69°8L 10°0 ro— YT 0— SI0— ¥0°0 S0°0— v€0 €10 SLO (1d-u) yySroy [ewoey soddn
6198 91°0— €0°0 €0°0— 00— 10°0 10— ¥S0— 0S°0 9¢°0 (1d-eq) yi3udy [eIORY
06'€8 €€0 €20 0Z°0 10— 10°0 19°0 LT°0 €0 120 wnUIew USWEIOF JO YIPIA
1L°18 10— 670— LT0 L00— LO0 $9°0 00°0— LT0 LEO wnugew UdWeIof JO YISud]
€598 LE0O— S0°0 000 01°0 00— 710 6£0— €0 L9°0 (eg-u) Y3ud[ oseq [erues)
19°06 10— ¥1°0 €50 S0°0— $S°0— ST0— ¥1°0 LT0— wo P01 [e)1d1000 [ePITeS-UBIPIN
18°68 €20 01°0 ST0— 70 92°0 LT°0 v 0— v 0— LSO pIoyp [ejorred [ep1Ses-ueIpajy
6'vL 61°0 S0°0— 61°0— LT°0 80— ST0— 01°0 S0°0— 19°0 PIOYD [eJUOL) [eRITES-URIPIN
86°¢8 10°0 LO0 T0— €r0 €r0— 81°0 670— 110 ¥$°0 (9-eq) y31oH
0S°€8 80°0 €ro0 00— €ro €I o— 60°0— 0€°0 SLO €€0— ypearg
76'S8 90°0— 100— 110 L070 00— €0°0— 80°0— 6£0— €8°0 mSuo]
€8'8L 80°0 80°0 ¥0°0 81'0— 110 100— v1°0 99'0— €5°0 UOTJEULIOJOP [BITU0D JO 80130(]
66'€8 00— $00— 91°0— 100— 610— 010— 40 €9°0 6S°0— uonEWLIORAP Joua}sodoIdjue Jo 32133
(%) XI A IIA IA A AL I II 10d
voﬁmﬁm\w vaCm\/
_SO.H mwﬁ_vmo_ 10108

15800 01984 YION

A1) WOIJ SI[EW JAT)EN UBOLIOWIY JO SJUSTUAINSLIT JEAUI] [BIUBIO0INAU PUE UOTJEULIOJOP JO 99I5ap A1) U2aM)Aq SUOT)E[1I0D a1} Jo sisATeue juouodwoo [edoutlgy g 9[qel,



Peter Brown and Yuji Mizoguchi

14

"€7€ 0} TET WO SALIBA S)USIDLJI00 UOHR[SLI00 10 9z1s d]dwes oy ] “(0€61) Sun{ansQ :90.mos ere( |

£r'0 000— 970 870 cro— (44 £€C0 000 wo IpBalq IB[O3AB-O[[IXBIN
020 1o 00— 00 60°0— 000 €10 00°0— L80 )Suo IE[0dA[E-O[[IXEIA
¥0°0 90°0 €00 01°0 81'0— 81°0 £8°0 00— cro Siey [eseN
€0°0— S1o 90°0— 68°0 00— 90°0— 10°0 10°0 S0°0 IpIM [eseN
0ro— 910 cro 00— 600 10°0 8L°0 80— 1o— wSiey [e)1qI0
100— 080 010 10 100— Y00 620 11°0— 170 (lo-yu) ypim [&1q10
€1'0— 6£°0 10— ceo0 6C0— 0 1€°0 w0 LT°0 [Ipealq onewosAzig
0ro 1o 200 S00 0C0— 1o 8L°0 0T0— ¥To0 (1d-u) 3oy [eroey roddn
81'0— L0O0 €0°0 L0O0 80°0— <o 00°0— 90°0 68°0 (1d-eq) |Suo] [e1oR]
€20 0€0 £0°0— LT0— L00— 6L°0 900 10 S0°0 WnUSew UsWeIoy JO [IPIA
0C0— 91'0— 00 170 S0°0— 80 61°0 60°0— <o WNUFLU USWIEIOJ JO YITUS
Sv'0— SIo 0ro 1T0 90— LTO SIo 91°0— 0s°0 (eq-u) yy3uoy oseq [eIuer)
00 L0°0 16°0 00— LT0— 10°0— cro LT0— 10°0 pIoyo [e3rdiooo [eniSes-ueIpajy
60°0 LT°0 0€0— 8070 LE0— €0°0 90°0 9L0— 100 paoyp [ejerred [en1Ses-ueIpay
§To €00— 620 10°0— 90— 01°0— 6¢°0 LT0— 80°0 PIOYD [eIUOLJ [ENISES-URIPIN
60°0— €0°0 90°0 €0°0 88°0— €10 €0°0 cro— €10 (9-q) 1yS1oH
€r'o ¥To 00— L0°0 £0°0— 600 S00 980 £0°0— ypealg
90°0— 600 870 Y10 (4% SO0 €0 €L°0— cro PEuST
110 60°0 910 S1'0— ¥0°0 90°0— 0€0 6L°0— 80°0— UO)BULIOJOP [BOTUOD JO 03185(]
€00 80°0— €ro— 90°0— L00 LO0— 0ro— 680 ¥0°0 UONeWLIOJop 10L19)s0doIajue Jo 22159(]
XI HIA IIA IA A Al 111 I JILE
J[qeLIBA

s3urpeoy 10308

1’15800 01084 YION dY) WOLJ SI[BUW SANERN UBDLIDUWIY JO SIUSW

-QINSBAW JLAUI| [RIULIOOINAU PUE UONBUIIOJIP JO 90ISp A1) US0M}IOq SUONE[OIIOD A} WOI] PAjoenxo sjuouodwod Jedrourid ouru IsI oy Jo uonnjos pajeloy 6 9[qeL



15

Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

"ZT1 0 L8 WOIJ SALIBA SJUSIOYJA00 UONR[LI0D 10§ Z1s dfdwes oy, ((0£61) SUBPNoQ :90In0s vle( ,

T8 T8 66'LL 8y°€L 69°L9 ¥9°19 (A%%S 11ty 6L°ST (%) uoniodoid aanenuwny
T8 €Ty ISt 08°S S09 €L 1201 €e8l 6L°ST (%) uonnqLyuod [e30],
€8 81°0— €0 ST0 v 0— 10°0 0T0— wo 6€°0 IPEaIq JE[OIA[E-O[[IXE]A]
97°68 SE0— 200 10°0— L10— 6T0— 0€0— 10 09°0 SUS] Te[0SATe-O[[IXEJN
ov'vL ro— 0T0— 97°0— 000 6070 8%°0 70 85°0 Wy3S1ay [eseN
LIPS 050 0T0— 80°0 80°0 €0— 80— ¥€0 620 pIm [eseN
9L 1L S0°0 S0°0 €ro— S0°0 LT°0 €9°0 0€°0 €0 WS1RY [BNQI0
S0°69 1€°0 7o LT0— LT°0 81°0 12°0 9¢€°0 750 (3fe-yw) yipim [eNqIO
€0°€8 €0 820 10°0 €10 100— €0°0— 9L°0 ST0 Ipeaiq onewoAzIg
S9'18 91°0— 80°0 LTO0— L10— 60°0 LT0 €10 9L°0 (1d-u) yySroy [eroey soddn
1L°88 60°0— ST0— 00°0— 97°0— Y€0— 6T0— 890 95°0 (1d-eq) Y3ud] [e1oB]
09°6L 0070 ¥0°0 6€°0 80°0 $S°0 0T0— 8%°0 920 wNUSEW USWEIO) JO YIPIAM
bS8 91°0— 1€0- 81°0 01°0 L0 8T0— ¥T0 61°0 wnuSew USWeIo) JO U]
€T6L 0070 8T0— 0€0— LT°0 80°0— 670— 80°0 1L°0 (eq-u) Y3ud| aseq [erueI)
L1°S8 €0°0 ST0— 9670 7o 0T0— 2d)) €0°0— 840 paoyo [e31d1000 [en1Tes-ueIpaN
€v'68 LO0 v€0 €r0— v1°0 0Z°0 Sy 0— 96°0— €0 pIoypd [esorred [eniSes-ueipajy
€608 10— 81°0 LEO 8¢°0 9¢°0— €0 8T0— 8%°0 PIOYD [BIUOL [BISES-URIPIN
96°L8 8T0— S0 10— ¥9°0 10— ST0— 00— 6t°0 (9-eq) 1yS1oH
60°6L 0070 70 10°0 91°0 ro— 01°0 vL0 6€0— ypearg
08°S8 €10 10°0— 620 100 110 100 vy 0— vL'0 p3ua]
91'v8 0Z°0 110 S0°0 Y€ 0— 10°0 820 0S°0— 6570 UOIJEULIOJSP [BIIUOD JO 33182(]
61°68 ¥10— 100— L0°0 ST0 80°0— vT0 $9°0 €5°0—  uonewojop Jousysodoisjue Jo 9150
(%) 1A 1A IA A Al 11 11 10d
ooﬁmﬁa\/ Q_Qmﬁw\/
ﬁ.mﬁo,ﬁ mwﬁﬁumoﬁ .HOuomn,—

ﬁ.um.moo og1ded YiION a3

WOIJ SO[EWA) SATJEN] UBOLIOUIY JO SJUSUAINSEAW JEUI| [BIURIOOINAU PUE UOHEULIOJOP JO IS9P O} U0aMIdq SUONEB[ALI0D 3y} Jo sisA[eue juouodwood fedioutyy (] o[qeL



Peter Brown and Yuji Mizoguchi

16

“ZT1 0} L8 WOIJ SILIBA SJUSIOLJI00 UONR[A1I00 10 3Z1s afdures oy, ((0£61) SurjonaQ :901nos vle( ,

¥0°0 18°0 200 LO0— 91°0 60°0 ¥0°0— 8¢0 UIPEAIq JB[OIAE-O[[IXEIA]
90°0 SE0 LO0 0Z°0 S0°0 SI°0 10°0 18°0 I3US] Te[ORA[E-O[[IXEIN
10— 10— 91°0 000— 90°0 8L°0 S0°0— LT0 WS1ay [eseN
18°0 ¥0"0— S0°0 200 S0°0 €1 0— 10°0— 10 PpIA [eseN
20°0— 800 120 S0°0— ¥0°0 18°0 L0°0 ¥0°0— W31y [e3qI0
6€°0 60°0 v0°0— S1°0 110 0L0 00— 200 (fo-yur) WpIm 83110
650 0t'0 00— S0°0 ST°0 LEO 6€°0 11°0 yIpeaIq dnewosAzIg
010— 120 9070 110 2070 €L0 670— 9¢°0 (1d-u) yy3roy [eroey 1oddn
8T°0 S1°0 60°0 90°0— 90°0 S1°0 000— 98°0 (1d-eq) yy3udy [eroRy
0Z°0 ¥€0 60°0 100 8L°0 [4%0) 11°0 ¥0°0 WNUSEW UIWEIOF JO YIPIA
v0°0— LO0— 01°0— €0°0 16°0 90°0 v0'0— 60°0 WNUSeW UWEIO) JO YIFUS]
8T°0 120- €0°0— LEO €1ro €0 0€0— LSO (eq-u) YP3ud[ aseq [eruer)
¥0°0 S0°0— L80 60°0— 90°0 €T0 10— 11°0 paoyo [endrooo [eniSes-uepay
60°0 ¥1°0 81°0— 95°0 90°0 60°0— 1L0- 60°0— paoyo [esoried [epISes-ueIpajA
00— 01°0 €L0 50 0T0— 80°0 81°0— 10°0 PIOYO [EJUOL} [ENISES-URIPIIA
2070 80°0— v1°0 68°0 £0°0 80°0 SI0— 91°0 (9-8q) WSH
61°0 iZ40) 01°0— L00— 100— 90°0 780 S0°0— ypearg
60°0 80°0 90 81°0 91°0 LT°0 vL0— 90°0 qSuaT
¥0°0— ¥1°0 LTO Tr0— 0T0— €0 9L°0— €0°0— UOLJBLLIOJP [EJIU0D JO 32133
00— 000— 200 Tro— S0°0 10°0 160 01°0— UOT)BULIOFOP 101133s0d0IduE JO 90150
A IIA IA A Al I Il 108]

s3urpeo| 10308

o[qee

-0INSBOW TB3UI| [BIUBIDOOINAU PUR UOTIBULIOJOP JO 913D o) US2M]Idq SUONR[AIIOD AU} WOy pajornxad sjuauodwos [ediounid jydie 151y oy Jo uonnjos pajejoy

/15800 OYI0B [HON Y} WO SI[BWRJ SANEN UBILIDWY JO SJUIU

IT 2198l



17

Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

‘851 0} €0 WO SALIBA SIUSIOLJA0I UOHL[A1I00 10 d71s d[dures oYL *(]86]) 19]5201( :201n08 Bled |

P08  1¥08  8T8L  €6'SL  I¥EL  I80L I8LY  €9V9  vT19  9SLS  PL'ES  TT6Y  66'€y  6T8E  TETCE  BEST P9I (%) uonodoid aaneumy
708  €1'C 9¢€'C IS¢ 19°C 00°€ LT°E 68°¢ 89°¢ we (44 £TS oL's L6'S ¥6'9 L68 1791 (%) uonnqryuod [eloL,
or'e8  SE€0— 800 800 ¥T0 00— 800 €00 170 10 LS0— €10 170 §T0—  600— 1TO LTO (1) T Y3uay prossey
9€98  LTO o €C0— 670 01°0 S10 €€0—  €00— LT'0O— S¥O— SO0 ¥1'0 cro—  100— STo 0v°0 (1) Yipeaiq projse
L v00—  TI'0 SI'0— 200 6T0— 00 ST'0— 610 70 wo €0 61°0— 900 0§0— TT0— 1€0 pIoyo [endooQ
SL'88  600— €00 900— 6I'0— 100— SO0— LI'O wo 00— S00— II'0— 610 1co— .90 S0 €10 osuLlqns [elaLied
w88 800— €00— ¥I'0— T100— TI'0— LOO— 6€0 81°0 0r'o— I10— €00— 010 Pro— LSO €0°0—  €€0 pIoYd [ejoLIed
6STL 600 100 810— 61'0— €00— 810 ¥0°0 LEO—  0€0 10 €20 o wo 8¢€°0 100— 820 UO)OBI) OSUDIQNS [BIUOL]
o't 100— 00— €10 ¥0°0 S1'0 1IT0—  11°0— 61'0— #0°0 ¥0'0—  LT°0 610 9I'0— 820 §S0— 900 asuLIqns [ejuoL]
68°SL  LTO 600— ¥T0— SI'0 PI'o—  9%0— TO0— €T0 €20 LT0 100— 620 100 ¥00— S00— €0 Yipeaiq oruoLasery
L9C8 110 L00— 810 w€o €10 6€°0 100 170 910 €10 €I'0— 670 S00— €10 80— ¥T0— (o) 91&puoo [end1d00 jo yipearg
969 800 91'0— 010 10°0 10°0 L00 600 0T0 LT°0 0T0 00—  900— 090— 0€0— 0T0— 610 (1go1) 21Apuos 311990 Jo YFuU]
1€s8  SI'0 y1I'0— 200 900— €20 00— S00 LT0— 1¥0 0T0— 110 200 600— I¥'0— 6£0 wo (1) wS1ay ooy
9¢'68  CI'0— SO0— ¥T0 01°0 100— 100 ST0—  8I'0— TTO €0 900 0T0— STO0— STO 90 170 (1) wnwrxew Y3uS[ Je[eN
w0'e8  S00— 610 000 o 000 00— STO— ¥I'0— 900— LEO 800— 6T0— LTO— LEO LT0 wo (ap) Jonajur ‘y3uay te[eN
wyL  000— 10—  6C0 900 wo 0€0— €10 61°0 00— €00— vI'0— LI'0O— 800 ¥T0— 610 810 (o)) P3ud] 1B[APU0d WNWIXBN
€98 6¥'0— €10 9T0—  ¥00— ST0 o €0°0— SO0 €0°0 910 100—  €€0 w00 y€0— 810 wo UQWEIOJ [E)USUI 1€ (IPeaIg
6868 TI'0 SI'o— 0ro— €ro— 0vo 90 81°0 80°0 ST0—  £€0 ¥0'0— 800 00— €00— €I'0— 80 a|qIpurw Jo H3ud]
1L99  0T0 €T0 10 100— 120 00— 100— 91°0— €00 ¥I'0— 1T0— 800— 6T0— €00— 0¥0 70 (1ya1) snwer Surpuodse Jo yipeaig
1608 €10 w00 ¥I'0— TI'0 SI'0—  0T0— LI'0O— SI0 8¢€0— S€0 0r'o— s¢€0 0C0— 0I'0— 810 0v°0 [peaiq renguerg
198L 810 870 S0°0 cro—  ¥1o— 800 0T0 10°0 wo—-  STo—  vI'0— 070 81°0 ST0—  €CT0— L¥O a8puq [eseu Jo ypearg
¥0'€L  TO0— LI'0O— ST0— LI'0O— €00— TI'0— 910 0T0— 900 LT0O— T1€0— ¥€0— 610 61°0 cro—  6¥0 S[esel JO [peaIq WNWIUIA
$S°€8  000— 9I'0— LOO— €70 €00 0oro 800— 600 €10 100—  9%0— 81'0— €T0 oro SE0— €50 pioyd [ek1oe(
88'6L TI'0— TTO 00— 810 700 000 €00 8¢€0— 600— €TO0 00— LT°0 0€0 01'0—  91°0— #¥0 yipeaiq [eseN
61'9L €00 870 900— T00— 6€0 wo— 020 €00 0ro— 110 340 ST0— €00 800— LOO— TKO WSioy [eseN
L80L 600— ¥0'0— 900— €T0 670 10— LT°O o ST0—  v1°0 170 ¥0'0— 970 o 81°0— 800 (1) WSy 21910
S6°08  S0°0 91'0— T€0 ¥00— 1T0— €10 ¥0°0 €1'0—  9¢0— 800 (0] 600 €10 00°0 1o 150 (o) Ju ‘yrpeaiq [eNgqiO
0T98 100 700 800— 100— +0°0 90°0 L0'0—  SI'0 0Z°0 9I'0— L£0— 6T0— TTO ¥To LT0— 650 ppealq [eiqloIul IoLIUY
°S8L  LOO— €170 €1°0 100 L00—  TTO S00—  ¥T0 800— 600— ¥€0 90— CI'0 €0 81°0— #¥0 €O] 03 dsudiqng
e 00—  6T0— LOO S00— TTO0— SO0 cro—  L00 Iro— %00 80°0 L00 610 €00 (4% 8L°0 (401 yipea1q [e1qI01q [euIdu]
8608 €I'0— II'0— 810 0r'0— 600— TO0— 1T0 91'0— TO00 00— ¢To— 1¥0 €10 90— TTO 0S50 ipeaiq [eroBJpIN
6L'T8 800 800 100— TIo— +00 00 800— 91'0— v€0 cro—  Ivo (4% 800— 610 LEO— VO pIoyo [ejuol]
9¢’LL  TO0— I1T°0— <TI0 0I'0— 200 00— 9¢0— 110 ¥I'0— ST0— 010 S0°0 910 81°0 IT0— €90 [Ipeaiq [ejuoy Wi
988 00 €1°0 200 w00 1T0— 000 8¢€°0 €00 61°0 01°0 600 ¥I'0— SCT0— 800— O¥0— 950 8ud[ [epdiooo-ofjaqern
ST’ 110 1€°0 S€0 610 y1I'0— 200 o y1o 970 L0 [10—  +CT0 8¢€0 STo 870 60°0— Sutuaney propquie
86'6L SO0 00— ¥00— ¥I'0— €70 ¥0°0 Iro— 9¢€0 81°0 1o 700 6T°0 LY'0 0T0 wo 600— Sutuaney [e1diooQ
y6'¥8 200 ST0—  610— 050 80°0— 110 SE0 1€0— S00— 600— LTO cro—  Tro I7ro 8€°0 00— Suiuaney [euoylg
€169 070 €00 €r'o—  L0'0—  €I'0— ITO 01°0 ¥To SN0 ¥0°0 600 01'0— 610 Iro— +90 L0°0 Suruaney [eIuoL{
(%) IAX AX AIX X X X X X1 HIA A IA A AL 11 I 10d
QourLIRA J[qerres
el0L sSurpeo| 10308,

,'SIOUI[[] [BNUSD-)SIM

WIOIJ SI[BW QATJEN] UBOIIOWY JO SJUSWAINSEAW JLdUI| [RIULIO0INAU PUE UOTJRULIOJAP JO 92130p A1) UdoM}q SUOTIB[AII0D A1) Jo sIsATeue juouodwoo [edioutd 7] o[qeL



Peter Brown and Yuji Mizoguchi

18

"8ST 03 €0 WO SILIRA SJUSIOLJI00 UOH[31100 10 371s S[dures Sy *(1861) 9]5201( :201n08 e |

¥$°0—  TC0— 800 60°0 ST0— ST0— 600 ¥1'0 or'o o— 00— 600 LT0— 920 1o 100— (1yor) T p3ua] proiseiy
L00— %00 cro—  0ro €00 cro—  L00— S0'0— 10— L80— T00— ¥00— 600 €00 €ro 600 (1yo1) yipeaiq projsejy
LT0— €10—  LTO- S1'0—  L00—  LOO 100—  TI'o—  LO0O— €00 LT0 ¥co— 80—  TS0-— S1°0 60°0 pIoyd [endooQ
00—  800—  900— 00—  000—  000— €C0— 00— ¢TI0 €00—  90°0— €r'o— €0 S8°0 ¥0°0 100— osuaqns [ejaLied
00— 900— €1'0— 600 60°0 60°0 L00—  LO0O— €00—  900— %00 €10 60— £8°0 90°0 S1°0 PpI0Yd [e3LIRq
1000—  0I'0 1000— 20 S0'0 000 €1'0o—  6L0—  LOO S0°0 €0°0 €0°0 600 600 1o 1o uonoelj osuqns [ejU0L
00 000—  ¥I'0—  010— €00 90°0 60°0 8C°0— 200 €0°0— S0°0 80 €0'0— 600 S0°0 90°0— osuqns [eU0L]
90°0— 100—  08°0— 200—  600— SI'o— 10°0 cro— 800 00— 010 90°0 o= 900 €00 81°0 Ipeaiq SluoLISery
000 61°0— SO0 00 S 40] LT0 61°0 00 9’0 100—  0T0— Tro 80'0—  TI'0—  LI'0O— 800 (1a1) 21Apu0o [e3rdioso jo yipeaig
900—  ¥T0—  8I'0— €ro—  9¢0 o—  oro— 910 60'0— 900 €ro— 010 LS0—  ¥0°0— S0'0— S0'0— (iyo7) 2]Apuod [e3d1o00 Jo SuST
LT'0—  LO0O—  LOO—  OT'0 100 180— 900— 0T0— 800—  6I'0— 000 61'0—  600— S1'0—  ¥00 100 (gor) wSray ooy
80°0—  0I'0— 00— 800 00—  ¥T0—  980—  600—  LOO 00 00—  LOO— €0°0—  LOO 00 00 (yor) winwirxew ‘YIud] Ie[e
€00 o 80'0—  TO0— 900 L0°0 80— €0'0— S0'0— 10— 600 L0'0—  LO0— 810 90°0 S1°0 (1yor) Jousayur YIFUD] Ie[EI
¥00—  ¥0°0 Y1°0— 00—  ¥00 65'0—  600—  8¢0 S0°0 00 1€0 S0'0— 10°0 10°0 0T0 8T°0 (1) YSud] Je[APU0d WNWIXBIN
€80—  ¥70 ¥I'0—  L0'0—  0T0 cro—  800—  600—  800—  ¥00— 900 cro— 200 00—  L0O 000 USWIEI0) [BIUUW JE [ipealq
110— 110 10°0 00— 980 90°0— 00—  LO0O— TI'0—  TO0— €10 wo0—-  0I'0— 1o 1434 60°0 a[qIpuew Jo YSud]
SO0 €C0 90°0 (UN S0°0 0s'0—  9¢0—  ¥00 100 8¢0— 100— €1'0—  600— 610 00— S0°0 (yo1) snwer Sutpuddse Jo yipearg
60'0—  6C0 99'0—  0I'0—  0T0 90°0 €C0— LI L00—  6I'0— €0°0— €0°0— 00— ¢Io 9T0 Y1'0— yIpeaiq renguerg
€0°0— 150 00— 170— 900 90'0—  0F'0 000—  ¥0°0 8C°0— 600 00—  ¥T0— %00 Se0 61°0 a3puiq [eseu jo yipeaig
cro 0T0 S00 80°0 00— 6I'0— €0°0— €ro— 90— TI'o S00 L0'0—  900—  8I0 60°0 69°0 S[eSeU JO {ipealq wnwiuin
00— 010 y1'0— €00 91°0 00 S0'0— SO0 L0°0 00—  ¥0'0— 17’0 80'0—  01'0— SO0 980 pioyo [ek1de(
61'0— TLO 1170— 900 80°0 €0°0— €r'o—  L00— 110 00 €0°0 910 100 81°0— SO0 Se0 yipeaiq [eseN
00— 800 00— 900— 800 61°0— Iro—  L0'0—  CI'0—  LO0O—  6L°0 €00—  0T0—  000—  LOO 100 S1oy [eseN
00— S0'0— 10— ¥20 00 v1°0 €ro €0'0— 010 v1°0 69°0 v1°0 0T0 60°0— €ro 800 (1yor) 1Stey (€110
000 €10 000 €10 80°0 L00— 1ro—  010— 100 ¥00—  ¥I°0 00— 600— 100 ¥8°0 60°0— (ygor) Jur ‘yipeaiq 31910
00— S0°0 000 LT°0— 100 €0°0—  LO0—  60°0— S0°0 cro— 600 €00—  0I'0— 800 SO0 880 Ipeaiq [B11qI0193ul I0LIIUY
100— €C0— 970 80'0—  CO0—  TTO 91'0— 00—  ¥00 y1'0— 17’0 €10—  9T0— 700 170 LEO g0l 03 asunqng
LT'0— %00 8T°0— €00 90°0 91'0— sro—  c¢ro— 00—  LOO— 100 1ro— 10°0— SO0 1.0 LEO (401 ypeaiq [e1qI01q [EUIRU]
9¢'0— 3 40] 61'0— 200 €00 05°0— 170 00— 600 80°0 61'0—  +¥00—  ¥00—  T00 LEO 90°0 ipea1q [eI9BIPIN
01o— ¢ro— 600—  ¥I'0— 100— 11°0— €00 S9'0— €00 61'0— S1o o YT0— €0°0 61°0 60°0 P10y [eruoLf
L0'0—  LO0—  600— ST0—- S0'0— €00—  ¥0'0— Iro—  ¢ro—  870— S1°0 £C0 600 ¥0°0 S90] 70 3peaIq [ejUOLy WNTIIUTIA
00— 600 €ro— €0°0— 600 60°0— 100—  9I'0— €0°0 L0O0 61°0 90°0 8L0— 600 €10 8C°0 y3uoy [endrooo-o[jaqeH
SO0 ¥1'0 €0°0— €00 91'0— 100— 00—  800— £8°0 170 100— S1°0— S1°0 170 100—  #0°0— Suruaney propquie|
Y1°0— 10— LI'0— CTI'0—  LOO L0'0— 900 LT'0—  LEO 90°0 01°0 8T°0— S9°0 80°0 10°0 00— Suruepey [endiooQ
€00 000— 900 L80 900— 00— 00—  900—  TO0 0r'o— 800 81'0—  +0°0 LO0 90°0 60°0— Suruapey [epuolyIg
90°0— 110—  800—  0I0 00 90—  ¥0'0—  LO'O—  8I0 01°'0— 100—  ¥L0— €ro 00 01°0 60°0— Suruopey [epuoL]
IAX AX AIX 1104 106 IX X XI IIA 1A IA A Al 111 1I 18]

sSurpeoy 10308,

olqerres

,"SIOUI[[] [BTUD-}SOM WO} SI[BUW JANEN UBOLIOWY JO S)USW
-QINSBOW JLAUI| [BIUEIOOINAU PUE UOHBUWLIOJOP JO 90IS0p oY) U0OM)OQ SUOIB[OLIOD dY) WOl Pojoenxd sjusuoduiod fedourid 91 3siy oyj Jo uonnjos pareloy ¢l 9[qeL



"881 0} [] WO SOLIBA SJUSIOLJA0I UOKB[A1I00 10 dZ1s d[dures oy *(1861) I9]8901(] :20In0S Bje(

19

Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

SE18 SU'LL  8L¥L vTTL 7969 8L99 TEEY €809 €ELS ITES S88y  86'Eh TH8E  ILIE  09FT  OI'LI (%) uonodoxd aAnemuwny
SE18 LET  ¥ST  €9T 8T 98T  60C  ISE Iy L€V L8F 9SS IL9  IT'L  0SL  OI'LI (%) uonnqLyuod [Ej0L
SE08 L00— 800— 8I'0— 0T0— 1I€0— €10— T00  STO— 600— TS0— TO0— II0— +00— 900  I€0— (o1) T y13ud] projsein
€LTL 00— TO'0— 000— €I'0— +T0— T1I'0  TTO— THO— <TI'0— 8TO— 0TO SO0  O0I0— €€0  LEO— (igo1) yipeaIq projseiN
0t'8L €00— 110 80— 800 SO0 I€0  LTO— STO 60— TE0— +00  €°0— LIO SI'0  0€0— pioypd [endoQ
LT68 I1°0— ST0 ¢TI0 9T0— TO0— SO0— SO0  8CTO— Ob0 €00 60— 810  LSO0— T100— TTO— asULIqNS [EJOLIE]
£°88 €00— LTO 00— €00— <200  +00  +00  TO0 YO  v0O 00— OI'0— SS0— LTO— €b0— pIOYD [elOLIE
9¢'18 200  €€0— TI0— $I'0 600— LOO  IT0— 100  ITO0— €€0  LSO0— #00— €I0— 600— +E0— UONOBIJ ASUAIqNS [EIUOL]
01°68 00— L10— LI'O 00— 900 SO0 TCO  0TO0— 8I'0— [00— €00— THO— SE0— 8S0— SO0— 9SUAIQNS [EJUOL]
w8 SI'0  $€0  LTO— STO  LTO  IT0— 600 00  9€0— €T0— +€0— €T0— 100— 900  LTO-— IpEAIq OTUOLId)SEIE
8L 800  SI'0— OF0— TTO  SO0— IT0— +I0 SO0 €50  600— LTO  TI'0— 000— €10  I€0— (1yor) 91Apuos [e31d1090 Jo ypearg
€6°L8 01’0 0T0— +$T0 900  LOO— 9T'0— LSO— T100— 800 TTO— 100— OI'0— +00— €T0  I€0— (ygor) o1Apuod e3diooo jo psua|
18718 81'0— 900  SI'0— €00— +I0— 00— 800  €00— OF0— I+0 vT0 910  €0— 00  TE0— (o1) 1312y M2ayD
€848 L00— €10 €10 100  €I0— TII'0— TO0 60  0TO— 600— <TO0— 1T0  SS0— LTO  9€0— (o) wnurxew ‘Y3ud] JefeN
90°L8 S00— S00— 800  800— €00— 620 100 I€0 €00 CTO— 800— TEO  9€0— <TI0 €50— (1yo7) JoLIRJUT “FU] JE[EN
8LTL €00 vTO LTO 010 000 STO 900 TOO ITO— <TTO SI'0 SO0 900  I¥0  L¥O— (o1) Y3udy Je]APUOd WINWIXE
L1938 €00 T00  II0— LI0O— ¥¥0  SI'0  €€0— <TI0— 600— €20 8€0  ¥00  0TO— €10 9€0— UOWIEIO [B)UOUI JE (Ipealg
S8'8L 90— 9T0— €00— +00— TO0 80  TI0— <TI0 €10  I¥0  ¥TO  TEO— 900— €10 90— a[qrpuew Jo YIFuLT
007TL 810  I1T0— €I0— #00  100— 900— 60 €00 00— #00 I¥F0 00  €€0— LTO  6C0— (1goy) snuwrex Surpuddse jo yipearg
06°€L €10— 100— +00— 910  6T0  0TO— SE€0— <THO— +00  100— TI'0— S00— +I'0— SI'0  THo— peaIq emsuerg
6€€8 SI'0 €00— 800 600 v00  FI'0O  SI'0O  6£0— 800 SO0 100  [00— 6¥0  ITO0O— tS0— 93pLIq [ESEU JO IPEAIG
L96L €00  ¥00— LTO— LTO— TTO  SO0— €I'0— 9T0  LOO  €00— 600 €0 910  9€0— SE€0— S[ESEU JO YIPLaIq WwnwiuI
618 81'0— S00— LOO TI'0  8I'0— €00 600— ¢TI0 €I0— S00— +00 6v0 +vTO 80— LEO— pioypd [ekeq
95°SL 1T0— LTO I10— SI'0  €0— 1T0  600— SI'0— €0 SI'0  TI'0O— 900 I€0  +v€0— I+0— WpeaIq [eseN
9T'IL S00 900 €10 910— 60— €T0— LOO— 8TO TO0O CEO0  TCO— 0TO— IT0 €10 L¥O— B0y [eseN
95°9L SI'0 TO0— TTO  €T0— TCTO  610— 900— 620 TEO 800  0€0— SI0— I€0 600  9€0— (ygo1) JyS1Y [e31qI0
61°9L 000 00 010 700  600— 100— 620  100— 600  ¥I'0— TO0— +TO— 8TO  8€0  650— (or) Jur “yipeaiq [ENGIO
L0'98 800 100  600— SO0  SO0— 900  9T0— 900  LOO— SO0  900— SSO 910 80— 80— [IPLaIq [E)IGIOIRUT JOLIDNUY
€L18 900  100— 920 SI'0 SO0  L¥0O— 800— 600— S00— LI'0O— 800 910 II'0  LTO— THO— €Ol 0} dsudqng
81°68 110 +00  #00  II'0— S00— <TI0 110  S00— <¢TO0— 8I'0— TO0— TI'0 ITO0 <TI0  T80— (g0T1) Wpea1q [€11g101q [EUINU]
0t°08 600  SI'0 SO0 800 TO0  900— IO  LI'0O— 00— I¥0 TEO  TI'0— ¥I0  LOO0  090— IPEAIQ [RIOBIPIA
L8 SI'0— LT0— SO00— €00— 000— €00 II'0  TO0— €T0— <TI0  +v€0— SH0— €T0— LTO— IS0— PIOYD [B)UOL]
0S8 Y20 81'0— T00  9T0— 0TO0 600  LTO  900— <TI0— 60— 00— 900  v00— 0TO0— €9°0— UIPEAIQ [BIUOLY WNWITUTIA
19'68 000— TO0  ¥00— TTO  O0I'0— TII'0— €00— 9T0 I1'0  9T0— 8I'0  +¥0— 0TO— TE0— SS0— p3ua] [endrooo-ofeqe[n
TEL8 660  1I'0— 800 90  800— LI'0O  LOO— 600— SI0 SI'0  TCO0— LTO  SHO— 800  000— Suruopep propquie]
S6TL €00— 900  6I'0— S00— O0I'0  II'0— 100 0TO0— 90— SO0  9S0— 920  TO0  CTE0  +00— Suruopey [endoo
9TY6 60— vI'0— 120  €€0  6£0  100— LTO SO0  0OI'0  6T0— <TO0— 9T0 900 <TI0 60— Suruaney [euoyIg
TE9L I1°0— 0T0— 81'0— +00— S00— SO0 €0 TO0 ¢T0 <TI0  €€0— 610 LTO 850  ST0— Sutuepey [epuo1]
(%) AX  AIX X X IX X X1 A IIA IA A Al 111 1I 10d
QoUBLIBA d[qerrep
®10L s3uripeo] 10)oe,]

WOIJ SO[EWIA) SATIEN] UBOLIOUIY JO SJUSUAINSEAUI JEUI] [BIURIOOINAU PUE UOIEULIOJOP JO 92I30p A} U0aMIdq SUONB[ALI00 Y} Jo sisA[eue juouodwoo [ediourly ‘] 9[qeL

| SIOUI[] [BIUII-}SIM



"881 0} [Z] WO SILIRA SJUSIOLJI00 UOHL[31100 10 371s S[dures Sy *(1861) 19]5201( 201008 e |

Peter Brown and Yuji Mizoguchi

800 S00— 00— <TI0 ¥0'0— S0'0— SO0 00— 00— 200 800 ¥0°0 90°0 60'0— T00— T00—  L80— (1gor) T p3ua] proisey
L00 S0 €0'0— 0I'0— T00— <00 0I'0— €00— LTO— TTO0— €00 €0 cro— 900 00— ¥0°0 86°0— (1yo1) yipeaiq projsejy
LEO—  STO yr'o— 150 100—  ¥I'0 ¥0°0 ST1°0 0¢€'0— 010 o— 810 Y20 L00— 600— 100— TTO— pIoyd [endooQ
90°0 ¥0°0 cro SI'o—  LOO 000—  ¥0°0 000— 100— ¥0°0 L8°0 00— 8I'0— 900— 910— €00 €10— asuaqns [ejaLied
600— 600 (U1} 170 ST0—  t0°0 000— €00— $#0'0— €00 6L°0 ¥0°0 o €C0—  ST'0—  ¥I'0— €00 PpI0Yd [e3LIRq
60'0— 900 05°0 80°0 60°0 €ro 00— CI'0— T00— 6T0 L00— ¥00— 8CT0— SS0— SO0— 8I0— LOO— UonoeLy 9SudIqns [ejuoL]
170 800— I10— €00— <TI0 81'0— 800— 900 €00 ¥2T0— 070 €0'0— STO 9L'0— TI'0 90°0 90°0 osuqns [eU0L]
60°0 100— €00 98°0 00— €00— €00 00— S00 90°0 00— oro S1'0—  SI'0—  L00— €00 S00— Ipealq SluoLIsery
S0°0 €00 00— 000 60— €00— 000 100— S0'0— S0 800 1o ¥0°0 900 00— 000 00— (1y21) 21Apu0o [e31diogo jo yipeaig
000 10°0 S0'0 00— ¥00— SO00— TO0 000 60— <I°0 200 90°0 10°0 €00 90'0— C00— II'0— (1) 914pu0o [endiooo jo Sua]
90°0 0r'o S0'0— 000— 100 €00— TO0— L8O0— 000 000— 000 80°0 800— LOO— O0I'0— IT°0— +00— (igor) wSray ooy
80°0 10°0 80°0 ¥1°0 10°0 L0'0— €00 LT0— 80°0— SO0 LT°0 00— 100— 200— ¥80— TO0 £€0°0— (yor) winwixew ‘YIud] Ie[e
00— ST0 01’0 00— 0I'0— 800— 600 61°0 00°0 S0°0 ST1°0 91°0 900— 600— 6L0— LTO— TI'0— (1yor) Jotsayur ‘YIFuS] 1B[EIN
90°0— 120 S0'0 L00 €ro L00 00 00— 900— LOO 90°0—  L9°0 €0'0— 00 P€0—  LOO 0r°o (1) PSud] Je[APU0d WNWIXBIN
S0°0 68°0 00 ¥0°0 00 60'0— ¥00— II'0— TO0— 100— 800 cro 800 €00 0r'0—  900— €00— USWIEIO) [BIURU JE [ipealq
00— 9%0 00— ¥T0— 0€0— ITO ¥0°0 9I'0— 0I'0—  $T0 L00—  ¥T0 S1°o SE0—  910— SO0 L00 a[qIpuew Jo 5ua]
¥0'0— €10 61°0 cro— 80— LVO— 800 6£0—  ¥0°0 00— 000— 610 €00 60°0 °eo—  ¥00—  LOO— (1yo1) snwer Surpuddse Jo yipearg
0€0 0¥°0 00 ¥1°0 LT'0O—  ¥I°0 110 900— TV0— LO0— 0TO0 €10 S€0—  8I'0— ¥00 00 90°0— yIpeaiq renguerg
o 90°0 €00 00— 010— +00 €00 €10 S0°0 600 ¥0'0— 890 €00— 8I'0— ¥€0 ¥€0—  11'0— a3puiq [eseu jo yipeaig
¥0'0—  €CT0 Iro— 900 90°0— CCT0— 800 S0'0— LOO 170 60°0 cro—  L00 o 00 9L0—  S00— S[eSeU JO ipealq wnwiuin
170 €1o—  +v0'0— CIo— +0°0 81°0 (UNU L0'0— T0'0— 800— €I'0— 010 S0°0 L0'0— 9I'0— 6L0— 100 pioyo [ekrdeq
000— €00— 100— 100 cro— 950 00— 900 80°0 S0°0 61°0 SE0 000 0ro— sro LY'0— €00— yipeaiq [eseN
100 ¥0'0— 000— SO0 100 €10 €1'0—  9T0— 0I'0— TLO 100 €C0 100 ¢ro—  600—  900— TO0— 1S1ay [eseN
¥1°0 90°0 0r'o— 900 L00—  LO0O— ¥0°0 o 0r'o—  6L0 L0°0 SIo 00— 100— 100 90°0— 010 (o) WStey (€110
00 60'0— II'0— %10 ¥T0—  100— LT0 00— S00— S€0 ¥0'0—  ¥9°0 ¥00— S0°0— CTI'0— €10 9T0— (3gor) Jur ‘yipeaiq 31910
110 000— 2CI'0 00 €00 10°0 $00— 800— LO0— 100— LOO €ro ¥00—  $0'0— 900— 680— SO0 Ipeaiq [e11qI0193ul I0LIIUY
08°0 90°0 100 90°0 90'0— 100 800 90'0— ¥0'0— ST0 ¥0'0— 010 1o S00— 900— 8TO0— SI'0— dOI 03 asunqng
10°0 €00 80°0— CTI0 €ro—  vI'o— <00 000 91'0— 070 80°0 99°0 [ro— 800— ¢C0— LEO— 9T0— (401 ypeaiq [e1qI01q [EuIdIU]
€00 €C0 ¥0°0 ¥0°0 Ir'o— 20— 000 80— 00— SI'0 0r'o €90 81°0 L00— 910 600— 900 ipea1q [eI9BIPIN
10°0 90°0 10°0 00 £€0°0— 800 100— 600— 100 81°0 0r°o cro 00— ¥80— II'0— €00— 1I'0— PpIoyd [ejuoLf
€00 S0°0 60'0— 010 S00— €50— SO0 L0°0 S0'0—  LOO ¥1'0 6¢°0 ¥0'0— 8¢0— 0I'0— 8¢0— V10— {ipealIq [ejuoly wnwiuij
01°0 00— €00— 870 6€0— 600 000 L00— IT0— TI'0 91’0 Iro ¥$°0 or'0— LI'0O— €I'0— LOO— y3uoy [endrooo-ofjaqerD
€00 00°0 68°0 00— 100 ¥0'0— 000 S0°0 S00— TI'o— 0T0 00— 100— 900 €1'0—  ¥0°0 800 Suruaney propquie|
00— 600— 100 91°0 90°0 00— 200— S00— 900— TO00 90°0 10°0 80— 000 L0'0— 100— 00 Suruepey [e)diooQ
90°0 00— 000— +00 000— #0'0— S6°0 100 €00— 00— +0°0 010 €00— S00 80'0— 600— 100— Suruapey [epuolyg
90— 000 L1°0 cro—  6I'0— SO0 STo 100— 600 010 oro— 910 1$0— 120 €0'0— 900 61°0— Suruopey [epuoL]
ITAX IAX AX AIX 1106 106 IX X XI IIA JIVN IA A Al i 1I 198
d[qerep

s3urpeoy 10308,

20

|"SIOUI][] [BIUSD-}SOM WOLJ SI[BUWIY SANEBN UBILIDUIY JO SIUSW
-QINSBOW JLAUI| [BIUEIOOINAU PUE UOHBUWLIOJOP JO 90IS0p oY) U0oM)Oq SUOIIB[OLIOD dY} WO Pojoenxd sjuouoduros fedourid /[ 3sIy oyj Jo uonnjos payeloy Sl 9[qeL



Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions 21

Table 16. Craniofacial measurements suggested by - and/or ¢'-tests as well as by PCAs and/or the varimax rota-
tions to be significantly or relatively strongly affected by neurocranial deformation in ancient Peruvians.

Males

Females

Variable , PCs and/or rotated , PCs and/or rotated
t- and/or t'-tests 1 t- and/or t'-tests 1
factors factors
Length * *
Breadth * *
Cubic root of capacity *
Maximum circumference *
Minimum frontal diameter * *
Breadth of orbit (R.) * *
* *

Height of orbit (R.)

! Strong association suggested by a PC or rotated factor which has the highest factor loading on the degree of defor-
mation among the PCs and rotated factors and, simultaneously, a factor loading of more than 0.32 (about 10% of the
total variance) in absolute value on the relevant craniofacial measurement.

* Affected by deformation.

Table 17. Craniofacial measurements suggested by #- and/or #'-tests as well as by PCAs and/or the varimax rota-
tions to be significantly or relatively strongly affected by neurocranial deformation in American Natives from

the North Pacific coast.

Males

Females

Variable
t- and/or #'-tests'

PCs and/or rotated
factors?

PCs and/or rotated

t- and/or #'-tests'
factors?

Length

Breadth

Height (ba-b)

Median-sagittal parietal chord
Median-sagittal occipital chord
Cranial base length (n-ba)
Length of foramen magnum
Bizygomatic breadth

Orbital height

Nasal width

Nasal height

* K X X X X ¥ X ¥ ¥ %

£
%

* K X X X X ¥ ¥ ¥ ¥ %

!'Suggested in more than two of the six samples, i.e., Cowichan, Chinook, and Koskimo male and female samples.

2 Strong association suggested by a PC or rotated factor which has the highest factor loading on the degree of defor-
mation among the PCs and rotated factors and, simultaneously, a factor loading of more than 0.32 (about 10% of the
total variance) in absolute value on the relevant craniofacial measurement.

* Affected by deformation.

compared with those based on all available vari-
ables.

The differences between the undeformed and
deformed groups of Coobool Creek males were
also examined using #- and #'-tests, as shown in
Table 20. In Table 21, the variables commonly
available in the Coobool Creek male sample and
the three American Native samples are shown to-
gether with the information on their association
with neurocranial deformation. It is evident that

there are few variables which are not affected
across all the samples analyzed here. Therefore,
the respective sets of variables suggested in the
analyses of the three American Native samples
were separately examined to confirm whether
they can be useful in estimating D? distances
close to zero between the undefored and de-
formed groups of Coobool Creek or of the three
American Native samples.

In Table 22, the results of significance tests of
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Table 18.

Craniofacial measurements suggested by 7- and/or #'-tests as well as by PCAs and/or the varimax rota-

tions to be significantly or relatively strongly affected by neurocranial deformation in American Natives from

west-central Illinois.

Males

Females

Variable
t- and/or t'-tests

PCs and/or rotated

PCs and/or rotated

t- and/or t'-tests
factors'

factors'

Glabello-occipital length

Frontal chord

Anterior interorbital breadth

Orbital breadth, mf (left) *
Nasal breadth

Dacryal chord *
Minimum breadth of nasals

Biangular breadth

Maximum condylar length (left)

Malar length, inferior (left)

Malar length, maximum (left) *
Length occipital condyle (left)

Breadth occ. condyle (left)

Frontal subtense *
Frontal subtense fraction

Parietal chord

Parietal subtense *
Occipital chord

Mastoid breadth (left)

% k
*

* ¥ ¥ X ¥ ¥ *

*

! Strong association suggested by a PC or rotated factor which has the highest factor loading on the degree of defor-
mation among the PCs and rotated factors and, simultaneously, a factor loading of more than 0.32 (about 10% of the
total variance) in absolute value on the relevant craniofacial measurement.

* Affected by deformation.

D? distances between undeformed and deformed
groups are shown for the respective sets of vari-
ables selected according to the results shown in
Table 21. All of the resultant sets of variables
show that the deformed and undeformed groups
of Coobool Creek can be treated as the samples
from the same population. In the case of Ameri-
can Natives, however, most of D? distances be-
tween undeformed and deformed groups are sig-
nificantly different from zero at the 5% level or
less.

Finally, using three sets of variables showing
the highest probabilities for the null hypothesis
of D? between the undeformed and deformed
skull groups of Coobool Creek (Table 22), typi-
cality probabilities to the Coobool Creek sample
were estimated for Keilor and some other Aus-
tralian Pleistocene fossils for which the same
variables were available. The results are shown in
Table 23.

Discussion

The purpose of this short article is to identify
sets of craniofacial measurements that are mini-
mally affected by neorocranial deformation and
therefore may be most useful in testing the mor-
phological relationship between populations re-
gardless of whether, or not, the populations have
the tradition of artificial neurocranial deforma-
tion. This attempt is conducted on the premise, as
suggested by Weidenreich (1941), and as consis-
tent with Bailit and Friedlaender’s (1966) “meta-
bolic balance” or “economic benefit” hypothesis,
that the body is a totality in which all parts har-
monize from the beginning of its organization
and every essential alteration is accounted as a
consequence of a change in the entire construc-
tion. If this is correct, it means, in our practical
context, that a set of randomly selected craniofa-
cial measurements effectively retain information
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Table 19. D? distances between undeformed and deformed samples based on all available variables and on the

variables relatively free of deformation.

No. of

First Second

Sample Sex | ibles! D? F af Af Probability
Ancient Peruvians M 26 (all) 10.36 7.04 26 75 0.000
19 (¢) 1.67 1.72 19 82 0.049
21 (PCA) 5.01 4.50 21 80 0.000
F  26(all) 366.19%  155.86 26 43 0.000
19 (¢) 1.68 1.16 19 51 0.330
21 (PCA) 1.69 1.00 21 48 0.485
North Pacific coast: Cowichan M 18 (all) 32404.1*% 344189 18 91 0.000
7 (1) 1.41 4.22 7 101 0.001
14 (PCA) 14.56 20.76 14 95 0.000
Chinook M 18 (all) 31997.6% 293129 18 70 0.000
7 (¥ 0.34 0.89 7 78 0.520
14 (PCA) 13.55 16.73 14 73 0.000
Koskimo M 18 (all) 117211.0% 137705.0 18 114 0.000
7(t) 1.57 5.06 7 123 0.000
14 (PCA) 10.81 16.90 14 118 0.000
Cowichan F 18 (all) 61.18 23.58 18 27 0.000
7(¥) 1.78 2.40 7 37 0.039
14 (PCA) 34.26 18.74 14 30 0.000
Chinook F 18 (all) 64.85 24.20 18 26 0.000
7(¥) 2.07 2.67 7 35 0.025
14 (PCA) 59.06 30.55 14 28 0.000
Koskimo F 18 (all) 81.63 39.95 18 37 0.000
7 (¥ 4.74 7.28 7 45 0.000
14 (PCA) 46.23 30.50 14 39 0.000
West-central Illinois M 32 (all) 5610.9*  3648.1 32 104 0.000
23 (1) 10.58 10.40 23 113 0.000
17 (PCA) 2.29 3.30 17 122 0.000
F 32 (all) 24143.5% 15714.0 32 131 0.000
23 (1) 242.56*  234.16 23 139 0.000
17 (PCA) 1.38 1.94 17 148 0.016

"<all’: all available variables; ‘¢>: variables suggested by - and/or ¢'-tests to be relatively free of deformation; and
‘PCA’: variables suggested by PCAs and/or the varimax rotations to be relatively free of deformation.
* The variance/covariance matrix necessary for calculating D* was estimated from the reduced number of relevant

PCs.

on the entire skull. Empirically, it seems desir-
able from a statistical viewpoint that the number
of variables is seven or more (because, if the
variables to be used are of all-or-none or 0-1 type
and the number of variables is seven, the proba-
bility that any arbitrary two sets of seven vari-
ables are consistent by chance is 0.0078 or less
than 0.01). In the present study, therefore, efforts
were made to obtain as many sets of seven or
more variables as possible.

Univariate comparisons between undeformed
and deformed skull groups
As reported by previous authors, Tables 1 to 3

on t- and f'-tests show that many craniofacial
measurements are affected by neurocranial defor-
mation. Needless to say on cranial length and
breadth, significant difference was found between
undeformed and deformed skull groups in the
following measurements: minimum frontal
breadth, orbital breadth and height (Peruvians);
basi-bregmatic height, parietal and occipital
chords, cranial base length, foramen magnum
length, orbital height, nasal breadth (North Pacif-
ic coast); orbital breadth, malar length, frontal
subtense and subtense fraction, parietal chord
and subtense (west-central Illinois), etc. Some of
these are the same as those shown by Brown
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Table 20. Significance tests for the differences in means between the undeformed and deformed skull groups of
Australian Aboriginal males from the Coobool Creek site.'

Undeformed skulls Deformed skulls
Variable t-value t'-value
Mean n Mean n
V7  Bi-parietal 137.2 13 139.0 9 —1.01 —1.09
V8  Glabella-opisthocranion 194.8 13 196.7 9 —0.56 —0.61
V10 Basion-bregma 140.5 12 1423 8 —0.68 —0.69
V11 Basion-nasion 105.4 12 103.8 8 1.18 1.32
V12 Basion-nasospinale 103.4 10 101.0 6 1.37 1.65
V13 Basion-prosthion 111.8 9 107.7 6 2.22% 2.51%*
V17 Bi-asterion 112.6 13 111.7 9 0.39 0.42
V20 Nasion-bregma 119.5 13 122.9 9 —1.55 —1.50
V21 Frontal subtense height 26.1 13 20.4 9 5.61%** 5.39%**
V22 Nasion-subtense 55.2 13 52.0 9 1.51 1.43
V27 Minimum temporal lines frontal 95.7 13 94.0 9 0.48 0.44
V29 Bi-zygion 145.5 4 140.0 3 1.65 1.73
V30 Bi-zygomaxilare 101.4 7 102.1 7 —0.29 —0.29
V34 Opisthion-lambda 100.0 13 105.4 9 —2.06 -1.97
V46 Bregma-lambda 118.4 13 120.4 9 —0.77 —0.77
V47 Parietal subtense height 23.5 13 25.4 9 —1.46 —1.41
V62 Nasion-nasospinale 54.2 10 54.6 7 —0.24 —0.25
V63 Nasion-prosthion 74.3 9 75.9 7 —0.89 —0.87
V64 Nasospinale-prosthion 20.1 9 21.3 7 —0.62 —0.64
V65 Nasal breadth 29.8 11 28.9 8 1.43 1.39
V66 Orbital height 31.6 11 31.7 7 —0.06 —0.06
V67 Orbital breadth 443 11 43.0 8 1.41 1.55
V81 Alveolar length 65.7 9 63.8 8 1.55 1.53
V83 Alveolar breadth M2 73.1 9 71.9 7 0.66 0.73

! Data source: Brown (2001).

* P<0.05; ** P<0.01; *** P<0.001, by a two-tailed test.

(1981) in a similar comparison on Melanesians.
In Brown’s t-tests, the variables showing highly
significant differences (P<<0.01) are bi-parietal
breadth (equivalent to cranial breadth in Melane-
sians, Australian Aborigines, etc.), basi-bregmat-
ic height, basion-lambda, frontal chord, frontal
subtense, occipital chord, parietal subtense, au-
riculare-basion, and orbital height.

From the present and previous univariate com-
parisons, it is clear that, while the craniofacial
measurements significantly affected by deforma-
tion vary from population to population, as al-
ready pointed out by Rhode and Arriaza (2006),
basi-bregmatic height, frontal subtense, parietal
chord and subtense, and orbital height, in addi-
tion to cranial length and breadth, seem to be al-
most always affected by deformation.

PCAs on the associations of the degree of defor-
mation and craniofacial measurements

PCA assumes approximate normality of the
input space distribution, but good low dimen-
sional projection of the data may still be possible
if the data are not normally distributed. In this
analysis, however, the purpose is not to know the
exact extent of associations between the variables
dealt with but to know some tendency of covaria-
tion of neurocranial deformation with craniofa-
cial measurements. Therefore, the results (Tables
4 to 15) should be interpreted only from such a
viewpoint.

Among the PCs and the rotated factors (Facs)
from male and female Peruvians (Tables 4 to 7),
the PCs or Facs with the highest factor loadings
on the degree of deformation are Fac V in males
and Fac IV in females. The male Fac V is rela-
tively strongly associated with cranial length,
minimum frontal breadth and orbital breadth, and
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Table 21.

Craniofacial linear measurements common to those of Coobool Creek.'

t- and/or t'-test

PCs and/or rotated factors

Coobool
Creek

Peru

N Pacific
coast

wC
Illinois

N Pacific
coast

WwC

Peru Tllinois

V7  Bi-parietal

V8  Glabella-opisthocranion
V10 Basion-bregma

V11 Basion-nasion

V12 Basion-nasospinale
V13 Basion-prosthion

V17 Bi-asterion

V20 Nasion-bregma

V21 Frontal subtense height
V22 Nasion-subtense

V27 Minimum temporal lines frontal
V29 Bi-zygion

V30 Bi-zygomaxillare

V34 Opisthion-lambda

V46 Bregma-lambda

V47 Parietal subtense height
V62 Nasion-nasospinale
V63 Nasion-prosthion

V64 Nasospinale-prosthion
V65 Nasal breadth

V66 Orbital height

V67 Orbital breadth

V81 Alveolar length

V83 Alveolar breadth M2
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10: not affected by deformation; 1: affected by deformation.

the female Fac IV is associated with cranial
breadth and orbital height. These findings are
consistent with those shown by the above uni-
variate comparisons in Peruvians.

In the case of American Native males and fe-
males from North Pacific coast (Tables 8 to 11),
both male and female data show that Fac II is rel-
atively strongly associated with neurocranial de-
formation and, with cranial
length and breadth, parietal chord, and bizygo-
matic breadth. This is nearly the same tendency
(except for bizygomatic breadth) as those shown
by Mizoguchis (1991) PCAs of the between-
group variance/covariance matrices obtained by
the use of Takeuchi and Yanai’s (1972) dummy
variable method from the same male and female
samples (Oetteking, 1930), and not inconsistent
with the above univariate comparisons between
the undeformed group and the Cowichan, Chi-
nook and Koskimo tribes.

simultaneously,

The data of American Natives from west-cen-
tral Illinois contain information on four kinds of
deformation: frontal, bifrontal, occipital, and
lambdoid flattening. Tables 12 to 15 suggest that
there are different tendencies between males and
females in the way deformation influences cran-
iofacial measurements. There are only two rela-
tively strong associations common to both males
and females. The first is the association between
frontal flattening and frontal subtense suggested
by Fac V of males (Table 13) and PC II of fe-
males (Table 14), and the other is the association
between occipital flattening and cranial length in-
dicated by Fac IV of males (Table 13) and PC II
and Fac V of females (Tables 14 and 15). The re-
sults of these multivariate analyses are consider-
ably different from those of the above univariate
comparisons. This may be due partly to the fact
of having pooled the individuals from different
periods of about A.D. 600 to A.D. 1300 in the
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Table 22. D? distances between undeformed and deformed male samples estimated using the variables suggested
by - and/or ¢'-tests and PCAs and/or the varimax rotations to be relatively free of deformation.'

First

Second

Sample D? F af Af Probability
1) Nine variables suggested by both #/¢'-tests and PCAs/rotations of ancient Peruvians
Coobool Creek: Undeformed — Deformed 1.36 0.29 9 7 0.956
Ancient Peruvians: Undeformed — Deformed 2.71 6.54 9 92 0.000
2) Five variables suggested by #/¢'-tests of North Pacific coast American Natives
Coobool Creek: Undeformed — Deformed 1.92 1.28 5 12 0.335
Undeformed NPC? - Cowichan 0.87 3.84 5 108 0.003
— Chinook 0.13 0.49 5 81 0.784
—Koskimo 1.39 6.54 5 126 0.000
3) Eleven variables suggested by PCAs/rotations of North Pacific coast American Natives
Coobool Creek: Undeformed — Deformed 4.13 0.72 11 7 0.702
Undeformed NPC?— Cowichan 3.72 7.02 11 100 0.000
— Chinook 6.47 10.59 11 76 0.000
—Koskimo 6.20 12.65 11 121 0.000
4) Nine variables suggested by #/t'-tests of west-central Illinois American Natives
Coobool Creek: Undeformed — Deformed 3.51 1.04 9 10 0.472
West-central Illinois: Undeformed — Deformed 0.56 1.52 9 126 0.145
5) Seven variables suggested by PCAs/rotations of west-central Illinois American Natives
Coobool Creek: Undeformed — Deformed 1.05 0.45 7 11 0.852
West-central Illinois: Undeformed — Deformed 1.14 4.15 7 131 0.000

! D? distances were estimated using the mean within-group variance/covariance matrices obtained from two Aus-
tralian Aboriginal male samples, Murray Valley and Swanport. The mean within-group variance/covariance matrices are

presented in Appendices 1, 3,5, 7, and 9.

2NPC: American Natives from the North Pacific coast.

present study. Such a discrepancy between uni-
variate and multivariate analyses is possible if the
type of deformation, or any craniofacial dimen-
sions, show distinctive chronologically demarcat-
ed patterns.

Craniofacial variables relatively free of neuro-
cranial deformation

From the lists of variables significantly or rela-
tively strongly affected by neurocranial deforma-
tion suggested through #- and/or ¢'-tests and
PCAs and/or varimax rotations in the three sam-
ples (Tables 16 to 18), some sets of variables rel-
atively free of neurocranial deformation (Table
21) were determined so that the undeformed and
deformed male skull groups of Coobool Creek
are classified as phylogenetically equivalent sam-
ples. The resultant sets of variables are as fol-
lows.
1) Nine variables suggested by both of the uni-

variate and multivariate analyses of Peru-

vians: basi-bregmatic height (V10 in Brown,

2)

3)

4)

2001), cranial base length (V11), basion-na-
sospinale (V12), nasal height (V62), upper fa-
cial height (V63), nasospinale-prosthion
(V64), nasal breadth (V65), alveolar length
(V81), and alveolar breadth (V83).

Five variables suggested by the univariate
analyses of American Natives from North Pa-
cific coast: frontal chord (V20), upper facial
height (V63), orbital breadth (V67), alveolar
length (V81), and alveolar breadth (V83).
Eleven variables suggested by the multivariate
analyses of American Natives from North Pa-
cific coast: basi-bregmatic height (V10), cra-
nial base length (V11), frontal chord (V20),
occipital chord (V34), nasal height (V62),
upper facial height (V63), nasal breadth
(V65), orbital height (V66), orbital breadth
(V67), alveolar length (V81), and alveolar
breadth (V83).

Nine variables suggested by the univariate
analyses of American Natives from west-cen-
tral Illinois: cranial length (V8), biasterionic
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Table 23. Typicality probabilities of some Australian Pleistocene human fossils to the Coobool Creek male sam-
ple estimated using craniofacial measurements relatively free of deformation.
Individual specimen D? distance F-value Ist d.f. 2nd d.f. Typ. prob.
Nine variables':
Cohuna 1.15 0.06 9 8 0.9998
Keilor 10.73 0.56 9 8 0.7953
Eleven variables':
Keilor 17.69 0.68 11 8 0.7300
Seven variables*:
Cohuna 10.84 1.01 7 13 0.4677
Keilor 8.30 0.77 7 13 0.6207
Lake Nitchie 13.20 1.23 7 13 0.3547
Kow Swamp 5 11.92 1.11 7 13 0.4125

"The degree of freedom for the elements of the mean within-group varaince/covariance matrix varies from 67 to

74.

>The degree of freedom for the elements of the mean within-group varaince/covariance matrix varies from 65 to

74.

breadth (V17), frontal chord (V20), minimum

frontal breadth (V27), middle facial breadth

(V30), occipital chord (V34), nasal height

(V62), nasal breadth (V65), and orbital height

(V66).

5) Seven variables suggested by the multivariate
analyses of American Natives from west-cen-
tral Illinois: biasterionic breadth (V17), mini-
mum frontal breadth (V27), middle facial
breadth (V30), parietal chord (V46), parietal
subtense (V47), nasal height (V62), and or-
bital height (V66).

The significance tests of D* distances between
undeformed and deformed groups (Table 22)
show that all the above sets of variables are effec-
tive in excluding the influence of deformation on
distance analyses for the Coobool Creek sample.
However, most of D? distances between the un-
deformed and deformed groups of original
American Natives are significantly different from
zero at the 5% level or less (Table 22), although
they are far smaller than the corresponding D?
distances based on all the available variables in-
cluding those susceptible to deformation (Table
19). This result may be due not only to the larger
sample sizes of American Natives than that of
Coobool Creek but also, in part, to the greater
degree of defomation in the native American
samples than in Coobool Creek.

DBypicality probabilities to the Coobool Creek
population

Among the above-mentioned five sets of vari-
ables, the first, third, and fifth sets of variables
showed relatively high probabilities of 0.702 to
0.956 for the null hypothesis of D* between the
undeformed and deformed skull groups of Coo-
bool Creek. Although these high probabilities
seem due to the small sample size of Coobool
Creek, the undeformed and deformed skulls were
grouped into one sample, and typicality probabil-
ities to the Coobool Creek sample were estimated
for Keilor and some other Australian Pleistocene
fossils to which the three sets of variables select-
ed here were available.

As a result, it was found that Keilor had rela-
tively high typicality probabilities of 0.62 to 0.80
in the three sets of variables (Table 23), meaning
that we can treat Coobool Creek as the original
population to which Keilor belongs.

The typicality probability of Cohuna to Coo-
bool Creek was extremely close to 1.0 in the first
set of variables (nine variables), but, in the fifth
set (seven variables), 0.47. In this case, more ex-
aminations seem to be necessary.

Regarding Lake Nitchie and Kow Swamp 5,
their typicality probabilities based on the fifth set
of variables are lower than that of Cohuna. These
should also be examined furthermore using other
sets of variables in the future.
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Future perspective

In the paleoanthropological field where we are
obliged to use morphological information instead
of DNA, it is very important to exclude the influ-
ence of artificial cranial deformation from the
total complex of morphological characteristics.
However, as discussed above, it is extremely dif-
ficult to find an ideal sets of variables free of the
influence of deformation. Nevertheless, we will
continue to make efforts at finding more effective
sets of variables to clarify the affinities of the
populations in question, as the scarcity of fossil
evidence means that methods have to be found to
utilize as much of the available information as
possible.

In the present study, it was found that five sets
of variables suggested to be relatively free of de-
formation by the analyses based on three relative-
ly large samples were applicable to the Coobool
Creek sample. As easily imagined, however,
these dimensions can not necessarily be utilized
for classifying other samples where different
methods of deforming the shape of a child’s head
have been employed. But, in the three American
Native samples examined here, both anteroposte-
riorly and conically deformed skulls as well as
their variants are contained. For the present,
therefore, if the variables significantly or relative-
ly strongly affected by deformation shown in Ta-
bles 16 to 18 are excluded from the sets of vari-
ables to be used, it seems possible to say that the
sets of remaining variables may be used to rea-
sonably classify the relevant populations.

Summary and Conclusions

In order to exclude the influence of artificial
neurocranial deformation from a set of craniofa-
cial measurements, 7~ and ¢'-tests for the differ-
ences in means between undeformd and de-
formed skull groups and principal component
analyses and varimax rotations for the associa-
tions of the degree of deformation with craniofa-
cial measurements were conducted using three
relatively large American Native samples. As a
result, five sets of variables relatively free of de-

formation were obtained for the classification of
the Australian Coobool Creek sample. Using
such sets of variables, Mahalanobis’ D? distances
were estimated between the undeformed and de-
formed skull groups of Coobool Creek, and they
were found not to be significantly different from
zero. The typicality probabilities based on the
three sets of variables showing the highest proba-
bilities for the null hypothesis of D? showed that
Keilor belongs to the Coobool Creek population
at the typicality probability of 0.62 to 0.80. In
this way, if the variables significantly or relatively
strongly affected by deformation are excluded
from the sets of variables to be used, the sets of
remaining variables may be useful for the reason-
able classification of the relevant populations.
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Appendix 1. Mean within-group variance/covariance matrix for the nine variables suggested by both univariate
and multivariate analyses of Peruvians to be relatively free of neurocranial deformation.

Variable? V10 Vi1 Vi2 V62 V63 V64 V65 V81 V83
Basi-bregmatic height (V10) 19.420 5313  1.697 —0.257 2.156 2.326 —0.880 0.354 1.288
Cranial base length (V11) 5313 11.640 9952 2311 5336 2679 1.646 5626 3.322
Basion-nasospinale (V12) 1.697 9.952 14910 1.606 3.701 1.465 2.147 6.869 2.076
Nasal height (V62) —0.257 2311 1.606 6982 7462 0280 0.695 1.455 2928
Upper facial height (V63) 2.156 5336 3.701 7462 14.680  7.050 —0.272 4.247 4.503
Nasospinale-prosthion (V64) 2326 2.679 1465 0280 7.050 7.299 —1.110 2.719 1.616
Nasal breadth (V65) —0.880 1.646 2.147 0.695 —0.272 —1.110 3.472 2273 2403
Alveolar length (V81) 0354 5.626 6.8069 1455 4247 2719 2273 13.630 4.646
Alveolar breadth (V83) 1.288 3.322 2076 2928 4503 1.616 2403 4.646 10.690

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.
% Variable number is according to Brown (2001).

Appendix 2. Degrees of freedom for the elements of the mean within-group variance/covariance matrix shown in

Appendix 1.!

Variable? V10 Vi1 Vi2 V62 V63 Vo4 V65 V81 V83
Basi-bregmatic height (V10) 71 71 71 70 70 70 67 71 70
Cranial base length (V11) 71 71 71 70 70 70 67 71 70
Basion-nasospinale (V12) 71 71 71 70 70 70 67 71 70
Nasal height (V62) 70 70 70 73 72 72 69 73 72
Upper facial height (V63) 70 70 70 72 73 73 69 73 72
Nasospinale-prosthion (V64) 70 70 70 72 73 73 69 73 72
Nasal breadth (V65) 67 67 67 69 69 69 70 70 69
Alveolar length (V81) 71 71 71 73 73 73 70 74 73
Alveolar breadth (V83) 70 70 70 72 72 72 69 73 73

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.
2 Variable number is according to Brown (2001).

Appendix 3. Mean within-group variance/covariance matrix for the five variables suggested by the univariate
analyses of American Natives from North Pacific coast to be relatively free of neurocranial deformation.
Variable? V20 V63 V67 V8l V83
Frontal chord (V20) 15.550 2.139 0.891 2.889 1.681
Upper facial height (V63) 2.139 14.680 0.711 4.247 4.503
Orbital breadth (V67) 0.891 0.711 3.049 2.664 1.737
Alveolar length (V81) 2.889 4.247 2.664 13.630 4.646
Alveolar breadth (V83) 1.681 4.503 1.737 4.646 10.690

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.
2 Variable number is according to Brown (2001).

Appendix 4. Degrees of freedom for the elements of the mean within-group variance/covariance matrix shown in

Appendix 3.!
Variable’ V20 V63 V67 V81 V83
Frontal chord (V20) 74 73 70 74 73
Upper facial height (V63) 73 73 69 73 72
Orbital breadth (V67) 70 69 70 70 69
Alveolar length (V81) 74 73 70 74 73
Alveolar breadth (V83) 73 72 69 73 73

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.
Variable number is according to Brown (2001).



31

Identifying the Influence of Artificial Neurocranial Deformation on Craniofacial Dimensions

"(1007) umoxg 03 SUIPIOIIE SI IQUINU J[ELIBA
‘Joduemg pue A3[[eA AermjA ‘sojdwes o[ew [eUISIIOQY UBI[BNSNY OM) WO PIUIE}qQ

€L €L 69 €L 69 L L 89 €L 0L 0L (£8A) YIPEAIq JL[0AATY

€L YL 0L YL 0L €L €L 69 YL 1L IL (18A) yi3ua] Jej0dA]Y

69 0L 0L 0L 0L 69 69 69 0L L9 L9 (L9A) Wpea1q [e)QI0

€L YL 0L YL 0L €L €L 69 YL L L (99A) WS1eY [€31q10

69 0L 0L 0L 0L 69 69 69 0L L9 L9 (S9A) yipea1q [eseN

L €L 69 €L 69 €L L 89 €L 0L 0L (€9A) wSey [eroey addn

L €L 69 €L 69 L €L 89 €L 0L 0L (T9A) WSiey JeseN

89 69 69 69 69 89 89 69 69 L9 L9 (€A pIoypd [e31d100

€L YL 0L YL 0L €L €L 69 YL IL IL (0TA) P10y [RIUOL]

0L 1L L9 L L9 0L 0L L9 L L IL (T1TA) pSuo[ aseq [erue1)

0L IL L9 1L L9 0L 0L L9 1L 1L IL (0TA) WS1ey dnewsaiq-iseq

£8A I8A LOA 99A SOA EOA 9N VEA 0CA ITA 0TA PlqeleA
1S x1puaddy ur umoys XLIJBW dOUBLIEA0D/0ueLIEA dNOIZ-UIYIA UBSW S} JO SJUSW[D Y} 10§ WOPAAY Jo saa18e( 9 xipuaddy
“(100T) umoIg 03 SUIPIOOIE ST IOqUINU J[QRLIBA ,
‘J10duemg pue Aofjep Aernjy ‘sojdwes o[ew [BUISLIOQY UBI[ENSNY OM) WOIJ paure}qO .
06901 9y LEL'] 0180 €0¥'¢C €0S'y 8C6'C 191 189°1 (4423 88C'1 (£8A) YIPEAIq IL[OAATY
W9y 0€9°¢1 ¥99°C €01°0 €LTT LYTY SSP'l 9LE'E 688'C 929°¢S ¥S€0 (18A) yiSua] Jej0dA]Y
LEL'] ¥99°C 6¥0°¢ SEl'l 0SL°0 11L°0 LELO 180°0 168°0 168°1 0L0°0— (L9A) wpea1q [e)QI0
0180 €01°0 SEI'l 656°S YELO VIl 650°C 8YL1— 96€°0 £v8°0 LT9°0— (99A) WS1ey [&)1qI0
€0y’ €LTT 0SL°0 YEL'O Ly'e LT0— $69°0 1€T1— 00€°0 9%9°1 088°0— (S9A) yipeaIq [eseN
€0SY YTy L1L°0 14953 LT 0— 089%1 wor'L 0S¢ 6¢1'C 9¢e’s 961°C (€9A) W31ay [eroey 1oddn
8T6'C SSP'l LELO 65S0°C $69°0 wor'L 7869 20T0 89¥°0 11€e LSTO0— (T9A) WS1ay [eseN
719°1 9LE'E 180°0 8YL'1— 1€T1— 0S¢ 00 06¥'¥1 1ev's LT0C 8¢9°¢ (¥EA) pI0Yd [e3rdooQ
189°1 688°C 168°0 96¢°0 00€°0 6€1°C 891°0 1ey's 0SS°S1 99ty 8698 (0ZA) PIoyd [esuor]
(4483 929°¢ 1681 [32:40) 999°1 9€e’s 11ee L20°C 99y 0911 eles (1TA) WSuo[ dseq [eruer)
88C'1 ys€0 0L0°0— L29°0— 088°0— 9¢1C LSTO— 8¢€9°¢ 869'8 gres 0cr'61 (0TA) WSty onewsaIq-Iseg
£8A I8A LOA 99A SOA €IA 9N VEA 0CA TTA 0TA PlqelieA
, UOIBULIOJOP [BIUBIOOINAU JO AAIJ A[OATIR[DI 9q 0} }SBOD
oy1oBd YHMON WOIJ SQAIIEN UBOLIOWY JO SOSATRUR dJeLIBADNW ) AQ PIISIZ3NS SO[qBLIBA USAD[Q U} J0J XLIJEW 9dUBLIBAOY/00uRLIBA dnoI3-urim uedly ¢ xipuaddy



32

Peter Brown and Yuji Mizoguchi

Appendix 7. Mean within-group variance/covariance matrix for the nine variables suggested by the univariate
analyses of American Natives from west-central Illinois to be relatively free of neurocranial deformation.'

Variable? V8 V17 V20 V27 V30 V34 Vo2 V65 V66
Cranial length (V8) 32470 8924 11360 15450 4.865 8903 1.961 0.534 2226
Biasterionic breadth (V17) 8.924 15510  5.643 11.790 —0.759 4.132 —0.437 —1.042  1.261
Frontal chord (V20) 11.360 5.643 15550 12.560 2.782 5431 0468 0300 0.396
Minimum frontal breadth (V27) 15.450 11.790 12.560 73.640 —3.334 3.864 —7.299 —2.961  0.320
Middle facial breadth (V30) 4.865 —0.759  2.782 —3.334 16430 1.663 1.503 2925 1.555
Occipital chord (V34) 8903 4.132 5431 3.864 1.663 14.490 0.202 —1.231 —1.748
Nasal height (V62) 1.961 —0.437 0.468 —7.299 1.503 0.202 6.982 0.695 2.059
Nasal breadth (V65) 0.534 —1.042 0300 —2.961 2925 —1231 0.695 3.472 0.734
Orbital height (V66) 2226 1261 0396 0320 1.555 —1.748 2.059 0.734  5.959

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.
2 Variable number is according to Brown (2001).

Appendix 8. Degrees of freedom for the elements of the mean within-group variance/covariance matrix shown in
Appendix 7.!

Variable? V8 V17 V20 V27 V30 V34 V62 V65 V66
Cranial length (V8) 74 67 74 74 74 69 73 70 74
Biasterionic breadth (V17) 67 67 67 67 67 66 66 67 67
Frontal chord (V20) 74 67 74 74 74 69 73 70 74
Minimum frontal breadth (V27) 74 67 74 74 74 69 73 70 74
Middle facial breadth (V30) 74 67 74 74 74 69 73 70 74
Occipital chord (V34) 69 66 69 69 69 69 68 69 69
Nasal height (V62) 73 66 73 73 73 68 73 69 73
Nasal breadth (V65) 70 67 70 70 70 69 69 70 70
Orbital height (V66) 74 67 74 74 74 69 73 70 74

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.

2 Variable number is according to Brown (2001).

Appendix 9. Mean within-group variance/covariance matrix for the seven variables suggested by the multivariate
analyses of American Natives from west-central Illinois to be relatively free of neurocranial deformation.!

Variable? V17 V27 V30 V46 va7 V62 V66
Biasterionic breadth (V17) 15.510 11.790 —0.759 5.418 2.138 —0.437 1.261
Minimum frontal breadth (V27)  11.790 73.640 —3.334 9.978 3.333 —7.299 0.320
Middle facial breadth (V30) —0.759 —3.334 16.430 5.640 0.792 1.503 1.555
Parietal chord (V46) 5.418 9.978 5.640 26.910 7.965 1.531 1.750
Parietal subtense (V47) 2.138 3.333 0.792 7.965 5.387 1.197 1.300
Nasal height (V62) —0.437 —7.299 1.503 1.531 1.197 6.982 2.059
Orbital height (V66) 1.261 0.320 1.555 1.750 1.300 2.059 5.959

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.

2 Variable number is according to Brown (2001).
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Appendix 10. Degrees of freedom for the elements of the mean within-group variance/covariance matrix shown

in Appendix 9.'

Variable? V17 V27 V30 V46 V47 V62 V66
Biasterionic breadth (V17) 67 67 67 67 65 66 67
Minimum frontal breadth (V27) 67 74 74 69 67 73 74
Middle facial breadth (V30) 67 74 74 69 67 73 74
Parietal chord (V46) 67 69 69 69 67 68 69
Parietal subtense (V47) 65 67 67 67 67 66 67
Nasal height (V62) 66 73 73 68 66 73 73
Orbital height (V66) 67 74 74 69 67 73 74

! Obtained from two Australian Aboriginal male samples, Murray Valley and Swanport.
2 Variable number is according to Brown (2001).



