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Editor’s Introduction

It is my very special pleasure to have had the opportunity to assemble a collection of
papers in honour of Dr. Albert Dahlberg’s 70th Birthday. It is only a small tribute
to the indefatigable efforts of a truly outstanding international scholar and humani-
tarian.

Dahlberg’ s name is synonymous with Dental Anthropology. He has contributed
close to 100 publications, including a number of books, which cover a wide variety
of research interests. Al s influence in virtually all branches of dental science is
adequately reflected in the broad range of topics covered by the contributors to this
volume. His research and teaching have reached many students in the fields of dental
medicine, biology, zoology and anthropology. Those who have learned from him have
come to have a fuller understanding and appreciation of human evolution and variation.

I recall most vividly my first encounter with Al in December 1966 when I was con-
templating enrolling in the graduate school of the University of Chicago. Immediately
his warmth and his genuine interest in my intentions placed me at ease. He strongly
suggested that I consider joining the graduate program and, as an incentive, offered
me a National Institute of Dental Research Traineeship. It was during the ensuing
years at Chicago that I learned to appreciate Al, not only as a well respected scholar,
but also as one of the kindest and sincerest people I had come to know. His Dental
Anthropology Laboratory served as a major focus for graduate students in Physical
Anthropology and was always open for study, research, seminars, and conversation
- no doubt there are many who share with me warm memories of those days.

On behalf of the contributors to this volume, and all of those colleagues, students
and friends who have had the fortune to know you, Al Dahlberg, I would like to express
our deepest congratulations and gratitude for all you have accomplished and inspired.
We, who have had the opportunity to know you and to have been encouraged by your
knowledge, generosity and dedication to intellectual enrichment and individual en-
lightenment, are the fortunate ones. From all of us, our very sincerest wishes for
all future endeavors and may you continue to prosper in the years ahead.

Donald C Johanson, Editor
Cleveland Museum of Natural History
Cleveland, Ohio, U.S.A.

Acknowledgements

I would like to express my appreciation to my Administrative Assistant, Ms. Doris
Harman, for her substantial assistance in making the completion of this FESTSCHRIFT
possible. The editorial assistance of Mr. William H. Kimbel is gratefully acknow-
ledged.

gpecial thanks are due Dr. N-G. Gejvall, General Editor of OSSA, for providing
the means for publishing this FESTSCHRIFT. Finally, the contributing authors should
be congratulated for their patience and understanding throughout the editorial process.



Introduction by the editor of OSSA

It was indeed a great event when Dr. D.C. Johanson suggested through Dr. P.O.
Pedersen that FESTSCHRIFT ALBERT DAHLBERG should appear in this journal.

I first met Al during my time as keeper of the Osteological Collections of the Mu-
seum of National Antiquities in Stockholm in the sixties. Thelma and Albert Dahlberg
came to study the neolithic skull material, part of which was published by Gustaf
Retzius in '""Crania Suecica Antiqua" already in 1899.

Everybody who has the privilege of meeting and working with Al is fascinated by his
captivating personality, his stringent methods of research and his enterprise. I re-
member him showing his new abrasion casts of human jaws which he had used on his
Jericho material. - In those days visits from afar were rather rare at the osteological
section, we were all preoccupied with the bite of the * ancient Swedes’, time flew, and
I was called to the telephone and kept from returning to the store-room and the Dahl-
berg family for hours. I quite forgot the conservative way in which we Swedes receive
foreigners, even most distinguished ones, not even enthrusting to them a key for per-
sonal use. - After this I was afraid Thelma and Al would never return, having been
trapped in a cold distant museal store-room. But Al kept sending me his many im-
portant publications, although we have had very few opportunities to meet again.

In 1967 H. M. the late King Gustaf VI. Adolf, our great tutor of Archaeology, inaugu-
rated the Osteological Research Laboratory of the University of Stockholm. This was
a great moment for osteology in our country, and it had been the intention all my life.
My wife worked as my laboratory engineer till 1977.

In 1974 I started OSSA as a forum for osteology - see cover - and will try to keep
it alive although I retired in 1978,

I hereby venture to present volume 6 apologizing for the errors that invariably
appear in any publication of this kind.

When this volume is now handed over to Dr. Albert Dahlberg, I know I share my
great admiration for him and his unbelievable life-work with all my friends and collea-
gues in the field of dental research all over the world, and I would like to congratulate
and thank him on behalf of thousands of students for the inspiration he has given us all.

Nils-Gustaf Gejvall
Harplinge Sweden



Bilateral hypoplasia of the mandibular condyles in an
ancient Polish skull

VERNER ALEXANDERSEN, KRYSTYNA SZLACHETKO AND ALINA WIERCINSKA

A medieval Polish skull of a ca. 20 years old - probably male - with bilateral hypoplasia of the
mandibular condyles is described. They are small, deformed, the mandible has short rami
with antegonial notching, shortened body and considerable symphyseal height.

The most severe degenerative changes occur in the surfaces of the TM-joints, the occipital
condyles, in atlas and axis, but changes are observed in other parts of the cervical and thora-
cical columna and in some small joints of the feet.

Already during early childhood this mandible has rotated posteriorly, its anterior facial
height has increased considerably and some of the teeth with long path of eruption developed
very long roots. A change in head posture to secure free air passage contributed to the
severe arthritic changes in the two uppermost vertebrae.

Etiological factors discussed: congenital defect, trauma or systemic disease. Conclusion:
Symmetric hypoplasia of the mandibular condyles plus widespread degenerative articular changes
in such a young individual is most likely due to juvenile rheumatoid arthritis (Still's disease).

B cTaThe ONUcaH CpenHeBeKOBHH ITONLCKHHA dYepen, NPHHAOJIeXaBuMH Yesyo-
BeKy B BoapacTe mnpuMmepHo 20 neT,- BO3MOXHO, MyXUHHe - C OunaTepajbHOH
PHIOIIIA3HEN HIKHEUSIOCTHHY MBIENKOB. MumlesKy Mask ¥ HedOpMHPOBAHH;
HMXHSS UeJIoCTh HMEEeT KOPOTKHE OTPOCTKHM C aHTarOHHAJILHOM BHPE3KOH, VKO-
pouyenHyr (opMy Tena ¥ OOBONBHO BHCOKHA CHMOUBHC.

Hau6osiee CHABHHE HeleHepaTUBHHE H3MEHeHHHA BCTPeYawnTCs Ha NOBEPXHO-
cTe TM—-CYCTaBOB, Y 3aTHJIOUHHX MHIEJIKOB, Yy aTJaHTa H BTOPOI'O WeHHOI'o
MO3BOHKA. KpoMme TOro, U3MeHeHUs HabMmoNanauch M B OPYTHX YACTHX MWEHHOTIO
¥ PPYOHOTO OTHENIOB NO3BOHOYHHKA M B HEKOTOPHX MaJiHX CyCTaBax CTyNHeMH.

Vxe B TeueHHe paHHero [eTCKOI'O BO3pAaCcTa HHXHAS YeJICTh HCOHTaja
3a[HO0 POTAlLMn; ee NepelHAs JIMIeBas BHCOTa 3HAUHTENBHO BO3pOCia, U He-
KOTOpPHE 3y6H NPH MPOPEe3HBAHHM PasBHIIH OUYEeHb IJIMHHHE KOPHHM. 3TO, MO~BH-
OUMOMY, TIPHBEJIO K H3MEHEHHI B IIOJIOKEHHMH TOJIOBH, IOaBlleMy CBOGOOHOE Mpo-
XOXIEeHHEe BO3NyXa, W COOeNCTBOBAJNIO CHJIBHHM apTPHTHYECKHM H3MEHEeHHsAM B
IOBYyX CaMHX BepXHHX NO3BOHKAax.

OBCYXIANTCS 3THOJOTHYECKHe (GaKTOpPH: BPOXNEHHHR OedexT, TpaBMa HIH
saBoneBaHye. 3aKimoyeHue: CHUMMETpPHUYHAas CHIOONJIA3MsA HUXHEeYeJCTHHX MEmes-
KOB IUJIOC WHPOKO PACNPOCTpaHeHHHEe JereHepaTHBHHE CYCTABHHE H3MEHeHHd VY
TAKOTO MOJIOHOIO YeJOBEKa 3aBHCAT, ¢ OONbUOH BEPOATHOCTBIO, OT DeBMATH-
YEeCKOI'0 apTpUTa, NEePeHeCEeHHOT'O B 0HOM BO3pacTe /6one3Hb CTHiuia/.

Verner Alexandersen, Department of Anthropology, Anatomical Institute, University
of Copenhagen, Ndrre ALLé 63, 2100-Copenhagen, Denmark.

Krystyna Szlachetko,
Alina Wiercinska,
Warsaw, Poland.

State Archaeological Museum, ul. Dluga 52, Arsenal, 00-350

Vol. 6, pp. 7-22, Lund. ISSN 0345-8865.
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Hypoplasia of the mandibular condyles with mandibular retrognathia and a convex fa-
cial profile is a rare facial deformity. This condition was observed by Dr. Alina
Wiercinska in the skull of an incomplete skeleton kept in the State Archaeological
Museum in Warsaw. The skeleton is dating from the Middle Ages. It was found in
Grodzisk voivodship Siedlcein Poland.

The documentation of malformations, diseases and different types of injuries
in ancient populations is important, This demonstrates the disease pattern in a given
population. In fact, the chief reason for the study of paleopathology is to discover the
intricate relationship between a people’ s way of life and the diseases they endure
(Wells, *64).

Pathological changes of ancient bones are readily observed but often difficult to
interpret. The diseased or malformed bones show the end result of an illness which
may have been of long duration. The soft tissues of the body are missing and so is
the '"patient’ s history". In spite of these disadvantages, however, a description of
the diseased bones can be achieved and an opinion ventured about etiology and patho-
genesis.

Determination of the sex and age

The skull shows relatively small dimensions. The forehead is only slightly inclined
hackwards, the glabellar region is moderately prominent but the one preserved mastoid
process is rather large. In general the skull has a moderately developed relief. The
additional traits from the rest of the incomplete skeleton suggest, although not con-
clusively, that the individual was of male sex.

The epi~ and diaphyses of the long bones are united and the spheno-occipital syn~
chondrosis is closed. Postmortally a reopening of the basal sutures has occurred bet-
ween the temporal and occipital bones and a post mortal fracture of the sphenoid bone
is found anterior to the spheno-occipital synchondrosis. All the sutures of the cranial
vault are open. The skeleton belonged to a young adult.

This age estimate is supported by the stage of dental development. The third molars
are not fully formed. The roots of the third molars are almost completely formed but
the apical foramina are wide open (Fig. 1).

Johansson (* 71) observed a developmental stage of third molars called "root-length
3/4" at the age of 18% 2.6 years (1 S.D.) in a combined sample of recent Swedish males
and females, The upper and lower third molars did not show any developmental diffe-
rences in Johansson’ s material. Miles (’ 63) observed that by 18 years the roots of Mg
are usually nearly complete in length and the apical canals are beginning to close; by
20 years the apical canals are usually closed although apical canals large enough to be
seen with the naked eye are not uncommon. Miles based his observations on a sample
of recent British teeth.

The mandibular third molars are fully erupted in the Polish skull and so is the left
maxillary third molar. The right maxillary molar is partly erupted. The fully erupted
molars show some occlusal wear of the enamel indicating they had been in occlusion.

According to Rantanen (* 67) eruption of mandibular third molars in recent Finns
(males) occurs at the average age of 18.5 years, while eruption of the maxillary third
molars tends to come at the average age of 19.5 years. The mean eruption age for
third molars in recent European populations is 20.8 years for males (Hurme, ’49) but
theire is a considerable range of variation from 16.2 to 27, 2 established arbitrarily at
£ 3.5 8.D. from the mean (N = 93 000) (Horowitz and Hixon, ’66). Hence it is concluded
that the dental age of the Polish dentition is about 20 years.



Fig. 1. The mandibular right third molar showing incomplete root formation.

Description of the skull and the dentition

The cranial vault is normally developed. The glabellar and occipital regions show
faint relief. The right mastoid process is of moderate size, while the left mastoid
process is completely destroyed. There are post-mortem changes of the left tempo-
ral region and it is likely that the left mastoid region was also damaged post-mortem
(Fig. 2b). In the occipital region of the skull there is a bipartite Inca bone (Fig. 3a).
Wormian bones are present at lambda, asterion and in the right side of the coronal
suture. An epipteric bone is formed on the left side of the skull.

The calvaria has been somewhat distorted post-mortem. In a basal view of the
skull the previously mentioned reopening of sutures and fracture of the sphenoid bone
are visible. It is also noticed that foramen lacerum is large on both sides (Fig. 2b).

The anterior view of the skull shows no major asymmetries. Minor bilateral asym-
metries are found between the two nasal bones, the supra-orbital borders and the size
of the infraorbital and zygomatic foramina (Fig. 2a).

The zygomatic bones are well developed but the right zygomatic arch has been broken
post-mortem. There are no visible malformations of the external auditory meatus.
The maxilla is of normal width and anterior height. The occlusal plane is sloping back-
wards and upwards when the skull is oriented according to the Frankfurt Horizontal
plane (Fig. 3b).

The skull shows relatively small dimensions (Table 1). It reveals moderate brachy-
cephaly, a very high cranial vault, a very high face with a narrow nose and relatively
low orbits. Cranioscopically the following features are worth mentioning: medium high
and broad nasal root, probably medium prominent nose with slightly doubled lower
margin of the nasal aperture and moderately prominent nasal spine. The orthognathous
face has shallow canine fossae and slightly developed maxillary incisura.

Such a combination of quantitative and qualitative traits corresponds in the Polish
anthropological terminology to Subnordic type /AL/ of its nordoid fraction (cf. Wier-
cinski, *62). This type was not very common in the racial composition of Medieval
Poland. It began to increase in frequency in late medieval times and is now the most
numerous component of the Polish population.
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(2) Occipital view of the skull showing bipartite Inca bone, Wormian bones at lambda and along the lambdoid suture.

The bilateral asymmetry of the skull is to some extent of postmortem or

Fig. 3.

(b) Lateral x-ray cephalogram of

igin.

11

the skull with the mandible in occlusal position to show the mandibular retrognathia.
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The mandible belonging to the skull is malformed. The condylar processes are very
short, tilted posterior and the condyles are abnormally small with irregular surfaces
(Fig. 4). The coronoid processes are of normal size. The incisura is incipiently deve-
loped. The mandibular rami are short with prominent angular processes. The mandi-
bular basal contour from the condyles to the chin is shorter than normal.

When the mandible is placed in occlusion the chin is very retruded relative to the
maxilla. The symphyseal height of the lower jaw is remarkably large. Antegonial
notching is found on both sides of the jaw.

The temporal parts of the temporomandibular joints are of abnormal shape. The
articular eminences have been replaced by grooves oriented in anterior-posterior di-
rection. With the dental arches in normal position the mandibular condyles are placed
under the now missing articular eminences, i.e. in an anterior position. The bony
surface at the anterior ends of the grooves exhibits some porosity.

The maxillary teeth are present with exception of the right central incisor, which
was lost post-mortem. In the mandible the two first molars were lost ante-mortem.
All the other mandibular teeth are present. The loss of the first molars happened
some time before death, because the second andthird molars in the mandible have mig-
rated forwards and the right maxillary first molar is somewhat elongated.

The mesiodistal and buccolingual diameters of the tooth crowns are close to the
mean values of medieval Danish teeth (Tables 2 and 3). The lengths of the roots, how-
ever, are large., Compared with data published by Black (* 02) some of the Polish teeth
have root lengths exceeding the range of variation observed by Black (Table 4).

The shape of the teeth is normal. In the dental arches there is crowding of the teeth
in the anterior regions. The occlusion appears to be normal in the anterior and in the
premolar regions. In the molar regions the previously mentioned migrations of the
molars have occurred.

The teeth are slightly worn. Dental pathology includes fractures of the occlusal
enamel and dentine on four molars, i.e. the mandibular second molars, the maxillary
left first molar and right second molar. Dental caries with formation of large cavities
are found in five teeth, i.e. in the maxillary right first and second molars, in maxillary
left second premolar and first molar and in the mandibular left second molar. The ante-
mortem loss of the mandibular first molars is probably the result of tooth fractures or
dental caries.

Other skeletal changes

The occipital condyles are the site of osteoarthritic degenerative changes with porosity
of the joint surfaces and periphereal osteophytes (Fig. 5a).

The preserved cervical vertebrae - atlas and axis - show corresponding degenera-
tive changes. In the atlas extensive changes are found in the atlanto-occipital joints
and moderate changes of the atlanto-axoid joint (Fig. 5b). In the axis no pathological
changes are found in the dorsal intervertebral joints (Fig. 5c).

Minor osteoarthritic changes are found in the thoracic vertebrae where 11 out of
36 examined small joints showed osteoarthritic porosity (Fig. 5d).

A few preserved bones belonging to the feet also showed porosity of the joint sur-
faces in the interphalangeal joints. The small bones of the hands were not available
for examination, A few of the long bones of the extremities were examined. They did
not reveal any osteoarthritic changes.
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(a) Occlusal view of the mandible. The mandibular condyles are reduced in
size with irregular osteoporotic surfaces. The mandibular first molars were
lost ante-mortem.The second molars show evidence of dental caries and frac-
tures. (b) Lateral view of the mandible showing the hypoplastic condyle, the
posteriorly directed condylar process, the antegonial notching and the large
anterior height of the lower jaw.
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Discussion

The most conspicuous feature of this Polish skull is the malformed mandible. There
is bilateral hypoplasia of the mandibular condyles associated with reduced size of the
mandibular basal arch.

The facial deformity developed over a period of years. The retardation of the con-
dylar growth was initiated before the age of 5 or 6 years. Otherwise there would not
have been sufficient time for the observed remodeling of the jaws.

The shape of the cranial vault is normal. The cranial base appears to be bent to a
marked degree. The maxilla shows the evidence of a vertically directed growth with
short anterior-posterior size and increased anterior vertical height. The shape of the
maxilla is related to the growth pattern of the mandible which rotated posteriorly
during the period of growth. The rotation of the lower jaw occurred around a center
located at the occluding molars. Anterior open bite did not develop because of com-
pensatory growth of the anterior parts of the jaws.

What is the cause of the mandibular malformation? This type of symmetric mal-
formation is found in cases of congenital syndromes of the first branchial arch, in
some cases of injuries to the temporomandibular joints early in childhood and in cases
of juvenile rheumatoid arthritis (Still’s disease).

Congenital syndromes derived from pertubations of the first branchial arch usually
lead to defective development of many structures. Some of the facial and cranial bones
aside from the jaws develop abnormally. The soft tissues such as the ears, eyes,
muscles etc, are often involved (Gorlin and Pindborg, *64; Klein, ’74; Dahl, Krei-
borg and Bjérk, *75). According to Hovels (’ 53), the weakest manifestation of a syn-
drome related to the first branchial arch is a micrognathic mandible.

In the Polish skull the major malformation is located in the mandible. The accumu-
lation of minor bony anomalies such as sutural bones, supernumerary facial foramina
and bilateral asymmetries may be part of an intrauterine developmental anomaly.

Hess (* 46) found that formation of several Wormian and epipteric bones can occa-
sionally be related to a metabolic disorder of the mesoderm. In the Polish skull there
is a tendency to early development of osteoarthritic degenerative changes especially
in the cervical spine. These can partly be explained by the altered head posture ob-
served in patients with mandibular micrognathia. Solow and Kraiborg (* 77) showed
that the continued extension of the head in patients suffering from mandibulofacial
dysostosis to counteract the restriction of the naso-oropharyngeal airways caused by
the micrognathia altered the head posture in relation to the cervical spine.

The osteoarthritic changes of the small joints in the spine are similar to the ones
described by Ingelmark (’ 63) in a Danish population from the Middle Ages. Such changes
were found in 27% of the juvenile skeletons and in 44% of the adult skeletons. The num-
ber of affected joints was very low in the juvenile group (0.08% ¥ 0. 4),while the per-
centage of small joints affected in adults was 6.5% T 0.79. In the Polish skeleton the
limited number of vertebrae examined showed a very high frequency of small joints
affected (11 out of 36).

There is no convincing evidence for a postnatal traumatic origin of the mandibular
hypoplasia but the fractured molars observed in the dentition require consideration of
this possibility. A severe blow to the jaw could have fractured the teeth and caused
damage to the joints but there are no bony changes indicating fractures of the condylar
necks, no malunions or bony ankylosis. Injuries of the mandibular condyles resulting
in mandibular retrognathia usually occur before age 6 (Szlachetko et al., ’74). In
this case the injury occurred after the second molars had erupted at age 12. The sym-
metry of the present mandibular deformity also reduces the possibility of a trauma
being the cause of the malformation.

The bilateral symmetry of the abnormality suggests a systemic cause - a hema-
togenous spread of infection to the temporomandibular joints or a polyarthritic colla-
genous disease.

No primary sites of inflammation were found in the incomplete skeleton under exa-
mination. Among the systemic collagenous diseases juvenile rheumatoid arthritis is
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known to affect the temporomandibular joints with a frequency varying from 14% to
65% according to various surveys (Bache, ’64; Schénberger, '67; Georgot et al.,
’75). When the temporomandibular joints are attacked early in childhood, micro-
gnathia is often the end result (Bjork, ®62). The temporomandibular joints may be
among the first joints to be attacked (Ronning et al., °74) and micrognathia has
been observed in different series with a frequency varying from 4% to 30%
(Sairanen, ’64),

In juvenile rheumatoid arthritis involvement of the cervical spine was noted in
70% of the cases and confirmed radiologically in 54% by Barkin (’ 52). In other series
the involvement of the cervical spine occurred in 27% to 47% of the children (Laak-
sonen, ’66). Secondary osteo-arthritis is a comparatively common phenomenon in
children and juvenile patients. It is found in particular in active and weight-bearing
joints (Laaksonen, ’66),

The mandibular micrognathia and the arthritic changes of the temporomandibular
joints and in the cervical spine are interrelated and compatible with the diagnosis:
juvenile rheumatoid arthritis.
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TABLE 1.

Measurements of the cranium No. 110/63.

Cranial length /g-op/ 170
cranial breadth /eu-eu/ 142
bregmatic height /ba-b/ 140
minimum frontal breadth /ft-ft/ 95
upper facial height /n-pr/ 71
total facial height /n-gn/ 127
bizygomatic breadth /zy-zy/ 1227
zygomaxillar breadth /zm-zm/ 87
nasal height /n-ns/ 53
nasal breadth 22
orbital breadth /mf-ek/ 39
orbital height 31
biauricular breadth /au-au/ 119
frontal length /n-b/ 109
parietal length /b-1/ 107
sagital arc /g-op/ 271
frontal arc /n-b/ 125
parietal arc /b-1/ 120
transversal arc /au-au/ 302
cranial index 83,56
height-length index 82,3
height-breadth index 98,6
fronto-parietal index 66,9
upper-facial Kolm. ind. 63,1
upper-facial Virch. ind. 88,5
total facial ind. 104,1
nasal index 41,5
orbital index 79,5
sagittal globulling index. 159, 4
frontal " 1" 114,17
parietal " " 112,1

transversal? " 253,8
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TABLE 2.

Mesiodistal diameters of maxillary and mandibular teeth in cranium 110/63
and in Medieval Danes

Tooth Cranium Medieval Danes

110/63 X s n sex
. T
¢ s Emoemomoow
: TR
A es oimooomoomow
SO TR - B A
W es gmo omom oo
W es E omow
I 5.5 525 oz 2 ¥
I 5.9 6.12 0.42 16 M
2 : 5.76 0.32 45 F
o 6.2 -
2 = G630 oi T
P, . cei 0 s ¥
g 10.6 et o ¥

In cranium 110/63 the teeth from the right side of the jaws were measured whenever

possible.
The Danish teeth were measured by D. Lunt (Tables XX and XXI, ’69).
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TABLE 3.

Buccolingual diameters of maxillary and mandibular teeth in cranium 110/63 and in
Medieval Danes

Tooth Cranium Medieval Danes
110/63 % s n sex

1 - 7.33 0.42 40 M
' 6.92 0.38 76 F
2 6.7 6. 46 0,43 43 M
: 6. 09 0.42 83 F
8. 47 0.52 62 M
¢ 8.9 8. 00 0.48 102 F
1 8. 99 0.52 81 M
P 8.9 8.68 0.50 118 F
2 , 9.16 0.55 84 M
P 9.25 8.77 0.54 111 F
2 11,29 0.72 94 M
M 11.4 10. 92 0.66 112 ¥
3 10.63 0.77 95 M
M 10.5 10.14 0.84 79 F
5.96 0.34 8 M
I 5.8 5.71 0.29 23 ¥
. 61 6.38 0.42 9 M
2 . 6.15 0.39 37 F
7.87 0.48 34 M
c 7.8 7.34 0. 47 74 F
7.62 0.45 63 M
Py 7.9 7.33 0.41 95 F
8.15 0.50 69 M
Py 8.4 7.84 0.42 95 ¥
9.76 0.73 74 M
M, 9.85 9.33 0.53 75 F

In cranium 110/63 the teeth from the right side of the jaws were measured, except M2
and Il, where the left-sided teeth were measured.
The Danish teeth were measured by D. Lunt (Tables XXITand XXIII, *69).




TABLE 4,

Tooth Root Length
Cranium Recent American Whites
110/63 X range
Lt 17.1 12.0 8.0 - 16.0
LI, 21.6 173 11.0 - 20.5
RM? 15.5 13.2 10.0 - 16.0
RI, 15.0 11.8 9.0 - 16.0
RI, 17.0 12,7 11.0-17.0
RC 18.8 15.3  11.0-21.0
RP, 17.3 14.0  11.0 - 18.0
RP, 16.7 14.4  11.5-17.5

Root lengths of selected teeth from the Polish skull compared with root lengths
of recent American Whites published by Black (1902).
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Some morphological observations on unerupted
human deciduous molars

P. M. BUTLER
OSS The occlusal morphology of human teeth is greatly influenced by enamel thickness. The dentin
surface exhibits conservative features present on the more thinly enamelled crowns of the
(’& lower primates. This study reveals unsuspected details of crown morphology which are seen

on developing teeth dissected out of fetuses. This paper is concerned with the deciduous mo-
lars, especially the first deciduous molars. The first deciduous molars are of special interest
because they differ taxonomically in their degree of molarization and have important phyloge-
netic implications.

The following aspects are described for m! and m2. (1) basal outline and apical foramina;
(2) the ectoloph; (3) mesial fovea and mesial marginal ridge; (4) distal marginal ridge and
oblique ridge. The following aspects are described for my and my: (1) basal outline and
apical foramina; (2) protoconid and mesial marginal ridge; (3) metaconid and trigonid basin;
(4) talonid. Molarization of all the deciduous molars is considered as well as the Delta varia-
tion.

ToymuHa 2Manu OKaSHBAET CHIILHOE BIIHAHHE HA OKKJMO3HOHHYW MODOOIOTHIO
YeJIOBEUECKHX 3YG0B. INOBEPXHOCTH NEHTUHA OBHAPYXHBAET YCTAHOBHBHHECS
UepTH, OTMeYaeMHe y 0ojilee TOHKO MOKPHTHX SMalibll KOPOHOK HH3WMX MpUMa-
TOB. llaHHOe HCCe[fOBAHWEe BHABIAET HEOKHMIAHHHE NeTasli MOPPOJIOTHH KODPOH—
KH, KOTOpHE HaGJONalNTCA ¥y PAa3BHBAWIUXCH 3YGO0B B NMepHOI YTPOGHON XH3HM.
CraTbsa NOCBAMWEHa GOJIBLHM KOPEHHHM MOJIOYHEM 3y6aM, B OCOBEHHOCTH, nep-
BEIM OOJIBUIHM KOPEHHHM 3y6aM. 3TH 3Y6H BHIHBAWT OCOBHH HHTEepec, IOCKOJNb-
Ky OHH OTJIMYAWTCA TAKCOHOMHYECKH IO OTHOWEHUK K CTerneH# (GOPMHDOBAHHSA
NMOCTOAHHHX 3Y50OB M HMEWT BaXHOEe OQHIIOreHeTHYECKOe 3HadeHHe.

Cnenywomye acnexTw onucadn mns ml u m? : 1/ GasanbHoe ouepTaHue H
BEpXylleuHOe OTBEPCTHE KOPHA 3y6a; 2/ akTonod; 3/ MemuanbHas HOMOCTE U
MenuanbHas KpaeBas ckiagka; 4/ ImucranbHas KpaeBas CKIAnKa H Kocas
Ccknanka. Criedyiomye acrneKkTH ONMUCAHH IONS M, H m, : 1/ GasanbpHOe OYepTa-
HHE H BepXyWeduHoe OTBEepPCTHEe KOPHA 3y6a; ~2/ nPOTOKOHMI M MemuarnbHas
KpaeBsas Cknamka; 3/ MeTaxOHMI ¥ TPHTOHANbHAS BHABJIEHHOCTH; 4/ TasOHHL.

PaccMarpuBaeTcs GOpMMPOBAHHNE KOpEeHHHX 3y60B, a Takxe - [lenbTa Ba-=
pHaluy.

P.M.Butler, Department of Zoology, Royal Holloway College. Egham. Surveu, England.

Vol. 6, pp. 23-38, Lund, ISSN 0345-8865.

Introduction

The morphology of human teeth is greatly influenced by the thickness of their enamel,
which masks many ofthe finer details of crown structure. The sharp cusps and open
valleys of the dentin surface are represented on the enamel surface by low, rounded
cusps, separated by narrow grooves or fissures. The dentin surface thus shows con-
servative features present on the more thinly enamelled crowns of lower primates
(Korenhof, 1960, 1961). Studies of developing teeth dissected out of fetuses revealed
unsuspected details, such as the presence of minor cusps that are not visible on the
completed crowns (Jordan, 1962; Kraus, 1963; Kraus and Jordan, 1965).

This paper is concerned with the crown patterns of the deciduous molars, and es-
pecially the first deciduous molars (referred to as m+ and my). The deciduous molars
may be regarded as the anterior members of the molar tooth district (Dahlberg, 1950).
m~ and mj,standing in the most anterior position, are particularly variable, like the
third permanent molars at the posterior end of the series. From a phylogenetic point
of view, the first deciduous molars are of interest because they differ taxonomically
in their degree of molarization. They are molariform in cercopithecids and australo-
pithecines and relatively simple in pongids, while in modern man their molarization
is variable (von Koenigswald, 1942; Broom, 1947; Jdrgensen, 1956).
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It therefore seemed desirable to make a study of the variation of the deciduous
molars within a human population. For this purpose I obtained, through the generosity
of Dr. M.V. Stack, a collection of calcified tooth caps of infants aged 0-19 weeks
from Bristol, England. All are of white race2 The collection contains associated m
and m; from 57 individuals; in 25 of these m? is preserved and in 23 also my. In ad-
dition there are 34 examples of associated m! and m, from which the enamel has
been removed by a soft burr to show the shape of the dentin cap. During a visit to the
United States in 1965-6 I was able to study the large collection of prenatal tooth germs
made by the late Dr. B.S. Kraus and preserved in the Cleit Palate Center at the Uni~
versity of Pittsburgh. Only specimens in which caleification had begun on at least one
cusp are used in the present investigation: 68 examples of ml, 46 of m2, 82 of my
and 58 of my. This collection, obtained from a wide area in the United States, is not
racially homogeneous, but it is predominantly of white race.

The method adopted was to compare the two deciduous molars of each jaw, thus
using the second molars to interpret the first, Developmental stages seen in the pre-
natal collection were of much value in understanding the final pattern. For ease of
comparison, camera lucida drawings were made of all the specimens studied. In the
crown views illustrated in this paper, the tips of cusps are conventionally indicated
by small circles, ridges by solid lines and grooves by broken lines. When teeth are
incompletely calcified, the area of calcification is shaded. Except in fig. 8, where
teeth from both sides are drawn, the mesial side is to the left and the buccal side is
above.

Comparison of ml with mg

(i) Basal outline and apical foramina (Fig. 1A). m? is smaller than m2 both in length
and in width, but it is more reduced in length than in width. On both teeth the mesial
marginal ridge overhangs the base, causing a projection of the outline, Both teeth are
narrower distally than mesially, but the distal edge is proportionately more reduced
on m} than on m2, The mesiobuccal corner of m! is more acute in most specimens of
ml owing to the development of the tuberculum molare. The lingual margin of
ml is usually evenly rounded, but in specimens in which the hypocone is best developed
the margin is somewhat flattened, though not as much as is normally the case on m=.

In 32/60 (53%) of the prenatal American specimens of ml the distal interradicular
tongue of Hertwig’ s sheath was very short or absent, so that the lingual and distobuc~
cal primary apical foramina were united. In m? the proportion was much less: 5/42
(12%). According to Jgrgensen (1956), in modern Panes the lingual and distobuccal
roots are united more frequently: about 73% on m~ and about 59% on m2. Possibly the
presence of the interradicular tongue does not prevent root fusion, or alternatively
there may be a population difference. A right m? in the Kraus collection is abnormal
in that the lingual part of the tooth is extended mesiodistally and there are two lingual
apical foramina; the buccolingual diameter is reduced. Unfortunately the other teeth
of this individual have not been preserved.

(ii) Ectoloph. The structure of the ectoloph (the longitudinal buccal ridge bearing
the paracone and metacone) was studied in the American prenatal material.

On m?2 (fig. 2A) the mesial end of the ectoloph was occupied by the parastyle, which
rose to form a distinct cusp in 18/36 (50%) cases. Between the parastyle and the para-
cone the mesial paracone ridge was elevated to form a convex shoulder in 11/36 (31%)
cases, and in 3 (8%) it rose above the horizontal to form a small cusp. The distal ridge
of the paracone nearly always formed a shoulder, and a cusp in this position was more
frequent: 8/36 (25%). The mesial ridge of the metacone also frequently formed a shoul-
der but in only one case did it rise beyond the horizontal. Distal to the metacone, where
the ectoloph turned to form the distal marginal ridge, a metastyle was present in 5 /26
(14%) cases. The postnatal material from Bristol showed similar variations, but be-
cause of the presence of enamel the minor cusps were less apparent. However, these
small cusps could be recognized as pits in the internal surface of the thin dentin caps.
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Fig. 1. Basal views of deciduous molars to show primary apical foramina. Overhang
of crown over base shaded. A, m! and m2. B, m; and mg. C, Delta
variant of my.

Out of 25 specimens, the parastyle was present in 11 (44%), the cusp on the mesial
paracone ridge in 1 (4%), the cusp on the distal paracone ridge in 10 (40%), and the
metastyle in 3 (12%).

The mesial part of the ectoloph (paracone +2parastyle ) of ml is about equal in me-
siodistal length to the corresponding part of m<: in 23 Bristol individuals the ratio of
m! /m2 averaged 1.07, and ranged 0, 9-1.2. The distal part (metacone + metastyle)
of m! is however much reduced (mean ratio 0.60). In the Bristol specimens from
which the enamel had been removed the parastyle was present in 17/34 (50%), the me-
sial paracone ridge formed a shoulder in 15/34 (44%), and the shoulder rose above the
horizontal to form a cusp in 2/34 (6%). Of the enamel-covered specimens 24/50 (48%)
showed the parastyle. Thus the variations of the ectoloph mesial to the paracone do
not appear to differ significantly in frequency between m! and m2.

One specimen from Bristol is abnormal in that the parastylar region is unusually
prominent in a mesial direction. The cusp on the mesial shoulder of the paracone is
large in this specimen. Both right and left mt show these characters, but m2, mq
and mo from the same individual are normal.

Distal to the paracone three cusps can develop on ml : (1) a cusp on the distal para-
cone ridge, corresponding to that which frequently occurs on m2, (2) the metacone and
(3) the metastyle. Cusp (1) arises early in ontogeny, before calcification appears on
the paracone. Jordan (1962) called it the distal parastyle, a name not altogether satis-
factory as one thinks of the parastyle as a mesial cuspule; I propose to refer to it as
the distal paracone shoulder cusp. Though it probably begins to calcify from a separate
center, it rapidly becomes incorporated in the calcified area that spreads down from
the paracone. The metacone arises more distally and is divided from the paracone by
a deeper valley, so that it remains for a longer time as an independent area of calci-
fication. The metastyle develops on the distal shoulder of the metacone and is only
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Fig. 2. Ectoloph of upper deci-
duous molars.

A, two variants of m? (pre?atal)
B, prenatal examples of m

a snmlar stage of developrnent to A
C, postnatal specimens of m* with
enamel removed, to show varia-
tions of the region distal to the
paracone.

1, parastyle;

2, distal paracone shoulder cusp;
3, metastyle;

ME, metacone.

On the C the metacone is marked
with a spot.

present when that cusp is relatively large. Often only two of these cusps are present
and it is sometimes difficult to decide which is missing. A large distal shoulder cusp
followed by a small metacone can easily be confused with a large metacone followed

by a metastyle. Discrimination between these two conditions was based principally

on the assumption that the valley mesial to the metacone is deeper than the valley
between the metacone and metastyle, or that between the paracone and the distal shoul-
der cusp. In a few cases the presence of a strongly developed metastyle on mZ was
taken as evidence that the metastyle was present on m! of the same individual.

On this basis the Bristol material was classified as follows:- (fig. 2C)

(a) Metacone small, its mesiodistal length not more than 1/3 of the length of the para-
cone + parastyle; distal paracone shoulder cusp higher than the metacone; metastylar
shoulder absent.

(b) As in (a), but the shoulder cusp small, or represented only by the shoulder.

(¢) As in (a), but distal paracone shoulder absent.

(d) Metacone larger, its length 40% or more of the length of the paracone + parastyle;
paracone shoulder present; metastyle usually present, sometimes developing a cusp.
(e) As in (d), but paracone shoulder absent.

The enamel-freed dentin caps (N=34) divided thus: (a) 6 (18%), (b) 5 (15%), (c) 6
(18%), (d) 6 (18%), (e) 11 (32%). When classifying the enamel-covered caps the state
of the cusps was checked by examination of the internal surface of the dentin. This
collection (N=47) divided as follows: (a) 8(17%), (b) 7(15%), (c) 3 (6%), (d) 15 (32%),
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Fig. 3. A, Crown view of m? showing the most frequently occurring cusps. PA, para-
cone; ME, metacone; PR, protocone; HY, hypocone; 1, parastyle; 2, distal
paracone shoulder cusp; 3, metastyle; 4 and 5, mesial marginal ridge cuspules;
6, paraconule; 7, foveal cuspule; 8, Carabelli’s cusp; 9, metaconule.

B, Mesial views of m2 and m!, Labelling as A.
C, dm% of Plesiadapis gidleyi, compared with human m! with hypocone
region of type (c). Labelling as A except ML, metaconule, PL, paraconule,

(e) 14 (30%). The difference between the two results in (c) and (d) may be ascribed to
difficulty in determining the boundary between the paracone and the metacone in the
enamel-free teeth, combined with difficulty in judging the development of the paracone
shoulder in the enamel-covered teeth.

In three specimens the metacone was represented by two cusps of equal height, placed
closely together,

(iii) Mesial fovea and mesial marginal ridge (Fig. 3). On m? some small cusps de-
velop along the mesial marginal ridge, as described by Kraus (1963). They appear
shortly before calcification spreads to the ridge, and for a short time they calcify se-
parately. Study of specimens in the Kraus collection showed that there are normally
two cuspules between the parastyle and the point where the marginal ridge is crossed
by the main mesiodistal groove of the tooth. Beyond this point, a third cuspule arises
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where the mesial ridge of the protocone meets the mesiolingual (Carabelli) cingulum;
this cuspule is the paraconule (= protoconule). On the enamel~covered teeth all these
cuspules could be seen as minor elevations of the enamel surface.

Distal to the marginal ridge there usually develops another small cusp. which for
a short time calcifies separately until it becomes joined with the paracone. I will re-
fer to it as the foveal cuspule. It is usually connected by short ridge to the marginal
cuspule that stands nearest to the parastyle, and lingually it extends as a ridge to-
wards the paraconule. With the development of enamel, the foveal cuspule becomes
the ""drop-shaped swelling' of Jgrgensen (1956:128). The valley between the foveal
cuspule and the marginal ridge is the mesial fovea. Frequently the foveal cuspule
fails to join the paraconule, and then the mesial fovea opens into the trigon basin.

On m! the mesial marginal ridge is strongly developed, and in about half the speci-
mens it develops one cuspule lingual tothe parastyle. This cuspule stands at the lingual
end of the ridge, immediately buccal to the mesial end of the main longitudinal groove.
It corresponds to the more lingual of the two cuspules that stand on the marginal ridge
of m2. The paraconule is represented on ml only by a shoulder on the mesial ridge of
the protocone. The foveal cuspule is present on about half of the Bristol specimens,
but it is frequently very small, and the American prenatal material showed that it does
not caleify independently of the paracone. In a few cases the foveal cuspule is connected
across the main mesiodistal groove to the mesial ridge of the protocone. On the inter-
nal dentin surface the foveal cuspule of m* is represented by a groove, showing that it
is a feature of the enamel-dentin junction and not merely a localized enamel thickening.

On ml a groove in the enamel of the lingual surface marks off the rudimentary para-
conule from the protocone, and in some cases a rounded ridge on the lingual side of
the paraconule swells at the base to form the rudimentary equivalent of Carabelli’ s
cusp.

(iv) Distal marginal ridge and oblique ridge. In some cases the oblique ridge of
m2 runs directly from the protocone to the metacone, but more usually it meets the
distal ridge of the protocone at a point distal to the tip of the protocone (Fig. 3A). At
the junction of the two ridges a cusp sometimes develops: this is the metaconule. The
oblique ridge is usually continuous, but in some cases it is crossed by a faint groove
in the enamel, continuous with the main longitudinal groove of the tooth. The hypocone
is connected by its mesial ridge to the distal ridge of the protocone, the junction taking
place at the position of the metaconule. The mesial ridge of the hypocone varies in
prominence; when it is weak the hypocone is separated from the protocone by a groove
that opens into the distal fovea. The distal marginal ridge connects the hypocone with
the distal ridge of the metacone. The distal fovea, which lies between the distal ridge
and the oblique ridge, is partly broken up in about 20% of the specimens by short rid-
ges that branch off from the distal side of the oblique ridge.

The distal part of ml is reduced in comparison with m2 and much more variable in
structure (Fig. 4). The oblique ridge runs in a transverse direction. It is continuous
in only 7/48 (15%) of the enamel-covered Bristol specimens: usually it is divided into
buccal and lingual parts by the main longitudinal groove, but in 9/48 (19%) its buccal or
lingual portions or both are absent. The hypocone is developed as a definite cusp in
11/48 (23%) of the Bristol specimens and in 17/68 (25%) of the prenatal American
specimens.

There is considerable variation in the arrangement of ridges on the distolingual
part of ml, The specimens can be classified in four groups (Fig. 4):

(2) In the most molariform specimens of ml the hypocone stands directly distal to
the protocone, to which it is connected by a ridge of variable strength; in some cases
the ridge is weak and the cusps are separated by a groove.

(b) The distal protocone ridge runs directly distal to meet the edge of the crown in
the position of the hypocone, but that cusp is not developed.

(c) The distal protocone ridge curves buccally, and the hypocone is represented by

a short ridge or a swelling to the lingual side of the distal protocone ridge.

(d) No trace of the hypocone can be made out, the distal protocone ridge passing
smoothly into the distal marginal ridge.
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Fig. 4., Variations of the distolingual region of ml,

The 48 Bristol specimens divided thus: (a) 11 (28%), (b) 17.5 (36%), (c) 16.5 (34%),
(d) 4 (8%). (One specimen different on the two sides, the right tooth in group (b) and
the left in group (c).)

Only in groups (a) and (b) is the distal marginal ridge continuous up to the distolin-
gual corner of the crown; in groups (c) and (d) it is diverted towards the protocone
(actually towards the position of the metaconule), and the hypocone rudiment in group
(c) is marked off from it by a groove. Teeth of group (¢c) resemble primitive tribo-
sphenic molars in which a ridge from the metaconule passes along the distal margin
and the hypocone is represented by a distolingual cingulum (Fig. 3C).

In only 2/48 (4%) of the Bristol specimens does the buccal end of the oblique ridge
join the metacone directly; in nearly all it points more distally, and in some cases it
joins the distal marginal ridge. This connection may represent a ridge branching dis-
tally from the oblique ridge on m2. Jgrgensen (1956:149-50) referred to the buccal
portion of the oblique ridge of m! as a '"drop-like enamel formation', but it is repre-
sented in the enamel-dentin junction. He rightly rejected the view of Jones (1947) that
it is homologous with the metaconule.

On 7/48 (15%) of the Bristol specimens (one on the left side only) the main longitu-
dinal groove is interrupted by a transverse ridge between the bases of the protocone
and the paracone (Fig. 4B). In two of these cases the oblique ridge is absent. On one
specimen a ridge branches from the mesial side of the oblique ridge near its lingual
end and crosses the basin towards the metacone,
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Comparison of m; with mg

(i) Basal outline and apical foramina. (Fig. 1B). my is smaller than my, especially
in buccolingual width, It is widest across the mesial part of the crown, at the level of
the protoconid, whereas my is widest near the middle, across the hypoconid. In pre-
natal specimens of m; the primary apical foramen for the mesial root is somewhat
greater in buccolingual diameter than that for the distal root; whereas on mg the two
primary apical foramina are equal or the distal one is slightly the larger. The mesio-
buccal corner of the outline of my is more prominent than the mesiolingual corner,
due to the development of the tuberculum molare, but on m, the mesial border
of the crown is evenly rounded. On the other hand, the distobuccal corner is more
prominent on m, than on my owing to the greater development of the hypoconulid.

ni, sometimés departs markedly from its normal shape to produce the so-called
Delta~form (Jgrgensen, 1956). It is proportionately broader, approaching a triangle
in outline, and the distal apical foramen is extended lingually (Fig. 1C). According
to Jgrgensen, a third root may be present. This variation, which does not occur in m2,
is described in a separate section.

(ii) Protoconid and mesial marginal ridge. The protoconid of m; is longer mesio-
distally than on my (mean ratio 1,22, range in 18 comparisons 1.1~1.4). The difference
is mainly due to the greater length of the mesial protoconid ridge. This continues lin-
gually to form the mesial marginal ridge as far as the base of the metaconid. On mg
a cuspule may develop on the marginal ridge (Fig. 5A, B). It was found in about one-
third of the older prenatal specimens in the Kraus collection. It occurs also on the
first permanent molar, and it is represented on some specimens of mj by an elevation
at the mesial end of the mesial protoconid ridge. This cuspule is very probably the
paraconid.

On my and mo the distal ridge of the protoconid nearly always develops a shoulder.
On 15% of the enamel-free caps from Bristol the profile rises above the horizontal to
form a small cusp, like the distal paracone shoulder cusp of mt. This cusp was not ob-
served on mgy (Fig. 5C, D).

(iii) Metaconid and trigonid basin, The metaconid of m; is situated closer to the
protoconid and in a more distal position than on mg. As the trigonid becomes more mo-
lariform, the metaconid comes to occupy a more mesial position, and the angle between
the mesial protoconid ridge and a line drawn through the tips of the protoconid and me-
taconid (the trigonid angle) becomes less obtuse (Fig. 7). The distal ridge of the meta-
conid develops a shoulder in nearly all specimens of ma, and in 14/38 (37%) of the pre-
natal specimens in the Kraus collection the profile rises above the horizontal to form a
cusp (Fig. 5F). This cusp is the metastylid (cusp 7). The shoulder is present in about
half the specimens of m, but the cusp is rarely developed: it was seen on one prenatal
specimen and on one of the Bristol teeth.

On m, a buccal ridge on the metaconid may join a lingual ridge on the protoconid,
but both ridges fall steeply and their connection lies at a very low level, below that of
the mesial marginal ridge. Together, the ridges are equivalent to the distal trigonid
ridge that separates the trigonid and talonid basins (Fig. 6): In 10/17 specimens from
Bristol the ridges do not meet, but end blindly, and the two basins are in communica-
tion. In 5 of these cases the metaconid ridge points not towards the protoconid but more
distally, in one specimen ending opposite a lingual ridge on the distal shoulder of the
protoconid. On mj the groove between the protoconid and the metaconid is interrupted
by a ridge in 29/47 (62%) cases, and in all cases the groove lies at a much higher level
than the mesial marginal ridge. This difference is reflected in the mode of calcification
of the trigonid: on moy the calcified area of the metaconid unites with that of the proto-
conid first along the mesial marginal ridge, whereas on mj the junction between the
two cusps is made directly, along the protoconid-metaconid ridge.

(iv) Talonid. On m, the length of the talonid, measured from the groove between
the protoconid and the hypoconid, is about 60% of the length of the tooth, On mq the
talonid is much smaller: on the most molarized examples the proportion is about 45%
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Fig. 5. A, Prenatal specimen of mg showing paraconid (p). B, the same, mesial
view. C, Prenatal specimen of mgy, buccal view. D, postnatal speci-
mens of m; with enamel removed, buccal view. One has a cusp (s) on
the distal shoulder of the protoconid. E - H, prenatal specimens at a
similar stage of development. E, my with metastylid (m). F, my with
metastylid shoulder; hypoconulid absent. G, H, variations in the deve-
lopment of the hypoconulid.

and it may be as small as 31%. The talonid of mg normally bears three cusps, hypo-
conid and hypoconulid buccally and entoconid lingually, but an additional distolingual
cusp (cusp 6) is present in 3/33 (9%) of the prenatal specimens and 2/15 (13%) of the
Bristol specimens.

The talonid cusps of m; show more variation, particularly in the development of
the hypoconulid. In a sample of 54 prenatal specimens in the Kraus collection the
hypoconulid was absent in 10 (18%); situated very close to the tip of the hypoconid,
which appeared to be twinned,in 5 (9%); distinct, but much nearer the hypoconid than
the entoconid, in 22 (41%); and nearly equidistant between the hypoconid and the ento-
conid in 17 (31%). In the Bristol material the hypoconulid is absent on at least one
side of the mouth in 7/50 (14%); the distal marginal ridge is marked off from the hypo-
conid by a groove (Fig. TA). Two specimens show a slight elevation of the marginal
ridge on one side of the mouth, representing a rudimentary hypoconulid. In 4/50 (8%)
cases the hypoconulid is closely twinned with the hypoconid, so that there appears to
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Fig. 6. Examples of mg to show variations in the development of the distal trigonid
ridge. One specimen has cusp 6.

Fig. 7. Variations of the talonid of my. X, additional cusp, lingual to the hypoconulid.
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be a single distobuccal cusp, divided by an enamel groove at the tip (Fig. 7B).

Jgrgensen (1956) questioned whether the twinned hypoconulid of m; is homologous
with the hypoconulid of mg. Specimens of m, in the Kraus collection of 21-23 weeks
fetal age already show a difference in the development of the hypoconulid. In some
the hypoconulid and hypoconid are of equal height and calcify at the same time, soon
becoming joined (Fig. 5H); in others the hypoconulid is smaller than the hypoconid and
it calcifies later (Fig. 5G), as it always does on my. In a few cases the hypoconulid
appears to be duplicated. Thus two specimens (fetal ages 26 and 31 weeks) have two
cusps distal to the hypoconid, both well-separated from that cusp and not as high.

One Bristol specimen (Fig. 7E) shows this structure on the right side of the mouth but
not on the left. A Negro fetus aged 24 weeks has a doub le~-tipped hypoconid, followed
by a lower, uncalcified hypoconulid; my of the same individual is abnormal in having
a double-tipped hypoconulid. A specimeén aged 35 weeks has three small cusps between
the hypoconid and the entoconid. None of these cases provides convincing evidence
that the two sorts of hypoconulid, itlustrated in Figs. 5G and 5H, represent different
cusps; they are better regarded as variations in the development of the same cusp,
which corresponds to the hypoconulid of ms.

The entoconid of m; varies considerably in size, often differing on the two sides of
the mouth. Among the Bristol specimens, in 3/50 cases (6%) the entoconid is absent
or extremely rudimentary. In 2 cases (4%) cusp 6 is present (Fig. 7F). Of the prenatal
specimens, cusp 6 occurs in 6/54 (11%), and in one the entoconid is twinned.

Owing to their smaller size, the talonid cusps of m; are simpler in form than those
of my. The mesial ridge of the hypoconid forms a shoulder in about 40% of the speci-
mens of my but only in about 10% of my. On the entoconid there is a mesial shoulder
in about 85% of mo and about 20% of mi. A distal shoulder is present in about 50% of
mo and 10% of mq. Ridges from the cusps and their shoulders pass down into the ta-
lonid basin, at the bottom of which are a number of minor elevations. These features
of the interior of the hasin are reflected on the internal surface of the dentin cap when
this is thin, showing that they involve the dentin-enamel junction and are not merely
localized thickenings of enamel. On both the deciduous molars the entoconid is the
last cusp to remain independent as a calcified area. The last part of the talonid basin
to calcify is situated opposite the groove between the metaconid and the entoconid,
somewhat to the lingual side of the midline of the tooth.

Molarization

The two deciduous molars of each jaw can be compared in considerable detail, By
changing the relative development of the parts, the pattern of one tooth can easily be
conceived as transformable into the pattern of the other, Moreover, variations of the
second molars are repeated on the first molars, sometimes with similar frequency
(e.g. parastyle, cusp 6), or sometimes with a different frequency (e.g. metastylid).
The morphogenetic processss involved in the development of the two deciduous molars
must be essentially similar,

Compared with m#, ml is most reduced at the distal end (metacone and hypocone
regions) and least reduced, or even enlarged, in the mesiobuccal (paracone) region,
Likewise, m; has a smaller talonid and a larger protoconid than m.. Much of the va-
riation of the first deciduous molars is towards or away from the pattern of the second
deciduous molars. Thus on m’ the metacone may be larger or smaller, and the hypo-
cone may be present as a cusp or it may be rudimentary or absent; on my the talonid
may be longer or shorter, with larger or smaller hypoconulid, and the trigonid may
be shorter and more transversally developed or elongate with a distally placed meta~-
conid. Thus the difference between the two deciduous molars is to an extent bridged
by their variations. In mammals generally it is a common phenomenon that teeth tend
to vary and evolve so as to become more or less like adjacent teeth. To explain this
it was postulated (Butler, 1937, 1963) that there exists in the jaw of the embryo a
morphogenetic gradient or 'field" which controls the development of the teeth. Varia-
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tions in the mesial extent of the molar region of the field, for example, would lead to
the first deciduous molars coming to a variable degree under its influence, and so
varying in their degree of molarization.

If this were so it would be expected that those distal parts of ml and my which dif-
ferentiate them most from the second deciduous molars would vary correlatively, as
all would be affected by the same field. Inspection of the teeth shows, however, that
the metacone, hypocone and talonid to a large extent vary independently: for example,
a relatively molarized hypocone is associated in some individuals with a small meta-
cone or with a small talonid. A 2 x 2 test was made, in which the metacones were di-
vided into more molarized (types d and e) and less molarized (types a, b and ¢), and
the hypocones into more molarized (types a and b) and less molarized types ¢ and d).
The association was significant only at the 10% level (chi2 = 2.76). Nevertheless, in
the cases both of the metacone and the hypocone, the higher level of molarization is
associated with a greater average talonid development on the lower tooth (Table 1).
The correlation coeffient of metacone length with talonid length was also calculated:
it was found to be weak (r= 0.34) but significant at the 5% level.

TABLE 1.
metacone
a+b+c d +e
hypocone
a+b 7.5 18 9
c+d 10 8.5 chi = 2.76

talonid length / total length, my

N mean S. D. t
metacone, mt
a+b+ec 17 0.372 0.056 9. 81
d+e 26 0.413 0.032 :
hypocone, ml
a+b 25 0.411 0.039 2 73
c+d 19 0.370 0.060 '

In a study of molarization of the deciduous molars in the order Perissodactyla
(Butler, 1952) it was found that the teeth evolved as if they were a mosaic of a number
of parts which molarized at different times and at different rates. Thus the talonid
could become molariform before the trigonid, and the hypocone could be better deve-
loped than the protocone. It was suggested that the cusps might differ in their sensiti-
vity to the molarization gradient, i.e. in the threshold level of the gradient at which
they make their appearance. A similar idea was put forward by Dahlberg (1948, 1950,
1971). The genes responsible for dental traits differ, not only in the frequency with
which they affect any one tooth but in the range of teeth in which they find expression.
Under the action of modifiers a gene might extend its range forward, being able to
produce an effect lower in the molarization gradient. If the pattern of the teeth were
controlled by several genes which vary independently in their relation to the gradient,
the poor correlation between elements of the tooth during molarization might be ex-
plained.

Interaction between the parts of the developing tooth cannot however be left out of
account. Some evidence for this is provided by a negative correlation between the length
of the metacone and the length of the paracone + parastyle. In 55 specimens, r was
found to be -0.38, significant at the 1% level. Perhaps enlargement of the paracone
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Fig. 8. The Delta variation of m; . e’ and g~ are lingual views,

inhibits the development of the metacone. Mechanical factors may also play a part;
this is indicated by a consideration of the Delta variation of my, described below.

The Delta variation

Jdrgensen (1956:92-3) gave the following characteristics of a deviant form of my which
he called the A form: (1) the occlusal surface is broadly triangular, tapering to a
lingual point at the groove between the metaconid and entoconid; (2) the metaconid and
entoconid are closer together and sometimes united; (3) the hypoconid shows a tenden-
cy to buccal displacement, so that the groove separating it from the protoconid is deep-
ened; (4) there is a tendency for the variation to occur unilaterally. This form of my
occurred in 3.1% of the medieval Danish specimens studied by Jgrgensen.

In the Bristol collection 4/57 specimens (7%) conform to this definition; 3 are from
the right side and one from the left (Fig. 8 d, f, g, h). Two prenatal examples were
found in the Kraus collection. In one of these the right side is affected and the left side
is normal (e); in the other, both sides are moderately affected, the right more than

the left (c).
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In all cases the protoconid and the mesial marginal ridge are normal. In four cases
(e, f, g, h) the metaconid is reduced in height and the entoconid is enlarged, so that the
entoconid is higher than the metaconid. In the two least modified cases (c, d) the entoco-
nid is not enlarged and it stands as far away from the metaconid as on the contralateral
tooth; however, the talonid basin extends lingually between the two cusps, and the mar-
ginal ridge that connects them is bent in a lingual direction. In the remaining four cases
(e, f, g, h) the metaconid and entoconid are connected by a ridge directly, and the curved
ridge of the milder cases remains to form a cingulum ledge. The two cusps approach
each other in various degrees, the entoconid becoming displaced from the margin of the
crown to occupy a more central position. In the two most extreme cases (g, h) the meta-
conid appears as a minor cuspule on the mesial side of the entoconid. A constant fea-
ture of these teeth is a strong ridge running mesiobuccally from the entoconid. In one
specimen (d) the ridge runs towards the hypoconid, and in five it is connected to the
distal ridge of the protoconid. The hypoconid in the least modified case (c) is in a nor-
mal position, but it possesses a strong buccal ridge. In the remainder the cusp is dis~
placed buccally so that its buccal slope is more vertical than normal. Specimen c has
a normal, but small hypoconulid; in the other specimens this cusp is missing, unless
it is represented in g by a cuspule situated distal to the entoconid.

The contralateral teeth show abnormal features in some cases. The left my of the
least modified specimen (¢) is widened across the talonid as much as on the right side.
It also possesses a buccal ridge on the hypoconid, but there is no mesiobuccal ridge on
the entoconid. This last ridge is present on the contralateral teeth of £ and h: in { it is
connected to the hypoconid. Most of the contralateral teeth are broader than normal,
but not all.

Two cases were noticed which, though classified as normal, possessed some of the
characters of the Delta-form. In one of these (Fig 8 b) the entoconid on the right side
is connected to the base of the metaconid by a ridge which cuts the talonid basin in two;
the left tooth is normal. In a second case (a), on both sides, the talonid is widened and
the hypoconid is displaced buccally.

Jgrgensen (1956) suggested that the Delta-form of my might be produced by pressure
due to lack of space in the jaw during growth. Certainly these teeth have the appearance
of having been distorted by coming up against an obstruction at the distal end during
their growth, perhaps ms. The two prenatal specimens had already developed calcifi-
cation on all the cusps (fetal ages 29 and 30-31 weeks respectively), so they throw no
light on this question. The unilateral incidence of the abnormality and the absence of
similar modifications of the other teeth suggests a localized environmental cause. What-
ever this may be, it is interesting to note that it results in considerable changes in the
relative size and position of the cusps and the development of ridges. One prenatal spe-
cimen (e), in which the metaconid is reduced in size, has an abnormal calcification pat-
tern: the entoconid has joined with the protoconid and hypoconid while the metaconid is
still separate. Jdrgensen noted that the more advanced cases had three roots. If these
departures from the norm can be produced by an environmental factor such as pressure,
it may be safely assumed that also in normal development environmental factors play
a significant part.
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Age changes in facial morphology of an Alaskan
Eskimo population

ROBERT CEDERQUIST' AND ALBERT A. DAHLBERG?

OSSA
&

This investigation describes, cephalometrically, the craniofacial morphology of the Wain-
wright Eskimo population. The influence of sex and age was examined to help explain the adap-
tive significance of some of the characteristic morphological features of the Eskimo face.
Further, in order to find possible indicators of changes in functional adaptation, the contem-
porary Eskimo face was compared with those of two Eskimo skeletal populations, one of pre-
contact origin consisting of 55 skulls (data from Hylander, ’ 72, and one dated about 1860 A. D.
comprising 35 skulls (data from Dahlberg, ’68).

The Wainwright sample consisted of 188 individuals, 96 males and 92 females. Roentgeno-
graphic cephalograms were used for analysis. They were divided into five groups, based on
the age of the individual at the time of the examination. A digitizing system and a FORTRAN
1V program were employed for the calculation of linear and angular measurements, Significan-
ce tests were  performed for sexual dimorphism and for differences associated with age.

In the Wainwright population males exhibit more facial flatness than females, even though
flatness increases with age for both sexes. Anterior mandibular rotation and mandibular basal
prognathism increase with advancing age for both males and females, with concomitant reduc-
tion of apical base relation and dental overjet and closing of the gonial angle. No statistically
significant differences were detected in midfacial flatness between the Wainwright sample and
the skeletal material. The data from this study support the interpretation that midfacial flat-
ness is an adaptation to biomechanical demands. The pronounced and progressive uprighting
of the anterior dentition is also seen as an indicator of heavy mechanical function.

The anteroposterior dimension of the frontal sinus becomes progressively larger with age
in both males and females from Wainwright. When compared with the skeletal material from
Hudson Bay, the frontal sinus of the contemporary Eskimo is significantly larger. The Wain-
wright sample also has significantly more cranial base flexion. It is suggested that frontal
sinus form is a bifactorial consequence, where the determinants are neurocranial form and
biomechanical requirements in response to sinus function as space-framed structures (cf.
Badoux, ’66).

Keywords: Face, Eskimo, Age changes, Functional adaptation, Cephalometrics.

B uccnenosadHd uedaloMeTpPHUYECKH ONHcaHa MOpPQONOTHA JIMUEBOI'O yepena
2CKHMOCCKOI'O HaceJeHHs H3 oblacTy ¢uoppma BakupalT. BHJIIO H3YYEHO BIHA~
HHE MoJla H BO3pacTa C ULesibl OOBACHEHHS alalnTHBHOT'O 3HAYEHHS HEeKOTODHX
XapakTepHHX MOPPONIOrHYECKHX YepT 3CKHMOCCKOIO nuua. llanee, Wis TOro,
YTOOH HAKTH BO3MOXKHHE HHIUKATOPH H3MEHEHHN (YHKUHOHANBHON ajanTauHu,
CPaBHHBAJIM COBPEMEHHOE 3CKHMOCCKOEe JIHLO CO CKeJIeTHEMH HNaHHEMH IBYX

‘TPYNN 3CKHMOCCKOI'O HACEJEHHA. flepBas rpynna - paHHETrO MNPOHCXOXIEHHST -

cocroana u3s 55 uepenos /Xunaunmep, 72/, BTOpas, OATHPOBAHHAS MPUMEPHO
1860 r. u.3., Bkwuana 35 yepenos /pasHue Janwbepra, '68/.

O6pasen u3 BadHpakrTa BKimoYaeT 188 uHOUBHNOB, 96 MyKuMH ¥ 92 KeHWHH.
Ons adanusa OwJIM KHCHOJIB30BaHH DPeHTreHOIpaduueckue uedanorpammbel. OHHU
OHJIM pasnesieHn Ha IIATh TPYIN, OCHOBAHHHX Ha BO3pAaCTe HHIOWBHIOB H Bpe-
MEeHH NPOBOHUMOIO HCCHAeROBaHHA. CUeTHO-BHUHCAMTENbHAS MalWuHA H RporpaMm-
Ma OOPTPAH 1V OmiM NpUMeHEeHH L8 BHUHCAGHHSA JHHENHHX M YI'JIOBHX H3Mepe-—
HU#A. IIpoBOAMIJIM TECT CTATHCTHUECKOW BHAYHMMOCTH LA [IOJIOBOI'O HHMOPOHU3IMa
H IOJIA DPas3JIMuul, CBS3aHHBIX C BO3DacCTOM.

Y Myx4yHH ¥3 BaiHpalTa HabG/momawTcs 6o0jee YIUJIOMEeHHHe JIHIa, YEeM Yy XeH-—
WHMH, XOTA MJIOCKOJHUOCTE BO3pPacTaeT TaKKe C BO3pacTOM Yy OBOHX IOJOB.
NepenHas 4YeMoCTHas POTAHHA ¥ TNPOPHATH3M HIXKHEN deNwCTH BO3pacTawnT Mo
Mepe CTapeH#s XaxK Yy MYyXYKH, Tak M y XEeHWHH, Hapady ¢ CONYyTCTBYKWIHM
YMEHBIEHHEM anMKaJbHOTI'O CONMPHKOCHOBEHHS, NEePEeKPHBAHMA 3YGOB H 3aMHKAa~
HUSA YEJINCTHOI'O yrja.

He o6HapyXeHO CTATHCTHYECKH 3HAUMMEX PACXOKOEHUH Mexny IJIOCKOH -
LeBO# YacThi0 Y BalHpaWTCKOro ob6pa3na H CKeJIeTHOrO MaTrepuana. laHHHe
3TOI'0 HCCAENOBAHHUA NOILEPXKHBAWT IIPENNOJOXeHHEe, 4YTO YIJIOWEeHHOCTH JIHIA
SABJAETCH Pe3YJABTATOM MDPHCIIOCOBJIEHHS X BHOMEXaHHYeCKHM IOTPeBHOCTHAM.
PE@3KO BHPAXKSHHOE H Mporpeccupywpilee BepTHKaNbHOE NOJOXKeHHEe NepemHHX 3y-
60B Takxe pacCCMaTpMBaeTCH KaK [MOKa3aTeNp TAKENOH MeXaHHYECKOH QYHKIIMH.
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MpononpHue paspesd JIOGHON NasyxXxu NPOrpeCcCHBHO YBENUUHBAWTCSH ¢ BO3-~
pPacTOM Kak y MYXYHH, Tak ¥ Y XeHmuH U3 BadupahTa. I[I0 CpaBHEHHI0O CO CKe-—
NeTHEM MaTepHaJoM H3 I'yOCOH Bef, JyobBHas razyxa COBPeMEeHHHX 3CKHMOCOB
3HAUUTENbHO Gonbuie. BalHpPalTCKHN O6pasel] HMeeT TaKXe 3HauUTeJIbHO 60Jb—
uyw THBKOCTE OCHOBaHHa dYepena. lpepnonaraeTrcs, ¥To dopMmMa JIOBHOH Na3yXH

ABASETCA CJEeNCTBUEM BO3HENCTBHA IOBYX (akTOPOB, & HMEHHO, : GOPMH MO3—
TOBOI'O uYeperna ¥ GHOMEXaHHUECKHX MOTpeBHOCTelt B OTBeT Ha (QYHKLUHW Nasyxu
B KauvecTBe IPOCTPAHCTBEHHO NOCTPOEHHOH CTPYKTYPH.

KmoueBHe CroBa: JHUO, YCKHMOC, BO3PACTHHE H3IMEHEHHs, OYHKIUHOHANbLHASA
aganrTauxs, uedaJoMeTpHA.

lﬁobert Cederquist, Depariment of Orthodontics, School of Dentistry, Case Western
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Facial form is of considerable interest in studies of both living and skeletal human
populations. Numerous investigations of the craniofacial area have been conducted,
and these have resulted in a large volume of anthropometric information. Several po-
pulations have been studied, with repeated findings of significant differences in size
and shape of craniofacial structures. Many investigators have not extended their ef-
forts beyond the collection and tabulation of measurements, or metric data have been
used for comparative purposes to determine degree of variation in the attempt to de-
fine biologic distance between various populations.

Some emphasis has also been focused on the functional adaptation of craniofacial
morphological features, and on the identification of functional factors that may be of
significance for morphological adjustment. However, the number of investigations is
relatively few, e.g. Coon et al. (*50), Wolpoff (" 68), Steegman (’ 70, *72), Beals
(’72), Koertvelyessy {*72), Shea (' 77).

Similarly, the investigation and analysis of human facial growth, has yielded a
large amount of anthropometric data, either for clinical use in orthodontic or pediatric
practice, or for comparative analysis, by which population differences of growth
events have been established, with variation in differential growth pattern, timing,
and direction of growth vectors (Hellman, ’27; Conolly, ’28; Broadbent, ’37; Bjork,
> 47, * 50; Craven, * 58; Sarnis, *57; Brown et al.’71;Colby and Cleall, * 74), Efforts
have been made to explain adaptation of facial form to functionaldemands as a regulat-
ing mechanism for variation in growth patterns. Important contributions have been
made by Bolk (*23), Weidenreich (* 41), van der Klaauw (* 46), Moss (’62), Moss and
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Young (°60), Moss and Rankow {* 68), Moss and Salentijn (’70, 7 71), Linder-Aronson
(’70), Harvold et al. (*72, *73), McNamara (72).

The physical characteristics of Eskimo populations have attracted considerable
attention from physical anthropologists and comparative anatomists. In the cranio-
facial region the Eskimo exhibits many characteristic morphological features, e.g.
weakly developed brow ridges and small frontal sinuses, narrow and pinched nasal
bones, narrow nasal aperture, large orbits, wide and low mandibular ramus, large
bigonial width, and high frequency of gonial eversion and sagittal keel. The Eskimo
face also presents pronounced midfacial flatness, indicated by large naso-malar and
zygomaxillary angles (Oschinsky, *62, *64) and remarkably vertical zygomatic bones,
primarily due to anteriorly prominent zygomaxillary tuberosities. Eskimos are also
considered to be very long-headed (low cephalic index). However, cranial shape shows
great variation with, in general, dolichocephaly among eastern Eskimos (Greenland
and Labrador), while in Alaska, except in the northernmost part, cephalic index falls
within the mesocephalic range. South Alaskan and Siberian Eskimos even tend to be
brachycephalic.

The question of the adaptive significance of several of these features has not been
adeguately explained and is still a matter of considerable controversy.

This article is based on a study which describes, cephalometrically, the cranio-
facial skeletal morphology of the Wainwright Eskimo population. The influence of sex
and age was examined to help explain the adaptive significance of some of the charac-
teristic morphological features of the Eskimo face. Further, in order to find possible
indicators of changes in functional adaptation, the contemporary Eskimo face was
compared with those of two Eskimo skeletal populations, one of pre-contact origin
consisting of 55 skulls (Hylander, *72), and one dated about 1860 A. D. comprising
35 skulls (Dahlberg, ’68).

The village of Wainwright is located on the northwestern coast of Alaska approxi-
mately midway between Point Barrow and Point Hope. Earlier, two distinet Eskimo
cultures could be distinguished within the northwestern area of Alaska (Spencer, ’59;
Oswalt, *67). The Tareumiut resided in permanent coastal villages and were primari-
ly engaged in sea mammal hunting. Inland Eskimos, the Nuunamiut, on the other hand,
devoted themselves to caribou hunting. However, the Nuunamiut have now virtually
ceased to exist (Spencer, ’59). Many inland Eskimos have been forced to move to the
coast and thus change their mode of life. Before 1904, when the schoolhouse was con~
structed (Spencer * 59), there was no village at Wainwright, although people lived near-
by. Eskimos also lived along the Kuk River, and some of the Wainwright people be-
lieve them to be their ancestors. The greater part of the villagers, however, claim
Nuunamiut ancestry, and many of the oldest people at Wainwright were born in inland
camps (Milan, ’64). Thus, the inhabitants of Wainwright have affinities with both in-
land and coastal Eskimos. Gene flow from other populations, e.g. Polynesians and
Europeans, has had further effect on the present population. This is the result of ad-
mixture during the middle and latter part of the 1800’ s, when intensive commercial
whaling took place in the area (Chance, ’66), and the whaler crews consorted freely
with the local population.

Today, the school teacher and the minister of the Presbyterian Church are usually
the only non-Eskimo individuals at Wainwright, according to information given to me
by Dr. Albert Dahlberg (’ 74). He has also informed me that the diet in the community
consists of meat from whale, seal, walrus and caribou. Some items are purchased,
like tea, coffee, tinned milk, fruit and flour. Fish also forms an important part of
the diet. Eventhough meat is often boiled, a large amount of raw and dried meat, es-
pecially caribou, is eaten.

In 1969, the Eskimo population at Wainwright was estimated at 285 individuals by
the Federal Field Committee for Development Planning in Alaska.
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Fig. 1. Age distribution of Wainwright sample (188 individuals) at the time of the
first roentgenographic cephalogram.

Materials and methods

Between 1968 and 1972, during five annual field trips to Wainwright which were direct-
ed by Dr. Albert Dahlberg, lateral roentgenographic cephalograms and other records
were taken of the Eskimo population at Wainwright. The subjects were radiographed
one to five times. For those who were examined more than once, the intervals bet-
ween examination dates were 11 or 13 months; 11 months between 1968 and 1969 and
between 1970 and 1971, 13 months between 1969 and 1970 and between 1971 and 1972,
The roentgenographic cephalograms were taken with a Universal x-ray apparatus at

a constant anode to midsagittal plane distance of 152, 4 cm. The midsagittal plane to
film distance varied for each individual.

The sample used for cephalometric analysis consisted of 188 individuals, 96 males
and 92 females, of whom a total of 361 lateral skull films were available. Figure 1
illustrates the age distribution of the sample which was skewed towards the younger
age groups. However, the shape of the age distribution curve for the sample was
closely congruent with the one for the total population.

Thirty~-one anatomical reference points (Fig. 2), as defined by Bjork (* 47, ’60),
Krogman and Sassouni (’ 57) and Hylander (’ 72) were recorded for each of the 361
roentgenographic cephalograms with a SAC Graf/Pen Model GP-2 digitizing system.
The resolution of this system is 0.1778 mm. In addition three constructed reference
points (Fig. 3) were used. The locations of these were calculated by a computer pro-
gram. The following reference lines (Figs. 4 and 5)were used:

Axis of mandibular incisor (Bjork, ’60)
Axis of maxillary incisor (Bjork, '60)
Balance axis of the head (Bjork, ’60)
Chin line (Bjork, ’60)

Facial line (Margolis, ’47)

Functional occlusal line (Moyers, ’73)
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Fig. 2. Location of roentgenographic cephalometric reference points used in this
study. The identification of all landmarks was made with the po/or line ho-
risontally oriented on the digitizing tablet.

Fig. 3. Location of constructed (non-anatomical) reference points.
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Fig. 5. Orientation of roentgenographic cephalometric reference lines used (cont.,
from fig. 4).



Inferior occlusal line (Bjork, ’60)
Mandibular line (Bjork, ’60)
Maxillozygomatic line (Hylander, ’72)
Nasal line (Bjork, *60)

Nasion-sella line (Bjork, ’60)

Nasion-sella perpendicular (Lindegdrd, ’53)
Occipital foramen line (Bjork, ’60)
Superior occlusal line (Bjork, ’60)

The reference points are situated on the midsagittal plane or were projected onto
this plane (Sarniis, *59). Midpoints were used in instances of left and right images.
The recordings of the reference points were made directly on the radiographs, i.e.
no acetate tracings were made. The pen in the digitizing system had a dry point, thus
leaving no marks on the film. The recorded x- and y-coordinates were transferred
to punch cards and a FORTRAN IV program was employed for the calculation of linear
and angular measurements. Sixty-three measurements, as defined by Lindegard (* 57),
Bjork (*60), and Hylander (* 72) were calculated for each radiographic cephalogram.
The measurements were divided into six categories:

Cranial base

Facial vertical dimension

Sagittal position and shape of maxilla and mandible
Dental relationships

Midfacial flatness

Total facial flatness

HEDaRy

A detailed list of the measurements is available elsewhere (Cederquist, °’ 75). The
roentgenograms were also divided into age groups, according to the age of the subject
at the time of the examination. The following five groups were formed to be used for
statistical evaluation and graphic representations, for males and females separately
(in years/months): 05/0-09/11, 10/0-16/11, 17/0-21/11, 22/0-39/11, and 40/0-
74/11. A second computer program was written to generate means, standard devia-
tions and ranges for the linear and angular measurements within each age group. Mean
coordinate values for selected reference points were also calculated in order to plot
facial polygons (Cf. Bjork, ’47) for each group on a Calcomp Incremental Plotter.
Tests of significance of differences between sample means were based on the normal
curve for large samples (n < 30), and between means of small samples (n 2 30) on
the Student - t distribution. The tests were one~sided for linear measurements and
two-sided for angular, and the level of significance was set at 0. 01,

In order to estimate the degree of inaccuracy in locating reference points with the
digitizing pen, all the anatomical landmarks were recorded twice for ten randomly
selected radiographs. There was a one-week interval between the two determinations.
The experimental error was calculated following the technique described by Dahlberg
(" 40). In general, the error was greater alongthe y- coordinate than along the x- co-
ordinate, i.e. the error in locating and recording an anatomical landmark was great-
er in the vertical dimension than in the horizontal. The range for this error in two
dimensions was found to be from 0.53 mm. to 0.93 mm. The "locating-recording’
error is independent of the measurement. Thus, it will affect small linear measure-
ments more than it will larger, and it will have greater influence on angular measure-
ments derived from points in close proximity than on angles constructed from points
which are farther apart. A more detailed discussion concerning experimental errors,
including calculations, has been reported elsewhere (Cederquist, *75).

When a radiographic exposure is made, the image on the film shows a certain de-
gree of enlargement. In order to make corrections for this phenomenon a correction
factor was incorporated into the computer program that generated the measurements.
The correction factor varied for each individual exposure and is dependent upon the
distance between the midsagittal plane and the film at each particular examination.
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However, it should be noted that most measurements, both linear and angular, are
projections on the midsagittal plane, and do not represent true values (Bjork, ’'47;
Sarnds, ’59; Bjork and Solow, ’62). For some roentgenograms the factor was not
known. In those instances a mean correction factor for that specific age level was
used, which will introduce an error into the linear measurements. However, these
errors will be minimal and furthermore, they are, in all probability, evenly distri-
buted in the sample and thus have little effect when the different age groups are com-
pared.

Fairly comprehensive comparisons were performed between the results of my
study and the findings of two roentgenographic cephalometric investigations on Eskimo
skeletal material, one by Hylander (* 72) and the other by Dahlberg (’ 68). Hylander’s
material consisted of 33 adult male and 22 adult female skulls recovered from the
northwest Hudson Bay area in the Canadian Arctic. This material, which is con~
sidered pre-European contact, is associated with the Thule culture and is dated app-
roximately 1200 A.D. to 1600 A.D. Dahlberg’s material comprised 35 skulls, 15
male and 20 female, from northwest Alaska and is dated about 1860 A.D. Concerning
age, no other information than "adults" was available for these samples. To allow
comparison, all individuals in the Wainwright sample 30 years of age and above were
pooled, males and females separately, and new means and standard deviations were
calculated. Tests of significance of differences between means were based on the
Student - t distribution. The level of significance was set at 0.01 and all tests were
two-sided. Significant differences between means were tested for 21 variables bet-
ween the Wainwright and Hudson Bay samples., Eight variables could be compared
between the Wainwright group and the Alaskan skeletal material,

Results

In order to limit the volume of tabulations, only the most pertinent linear and angular
measurements are presented. The comparisons between age groups are summarized
in tables 1 and 2, for males and females respectively, where significant changes at
the 1% level are indicated. Many angular variables were found to be significantly dif-
ferent between the groups. The frequency of significant changes of angular and linear
measurements suggests alteration in shape as well as size (i.e. form; see Moss,
59, ’62) of the craniofacial skeleton.

Significant sexual dimorphism at the different age levels within the sample is in-
dicated in table 3. The majority of significant differences concerns linear variables
which are consistently larger for males, and only a small number of significant dif-
ferences were detected in angular measurements. This indicates dissimilarity in
size of the craniofacial complex, but resemblance in shape. The linear measurements
used in this study tend to reflect over-all size of skeletal components, while angular
measurements reveal shape of individual osseous parts, as well as spatial relation-
ships between different morphological units.

Cranial base

Linear measurements of the cranial base in females increases significantly between
ten and seventeen years of age, while in males this process continues for a longer
period of time as significant increases occur in linear cranial base measurements
for young adult males. The angulation of the cranial base does not significantly alter
with age in either males or females. This is in agreement with Bjork (* 55) who found
no significant change of the "saddle angle"” (n-s-ar) with advancing age in north Euro-
pean males. Both anterior and posterior cranial bases are longer in males in all age
groups, and the anterior cranial base is significantly larger already before ten years
of age. The posterior cranial base becomes significantly longer after that age and re-
mains so at the subsequent age levels (i.e. even after 40 years of age). No sexual
dimorphism in cranial base flexion was detected.
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Facial vertical dimension

Both total anterior and posterior facial height are significantly larger in males than

in females at all age levels, The lower anterior facial height (ans-gn) is 55%-~58% of
the total anterior facial height in all age groups, with slightly higher values for males.
However, the differences are not significant. The ratio posterior/anterior facial
height is not significantly different between sexes in any of the groups. For females
both anterior and posterior facial height increase significantly through the younger
age groups, with slightly greater increments in the posterior dimension resulting in

a tendency towards an anterior rotation of the mandible. Significant changes occur in
the facial vertical dimension for males as well, evident even between adult age groups.
Between ten and seventeen years of age the lower anterior facial height, as a percent-
age of the total facial height, decreases from 58% to 56%. Significant increase in pos-
terior/anterior facial height ratio (from 60% to 66%) is associated with a distinet an-
terior mandibular rotation,

Sagittal position and form of maxilla and mandible

Anteroposterior dimension of maxilla, total mandibular length, corpus lenght, and
ramus height increase significantly during childhood and adolescence. There are,
however, no significant differences in maxillary basal prognathism between the test-
ed age groups for either sex. On the other hand, horizontal increments for the man-
dible are more pronounced, and they were seen even beyond adolescence, thereby
producing a significant increase in mandibular basal prognathism and mandibular
apical base position. This also results in a significant decrease in apical base rela-
tion ("ANB'" angle). Further, the data revealed a significant increase in alveolar
prognathism after ten years of age. The explanation for this is probably, in part,
that the youngest group (5-9 years of age) included many subjects with deciduous in-
cisors and with permanent anterior teeth still unerupted in the alveolar process. The
gonial angle becomes significantly smaller with increasing age for both sexes. For
females this phenomenon appears to progress over a longer period of time, as signi-
ficant decreaseis seen even among adults. In contrast, the males showed a significant
decrease in the mandibular plane angle (total facial angle) during adolescence, indi-
cating a more pronounced anterior rotation of the mandible as compared to females.

Maxillary length, total mandibular length, and mandibular corpus length are, in
the younger age groups. significantly greater in males than in females. Among adults,
the measurements for total mandibular length and mandibular ramus height are also
significantly larger for males. No significant differences between males and females
were detected in maxillary and mandibular basal prognathism. The "ANB" angle, a
measure of apical base relation, is significantly smaller for females up to seventeen
years of age. The same tendency persists into adulthood, but it is not statistically
significant.

Dental relationship

Dental overjet decreases with age for both males and females, and a significant de-
crease was seen earlier in males than in females. Maxillary dental protrusion in-
creases in females during puberty. In young adult and adult males there is a definite
uprighting of both maxillary and mandibular incisors, evidenced by a significant in-
crease in the interincisal angle and decrease in maxillary and mandibular incisor in~
clination in relation to NSL and ML, respectively. This could not be seen in females.
No significant sexual dimorphism could be detected with regard to overjet, overbite,
and inclination of maxillary and mandibular incisors within the age groups. However,
in the youngest group, males have significantly more mandibular dental protrusion,
while later, females show more maxillary dental protrusion,
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Midfacial flatness

The angulation of the anterior surface of the zygomatic process of the maxilla (MZL)
in relation to NSL, n/ss line, and FL was used as measures of midfacial flatness.
The results indicate that midfacial flatness increases continuously with age (i.e. the
face becomes flatter) with significant increase even among young adults. There is a
tendency for the male face to exhibit more midfacial flatness than the female face,
and in late adolescence there is significantly less zygomatic obliquity in males than
in females.

Total facial flatness

Between ten and seventeen years of age there is a significant decrease in facial con~
vexity, i.e. the face becomes straighter, for both males and females. This change
appears to continue into young adulthood for males. No sexual dimorphism with re-
gard to total facial flatness is present within the age groups, except in the second
group where males show more facial convexity than do females.

Comparison with two Eskimo skeletal populations

The angular and linear measurements of this part of the study are presented in table
4 for males and table 5 for females. Significant differences at the 1% level are indi-
cated in these tables with an asterisk. There is a significant difference in the distance
n-ecp, a measure of frontal sinus depth, between males from Wainwright and the male
skulls from the Hudson Bay area. This measurement is larger for the Wainwright
sample, The cranial base is flatter for the Hudson Bay sample, indicated by a signi-
ficant larger n-s-ba angle. The angle n-s-ar, which is roentgenographically related
to cranial base flexion, is also significantly larger for the skeletal material. For fe-
males, the cranial base angle is also different in the two samples, evidenced by sig-
nificant differences in both n-s-ba and n-s-ar. The dry skulls show less flexion of the
cranial base. The linear dimension of the posterior cranial base for males is signifi-
cantly different, being longer in the Wainwright group. Further, females in the skele-
tal population show, as do males, less anteroposterior development of the frontal si-
nus. Significant difference was also found for the variable s-n-pg in males. The Hud-
son Bay material displays less mandibular basal prognathism than does the Wain-
wright sample. Despite some important contrasting features, great similarities in
craniofacial structures exist between the two groups, and the main differences for fe-
males can be summarized as increased cranial base flexion, longer posterior cranial
base,llarger frontal sinuses and a more prognathic mandible in the Wainwright Eskimo
sample.

The comparison between the Wainwright sample and the Alaskan skeletal material
reveals no differences in maxillary and mandibular apical base position in relation to
cranial base. However, the apical base relation (""ANB'" angle) for males is signifi~
cantly smaller in the Wainwright sample. No such difference is present between the
female groups. The Wainwright males show less facial convexity than do the Alaskan
male skulls, indicated by a significantly smaller n-s-pg angle. Both male and females
from Wainwright have significantly more labial inclination of maxillary incisors. The
tendency for increased incisor inclination is most pronounced in females, as they al-
so show significant differences in the interincisal angle and mandibular incisor incli-
nation. With regard to the interincisal angle, no value for females is given in Hylan-
der’s (*72) study, and the measurement for males is based on only two skulls. De-
spite a 14. 5 degree difference between the means, this extremely small sample size
resulted in a significance where the null hypothesis could not be rejected.
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separately). Superimposition of the computer generated plots is on nasion-
sella line (NSL) and registration is at sella (s). The occipital line is also
included.

Discussion

Most subjects were radiographed only once or twice and thus the results are based
primarily on cross-sectional data., These represent differences in craniofacial mor-
phology associated with age within the population, and it is appreciated that individual
variations in magnitude and direction of growth cannot be determined from these re-
sults. However, in order to get a general picture of the developmental sequences of
the Eskimo face it is inferred that differences in mean values between two age groups
are at least approximations of the changes that have taken place in the older of the
two compared groups.

In the tests of significant sexual dimorphism (table 3) many of the measurement that
show significant differences in the second and third age groups do not reveal similar
trends in the older groups. These results may reflect a leveling out of dimensional
differences between sexes with increasing age. The composite facial polygons (figure
6), however, do not support such a conclusion. They rather illustrate a consistent
tendency for larger measurements in males both anteroposteriorly and vertically. The
apparent inconsistencies in table 3 are likely to be caused by an inadequate number of
individuals in the older age groups.

When the oldest age group (40-74 years of age) was subdivided into additional age
levels it was noted that inconsistencies existed in some linear dimensions. Males bet-
ween 50-~74 years of age displayed, on the average, less facial prominence than did
males between 40 and 49, and the older females had smaller mean vertical dimensions
than did the younger. Colby and Cleall (* 74), in their roentgenographic cephalometric
investigation of Canadian Eskimos from the northern Foxe Basin, reported similar
findings. They speculated whether this could be an effect of a secular trend within the
population. However, they concluded that small sample size at the older age levels
was the most likely cause. The same reasoning can be applied to the present study.
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Fig. 7. Graphic representations of age changes in gonial angle, total facial angle,
and profile angle for Wainwright males. The construction of the three
variables is indicated above their respective graphs.

Further comparison of the Wainwright and the northern Foxe Basin samples re-
veals that cranial base flexion and also the degree of maxillary prognathism appear
to be similar. However, the Wainwright Eskimo exhibits considerably less dental
protrusion with more upright maxillary and mandibular incisors. Colby and Cleall
(* 74) found the mandible in their sample to be moderately retrognathic. The Wain-
wright population, on the other hand, presents a well-developed and forward posi-
tioned lower jaw; a feature consistent with earlier anthropometric descriptions of
Eskimo mandibular morphology (Hrdlifka, ’>28; Oschinsky, ’64). This is also in con-
trast with Hylander’ s (* 72) Canadian Thule samplewhich showed definite mandibular
retrognathism, indicated by a significantly smaller s-n-pg angle than for the Wain-
wright group. This unexpected finding is difficult to explain. In both the Wainwright
and the northern Foxe Basin Eskimos the gonial angle was observed to become less
obtuse with increasing age, even among adults. This is in disagreement with Hrd-
licka’ s (* 40) statement that in adult age, provided extensive tooth loss has not oc-
curred, the shape of the gonial angle is stable. Nevertheless, the measurements of
the gonial angle in both samples are well within the range of what earlier has been
reported for Eskimo skeletal material from Alaska, both pre-contact (Cameron, ’23;
HrdliSka, ’40) and from the middle of the last century (Dahlberg, *68). The conti-
nuously decreasing gonial angle for the Wainwright males is graphically illustrated
in the first chart in figure 7. The total facial angle, or mandibular plane angle, al-
so decreases with increasing age (figure 7, chart 2). There is a reduction in the pro-
file angle as shown in the third chart in figure 7, all demonstrating the pronounced
anterior facial rotation which takes place with increasing age.

Figure 8 portrays graphically the reduction in apical base relation (chart 1) with
a statistically significant decrease during adolescence. Dental overjet is reduced
while there is a continuous uprighting of the anterior dentition (figure 8, charts 2
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Fig. 8. Graphic representations of age changes in apical base relation, dental over-
jet, and interincisal angle for Wainwright males. The construction of the
three variables is indicated above their respective graphs.

and 3). Some of the older individuals even had a negative dental overjet combined with
severe dental wear. Association between gradual uprighting of incisors and simulta-
neous increase in the degree of dental wear has earlier been demonstrated (Lysell,
’58). The increase in interincisal angle is most probably related to heavy masticatory
function. There was also widespred radiographic evidence of apical root resorption
of anterior teeth, especially among older individuals. This phenomenon has also been
reported by other investigators (Pedersen, ’49; Hylander, *72, *77), and it has also
been linked to excessive occlusal stress. One testimony of the heavy and multitudinous
use of the teeth is the fact that the dentition is among Eskimos referred to as the "third
hand". The findings of the present study support earlier observations that an edge-to-
edge incisor relation is associated with growth and anterior repositioning of the man-
dible (Moorrees, *57 ; Murphy, ’58; Hylander, ' 77) and not with differential tooth
migration in maxilla and mandible as a consequence of tooth wear (Campbell, ’25;
Leigh, *29; Begg, ’54; Wolpoff, ’71). However, attrition is necessary for anterior
mandibular shift to occur and an edge-to-edge bite to be established (Moorrees, *57).
Moorrees (*57) has also pointed out that an edge-to-edge relation is in part culturally
conditioned.

The growth pattern of the facial region is summarized in the two facial polygons
in figure 6, for males and females separately. The face emerges from beneath the
cranium with advancing age. In the vertical dimension the relative changes are great-
est in the posterior part of the face, while anteroposteriorly there are proportionate-
ly greater growth increments in the inferior area of the face, causing increasing pro-
minence of the lower face. The pattern of facial change is characterized by uniformity.
Growth has a distinct downward and forward rotational direction, resulting in not only
flattening of total facial profile but also in increased midfacial flatness, defined as
more pronounced verticality of the zygomas. Two main viewpoints have been advanced
to explain the adaptive significance of midfacial flatness: (1) the morphological fea~-
tures of the flat or "mongoloid'" face are related to cold adaptation, i.e. the flat face
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is adapted to withstand cold climate, and (2) midfacial flatness is related to function,
i.e. there is a morphological adaptation in response to functional forces that are
exerted on the craniofacial structures.

The most well-known theory concerning the adaptation of human facial form to con~
ditions of extreme cold stress was put forward by Coon et al. (’50). They suggested
facial frostbite as a selective force responsible for the characteristics of the Eskimo
face. A man with thin, bony features, especially a narrow, prominent nose, would be
in danger of freezing his face. From this climatic circumstance came a type of hu-
man being with a flat face, padded with fat, However, Washburn (’63) took strong ex-
ception to this climatic concept, and Steegman (*67; ’70; ’72) has convincingly re-
jected the hypothesis of Coon and coworkers after having conducted laboratory experi-
ments on changes in surface temperature in the facial region. He found that malar
temperature increased as face width decreased. Large and protrusive malars are
more exposed to cold, and their surface gets colder when exposed to low tempera~
tures. Fatty tissue paddings may protect deeper structures but they also permit sur-
face temperature to fall. Actually, as Steegman (’ 70) points out, the "European'
zygoma is better protected from cold than the ""mongoloid. "

The second, and older, theory relates the morphological features of the Eskimo
face with powerful chewing (Hrdlidka, *10). This is associated with voluminous musc-
les of mastication and with the positioning of these muscles (Washburn, ’63; Hylan-
der, *72). More specifically, Hylander (> 72;’ 77) regards the morphological characte-
ristics of the flat Eskimo face as particular adaptations for the generation and dissi-
pation of heavy vertical occlusal forces. Midfacial flatness, that is the degree of ver-
ticality of the malar, was measured both to NSL and to n/ss line as illustrated in
charts 1 and 2 in figure 9. The results indicate that the degree of midfacial flatness
increases with advancing age, with a significant uprighting in early adulthood. This
was seen in both males and females. Of interest is also that no statistically signifi-
cant differences were detected in midfacial flatness between the Wainwright sample
and the skeletal material. That the morphology of the Eskimo zygoma is a special
adaptation for protection against facial frostbite is a doubtful theory. When midfacial
flatness increases with age, as the results of the present study suggest, it is diffi-
cult to relate it to cold adaptation. They rather support the interpretation that flatness
of the midface is an adaptation to biomechanical requirements.

The distance between the ecto- and endocranial surfaces of the frontal bone may
be regarded as a reasonable approximation of the anteroposterior dimension of the
frontal sinus. Chart 3 in figure 9 depicts the continuous separation of the external
and internal tables of the frontal bone, thereby increasing the depth of the frontal
sinus. When compared with the Canadian Thule Eskimo sample, the frontal sinus of
the adult contemporary Eskimo at Wainwright is significantly larger.

For a functional analysis of the frontal bone, as well as the other calvarial bones,
it is important to distinguish three different and functionally independent components
which respond to different functional demands: (1) the outer table, (2) the diplo€,
and (3) the inner table (van der Klaauw, *47; Moss, ’58a; ’62; Moss and Young,

*60; Young, ’59). Size and shape of the internal table is a consequence of the form
of the neural mass (Dyke et al., ’33; Ross, ’41; Noetzel, > 49; Fischgold and!
Metzger, *51). The inferior part of the external part of the external table of the
frontal bone makes up the roof of the orbit and is responsive to alterations of orbital
soft tissue content. Other areas of the calvarial outer table (cranial superstructures)
react to biomechanical forces from muscle action (Anthony, ’03; Neubauer, ’25;
Sicher and Tandler, ®28; Weidenreich, ’*41; Washburn, ’*47; Sicher, ’49; Weinmann
and Sicher, ’55). The shape of the ectocranial surface is functionally unrelated to
that of the endocranial surface (Weidenreich, *41; Moss and Young,.’60). This con-
cept is in sharp contrast to an earlier view (Anthony, ’*03; Hrdli€ka, *10) which
states that muscle function influences, not only ectocranial superstructures, but also
cerebral shape.

Bolk ¢ 23) has pointed out that the development of a supraorbital ridge is closely
related to the general growth phenomena of the skull during ontogeny. The size of the
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Fig. 9. Graphic representations of age changes in midfacial flatness (first two
charts) and anteroposterior dimension of sinus frontalis for Wainwright
males. The construction of the three variables is indicated above their
respective graphs.

supraorbital ridge is a direct reflection of the amount of anterior displacement of the
orbitae relative to the anterior cranial fossa. If the forward orbital shift is small, the
separation in the supraorbital area of external and internal surfaces of the frontal
bone is also minimal. When there is substantial spatial change of orbital content in re-
lation to braincase, from a subcerebral to a precerebral position, considerable com-
pensatory growth of the supraorbital bony region occurs to ensure adequate protection
of the orbital content, Based on functional cranial analysis, Moss (" 60a), Moss and
Young (’60) have detailed the relationship between cranial functional components, in-
cluding the frontal bone, and their matrices during cranial development (see also
Moss, *62, *68, ’72; Moss and Salentijn, *69a, *69b). They stressed that the form

of the frontal bone in its anteroinferior region precisely reflects the functionally va-
riable spatial relationship between contents of anterior cerebral fossa and orbitae.
With increased spatial displacement between orbital and cerebral contents, their func-
tional components will respond with increased separation.

Jaw size alone has been mentioned as being of importance for the presence or ab-
sence of brow ridges (Dubois, *22), butsuch functional relationship has been rejected
with well-documented arguments (Bolk, ’23; Abbie, ’52; Moss and Young, ’60). It
has also been suggested that spatial discrepancies between braincase and orbits com-
bined with biomechanical considerations determine supraorbital form (Thompson, ’ 03).
Recently, Moore and Lavelle (* 74) have theorized about a functional correlation bet-
ween brow ridging and jaw position rather than jaw size. Similar processes are most
probably involved in the development. of frontal sinuses and brow ridges, although this
has been denied by some investigators (Zuckerkandl, 1893; Schwalbe, 1899; Ehara
and Seiler, ’70). Increased separation between braincase and orbits is probably of
significance only during the period of cerebral, orbital, and facial translative growth
which in man means until sometime during the second decade of life. However, trans-
formative growth (remodeling) is a continuous process throughout life (cf. Garnet al.,
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*67; Israel, *68, *73 a, b). The present study indicates that size of the frontal si-
nuses increases with advancing age, even during adulthood (figure 9, chart 3). Gorke
(’ 04) and Toldt (" 14) were first to suggest that the biomechanics of mastication as
well as the degree of inclination of the forehead (indicator of cerebral shape) are to-
gether important determinants of supraorbital development. More recently, Endo
(’67; *70) has shown that the action of muscles of mastication generates intensive
axial forces (compression) in the frontonasal region. Strong bending moments due to
occlusal pressure are produced in the glabellar region, the medial and superior
parts of the maxillae, and in the nasal buttress. With his biomechanical models Endo
(’ 66) also established that the strong bending moments acting on the forehead tend to
create almost horizontal deformation. In order to resist this a large cross-section is
advantageous. A skull with a high, vertical forehead is able to withstand bending mo-
ments with its entire height. An inclined forehead, on the other hand, can only effec-
tively resist the stress in its lower part. Thus, a sloping frontal bone compensates
for strong horizontal bending moments by anterior drift of the outer table through
remodeling processes. Human microcephaly serves well to demonstrate the develop-
ment of frontal sinuses (cf. Cunningham and Telford-Smith, 1895; Humphry, 1895;
Dru-Drury, *19-’20; Mollison, ’25). Vogt (1867) conducted an extensive study on
microcephaly with cases ranging from the newborn to 44 years of age and with adult
cranial volumes ranging from 296 cc. to 622 cc. His data seem to indicate increased
glabellar development with decreased verticality of the forehead. A relatively short
anteroposterior endocranial dimension of the anterior cerebral fossa is compensated
for by a large supraorbital bossing. These relationships have also been demonstrated
in the canine (Weidenreich, ’41) and the nonhuman primate (Schultz, ’26).

The present study revealed significantly larger frontal sinuses in the Wainwright
Eskimo when compared with the Canadian Thule skeletal material. The data also
suggest shorter anterior cranial fossa and significantly more cranial base flexion in
the Wainwright group (figure 10). A shorter anterior cranial fossa does not imply de-
crease in cranial volume but rather change in cerebral shape, as does the difference
in cranial base kyphosis. The direction, but not magnitude, of neural mass expansion
is influenced biomechanically by the dura mater. It possesses a system of fiber tracts
which are related to five prominent points of the chondrocranium (for details see
Beneke, *10; Bluntschli, ’25; Kokott, *33; Popa, ’36; Deggeler, ’42; Moss, ’58b,
*59, *60b; Moss and Young, ’60). Ehara and Tamura (* 70), using breadth-length in-
dex of the brain (not cranial index!), demonstrated that with increased basal kyphosis
the brain becomes increasingly brachyform. This finding suggests a higher endocra-
nial index for the Wainwright sample than for the Hudson Bay skulls. Unfortunately,
no data for these two populations are available at present to verify this. The discre-
pancies in the region of the anterior cranial fossa between the two samples, which is
pictured in figure 10, may be explained by the processes discussed above. Sample
differences in endo- and ectocranial base length are counterbalanced by anterior or-
bital displacement. This may initially be the primary factor for increase of the ante-
roposterior glabellar dimension in response to protective demands. However, increase
in frontal sinus size continues even after cerebral-orbital separation has become neg-
ligible. Now mechanical requirements will be the predominant determinants. The
slightly more forward maxillary positioning in the Wainwright Eskimo (figure 10) and
the documented heavy use of the Eskimo anterior dentition (e.g. Waugh, ’ 37; de Pon-
cins, ’41) may be of significance, especially when seen in the light of Endo’ s expe-
riments (*66; *67; *70). Contrary to a suggestion of climatic adaptation of frontal si-
nuses (Koertvelyessy, ’*72), the significance of their form is best analyzed and ex-
plained when viewed as space-framed structures (see Badoux, ’66)., The principle is
applicable to all facial pneumatic cavities. The static structure of the skull is rein-
forced since the walls of the cavities form bars along which the vectors of external
and internal forces act. The bars align themselves functionally in order to establish
stable frames. However, Badoux (* 66) also points out that the entire structure of the
skull can not be explained as an adaptation to mechanical demands only, since its form
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WAINWRIGHT: ALASKA. CONTEMPORARY ADULT MALES

-------- HUDSON BAY. PRE-CONTACT SKELETAL MATERIAL: ADULT MALES

Fig. 10. "Form'" (reference points n, ecp, and gl connected) of the roentgenographic
image of sinus frontalis and degree of cranial base kyphosis and maxillary
prognathism. Comparison between adult males from Wainwright and adult
male skulls from the Canadian Thule skeletal material. Numerical data
from Hylander’s (’ 72) study were used for the construction of the outline
representing the skeletal material (broken line of the main diagram). The
tracings are superimposed on nasion-sella line (NSL) and registered at
sella (s). The smaller framed illustration is a graphic explanation of the
main diagram,

reflects both protective and mechanical funtions, which is in agreement with the bi-
factorial interpretation of supraorbital development outlined above.

Finally, nutritional and masticatory aspects of the Eskimo diet and its influence on
skeletal development will be considered. Normal skeletal development depends on two
different processes: (1) skeletal growth and (2) skeletal maturation, and it is essential
to realize the distinction between these two events (cf. Krogman, *50.; Acheson and
Hewitt, * 54). Retardation of one or the other may occur independently. An assault,
such ag diesease or nutritional and hormonal conditions, can affect one mechanism but
not the other. The so-called Harris lines (after Harris, ’'26) are the sequelae of a con-
dition where growth (e.g. increase in length of a long bone through chondrogenesis at
the epiphyseal plate) is affected but not maturation (osteogenesis and calcification in
the metaphyseal-epiphyseal zone). This will result in an area of hypercalcification.
After recovery the two processes again become synchronized. Normal skeletal deve-
lopment resumes and the area of growth retardation may be discernible on a roentge-
nogram as a line of increased density at the metaphysis (Follis and Park, ’52; Park,
'54; Acheson, ’59, ’66; Platt and Stewart, *62; Pratt and McCance, ’64),

The major portion of the native Eskimo diet is obtained from seal, walrus, whale,
caribou and fish. This diet is extremely high in protein but low in carbohydrates
(Krog and Krog, ’'13). It is also rich in vitamins A and D and in the B-complex (Hgy~
gaard, ’40). The intake of calcium shows seasonal variations, usually being low in
the winter (Hgygaard, °40; Scott, ’56). Vitamin C also varies considerably, being
sufficient in the summer but very low in the winter, when the consumption of stored
food is high. The native diet seems to be sufficient to satisfy the basic energy, vita-
min and mineral requirements, with the possible exception of vitamin C and calcium.
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In spite of the low intake of vitamin C, Hgygaard (’ 40) has reported that severe
scurvy is unknown among Eskimos, but that "sub~scurvy' may occur in the spring-
time. Rickets is also very rare among Eskimos (Hgygaard, ’40). A reason for that
may be that infants commonly suckle until they are two, three years of age. Hey-
gaard (’ 40) further observed that infantile cramps were not infrequent among child-
ren, and he speculated that calcium starvation was the cause. During difficult years,
not only is the supply of vitamin C and calcium low, but the total caloric requirement
will be difficult to satisfy. This may result in retardation of both skeletal and sexual
development (Lowrey, ’73). Eventhoughthe phenomenon of compensatory or catch-up
growth after periods of retarded skeletal development is well-documented (Bauer,
*54; Prader et al.,’63; Garrow and Pike, ’67; Graham and Adrianzen, *72;
Falkner, *75; Smith, > 77), it has been demonstrated that deficient diet may cause,
not only immediate or acute effects, but also permanent impairment of growth
(Schultze, *55; Widdowson and McCance, ’60). McCance et al. (* 61) and Widdowson
and McCance (* 64) have shown severe retardation of the growth of the Tacial skeleton
in the pig as an effect of malnutrition. The mandible tended to be more readily affect-
ed than the maxilla. Permanent growth arrest occurred as a result of undernutrition
early in life. It did not matter in what way the diet was supplemented following this
critical period; complete recovery did not take place. However, restitutio ad integ-
rum was possible if the period of dietary deficiency occurred after the neonatal pe-
riod, although the rate of growth decreased. Similar findings have also been shown
experimentally for general body growth (Widdowsonand McCance, ’63). The develop-
mental set-back caused by undernutrition became progressively less serious as the
animal grew older,

Today, probably no Eskimos subsist exclusively on their native diet. Practically
no Eskimo family is without some source of cash income and can thus rely more on
imported foods, especially during the winter. This secures them from the worst con-
sequences of famine, and the diet of modern-day Eskimos appears to have no nutri-
tional disadvantages (Scott, ’56). However, the increased dependence on imported
foods has been made responsible, not only for the sharp increase in dental caries,
but also for an increase in irregularities of the teeth and a decrease in jaw size
(Keith, ’29; Hooton, *37; Waugh, ’ 37; Klatsky, ’48). The comparison in the present
study between the Wainwright and the Canadian Thule Eskimos failed to show an ante-
roposterior reduction in jaw size. The reduction could be limited to the alveolar pro-
cess, but that can hardly be argued to be a causation for higher incidence of tooth
crowding. The relationship between teeth and supporting bone is one of alveolar de-
pendence on teeth, and not the reverse (a tooth is a functional matrix and the alveolar
process is its skeletal unit, see Moss, ’60c, ’62, '7ia, b, ’72; Moss and Salentijn,
*69a, b).

Occlusal and interproximal wear, as a result of gritty or coarse and unprocessed
native diet, has been seen as an adjusting mechanism for proper alignment of the
teeth (Begg, ’54; Barrett, ’57; Hunt, ’59,61; Murphy, ’64; Hylander, ’77). How-
ever, dental arch length tends to decrease with interproximal wear (Begg, ’54;
Murphy, ’64; Hasund, ’65; Hylander, ’77). Further, for interproximal wear to oc-
cur contact between the teeth has to be maintained. These conditions would reduce
available space for erupting teeth or already malligned dental units anterior to the
first molars. Thus, interproximal wear increases the possibility of crowding of the
teeth. On the other hand, it could possibly avail the eruption of teeth posterior to the
first molar. Moorrees’ (’57) data do not support the hypothesis that increased den-
tal attrition prevents or reduces dental crowding. In the Aleut population studied by
him, the degree of dental wear increased sharply with age, while the amount of crowd-
ing was fairly evenly distributed in the population.

Reduction in maxillary and mandibular basal bone has been observed in animal ex-
periments, where the experimental animals were fed a considerably softer diet than
the control animals (Watt and Williams, ’51; Moore, ’65). Modern diet reduces the
functional demands on dentition and related structures, and this could reduce size
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and/or alter shape of maxillary and mandibular basal bone and thus decrease avail-
able space for the developing dentition, assuming no reduction in tooth size. This
circumstance (as already pointed out by Keith, ’29; see also Waugh, ’ 37; Klatsky,
’48; Oppenheimer, *64), and not lack of interproximal wear, may be an important
factor for an increased incidence of dental malocclusions. Bone responds with change
in form more readily than the dentition to alterations in function (cf. functional mat-
rix concept).
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TABLE 1

Measurements for males in age group 1, and subsequent significant change between
age groups

Age group 1 Significant difference between age groupsl
Variable

M sp  1-2 2-3 3-4 4-5 1-3 2-4 3-5

CRANIAL BASE
med cran bse, n~ba (mm) 90.7 3.8 + + + +
ant cran bse, s-n (mm) 60.4 2.2 + + + +
post cran bse, s-ba (mm) 38.2 2.9 + + + +
sin front, n-ecp (mm) 9.7 1.7 + + + +
n-gl, proj on NSL (mm) 4.5 1.1 + + +
sin front, gl-ecp (mm) 13.1 1.6 + + + +
cran bse ang, n-s-ba (deg) 132.9 4.8
FACIAL VERTICAL DIMENSION
ant fac ht, n-gn (mm) 105.5 6.0 + + + +
post fac ht, s-tgo (mm) 63.3 3.5 + + + + +
post/ant fac ht (%) 60.1 3.6 + + + +
SAGITTAL POSITION AND FORM OF MAXILLA AND MANDIBLE
max lth, ss-ptm (mm) 43.0 2.1 + + +
mand Ith, pg-ar (mm) 90.3 5.2 + + + +
mand body, pg-tgo (mm) 64.2 5.4 + + + +
ramus hgt, ar-tgo (mm) 36.3 2.8 + + + + + +
max protr, ptm-NSP (mm) 11.7 2.6
max bsl progn, s-n-ss (deg) 82,1 3.1
mnd bsl progn, s-n-pg (deg) 76.9 3.7 + + + +
max alv progn. ss-n-pr (deg) 1.6 1.4 +
mnd alv progn, sm-n-id (deg) 2.4 0.9 -
apicl bse rel, ss-n-sm (deg) 4,6 2.5 - -
gonial ang, ar-tgo-gn (deg) 133.3 5.9 - -
total fac ang. NSL-ML (deg) 41.4 5.7 - - -
DENTAL RELATIONSHIP
overjet, is-io (mm) 1.5 2.1 - -
overbite, ii-io (mm) 0.5 1.2
interinc ang (deg) 128.110.4 +
max inc-NSL (deg) 99.8 9.3 -
mand inc-ML (deg) 90.7 5.2 -
MIDFACIAL FLATNESS
MZI~-NSL (deg) 42.2 5.3 + + +
MZL-FL (deg) 34.6 4.9 - - -
MZL-n/ss line (deg) 39,9 5.1 - - - - -
TOTAL FACIAL FLATNESS

profile ang, n-ss-pg (deg) 10.8 6.0 - - -

1y denotes significant increase at the 1% level of confidence
- denotes significant decrease at the 1% level of confidence
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TABLE 2

Measurements for females in age group 1, and subsequent significant change between
age groups

Age group 1 Significant difference between age groups1

Variable
M sbD 1-2 2-3 3-4 4-5 1-3 2-4 3-5
CRANIAL BASE

med cran bse, n-ba (mm) 89.1 3.5 +
ant cran bse, s-n (mm) 59.1 2.3 + + +
post cran bse, s-ba (mm) 37.1 2.7 + +
gin front, n-ecp (mm) 8.9 1.7 + + +
n-gl, proj on NSL (mm) 4.7 1.1 - +
sin front, gl-ecp (mm) 13.1 1.7 + + + +
cran bse ang, n-s-ba (deg) 133.0 5.1

FACIAL VERTICAL DIMENSION
ant fac ht, n-gn (mm) 101.6 4.3 + + +
post fac ht, s-tgo (mm) 61.2 4.7 + + +
post/ant fac ht (%) 60.3 4.1

SAGITTAL POSITION AND FORM OF MAXILLA AND MANDIBLE
max lth, ss-ptm (mm) 41.4 2.2 + + +
mand Ilth, pg-ar (mm) 87.2 3.8 + + + +
mand body, pg-tgo (mm) 61.3 4.5 + + + +
ramus hgt, ar-tgo (mm) 35.7 4.6 + + +
max protr, ptm-NSP (mm) 11.0 2.1
max bsl progn, s-n-ss (deg) 80.7 2.7
mnd bsl progn, s-n-pg (deg) 76.8 2.8 + + +
max alv progn, ss-n-pr (deg) 1.6 1.2 + +
mnd alv progn, sm-n-id (deg) 2.0 0.8 + +
apicl bse rel, ss-n-sm (deg) 3.2 2.2 -
gonial ang, ar-tgo-gn (deg) 134.3 7.7 - - - -
total fac ang, NSI-ML (deg) 41.1 5.4
DENTAL RELATIONSHIP

overjet, is-io (mm) 1.1 1.6 - -
overbite, ii~io (mm) 0.4 0.9
interinc ang (deg) 129.9 10.8
max inc-NSL (deg) 100.7 7.7 +
mand inc-ML (deg) 89.9 1T.5

MIDFACIAL FLATNESS
MZI1~NSL (deg) 42,2 5.9 + + + +
MZL~FL (deg) 34.6 5.7 - -
MSL-n/ss line (deg) 38.5 5,5 - -

TOTAL FACIAL FLATNESS

profile ang, n-ss-pg (deg) 8.2 5.0 -

Ly denotes significant increase at the 1% level of confidence

- denotes significant decrease at the 1% level of confidence



TABLE 3

Significant sexual dimorphism within age groups

Age groups1

Variable
1 2 3 4 5
CRANTAL BASE
n-ba (mm) + + + +
s-n (mm) + + + +
s-ba (mm) + + + +
n-ecp (mm) +
n-gl, on NSL (mm) +
gl-ecp (mm) oo+
n-s-ba (deg)
FACIAL VERTICAL DIMENSION
n-gn (mm) + + + + +
s-tgo (mm) + + + + +

s-tgo/n-gn (%)
SAG POSITION AND FORM OF MAX AND MAND
ss-ptm (mm) + o+
pg-ar (mm) +
pg-tgo (mm) +
ar-tgo (mm)
ptm-NSP  (mm)
s-n-ss (deg)
s-n-pg {(deg)
ss-n-pr (deg) -
sm-n-id (deg) -

I
+
+ o+ 4+

+ o+ o+ o+

ss-n-sm (deg) + 4+
ar-tgo-gn (deg)
NSL-ML (deg)

DENTAL RELATIONSHIP
is-io (mm)
ii-io (mm)

interinc ang (deg)
max inc-NSL (deg)
mand inc-ML (deg)
MIDFACIAL FLATNESS
MZL-NSL (deg) +
MZL-FL (deg) -
MZL-n/ss (deg) - -
TOTAL FACTAL FLATNESS
n-ss-pg (deg) +

1

+ denotes mean value for males significantly
larger at the 1% level of confidence

- denotes mean value for males significantly
smaller at the 1% level of confidence



TABLE 4

Measurements for Wainwright adult males (30-75 years of age) and
adult males from two Eskimo skeletal populations (Dahlberg, '68;
Hylander, '72)

Hudson Bay1 Wainwright N-W Alaska®
Variable

M s ¥ M o # M SD

CRANJAL BASE
n-ba (mm) 103.5 3.1 102.3 2.9
s-n (mm) 67.2 2.2 67.0 2.4
s-ba (mm) 43.2 1.9 * 44.8 2.4
n-ecp {(mm) 9.7 2.0 * 13.3 1.5
n-gl, on NSL (mm) 6.0 1.3 5.8 1.4
n-s-ba (deg) 138.7 4.7 * 131.6 4.8
FACIAL VERTICAL DIMENSION
n-gn (mm) 123.7 4.6 125.8 5.2
SAG POSITION AND FORM OF MAX AND MAND
pg-ar (mm) 111.5 3.7 112.9 5.1
pg-tgo (mm) 81.2 3.8 78.6 4.2
ar-tgo (mm) 48.7 4.2 51.3 4.5
s-n-ss (deg) 82.2 3.8 83.2 3.5 84.3 3.3
s-n-sm (deg) 81.6 3.3 80.4 3.2
ss-n-sm (deg) 1.6 2.8 % 3.9 2.3
s-n-pg (deg) 78.6 3.6 % 81.7 3.1
ar-tgo-gn (deg) 122.1 7.9 126.9 7.6 125.8 6
NSL-ML (deg) 35.8 5.1 34.8 5.8
DENTAL RELATIONSHIP
interinc ang (deg)  151.8 5.0 137.3  13.1 147.5 10.2
max inc-NSL (deg) 95.3 11.4 99.9 6.4 % 93.0 6.4
mand inc-ML (deg) 88.8 8.5 88.0 7.3 84.8 8.3
MIDFACIAL FLATNESS

MZL-NSL (deg) 52.4 6.3 51.1 6.8

TOTAL FACIAL FLATNESS
3.4 5.4 * 9.6 7.

n-ss-pg (deg)
1 2
data from Hylander, '72; data from Dahlberg, '68
3

* denotes significant difference at the 1% level of confidence



TABLE 5

Measurements for Wainwright adult females (30-75 years of age) and

adult females from two Eskimo skeletal

Hylander, '72)

populations (Dahlberg, '68;

Hudson Bayl Wainwright N-W Alaska2
Variable
M so %y SV sD
CRANTAL BASE
n-ba (mm) 98.7 .2 98.0 5.7
s-n (mm) 64.4 2.9 67.4 4.1
s-ba (mm) 41.4 2.2 41.8 3.0
n-ecp (mm) 9.3 2.0 * 12.7 1.9
n-gl, on NSL (mm) 5.8 1.5 5.1 1.3
n-s-ba (deg) 137.2 4.0 * 132, 3.6
FACIAL VERTICAL DIMENSION
n-gn (mm) 111.5 6.5 116.6 6.5
SAG POSITION AND FORM OF MAX AND MAND

pg-ar (mm) 101.0 3.9 104.9 6.2
pg-tgo (mm) 74.3 3.5 77.1 5.1
ar-tgo (mm) 44.6 2.9 45.6 4.6
s-n-ss (deg) 81.6 3.2 82.8 5.0 83.4 3.3
s-n-sm (deg) 80.8 3.0 80.3 3.3
ss-n-sm (deg) 2.1 2.8 3.5 2.7
s-n-pg (deg) 78.5 2.7 80.6 3.3
ar-tgo-gn (deg) 119.2 4.4 121.7 4,2 125.5 6.1
NSL-ML (deg) 33.5 3.7 34,6 4.0

DENTAL RELATIONSHIP
interinc ang (deg) 131.5 8.5 % 149.5 10.3
max inc-NSL (deg) 101.3 5.2 % 90.7 8.3
mand inc-ML (deg) 93.3 0.1 92.5 4.7 % 85.5 7.7

MIDFACIAL FLATNESS
MZL-NSL (deg) 48.3 5.2 51.9 5.9

TOTAL FACTAL FLATNESS
n-ss-pg (deg) 4.7 6.2 8.8 7.3
I 2

data from Hylander, '72;

3

data from Dahlberg, '68

* denotes significant difference at the 1% level of confidence
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Dear Al,

I hoped it would be, I expected it to be, a good marriage with years of companion-
ship and contentment, the fulfillment of every American girl’ s dream. There would
be a family of happy, healthy intelligent children, eventually a home of our own, and
perhaps after a few more years, a little place in the country. Our family and home
and your dental practice would be our main interests, participation in community ac-
tivities and association with friends would add enrichment and satisfaction. All those
hopes, expectations and dreams have been fulfilled.

What I did not anticipate on that January day in 1934 when we exchanged our vows
was that you would be taking me to some far away places, at times under unusual
circumstances, and we would have friends all over the globe. Your pursuit of know-
ledge about teeth has given us experiences seldom shared by others. There were
times, I must admit, when I would ask myself, "How do you happen to be here?'" I
recall saying that aloud one night when I slept alone in the huge and otherwise empty
barrack that was reserved for visiting women, usually entertainers, at Thule Air
Base in northern Greenland. The unusual and unexpected have been thrilling at the
moment, but what has given us the most happiness is our acquaintance and associa-
tion with people all over the world. We could not anticipate such a large number of
friends.

Our travels began when you chose the Pima Indians for your first study of a living
population. You went to Washington and convinced Dr. Vern Forney, in charge of den-
tistry for the Bureau of Indian Affairs, that such a study would be beneficial to all
concerned. At our own expense, we went to Sacaton, Arizona the next year, where
we were joinedby Mickey(Dr. Mikkelson), the B.I.A. Area Supervisor for Dentistry .
That was our first field trip, but it wasn’t the true beginning of your study of world
dentition. You had been doing extensive reading, especially W.K. Gregory’ s "Origin
and Evolution of Human Dentition" and articles by Percy Butler on the "Field Concept',
Each week, on your "day off" from clinical work, you and I went to the Field Museum,
where we sequestered ourselves on the fourth floor and studied every Melanesian
skull in their collection. You measured each tooth with your Boley gauge while I re-
corded the data. You became so excited about human dentition, you wanted to put all
your information into a paper. Our home became a writing studio for you. I’ 1l never
forget my struggles in trying to keep three little children quietly occupied during the
Christmas holiday while Daddy used the dining room table for a desk. '"The Changing
Dentition of Man'' was published the following June. I like to think that the very be-
ginning of your study of tooth morphology began in our own family. What dental cha-
racteristics would our children have? You, with a family history of peg shaped or
missing lateral incisors and no third molars, and I with all thirty-two teeth and a
supernumerary tooth, extracted when I was seven years old, what would our children
inherit? I remember you x-rayed little Jimmie' s gums to see how his secondary
teeth were developing when he was only four years old.

That first visit to the Pima Indians developed into a progressive study. Year after
year we returned to gather more material on tooth development and eruption patterns
in children, and to develop pedigrees of family members. You also wished to make
comparative observations of other tribes and our field trips included visits to the
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Sioux, Sac and Fox, Utes, Navajo, Zuni and Hopi. Sometimes our field trips were
family affairs wherein our children went along during spring recess of their school.
Invaluable scientific data was not the only reward of our trips to '""Indian country'.
Our lives have been enriched by the cherished friendships of some of the government
workers, teachers and Indians. Field trips also gave us an opportunity to become
better acquainted with your students and with visiting Japanese scholars, when our
teams were enlarged.

Qur involvement with Japanese dentists came about quite unexpectedly. You re-
ceived a call from the American Dental Association requesting that you entertain a
visiting dean of a Japanese dental school. We took Dr. Takahashi to dinner at the
Quadrangle Club and you suggested that he accompany us on our next field trip to Ari-
zona. He had time and funds to study American dentistry in any area, so he accepted.
Taki, as he asked us to call him, instead of Dr. Takahashi, worked with us doing
every sort of job, even "cleaning up'. Later, while visiting in Japan, I learned that
in his country he was held in such high esteem that he wasn’t allowed to carry his own
briefcase. Taki’s visit with us began a fruitful and pleasant association with many Ja-
panese dental and other biological scholars. Each year at least one young man would
come from Japan to work with you and others, Their families have become part of
our "family" and you and I are the American obiasan andoziisan of some wee folk.
We have been treated wonderfully in visits to Japan, few Americans have seen more
places of interest and beauty. In the year of your 65th birthday, we were their guests
from the time we left O’ Hare airport until our return and it was on this trip that you
were honored and delighted by the presentation of The Order of the Rising Sun, Third
Degree.

In 1960, you arranged to leave your dental practice for three months and we went
to Europe and the Middle East to visit museums and study collections. We truly worked
on that trip. I’ m sure I am the only American woman who spent a month in Paris on
her first trip to Europe and never took time to step inside a Paris shop. But I’ m very
familiar with the working and storage space of the Musée de I’ Homme and the Institut
de Paléontologie. From Paris it was Dordogne, Brussels, Gottingen, London, Stock-
holm, Copenhagen, anywhere tooth collections could be seen. In Zagreb there was a
tense moment when a single specimen among the many pieces of the Krapina collection
could not be found. It’ s a moment I’ 11 never forget. The curator, the assistant curator
and Dr. Kallay were quietly and politely muttering while you and I stood by, helplessly
trying to show our innocence. Everyone was smiling tight little smiles, as papers and
cloth coverings were gently shuffled about. At last,the invaluable missing piece was
found, on a shelf far from where you and I were standing, and everyone showed relief
from tension.

Egypt was fascinating, but your access to the mummy exhibits was limited. It was
when we left Egypt for Iraq that adventure began for us, The plane was filled to capa-
city and all the passengers and crew were speaking a language we could not understand.
A pleasant young man from Bulgaria sat directly in front of us and spoke to us briefly
in English, We were relieved to know someone aboard could understand us. When we
reached Baghdad, we found the language barrier a true handicap. Everyone else seem-
ed able to get a taxi, but we were deliberately misunderstood, or so it appeared. Af-
ter every other passenger was on his way from the airport, two young men signaled
that they had a taxi available. (We had noticed that every driver had a companion.)

We told them we had reservations at the Zia hotel. At last they understood the magic
word Zia and nodded assent. They were very cordial and asked, "American?" We
nodded and they smiled a warm welcome. But when we reached the Zia hotel they sud-
denly protested against our going there, "No! No!' Then, in a language we could not
understand but with gestures that were clear, they indicated that they wanted to take
us elsewhere. A huge banner, lettered in Arabic, was floating over the courtyard.
They kept pointing toward it. We insisted on going in, we had made reservations by
letter, weeks before. Reluctantly, they carried our bags to the registry desk and left
with a puzzled look., We obtained the last room in the hotel, a tiny cubicle, but perhaps
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all the rooms were small. Immediately after our luggage was in the room, a messen-
ger said Mr. Zia would like to see us at once in the bar. We found Mr. Zia in a large
and otherwise empty room. He was a big man who spoke some English. He asked us
to be seated at the bar, then summoned Jesus, the bartender, to take our drink orders.
Mr. Zia’s manner was polite but cool. When our drinks were before us, he turned to
us and asked directly and bluntly, "Why did you come to this hotel? "' "The Braidwoods
recommended it," we replied. Immediately, his manner changed and he hecame the
genial person the Braidwoods had described to us. He informed us that the hotel had
been taken over by representatives from "iron curtain' countries for a conference
that was beginning that day. The banner outside was a greeting to all "comrades". He
assured us we were welcome as his guests, but it would be wise to keep our distance
from the others. We assured him that we would be model guests. We never saw Mr.
Zia again. We saw the delegates in the dining room at breakfast time in carefully
chosen far corners. It amused us to hear them speaking English as their common lan-
guage. And they ate Kellogg’ s CornFlakes! We would nod, "Good Morning'' to anyone
who gave us a passing glance. You were disappointed at not being able to see the Shan-
idar collection, which had been your main reason for going to Baghdad. The curator
was ''on a holiday, returning tomorrow". That tomorrow never came, even though we
returned two succeeding days. On the day of our departure, all the boulevards were
decorated with bunting and plants. We pretended it was for our departure, but we
knew it was for Sukarno, who was arriving the next day to visit with his good friend
Kassem. Our plane to Tehran was to leave at two o’ clock, but there was so much ex-
citement about Sukarno’ s visit, we decided to leave the heart of the city in the mor-
ning and wait for our plane at the airport. The hours dragged by, there was nothing

to do and little to eat or drink. We anticipated some delay, but when the time approach-
ed midnight, we began to wonder where we could hide when Sukarno arrived the next
day. A little after 11 P.M., our plane arrived and we could board. It was an Iranian
plane with an American pilot, a sandy haired young man with a southern accent. We
couldn’t believe it was the right plane, for all the seats had been removed from one
side and cargo, big awkward boxes, had been tied in, ""Are you sure those boxes are
secure?" I heard you ask. You even tried to push one a bit. The pilot’ s family was in
the tail end of the plane. You and I had to sit opposite the cargo. There was a plump
Iranian stewardess, whose only service was to check our seat belts. We were glad

to be on our way at last, and we relaxed. After a while, I didn’t know how long after
we had started, for I had closed my eyes, I felt extremely cold, as though ice water
were {lowing through my veins. I told you how cold I felt, then a sweet drowsiness
came over me, and I didn’t care about anything. I remember hearing you say, "Give
me one of those" in a demanding voice, then, "well, get one for me." It was so peace-
ful, I didn’t even wonder what you wanted. Later, after the pilot had given you an
oxygen mask, I learned what had happened. We had been flying over the mountains
between the two countries and the plane’ s cabin was not pressurized. The pilot had
been bringing oxygen masks to his family when you asked for one. You had looked for
the stewardess, but she was sprawled on a seat using a mask, too.

In Tehran you went to the University Dental School and asked for a young dentist
who could assist us and also be an interpreter and guide. It was our good fortune to
have Ezat Khamessi chosen to fill this need. He has been a close friend ever since.
Ezat went with us to Kermanshah, where we joined the Braidwoods and their staff,
who where on an archeological dig. They had taken over part of the compound of a
former Presbyterian hospital; two large homes that had once been doctors’ residences
were the housing quarters. In one, the Braidwoods and some of the staff had sleeping
rooms, an office was set up, and in the kitchen all meals were prepared. In the other
house, identical to the first, the remainder of the staff and visitors had sleeping
rooms, The kitchen was in use as well, not for preparing food, but for cooking the
flesh from bones, so that Charlie Reed, the biologist for the group, could increase his
collection of animal bones. What a picture that kitchen presented! Large cauldrons
were bubbling on the huge stove, one pot had the horns of a mountain sheep curled out
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and over the rim. The smells were hauntingly pungent, for specimens were brought
in wherever found, some not very fresh, I never saw the rest of the first floor, I
was always in a hurry to get to my room, away from the smells. You did a wonderful
service for the Iranians in the mud villages around Kermanshah. The traveling den-
tists would come only at intervals and there were many aching teeth. You and Dr.
Khamessi would set up a '"tailgate clinic” in the back of a car, and then we would
wait, Usually we were ready to leave in frustration before anyone would be willing
to have a tooth extracted. I remained nearby, notebook in hand, ready to record data
as you dictated. There was always a pause after the first extraction while the patient
spread the news, 'no pain'-- oh, how carefully you worked! Then there would be a
flood of patients.

You always were cautious about not offending others, even if you had to be offen-
sive to yourself. In one rural area some men wanted to give us the treat of a drink
of cold buttermilk. You’ve never liked buttermilk, and being told it was from the
rich milk of a sheep, didn’t make it sound more appetizing., Two glasses were pro-
duced, a large one for you and a small one for me. When the buttermilk was brought
from the cooling stream, it was in a bag made from an animal skin, with all the ex-
tremities tied tightly. I knew I couldn’t drink any, and you very chivalrously came to
my rescue, explaining that I had stomach trouble and couldn’t drink anything with
acidity. Your big glass was filled, even though you kept protesting it was too much.

I had never seen you drink anything so fast. You told me later it was the only way you
could get it down. The men thought you liked the buttermilk so much, they wanted to
fill your glass again., You were noble and good and everyone was pleased. I was pleas-
ed that you managed to keep it down.

After we returned to Tehran, you wanted to go to north eastern Iran to look at the
teeth of natives who had some Mongoloid features. We informed the American Em-
bassy in Tehran that we were going to Bandershah and Ezat got our train tickets, On
the morning of our departure, we left so early, we had breakfast served in our room.
There were huge stacks of coarse bread toast and two fried eggs apiece. We ate what
we wished, then, "pack rat' that I am, I made sandwiches of the remaining toast and
eggs, and put them in my big purse. The ride through northern Iran was spectacularly
beautiful. Frequently we could look from one mountain to another and see where our
train would be winding its way. By late afternoon we reached Bandershah, the end of
the line for the train. We were surprised to see soldiers at the station, who kept us
from getting a taxi. A man in uniform approached Dr. Khamessi and some excited
conversation which we couldn’t understand took place. We learned we couldn’t come
to Bandershah. There had been some border incidents in which foreigners had been
killed. We had to leave. When? The next train was at ten o’ clock in the morning, the
train we had arrived on and the one we had expected to use in return. What were we
to do? We couldn’t stay and it was impossible to leave. Dr. Khamessi asked the rank
of the man speaking to us and when he learned he was a sergeant he refused to com~
municate any further with him. Dr. Khamessi had the rank of a captain and he would
speak only with a captain. The sergeant’ s captain, unfortunately, was at some dis-
tance, at a camp on the shore of the Caspian sea. A jeep was brought to the station
and the three of us were taken outf to the camp where the two captains could converse.
While they talked I looked out over the sea and watched the sun setting into the water,
It was a beautiful sight, but I couldn’t help thinking "Where are we and how did we
ever get to this lonely spot at this time of day?' The captain decided to return to town
with us. He would help us in our study, then we must go to our hotel and not leave un-
til he called for us the next morning. "House arrest," we quietly agreed between us.
The captain insisted on driving the jeep back to town. Dr. Khamessi sat beside him
and you were to sit by Dr. Khamessi. I started to get in the back seat, where the ser-
geant was sitting alone, but Dr. Khamessi would not allow that. I was told I could not
share a seat with someone so far below my status, so I had to sit in front on your lap.
The front seat of a jeep holds two comfortably, but four -- it was misery for us, but
quite proper. By request or command from the captain, a dentist who had patients
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waiting in his outer room and a patient in the chair, gave up his premises to you and
Dr. Khamessi., Soldiers were sent out to bring anyone they found who looked the

least bit mongoloid: epicanthic fold in the eyelids, wide zygomatic arch. Frightened
but obedient people looked relieved when they learned they were brought in so that
we could look at their teeth. I took notes while you dictated your observations. Short-
ly after ten o’ clock, you let the dentist resume his work and we were escorted to our
hotel. By this time, the lunch we had eaten on the train was long digested. Our cold,
fried egg sandwiches tasted like a banquet, We had been warned not to drink the water
but I had sealed cans of water that had been given to us on Air France some time ago,
so our thirst was quenched. It was a night of giggling and jests, and the paper-thin
walls allowed us to hear Dr. Khamessi laughing in the next room. The following mor-
ning, the captain called for us and took us for a brief visit to a boarding school,
Standing near the station, just before train time, he asked if you would examine his
teeth. You were very obliging, even though curious spectators came closing in, try-
ing to see what your were trying to find in the gentleman’ s mouth.

In 1961, Bill Laughlin opened a new study area to us, the Arctic. There have been
many subsequent trips to Alaska with Bill and Fred Milan, but neither of us will for-
get an experience we had the first summer, off Kodiak Island. We had been using
open skiffs, fitted with army surplus outhoard motors, to travel short distances from
our headquarters at Old Harbor. You seemed to have the most luck in making the old
motors behave (if only we had known, we were supposed to use white gasoline). Bill
wanted to go to Three Saints Bay to make a survey for possible digging sites the fol-
lowing summer. He and Carter Denniston went in one boat, you and I in another. We
camped at beautiful Three Saints Bay for a couple of days, explored caves and did
some digging. On the morning of our planned departure, a storm was threatening.

We were concerned about getting beyond some rocks at the mouth of the bay and into
the open water. Just as we were congratulating ourselves on our success, I looked
ahead and saw the dorsal fin and tail of a killer whale diving into the water, coming
our way. I called to you and almost immediately we felt a jolt and our motor stopped.
Our shaft had been hit and the shearing pin was broken. You struggled with the motor,
trying to get it into the boat, I started rowing, trying to keep the waves from carrying
us back into the rocks we had just escaped. Finally, we attracted the attention of Bill
and Carter. You needed Carter’s help in getting the shaft into the boat, but first we
should be towed farther away from the boulders. While the rest of us held the two
boats side by side, Carter eased himself over the edges and into our boat. It was a
dangerous act and took much courage and caution. The two of you got the shaft into
the boat and a new pin was inserted. We were feeling "safe and sound", the boat was
working and we had seen no more of the whale. Just as we were heading again toward
Old Harbor, you saw Bill reach down to pick up something from the bottom of his
boat. In doing so, he momentarily took his hand from the control. Like a helicopter,
his motor shizzed up into the air, off the mooring, then fell into the ocean. It was not
lost, for it was secured by a rope, but it was utterly useless until cleaned and dried.

By this time the storm was getting strong. We had no choice but to anchor our
boats at the nearest shoreline. There were four feet of gravel beach between the edge
of the water and the perpendicular face of a rock cliff. You managed to start a little
fire by shaving away the damp coating from driftwood. I suggested eating some lunch
and you said with all sincerity, "I don’t think you should prepare a big lunch." We
had the finest lunch that one can serve of damp sea biscuits and soggy cheese. After
some consultation, you and I started out for Old Harbour in our boat, while Bill and
Carter would wait for rescue. As soon as we had gone far enough to be out of sight,

I became concerned for our welfare. They had the only gun, and if our motor failed
we would have to beach our boat wherever the waves carried us. We would have no
protection against the huge Kodiak bears, and bear tracks were obvious everywhere,
in the high, dense vegetation. So we returned to Bill and Carter and told them we
wanted to stay together. The rain was heavy by now. We unloaded everything expend-
able and the four of us got into our boat and started once again for Old Harbor. We’d

H
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scarcely started when the motor quit. Bill and Carter began rowing in unison, you .
held up a plastic sheet for a sail, and I bailed out water. Bill wisely decided that we
were taking too many risks; if we were swamped by a wave or overturned, survival
time in the icy water was only seven minutes, in spite of our rubber suits and the
tight rope belts we all wore. We headed for a spit of land that marked Barling Bay.
Across the mouth of the bay, Old Harbor was less than two miles away, but if we
had to walk along the shoreline it would be an eighteen mile trek. While you and the
others secured the boat, I walked through the short grass on the spit of land, to look
at the other side. There I saw the most beautiful sight that could greet my eyes. An-
chored in the bay was a fisherman’s boat! I called to him, and in doing so awakened
a little dog sleeping on the deck. Our shouts from the shore and the barking of the
dog finally awakened the owner from his nap. He had been getting all the rest he
could before government regulations let him return to fishing on Sunday night. The
rain had stopped, and the fisherman got in his dinghy and came to us. Where had we
come from? What were we doing there? "Now I’ ve seen everything, ' he said when
he observed one was a woman. He took us aboard, served us hot coffee, then lifted
anchor and steered his boat into the open waters to pick up our skiffs. How nicely
he treated you. With your white beard, he thought you too elderly to do manual labor,
so he had Bill and Carter help him with the rescue proceedings. You winked at me to
keep quiet, you didn’t want to hurt his feelings, and it was very nice to be compelled
to sit still. It was dark by the time we reached Old Harbor, and the storm had come
up again. The fishing boat had to remain quite some distance from shore and we had
to go the remainder of the distance rowing our skiffs. The waves and wind were
getting violent and the light from the fishing boat was our only illumination. The vil-
lagers were there to meet us, forming a chain to grasp the bow of our boat and give
us support. As I stepped from the skiff, a wave nearly swept me from my feet, but
the Baptist Missionary grabbed my rope belt and helped me to firm ground. "You
sure look good to me," I told him, "You look like a drowned rat to me, ' he replied.

We stayed away from the skiffs in succeeding visits to Kodiak, our children de-
manded that of us. Some people may think we should curb all our activities, for ac-
cording to statistics we are past the age of retirement. But please don’t let your
enthusiasm and interest wane. You never look happier than when you are describing
the evolution of human dentition from the single cone or are tracing the development
of a tooth from the anlage to eruption.

I need not tell you I have enjoyed being a '"toothsome twosome'" with you. It’ s been
an interesting and fun dividend to our marriage.

Thelma
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A note on sexual dimorphism in the early
hominid dentition

JEAN KITAHARA - FRISCH

OS S A One of the clearest characteristics of the modern human dentition among that of other primates
is the nearly complete absence of sexual dimorphism in tooth size and shape. Terrestrial ha~
S bits and increasingly large body size is associated in primates with increased sexual di-
% morphism. In the course of human evolution, however there has been a2 decrease in sexual
3 dimorphism.

Recent discoveries of numerous new fossil hominids further complicate the problem since
‘they show sexual dimorphismin canines and molars to have evolved independently.

In order to account for these data, a model has recently been presented by Wolpoff (1976a)
where tool making by early hominids is assumed to have played a major role. Tool use and
tool making account, in this view, both for the reduction of the canines in males and for the
increase in size of the molars,

The present paper attempts to show how the accumulating fossil evidence makes Wolpoff’ s
model highly questionable. Recent observations on chimpanzee tool behavior also fail to sup-
port Wolpoff’ s views. Following this criticism, an alternative model is proposed where the
use of tools and the influence it had on the reduction of sexual dimorphism is considered to
have occurred in two successive stages. It is concluded that the reduction of sexual dimorphism
in hominids resulted from a wide array of cultural activities (such as intensive hunting, divi-
sion of labor, social organisation, etc.). Of these, tool making was perhaps one of the earliest
manifestations. By itself, however, tool making appears to have been insufficient to bring
about the reduction of sexual dimorphism seen in modern hominids.

Keywords: Early Hominid, Dentition - Sexual dimorphism

OnHOM u3 Haubonee OTYETJ/IMBHX XapaKTePHCTUK COBPEMEHHHX YeJIOBeYeCKHX
3Yy60B NO CPaBHEHHW C 3yBaMH NPUMATORB HABJAETCS NOYTH NOJNHOE OTCYTCTBHE
NOJIOBOro muMmopdusmMa B pasMepe u ¢opMme 3y6oB. CYXONYTHHH 06pas XH3HH U
BO3pacTawl4i KPYMHHA pasMmep Tesla CBA3aHH y NPHMATOB C BO3PACTaNHM MO-
NIOBEM HHUMOPOHIMOM. B npouecce 4YejOBEUECKON 3IBOJIOLHU NPOUCXOOHIO, OOHa~-
KO, YMEHbUEeHHE IIOJIOBOTO IHMOpOH3Ma.

HenaBHHE OTKDPHTHA MHOIHX HOBHX HCKOIIAeMHX I'OMHHHIOB YCJIOKHAWT nalee
npofieMy, IOCKOJIbKY OHH OGHapyXMBaKWT HAJMUYHEe pPa3BHBABWETrOCS HEe3aBHCUMO
NOJIOBOT'O RUMOpdH3Ma Y KJAHKOB OOJBMMX KOPEHHHX 3y6OB.

it TOrO, 4TOo6H OBBACHUTE 3TH HaHHHe, Bonenodd /1976a/ npennoxun
HeIaBHO Mopenk, IIe npejnnosaraercs, YTO CO3TAHHHE PAaHHUMH IOMHHHIAMH
OpYIOUS TPYRa HI'PAJH I[JIaBHYI0 POJb. [IPOU3BOJHUMEE ¥ HCIOAb3yeMHe OPYOUA
TpyOa MOCHYXHJH, B CBOKW oOuepenb, TNPHYHHOHK YMEHBUWEHUS KIJHKOB Y MYXCKHX
ocofelt ¥ BO3pacTaHHUA pasMmepa 6OJALMHX KOPEHHHX 3YBOB.

HacTosmas CTaTbd NHTAETCHA NOKazaThk, KaK HAKOIJIEHHE HCKOMaeMoro ma-
Tepyana nongpepraeT COMHeHHw Mmoness Bosnenodda. HemasuHue HaOGIMOOEeHUA 3a
NnoBeNeHHEeM WHMIAaH3e IIPH HCIONb30BAHUM HMMH OPYHMHA TaKxe CTaBHT IOL COM=-
HeHHe BHUIENPUBEOEeHHY0 I'HIOTe3y. YYHTHBAS 3TH KPUTHYECKHE 3aMevaHusda,
CHIIA MpemyioKeHa anbTepHATHBHAA MONENb, IOE HCINOJb30BaHHE OpPYIOHR U HX
BO3JEeMCTBHE Ha YyMeHbLIeHHE TIOJIOBOrO HUMOP(PH3Ma paccMaTPHBAWTCA Kak
BCTpeYamyiecs B OBYX MOCJHeNOBAaTeNbHHX CTanUAX. BEUIO cOeNla’Ho 3aknodeHHe,
YTO YMEHBUEeHHEe ITOJIOBOT'O OHMOP(H3Ma Yy IOMHHHIOB SBJIAETCS Pe3yJIbLTATOM
PasHoOOBpPa3HOH HesATeNbHOCTH /TakoM, Kak HHTEeHCHBHAg OXOTa, DasgesneHue
Tpyna, couManpHas opraHuzauug U T.H./. Cpelnu 2TOH HeATeNbHOCTH NPOHU3—
BOINCTBO OpPYIHE Tpyna NpHHAOIEXaslo, BO3MOXHO, K OIHOMY M3 pPaHHHUX ee
npoasJyieHud. CaMo xe no cebe HNPOH3BOICTBO OpPyOUM Tpyla, KaK kaxercs,
GBSO HENOCTATOYHEM I TOTO, UYTOOGH BH3BATH YMEHBUEHHE ITOJIOBOIO IHMOP-—
du3aMa, HabMOLaeMoro y COBPEMeHHHX TOMHHHIOB.

KmoueBnle CJIoBa: paHHUP IPOMHHHIL, 3yOH, TNOJOBOHM JOUMOPOH3IM.

Jean Kitahara-Frisch, Life Science Imstitute, Sophia University. Kioticho, Chivoda-
ku, Tokyo 102, Japan.
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The Problem

In order to better understand the peculiar pattern of sexual dimorphism characteris-
tic of Homo it is helpful to first view human sexual dimorphism among primates in
general and hominoids in particular.

Table 1, based on data provided by Schultz (’69) and Napier & Napier (’67), re-
veals that the most pronounced examples of sexual dimorphism in living primates
occur either in predominantly terrestrialspecies(e.g. Papio) or in species with
large body size (e.g. Pongo and Gorilla). The two arboreal forms showing un-
expected marked sexual dimorphism (Pongo and Nasalis) are, it will be noticed,
larger than related forms (e.g. Pan and Presbytis respectively). Among South
American monkeys it is also the largest species, Alouatta, that shows the grea-
test amount of dimorphism.

In comparison with these observations, the outstanding characteristic of Homo 1is
found to be the coexistence of terrestrial living habits and large body size with a
sexual dimorphism more reduced than in nearly all hominoid primates, with the ex-
ception of the gibbon (Frisch, *73). Moreover, if man is considered not only in his
present condition but also in his evolutionary history, human evolution appears to be
characterized jointly by an increase in body size in both males and females and by a
progressive reduction of sexual dimorphism.

Such are the characteristics that need to be explained since they run counter to
what the rest of primate evolution would have led one to expect.

When trying to account for the peculiar type of sexual dimorphism characteristic
of Homo, the increasing number of early hominidfossil finds may be expected to pro-
vide valuable evidence for tracing the development of this unusual trait. However, as
the fossil record becomes more complete, a number of new difficulties also appear
that make the solution of the problem more complex. As can be seen in table 2, early
hominids show much more dimorphism in molar size than the chimpanzees or even
the gorillas, although the latter are two to three times heavier than estimates for
early hominids (Robinson, 1972). Simultaneously, however, the canines of the early
hominids show much less dimorphism than in either of these two great apes.

A comparison of early hominids from East and South Africa reveals an additional
anomaly: East African hominids are found to be conspicuously more dimorphic than
South African hominds for molar size but to be practically identical with them as far
as the canines are concerned.

Such anomalies must be explained in any attempt to interpret the significance of
sexual dimorphism in early hominids, More specifically, one must account for the
fact that molar size remained apparently dimorphic much longer than in the case of
the canines. The possiblity must also be considered that in some hominid species the
molars became even more dimorphic as time went by (Wallace, ’ 75).

A model for Hominid Sexual Dimorphism

The nature of the difficulties mentioned above seems to call for a separate considera-
tion of canine and molar sizes. This is because of the possibility that canines and
molars were submitted, during early hominid evolution, to different selective pres-
sures. This is what Wolpoff attempts to do in a series of recent publications (Wol-
poff, *75, *76 a. b). Dahlberg’ s observation, fifteen years ago (Dahlberg, ’62), that
developments in the evolution of the hominid dentition may occur within some tooth
groups independently or in combination with other groups may apply to the evolution
of sexual dimorphism in distinct tooth groups.

As far as the canines are concerned, Wolpoff suggests that emerging tool use and
developing cultural behavior brought about a reduction in size of the canines in both
males and females, as these teeth were replaced or supplemented by tools. On the
other hand, the process thought to have led to increased molar size and increased
sexual dimorphism in these teeth is seen by him as more complex. It is believed to
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reflect the use of clubs and rocks as weapons. The efficient use of these weapons
would have put a premium on physical strength and would have thus favored an in-
crease in body size, particularly in males engaged in the defense of the group, In-
creased body size would have called in turn for a higher caloric intake, more pro-
cessing of food and, ultimately, larger molar grinding surfaces. Thus, in Wolpoff’ s
view, the emergence of culture, under the form of tools and/or weapons, had a dif-
ferential effect on canines and molars.

Wolpoff” s hypothesis shows concern for the evolutionary processes involved in the
development of the hominid dentition. He thus certainly stands to be commended for
heeding the warning given by Dahlberg (* 62) that only a consideration of the biological
principles involved would succeed in illuminating points in tooth morphology which un-
til then had been mere subjects for statistical data recording. Nevertheless, the hy-
pothesis he formulates raises a number of serious difficulties. Some of these will be
considered in the following paragraphs and an alternative model suggesting how
sexual dimorphism may have evolved in early hominids will be briefly outlined.

The first difficulty with Wolpoff’ s model originates in the fossil record. For in-
stance, the canine was already reduced in a number of Pliocene hominoid genera that
are not known to have beenusingtools. Such is the case with Oreopithecus (Huerze-
ler,’58) and Ramapithecus (Simons,’61). More recent finds from Hungary (Kret-
zoi, *75) confirm that forms with small canines were no exceptions but were part of
a wide-spread radiation covering the three continents of the Old World.

As a matter of fact, as more finds of early fossil hominids are made, the ortho-
dox view of deriving Homo from an ancestor possessing large canines becomes in-
creasingly questionable. Kinzey’s (* 71) suggestion that man’ s immediate ancestors
had small canines is therefore strengthened. However, even if this is not the case it is
already clear that the link between canine reduction and tool use is far from being
as close as previously suggested. Such may also have been the case for sexual di-
morphism as a whole.

Another difficulty in accepting Wolpoff’ s hypothesis resides in the fact that canines
are considerably less reduced in Homo erectus than they are in the robust. australo-
pithecines. According to Tobias (*67), the mean labiolingual diameter of the canines in
Homo erectus (10.5 mm) is surpassed by only one out of 13 Paranthropus (=
Australopithecus robustus) canines and by none of the known Australopithe-
cus canines. Brace et al. (’73) report the maxillary canine area to average 84, 88 mm?
in 23 South African australopithecines as opposed to an average area of 96.50 mm? in the
canines of Homo erectus.

Likewise, sexual dimorphism in canine area is reported by Wolpoff (* 76b) to be lar-
ger in Homo erectus than for the combined South African australopithecine sample.
As for Australopithecus robustus, the smaller average size of the canine sug-
gests that sexual dimorphism would probably be even smaller in that form and the dif-
ference with Homo erectus even larger. Stone tools, however, as is well known,
were frequently used by Homo erectus with considerable skill in stone tool manufac-
ture. Stone tools have so far never been found in definite association with robust austra-
lopithecine remains (Tobias, * 71), The combined fossil and archeological evidence thus
speaks strongly against associating tool making and reduction of canine size.

A different type of difficulty in the model here considered stems from the newly
acquired knowledge of chimpanzee behavior under natural conditions. The considera-
tion of that behavior is helpful in that it gives some idea of the kind of behavioral
basis that may be assumed to have been present in the common hominoid heritage.

Chimpanzees are known to use tools chiefly in food producing activities and dis-
plays (Nishida, ’73; Beck, ’75). It is important in this context to observe that most
objects used by chimpanzees for procuring food do not and could not replace or supp-
lement canines. A possible exception would be the crushing of nuts with stones -
(Struhsaker and Hunkeler, ’71), but this behavior is still most imperfectly known.

On the other hand, objects are also used by chimpanzees in displays or, rarely,
for offensive and defensive purposes. But, in this case also, the objects used do not
appear to replace the canines any more than in food procuring activities. As early
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as fifty years ago Koehler remarked that displays in chimpanzees contained an im-
portant element of play and that sticks were thrown away as soon as the game be-
came serious, the apes ""falling on one another with hands, feet and teeth” (Koehler,
' 25:83).

Behavioral evidence thus indicates that, where tools are used by chimpanzees,
they seldom, if ever, replace canines, That they did replace them in early hominids
and were thus responsible for canine reduction in males is a claim that remains un-
supported by all available evidence of hominoid behavior,

Finally, if tool use and tool making had been sufficiently developed to account for
a reduction of the canines, it is hard to understand why these same tools did not take
care of the needs for processing larger amounts of food and why, instead, the grind-
ing surfaces of the molars had to be increased. In this context, it may be signifi-~
cant that the grinding surfaces of the molars are most enlarged in the robust austra-
lopithecine type which is the one not known for certain to have manufactured stone
tools. This fact led Wallace (’ 75) to suggest that some early hominids became spe-
cialized for crushing and grinding food within the mouth while others took to grinding
food with tools outside the mouth. If this suggestion is correct, the existence of large
molars with small canines in robust australopithecines constitutes additional evidence
that tools cannot be held responsible for canine reduction, at least not in this hominid
species.

An alternative model

As an alternative to Wolpoff’ s model, it is suggested in the following paragraphs that
the use of tools and the influence it had on the reduction of sexual dimorphism is best
considered as having occurred in two successive stages.

During the first stage, conceived to have been that characteristic of early hominids,
stone tools, it is argued, were of a very simple make and were used chiefly for col-
lecting purposes. As such, they were without effect on the size of the male canines.
Reduction of the canines in males, and consequent decrease in sexual dimorphism,
are best attributed, it is suggested, at this stage, to other factors, such as pressure
for greater sociability (Holloway, ’67) or the fact that smaller canines, as proposed
by Jolly (* 70), facilitated chewing on small hard objects. Such an explanation of ca-
nine reduction would account for the reduction of the canine in species of early homi-
nids, such as Australopithecus robustus, that are not known to have made or
used stone tools to any large extent.

On the other hand, considerable sexual dimorphism in molar size may reflect ter-
restrial habits and the larger body size of males, a common feature in terrestrial
primates. The apparent dimorphism may also be, to an extent, an artifact produced
by the unwarranted lumping of specimens belonging to different species, particularly
where the East African sample is concerned. It is certainly not hard to visualize the
coexistence of two or more species or early hominids characterized by different de-
grees of reliance on molars for the grinding of hard seeds. Some populations may in
fact have started using stone tools for grinding purposes, thereby replacing the mo-
lar dentition, as suggested by Wallace (* 75). The point should be clarified by a more
accurate analysis of the distribution of dental variability in early hominids by geolo-
gical age and geographical site.

The second stage proposed here concerns later (middle Pleistocene) hominids:
division of labor by sexes. More complex stone tools were used in hunting activities
(as weapons, knifes for skinning game, etc.), chiefly by males. Collecting, on the
other hand, became the more exclusive role of females and, as such, may have con-
tributed in part to increasing selective pressure for larger body size in females,
thereby reducing the amount of overall sexual dimorphism,

Increase in body size in females, however, may be more easily accounted for in
terms of the selective pressures prompted by an increased reliance on hunting in the
subsistence pattern of middle Pleistocene hominids. Increased hunting perhaps re-
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INTENSIVE HUNTING

requires:

1, longer mental time span
2, capacity to orient in space
3, capacity for goal-directed actions

calls for:

LARGER BRAIN
1

LARGER FETUS

early birth wider pelvis
4

helpless newborn
¥
closer,longer
family ties
3 larger
body size
in females

N2

reduced
intermale rivalry

4
male canines
further reduced

™~

IREDUCED SEXUAL DIMORPHISM

Fig. 1. Tlow chart showing hypothesized impact of intensive hunting on the reduc-
tion of sexual dimorphism.

flected the deteriorating climate in the Northern latitudes. The link between hunting

and larger female body size may be visualized in the following fashion. Successful
hunting is thought to have required a considerable increase in mental time span
(Krantz, ’68) and also an increased capacity for orientation in space and goal direct-
ed actions (Brown and Lahren, ’73). These requirements eventually brought about,

it has been hypothesized, the doubling and tripling of hominid brain size from Austra-
lopithecus toHomo erectus and H. sapiens. The rapid increase in brain
size would, in turn, have favored a larger body size in females so as to provide a wi~-
der birth canal for delivering the larger brained fetus (Campbell, ’66).

The obstetric problem, however, may also have been solved, at least partly, by
hastening the time of birth of the fetus and causing the delivery to occur before term.
This would account for the remarkable immaturity of modern man’ s newborn when
compared to that of other primates (Portmann, ’51), Such an early delivery would
have entailed a greater helplessness in the newborn and have favored, as suggested
by Campbell (* 66), the development of more permanent family ties.

Opportunities for male rivalry would thereby have become fewer and the role of
canines in sexual intermale competition would have been considerably diminished.
Canine reduction, a process that had already begun in the first stage outlined above,
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would have thus proceeded further and resulted eventually in the extremely reduced
sexual dimorphism characteristic of the canine in modern Homo sapiens.

Thus, as seen in figure 1, intensive hunting, by calling for a rapid increase in
brain size, can readily be visualized to have set in motion a series of processes,
such as increase in female body size, accelerated delivery of the fetus and reduction
in male rivalry. The global outcome of these processes amounted, it is suggested,
to a considerable reduction of sexual dimorphism reached principally through the in-
crease in size of the female body and the decrease in size of the male canines.

The model here proposed considers separately the processes responsible for the
reduction of sexual dimorphism in the canines and in the molars. It is consistent with
the evidence recently presented by Leutenegger and Kelly (1977) to the effect that the
factors determining canine size dimorphism and body size dimorphism in primates
differ in magnitude and origin. The key factor controling canine dimorphism, these
authors argue, is male intrasexual selection which, in turn, is related to the social
structure of the reproductive unit. Body size dimorphism, on the other hand, they
show to be determined by a multitude of factors interrelated in a complex manner.

The model presented in this article outlines briefly what this complex interrelation-
ship may have been in the case of early hominids. It also concurs with the views of
Leutenegger and Kelly on the importance of the social factors involved in determining
dimorphism in both canines and molars.

The model proposedis also seen to agree with that of Wolpoff in considering culture
as the principal agent responsible for the overall reduction of sexual dimorphism in
the hominid lineage. It avoids, however, to postulate a direct causal relationship bet-
ween the use of tools and the reduction of canines.

The influence of culture was mediated, it is suggested, by an array of activities,
such as hunting, division of labor, tool making and social organization. Of these ac-'
tivities tool making may well have been one of the earliest manifestations, but simple
tool making appears, on the strength of the evidence considered above, to have been
insufficient to bring about the unique pattern characteristic of human sexual dimorphism.
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Notes
~

1 Jolly’ s proposal is consistent with what is known of the environments in which
Middle Miocene hominoids with small canines lived, both in India and in East
Africa. These environments appear to have included open woodland areas where
seed-like hard objects are likely to have formed part of the diet and where, con-
sequently, reduced canines would have become advantageous (Tattersall, ’69;
Andrews and Van Couvering, *75)

2 Confirmation of the coexistence of distinct species of early hominids in East Africa
depends on a more accurate analysis of the distribution of fossil remains by geo-
graphical site and stratigraphic layer, a point recently well brought out by
Gingerich and Schoeninger (1977).
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TABLE 1

SEXUAL DIMORPHISM IN PRIMATES
(Body Weight)

Species Habitatz Indexl Male Body Weight (in Kg.)
Homo sapiens T 89 60 - 80
Gorilla gorilla T 48 140 - 180
Pan troglodytes M 89 aver. 48.9
Pongo pygmaeus A 49 aver, 69
Erythrocebus T 54 7.5 - 12.6
Macaca mulatta M 69 5.6 -10.9
Nasalis larvatus A 48 11.7 - 23.6
Presbytis entellus A 68 9.5~ 20,9
Papio papio T 43 22 - 30°
Alouatta palliata A 81 aver, 7.4

1: weight of female in percent of weight of male
2: T = terrestrial, M = mixed, A = arboreal habitat
3 weight range in males of Papio anubis.

(Data from Schultz, 1969 and Napier & Napier, 1967)

TABLE 2

SEXUATL DIMORPHISM IN MANDIBULAR MOLARS AND CANINES OF EARLY HOMINIDS
AND APES

(Tooth area of females in % of area in males)

My My Mg C,
South African samples combined 87.17 84.9 81.7 79.1 ™ L
East African samples combined 71.9 66.7 64.4 81.3
Pan 95.4 95.8 92.17 66.0
Gorilla 89.1 86.7 82.8 48.6

n.1 The value for C of the South African samples refers to the maxillary canine.

(Data from Wolpoff, 1976b)
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Postmature development of supernumerary premolars

TATSUO FUKUHARA

OSSA Two cases of postmature development of supernumerary premolars are presented in regard
to the reversion theory of the human dentition. Garn’s concept of third molar agnesis (" 61-'64)
i’& which may be related to reduction of tooth size and/or number of the remaining teeth is viewed

as an extreme degree of expression of the factor delaying the tooth formation over a long pe-
riod of development. A presumption in line with this concept may be raised that postmature
formation of so-called supernumerary teeth formerly normal in ancestral form inclines to-
ward complete reduction in modern man through a long process of evolution.

Keywords: Development - Postmature - Supernumerary Premolars.

: OTMevyawTCcs LBA CJydas Pa3sBUTHA HOONOIHHTENbHHX MAJX KOPEHHHX 3yGOB

€¢wf 1OCNe HACTYIJIEHUA IIOJIOBOH 3peJIoCTH, OTHOCHAWUECS K ATaBHCTHUECKON Teo-~
PHH QOPMHPOBAHUA YeNOBeYeCKUX 3y6oB. KoHUenuus TapHa paccmaTpusBaeT
areHesuw TPeThbero GONpWOro KOPeHHOT'o 3yBa /'61 -’64, xoTopas Moxer
6HITE CBF3aHa C yMEHbBWEHHEM pasMepa 3y6a M /uiH/ YHCJa OCTaNbHHX 3y60B.
OHa OuUEeHUBAETCA Kax KpafHAA CTEereHb MNPOABJIEHHS (aKkTopa, 3amdepKUBalue-
ro fopMHpOBaHUe 3y6a Ha NPOTAXEHUW IJIHTENbHOIG NepHOoIa pPasBUTHS. B
COOTBETCTBMM C ITOH KOHUENUHeH MOXeT BOSHHKHYTH MNPENNoJIOKeHHe, 4TO,
6raronapsa OJIHTEJSIBHOMY NPOUECCY 3BOOLMH, POPMHPOBAHHE TaK HAa3HBAEMEX
HONONHUTEJILHEX 3YyGO0B NOCHe HACTYINEeHUS NOJOBOH 3DPesIOCTH, paHee HOp-—
MaJbHOE B YyHaCJeHOBaHHOR dopMe, HMEeeT TEeHOeHUHKW K IOJHOMY HCYe3HOBEe-—
HHIO Yy COBPEMEeHHOI'O YeJIOBEKa.

KnioueBre cJioBa: pasBUTue, MEePHOH TNOCJIe HACTYMJIeHUA [IOJIOBOH 3pesiocTH,
HONOJIHMTENbHEE MaJlkle KOPeHHBIe 3YO6H.

Tatsuo Fukuhara, Department of Orthodontics, Showa University Dental School, Ohta—
ku, Kitasesoku 5-1-1, Tokuo 145. Javan.
Vol. 6, pp. 83-88, Lund. ISSN 0345-8865.

Prevailing trend toward complete panoramic roentgenograms in oral diagnosis has
made it possible to disclose almost true incidence of supernumerary and congenital
missing teeth in the dentition. Stafne (’ 32) stated that definite determination of the
frequency of the supernumerary teeth can be made by observation of many subjects
from the time the deciduous dentition is completed until the last teeth of the perma-
nent dentition have become fully calcified. Morphogenetic reductions in the tooth num-
ber and size which occur in the third molars, second premolars of the the four quad-
rants, maxillary lateral incisors and mandibular central and lateral incisors are
accepted as evolutionary changes which prophesy a future dental formula of fewer
teeth. Garn et al. (61-’64) made extensive studies on agenesis of third molars and
found a correlation between the congenital absence of this tooth and polymorphism in
tooth size and delayed timing of the formation of remaining teeth. Concerning super-
numerary teeth, on the other hand, various hypotheses have been advanced in relation
to the evolution of dentition. These hypotheses can be classified into three major
groups (Stafne, ’32): (1) all supernumerary teeth are attributed to reversion; (2) re-
version may be accepted in some instances and rejected in others, and (3) reversion
is rejected entirely. Based on the examination of 48, 550 consecutive patients from
whom complete dental roentgenograms were made, Stafne (’ 32) indicated that an-
cestral tooth number would be 56 if one assumed that all supernumerary teeth which
occur fall under the reversion hypothesis. Hanihara et al. (’ 65)studied a possible re-
lationship of the tooth number anomaly to the normal characters as presented by
crown diameters in regard to the evolutionary significance of the supernumerary
teeth. This statistical survey demonstrated that the supernumerary teeth, or at least
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Fig. 1. Case 1. Boy, 11 years old. Panoramic view of the dentition. No specific
finding in tooth number and shapes (A 1).

Fig. 2. Panoramic roentgenogram taken 2 years and 1 month later than that in
Figure 1. Clear image of extra premolar in the left of the mandible (A 2).

the mesiodentes which were used for the materials, have no evolutionary importance.
It was also concluded that this result might support the theory of accidental variation
in tooth germs for the origin of the supernumerary teeth and the reversion theory was
rejected. The following two cases concern supernumerary mandibular premolars
which were not found on the initial examination during the early stage of orthodontic
treatment and during which time the normal premolars were fully calcified.

Case 1. An eleven year old boy who was referred to us by a general practitioner
in August, 1974. Routine intraoral and facial examination, panoramic and cephalo-
metric roentgenograms were taken. Tooth number and shapes were normal (Fig. 1).
Treatment planning was made and maxillary and mandibular first premolars were re-
moved. Two years and one month later, in September, 1975, another panoramic
roentgenogram was taken which revealed an unusually developing extra premolar on
the left side of the mandible (Fig. 2). In the magnifying picture from the original film,
itis possible to compare with the dental film taken six months later (Fig. 3). The ob-
scured image of the early stage of the uncalcified tooth germ is illustrated in the
white circle.
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Fig. 3a. (A1 X)

Magnifying picture of premolar region
of Fig. 1. Obscured image of uncal-
cified tooth germ is revealed in white
circle.

Fig. 3b. (A2 X)

Magnifying picture of premolar region
of Fig. 2. Postmature development
of supernumerary premolar,
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Tig. 4. Case 2. Dental roentgenograms. Individual seems to be normal in tooth
number and shapes (B 1).

Fig. 5. Panoramic film taken 6 years and 7 months later than that in Fig. 4. A
postmature development of supernumerary premolar is now clearly illus~
trated (B 2).

Case 2. A boy aged eight years and eleven months with anterior crossbite. Dental
roentgenogram as well as the cephalogram were taken in October, 1970, soon after
the consultation. However, no variation was found in tooth number and shapes (Fig. 4).
An additional panoramic roentgenogram was taken in May, 1977, when the patient was
15 years and six months old, and revealed a right supernumerary premolar in the
mandible with its crown about 70% calcified (Fig. 5).

Comment:

Supernumerary premolars are not infrequently found in dental patients. However,
postmature calcification of the tooth germs, like the present cases, is very unique

and enables a consideration from the viewpoint of the evolutionary process of diminu-
tion in tooth number or reversion nature probably persistent in the human dentition.
Poyton et al. (’60) reported a most unusual case of recurring supernumerary premo-
lars although they were removed five years ago. As Garn et al. (61-’64) have de-
scribed, agenesis of the third molar is viewed as the extreme degree of expression

of factors delaying the tooth formation over a long developmental period ranging from
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the first month of life (for the first molar) to the eighth year or beyond (for the third

molar). A presumption along the line of Garn’ s concept is that postmature caleifica-

tion of the supernumerary premolars during the period of normal premolar formation
in modern man indicates that so-called supernumerary premolars are the manifesta-
tion of the reversion of tooth number and indicative of the process of evolutionary re-
duction,
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Tissue culture of the development of teeth and jaws

SHIRLEY GLASSTONE

OSSA

Tissue culture has been used for the study of the morphogenetic field within the tooth itself and
within the jaw including the squamo-mandibular joint. In studies using a culture medium of
chicken embryo extract and fowl plasma and later a chemically defined medium, normal histo-
logical and morphological differentiation occurred. Normal cusps formed as well as the diffe-
rentiation of odontoblasts and ameloblasts and the formation of dentine and enamel.

In tooth germs cut into two before cusps were present and grown in tissue culture regula-
tive changes took place and each part formed a whole tooth. In pieces of jaw explanted at a
very early stage of development when no teeth were present, whole teeth developed. The por-
tion from the anterior part formed incisors and those from the posterior region molars. These
findings illustrate the presence of a morphogenetic field within the jaw and within the tooth it~
self.

Combined mandibular and maxillary segments before differentiation of the mesenchyme was
present were grown as tissue cultures. From the undifferentiated mesenchyme Meckel’ s car-
tilage developed as well as the body of the mandible, the mandibular ramus and the squamo-
mandibular joint.

The formation of the joint in organ culture indicates that the joint formation does not depend
on muscular, nervous or vascular factors but that the factors are intrinsic to particular re-
gions of the mandibular and maxillary mesenchyme.

Keywords: Development - Teeth and Jaws - Tissue cultures.

Kyabrypa TKaHu OGHJIa HCNOJL30BaHa IJIf H3YYEHUS MOPQPOreHeTHUSCKOH
OBJIACTH BHYTPH CaMoro 3yba M B HHXHEHN YeNIoCTH, a TaKxe B JYeuwyidaTo-
MaHIUOYJIADHOM CycTaBe. [IpHMEHANH IMHTATENBHYH CPeny, CONePXaBlyl 3KCT-
PAKT H3 KYPHHOI'O >MOPHOHa M ITHYBK IIJA3MY, a TakKke Cpelny onpelejieHHO-
TO XHMHUECKOI'O cocTaBa. OTMedeHb HOpMasibHHE IHCTOJIOrHYecKast H Mopdpo-~
noryuyeckas nudPepeHumanun. OODPMHUHDYWTCH HOPMAaJIbHEE 3MaJieBeHe OpratHh,
OpOHCXONUT nuddepeHunanus ONOHTOBMACTOB H aMenobtllacTos, a Takke obpa-
3YHTCSE HEHTHH ¥ 3Manb.

3avaTox 3yfa, pa3pe3aHHHA Ha IBe YacT Iepel MNOSBJIEHHEM 3MAaJeBoro
opraHa ¥ poCwHH B KyJIbType TKaHH, OOGHAPYXHBAJ PEeryJiATUBHHE H3IMeHeHHH,
NnpUYeM Kaxpasg H3 dacrel copMHpoBasia TIOJHBEI 3y6.

B 4acTaxX 4YeNwCTH, KYJbTHBUPOBAHHHIX BHe OpraHH3Ma Ha O4YeHb paHHeH
CTaIMH PasBUTHA, KOLIa eule He OBHAPYXKHUBANOCH HHKAKHX 3y60B, pasBusa-
JIMCh HOJNHHE 3y6pl. YUacTOk nepenHed ofnacryd GOPMHPOBAaJl pesis, a 4dacThb
3anHen O6J1acTH —~ OONblHEe KOpPeHHHEe 3y6hl. ITH HaGMOUeHHUA HIINCTRPHPYIOT
HalmMuue MopdoreHeTHYeCKOoHR O6JIacTH BHYTPH YEJWCTH M BHYTDPH CaMoro 3y6a.

KOMOUHHPOBAHHEHE HHXHEUEWNCTHHE H BepRHEYENOCTHHE CerMeHTH lepel JHd-
depeHupanuell ME3EHXHMH POCJHH B BHIE KYNLTYPH TKaHH. MeKKenesB Xpsu
PasBUBaNICA U3 HegUPPepPeHUHPOBAHHOH ME3EeHXHUMH, TaK Xe KaK H TeNn0o HUXHeR
YenCTH, €€ aNbBeOJNIAPHHHE OTPOCTOK H YemyHuaTOo-dYemoCTHON CYyCcTas.

dopMHpOBaHHE CYCTaBa B KYJAbTYpPe TKaHH IoKassBaeT, YTO 3TOT Hpoiecc
HE 3aBUCHT OT (PaKTOPOB, CBHEBAHHHX C MbBdllaMH, HEpBaMH HJH COCylaMu, HO
YTO 3TH QaKTOPH BHYTDPEHHE CONpAXeHH CO ClNeuHdHYeCKUMH YyYacTKamMy Bepx-
HEUEe/HOCTHOH M HWXHEUEeJICTHON Me3eHXHMH.

KimoueBsle CJIOBA: PasBUTHE, KYNLTYPa TKAHH, 3yOH H HHXHAA 4YeJIoCThb.
Shirley Glasstone, 34 Porson Road, Cambridae C2 2EU, England.
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Introduction

Probably the first experiment on the transplantation of teeth on record was that of
Cadmus, who, it may be remembered, explanted into the soil dragons’ teeth which
grew into armed men (Stesichorus, 6 B.C.). Apart from this legendary experiment
which had such a singular result, very little work has been done on the self-differen-
tiating capacity of dental tissues outside the mouth.

Legros and Magitot (1874) made homologous and heterologous transplants of whole
tooth germs and the component parts of tooth germs, into the subcutaneous tissues of
guinea pigs and dogs. As these grafts were made in the days when aseptic precautions
were not taken, the results were remarkably satisfactory. Seven of the twenty-six
transplants of whole teeth developed dentine and enamel. In the grafts of the pulp alone,
dentine sometimes formed, but those of the isolated enamel organ were absorbed. The
authors drew no conclusions from their results.

No further work of value on the embryology of grafted tooth germs was done until
that of Huggins, McCarroll and Dahlberg (1934). They showed that the soft tissues of
tooth germs taken from dogs were able to differentiate readily when transplanted into
the abdominal wall of the same dog.

From their results they were able to formulate some interesting embryological
facts. They found that only when the ameloblasts were in contact with the odontoblasts
did these cells maintain their columnar shape, and form enamel. In grafts of the iso-
lated enamel organ the ameloblasts lost their cylindrical shape, and this layer of cells
formed a stratified squamous epithelium. No cysts formed, whereas they did so in
grafts of the gingival tissue. They also found that the enamel organ induced the forma-
tion of the odontoblasts, but once these latter cells were present they were able to
form dentine, in an irregular fashion, in its absence. But the presence of the enamel
organ was essential for the normal morphology of the tooth. This result confirmed ex-
perimentally the view of Turner (1872), Tomes (1874) and Von Brunn (1887, 1891) who
described teeth with enamel organs but with no enamel. Von Brunn held the view that
no odontoblasts, and consequently no dentine formed in the absence of the epithelial
sheath. The epithelial sheath was the enamel organ in its reduced form. The external
and internal epithelia were in apposition and there was no stellate reticulum present.

Huggins, McCarroll and Dahlberg were able to modify this view on experimental
grounds and said (p. 207): ... odontoblasts, which have arisen as a result of epithe-
lial influence on connective tissue, do not further need for their function the presence
of epithelium".

A certain amount of work has been done on the development of tooth germs in tissue
culture but not much has emerged so far from these studies.

Glasstone (1936, 1938, 1952, 1967) studied the growth and differentiation of isolated
rudiments as well as whole incisor and molar tooth germs. Tissues from the embryonic
rat, mouse, rabbit, golden hamster and human were cultivated in a medium of fowl
plasma and chick~embryo extract. The cultures were grown in watch glasses or as
hanging drops, and incubated at 37°C.

The following experiments and observations were made.

Growth and differentiation of isolated rudiments of the tooth
germs

A. Enamel Organ

The enamel organ was stripped off from molar tooth germs just before calcification.
This tissue, when cultivated alone at this early stage of development, survived for a
few days and there was no histological change.
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B. Dental Papilla

In some of the incisors a calcified cap of dentine was present; this cap was stripped
off with the enamel organ, leaving the dental papilla. During this process some odonto-
blasts were stripped off whilst others remained behind on the papilla. Where there

was no enamel organ present, these odontoblasts formed an irregular band of dentine
instead of a sheet of dentine. In a number of the cultures part of the enamel organ re-
mained behind. When this happened the internal cells of the enamel organ, that is the
pre-ameloblasts, differentiated into functional ameloblasts; the cells became cylind-
rical in shape with the nucleus at the end of the cell furthest away from the dental
papilla. At this stage the adjacent cells of the pulp differentiated into odontoblasts

and formed regular bands of dentine.

In another set of experiments, the cells of the periphery of the papilla were cut
away, leaving a central portion consisting of fibroblasts and mesenchyme cells. When
such a part of the dental papilla was grown as a tissue culture the cells remained
healthy but no further differentiation occurred.

Of particular interest is the question of the influence of the enamel organ on dentine
development. It had previously been shown that the enamel organ, which is present
even in teeth where no enamel forms, is necessary for the formation of dentine. Tur-
ner (1872) had observed that the teeth in the narwhal had an enamel organ but no ena-
mel, and a similar observation was made by Tomes (1874) in the armadillo. Hertwig
{1874) in his work on amphibian teeth described the presence of the enamel organ in
a reduced form, in the region of root formation where no enamel is formed. Von
Brunn (1891) observed its presence on the tips of the cusps of rat molars and on the
palatal surface of the rodent incisors, all of which are enamel-free areas. Von Brunn
came to the conclusion that the epithelial sheath, the enamel organ in a reduced form,
is responsible for the development of odontoblasts and dentine and that its primary
function is that of determining the form of the future tooth.

In the tissue cultures of the dental papilla alone, the odontoblasts present at the
time of explantation produced convoluted bands of dentine. Wherever dentine was
formed in contact with the epithelium it was deposited as a regular sheet. This result
clearly showed that one of the functions of the enamel epithelium is to determine the
morphological structure of the tooth. This confirmed, experimentally, the views
based on the morphological deductions of the investigators of the 19th century. There-
fore the enamel organ, even in its reduced form, has an organizing effect on the den-
tal papilla, inducing odontoblast formation. Once the connective-tissue cells have
reacted to this influence, the presence of the enamel epithelium is not necessary for
the deposition of dentine.

The results of this study fully confirm the conclusions of Huggins, McCarroll and
Dahlberg (1934). Their evidence was derived from the transplantation of tooth-germ
elements into the abdomen of the dog, whereas the results of the present study were
obtained from the cultivation of tooth germs in vitro. By this experimental method,
ai.vascular and nervous connexions were eliminated; this produced a more complete
isolation than grafting.

Whole tooth germs

A. Incisors

Incisor tooth germs of the rat, mouse, and golden hamster were removed at the cap
stage and grown in a medium of fowl plasma and chick-embryo extract.

As the incisors increased in size they changed from the cap stage and became
bell-shaped. They gradually elongated and had a pointed incisive edge, the buccal sur-
face became convex and the palatal or lingual surface concave. The cells on the peri-
phery of the dental papilla, that is adjacent to the enamel epithelium differentiated
into odontoblasts which formed normal tubular dentine. The cells of the internal
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Fig.

Fig.

Fig.

Fig.

Wax reconstruction of the dental papilla of the first lower molar of a 17-day
rat embryo. Cusps have not yet formed. x 45.

Wax reconstruction of the dental papilla of the first lower molar of a 17-day
rat embryo grown in vitro for 6 days. Note the three groups of cusps
formed during this period. x 80.

Wax reconstruction of the dental papilla of the first lower molar of a 20-day
rabbit embryo grown in vitro for 6 days. (No cusps are present at 20 days.)
Note that the cusps formed during the period in vitro are similar to those
of the normal tooth (see Fig. 4). x 120.

Wax reconstruction of the dental papilla of the first lower molar of a 26-day
rabbit embryo. x 20.
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enamel epithelium on the labial surface of the tooth differentiated into typical amelo-
blasts, but only in a few cultures did these cells form enamel; the enamel was pris-
matic in structure (Fig. 5).

B. Molars

Molar tooth germs of several rodents besides the rabbit were cultured in a medium
similar to that used in the previous experiments. The teeth were explanted at various
stages of development and, during the period of cultivation, growth and differentiation
continued,

Teeth, explanted at a stage before cusp formation, developed cusps. The teeth in-
creased in size, but in the end they only grew to be less than one-third the size of the
normal tooth of the same age. There was a remarkable similarity of cusp develop-
ment in the tissue cultures to that in normalteeth in situ. The number, shape and
arrangement of cusps were almost identical (Figs. 1, 2, 3, 4).

The histological development was like that seen in the normal tooth; odontoblasts
differentiated and formed normal tubular dentine. Histologically normal ameloblasts,
with their Tomes processes, were present, but only in a few instances was enamel
formed (Figs. 6 and 7).

The rabbit molar is a persistently growing tooth. During normal development this
tooth is divided into two portions, a single distal cusp and a large mesial cusp. In the
mesial cusp a very small extra cusp can be observed which is later covered by a
layer of enamel. In the cultivated rabbit tooth germs the development of this extra
small cusp in the mesial group was frequently noticed; the form and position of this
cusp showed very little variation.

An extra cusp known as the paramolar tubercle is often seen in the molars of New
Britain Melanesians and New Hebrides Melanesians; it has been observed in the teeth
of other races. Also the cusp of Carabelli is a further example of an extra cusp found
in the molars of man. The fact that extra cusps appeared quite regularly in the rabbit
tooth explants, and were always in the same position, suggests that possibly a genetic
influence may be operating.

The mechanism of cusp formation is an obscure and interesting problem. In the
growth of whole tooth germs isolated from their normal surroundings by the Tissue
Culture method, it has been shown that the development of the shape of the tooth, and
of the cusps, is self-differentiating. From these results it can be concluded that there
is a morphogenetic field within the tooth which is independent of the influence of the
surrounding tissue.

Development of divided tooth germs

Molar tooth germs of 20-22-day~old rabbit embryos were cut into two in a buccal-
lingual direction. They were grown in a medium as described above.

When the two portions were approximately equal, each portion formed a whole
tooth (Figs. 8 and 9).

Divided tooth germs from 22-day-old embryos did not form whole teeth but each
portion formed its own cusps.

Cusp-forming regions are not morphologically determined in the tooth germs at
an early stage of development, since half tooth germs can form complete tooth germs
when grown as tissue cultures. These half-tooth rudiments, although smaller than the
explants of whole tooth germs, follow the same developmental pattern even to the ex-
tent of sometimes forming additional cusps in the mesial group. Odontoblasts, dentine
and ameloblasts differentiated in the cultures.

This capacity for morphological regulation in explanted halves in the rabbit molar
persists up to the twenty-second day of foetal life, that is until just before the odonto-
blasts have begun to form. After this stage, regulative changes can no longer take
place in the cultures, and each half forms its own cusps.
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Fig. 5.

Fig. 6.

s

DR

Part of a longitudinal section of an incisor after 14 days in vitro. Note the
dentine and enamel formed during this period. Haematoxylin and eosin. x 406.
Longitudinal section of molars one and two from a 17-day mouse embryo after
12 days in vitro. Note that the cusps have formed. A layer of dentine is also
present, Haematoxylin eosin. x 114,
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Fig. 7. Longitudinal section through the first and second molars of a 17-day mouse
embryo after 7 days in a chemically defined medium in vitro. Note that the
cusps have formed in both molars. Also there is a layer of dentine. Azan. x100,

Fig. 8. Wax reconstruction of the dental papilla of the first lower molar of a 20-day
rabbit embryo cut into 2 parts. (Orig. mag. x 90).

Fig. 9. Wax reconstruction of the dental papilla of a halved molar tooth germ from a
20-day rabbit grownin vitro for 5 days. Each half has formed a complete
set of cusps. The tooth on the left has an extra cusp. (Orig. mag. x 100).



96

Jaws

Segments of the upper and lower jaws of the 11-12-day-old mouse-embryo have been
cultivated in fowl plasma and chick-embryo extract (Glasstone, 1967). The stage of
development between litters is variable (Fig. 10). During the culture period Meckel’ s
cartilage, bone and teeth, differentiated. In portions taken from the anterior part of
the jaw a normal rodent incisor developed (Fig. 11). The labial surface of the tooth
was convex, the lingual side was concave and the incisive edge was chisel-shaped.
Both the first and second molars were present and their morphological differentia-
tion was as in the normal. Furthermore there was histological differentiation of ame-
loblasts and odontoblasts as well as the formation of dentine., From these experiments
it can be seen that the morphological field is already mapped out for the development
of the individual tooth (Figs. 12. 13).

Huxley and de Beer (1934) wrote "The determination and localization of organ rudi-
ments is revealed sooner or later by the presence of chemo-differentiated material
or morphogenetic substances in certain places which may be called fields or areas of
differentiation of organs." These authors based their conclusions on much experimen-
tal work with lower animals. With a view to applying this principle to the dentition as
a whole, as well as to individual teeth, Butler (1939) studied the teeth of Cenozoic mam-
mals and concluded that ... the teeth are repeated organs that occupy different posi-
tions in a continuous morphogenetic field." He thought that, as yet, there was no ex-
perimental evidence to indicate these factors involved in the determination of dental
form. Neither grafting experiments nor the growth of teethin vitro had demonstrated
existing field gradients,

This may be partly true, but Glasstone has shown that, in isolated molar tooth germs
cultivated in vitro, there is a morphogenetic field within the tooth itself and that a
morphogenetic field potential difference of tooth development is present in the mandible
as well. She also has demonstrated that, although the cusp-forming regions are morpho-
logically determined in the tooth germ, regulative changes can take place at an early
stage of development.

Differentiation of the mouse embryonic mandible and squamo-
mandibular joint in organ culture

At one time it was suggested that movement in the embryo was responsible for the
development of joint formation, a conclusion reached without experimental evidence.

As tissue culture is an experimental method for the study of the development of
tissues and organs, Fell and Canti (1935) used this method for a detailed analysis of
the developmental mechanics of the knee-joint in the embryonic chick. In their experi-
ments, normal knee-joints differentiated in the explants but, if the explants were cul-
tivated for a long period, there was fusion of the rudiments and the joint disappeared.
They were able to show that joint formation does not depend on muscular nervous and
vascular factors but on factors intrinsic in the presumptive knee-joint area. However,
for the maintenance of the joint, extrinsic factors such as muscular acitivty are ne-
cessary. That muscular activity is only necessary for maintenace of the joint was also
demonstrated by Chalmers (1965) who made grafts of whole joints from new-born mice
to the spleen of adult mice; after a month, he also found that there was fusion of the
transplanted joint.

The normal development of the mandible and squamo-~mandibular joint in man, and
in many other animals, has been described by many investigators but no experimental
work has been done in tissue culture.

Fell and Jacobson (1941), in their analysis of the development of the chick mandible,
said (p. 581) "The results have shown that the chondrogenic proliferation centre fulfils
not only a histogenic but also a morphogenic function”. They also said (p. 582) "It was
demonstrated experimentally that elongation of the mandibular arch to form the jaw is
mainly due to apical growth caused by proliferation from the paired chondrogenic centres.
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Fig. 10.
Longitudinal section of the jaws of
an 11-day mouse embryo. (H & E
stain; orig. max. x 52),

Fig. 11.

Section of an incisor formed from the anterior
portion of the mandible after 12 days in vitro.
Ameloblasts, odontoblasts, and dentin are pre-
sent. Cartilage and bone have developed. (Azan
stain; orig., mag. x 130).

Fig. 12.

Section of the posterior part of the
mandible after 12 days in vitro.
First and second molars have appear-
ed, and cusps have developed.
Meckel’ s cartilage is present.

(Azan stain; orig. mag. x 52).
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Thus the mechanism of its growth produces a long rod of cartilage which stretches the
branchial arch into the form of a primitive jaw and at the same time exerts a tension
on the ossification centres, causing the bones to assume their characteristic, elongated
shape'.

It has also been shown that segments of jaws from 11-day embryonic mice continue
to develop when grown in tissue culture (Glasstone, 1967). Incisors and molars of nor-
mal shape developed. Odontoblasts and ameloblasts also differentiated and both dentine
and enamel were formed; there was also differentiation of bone, cartilage and salivary
gland. In these experiments, a biological medium of chick embryo extract and fowl
plasma was used although isolated tooth germs have been shown to survive equally well
in a chemically defined medium (Glasstone, 1964). More recently Melcher and Hodges
(1968), using a chemically defined medium, explanted segments of mandibles from
older animals, 18-day-old mouse embryos, 7 days older than those used by Glasstone
(1967). Under these conditions, the tissues survived as in the biological medium used
by Glasstone (1967).

The aim of the present work was to analyse the developmental potentials in tissue
culture of mouse mandibular and maxillary segments of 13-day-old embryos (Glasstone,
1971).

The maxilla and the mandible of 13-day-old mice embryos were divided through the
mid-line leaving the two half jaws of the maxilla and mandible attached to each other
in the region of the presumptive squamo-mandibular joint. These were cultured in a
chemically defined medium for a period of up to 13 days.

At 13 days, a condensation of mesenchyme forming the pre-chondrocytes was seen
in the middle of the previously undifferentiated mesenchyme of the mandibular arch
(Fig. 14). It is from this centre that Meckel’ s cartilage differentiated and grew for-
ward and backwards. After 2 days in culture, Meckel’ s cartilage had grown in a for-
ward direction to the anterior part of the mandible to form half of the rostral process.

Meckel’ s cartilage had also grown in a backward direction and, at its posterior end,
the anlagen of malleus and incus were present. Thus the cartilaginous skeleton of
Meckel’ s cartilage extended from themid-lineto the distal ear region. Lateral to the
area where the anlage of Meckel’ s cartilage first formed was an area of membranous
ossification, the early stage of mandibular bone differentiation. After 3 days in culture,
membranous bone of the mandibular ramus had formed with a crescentic area of con-
densed mesenchyme at its end; this developed laterally to Meckel’ s cartilage which
appeared to guide its directional growth. The condensed mesenchyme is the future verti-
cal ramus. Malleus and incus could be seen with the former joined to Meckel’ s carti-
lage (Fig. 15).

One day later, after 4 days in culture, there was an increase in the ossification of
the mandible and its ramus which grew close to Meckel’ s cartilage. There was now a
joint between malleus and incus. The squamosal bone had appeared as an area of mem-
branous ossification in the region of the joint. The auditory capsule could be seen as
well as the early ossification of the tympanic bone (Fig. 16).

After 5 days in culture, separate angular and condylar cartilages had differentiated
in the mandibular ramus; each cartilage was surrounded by a thick layer of mesoderm.
A day later, the cartilaginous areas were enveloped in a thin layer of membranous bone
except for the tip of the condylar cartilage; these cartilages were also joined together
by a thin strip of similar bone (Fig. 17). In both the angular and condylar cartilages,
the zones of progressively enlarging cartilage cells developed as they doin vivo.
The presence of osteoclasts indicated that remodelling of bone was in progress. The
process of chondrification and ossification in vitro in the mouse has been described
before by Crellin and Koch (1967), .(Fig. 18).

By the seventh day in culture, there was further ossification of the squamosal bone
and a slit appeared between the bones of the skull and the condylar process of the
mandibular ramus (Fig. 19).

Bhaskar et al. (1953) and Bhaskar (1953), in their histological studies of the rela-
tionship of Meckel’ s cartilage to the developing mandible, stated that the cartilage in
the rat had two functions to perform; namely that it supports and directs the growth of
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the mandibular process as well as controlling the development of the mandibular
articular surface. Therefore, these authors, by their histological studies of the rat
mandible, came to the same conclusions that Fell and Jacobson reached earlier from
theirin vitro experimental work on the chick mandible,

The timing of the morphological and histological differentiation approximated, in
many of the cultures, very closely to the description given by Frommer (1964) but
there was delayed development in some of the cultures.

Meckel’ s cartilage grew and differentiated as in the normal and, after 2 days in
vitro, the anlagen of malleus and incus appeared; in normal development the anlagen
are present in the 15-day-embryo. Malleus and incus continued to develop and a joint
formed between these bones as in the timing of normal development,

In these experiments, there was no difference in the histological and morphological
development of the tissues in the different media and different gas phases.

The formation of the squamo-mandibular joint in organ culture indicates that joint
formation does not depend on muscular, nervous or vascular factors but that the fac-
tors promoting the joint formation in the embryonic mouse are intrinsic to a particu-
lar region of the maxillary and mandibular mesenchyme explanted in a virtually un-
differentiated state from a 13-day-old embryo. This implies that determination of this
zone of mesenchyme had in fact occurred prior to the 13th day; hence determination
of these tissues precedes histological and morphological differentiation.
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Fig, 13. Section through another region of first molar shown in Fig. 12, both dentin
and enamel matrix are present. (Azan stain; orig. mag. x 160).
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Fig. 14. The upper and lower jaws of a 13-day-old mouse embryo., The anlage of the

incisor tooth can be seen and the mesenchymal condensation of the future
Meckel’ s cartilage. (fM.c.). Haematoxylin and eosin. x 92.



Fig. 16. Explant of 3 days showing Meckel’ s cartilage (M.c.), malleus (M) and
incus (I) and the mesenchyimal condensation of the future condyle (f.c.).

Haematoxylin and eosin. x 94.

Fig. 16. Explant of 4 days showing further development of the mandible and the man-
dibular ramus (M. r) where perichondral ossification is progressing. Meckel’s
cartilage (M.c), malleus (M) and incus (I) are present. The auditory capsule
(aud. c) and the tympanic bone (t) can be seen. Haematoxylin and eosin. x 104,
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Fig. 17. Explant of 5 days showing the ramus with the angular (A.c) and condylar
cartilages (C.c) and the body of the mandible (Ma). The submaxillary gland
is present. There is ossification in the squamosal bones (S). Meckel’ s car-
tilage (M.c) and malleus (M) and incus (I) are present. Haematoxylin and

eosin, x 97,
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18. Explant of 8 days showing Meckel’ s cartilage (M. c) and developing bone (b)

Fig.
with the presence of . osteoclasts (o). Haematoxylin and eosin. x 90,
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Fig. 19.

Explant of 18 days showing ossification of the squamosal bone (S) the mandi-
bular condylar process (C) and the squamo-mandibular joint (arrow) can be
seen. Malleus (M) and incus (I) are present but Meckel’ s cartilage is not
shown in this section. Haematoxylin and eosin. x 131.
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Crown diameters in Japanese — American F, hybrids

KAZURO HANIHARA AND HIROSHI UEDA

The dentitions of 170 Japanese-American hybrid children are examined in an attempt to assess
the degree of similarity in mesiodistal permanent tooth crown diameters to the parental popu-
lations. Several methods of analysis demonstrate that crown size in hybrid populations are
equally affected by both parental populations in size and shape factors. These results support
the hypothesis of non-linked polygenic inheritance of tooth crown diameters.

BeUIM HM3Y4YeHs! 3y6m 170 ANOHO-aMepPHKaHCKHX HeTel-MeTHCOB B MOIHTKe
YCTAHOBHTE CTENEeHb CXONCTBA NHAMETPOB KOPOHOK ME3O0IHCTAJIBHEX NOCTOSH-
HBIX 3Yy60B C TeMH Xe XapaKTePHCTUKAaMH V NOMyJsUul DOOuTernell. Pa3HuHHe
METOIH aHaJM3a MoKasany, 4YTO pasmMep H QOpMa KOPOHKHM B TI'HOPUIHHX NOMY-
JIAUHAX OHMHAKOBO NOIBEPraWTCs  BAHAHMK TONVAALME OGOHX pomuTresneit. 5TH
De3yNbTaTh MONISPKUBAKNT I'HIOTE3Y O HEeCBI3aHHOM NOAHI'GHHOM Hacnemosa-
HUM HUaMeTpOB 3YOBHON KODPOHKH.
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Introduction

A fairly large number of children were born of mixed parentage between Japanese wo-
men and American servicemen immediately after the World War II. Part of the child-
ren were accommodated in Elizabeth Sanders Home at Oiso, Kanagawa Prefecture,
which was established by Mrs. Mika Sawada for the welfare of these children whose
mothers were unable to bring them up for some reasons.

Members of Department of Anthropology, the University of Tokyo, started anthro-
pological studies of these children in 1951, under the direction of Professor Akiyoshi
Suda who retired from the University of Tokyo in 1961, and the studies were continued
for nearly twenty years.

In this research project, Hanihara, one of the present authors, was concerned with
investigation of dental characteristics, and made plaster casts of both deciduous and
permanent dentitions. Since all the children were F; hybrids between Japanese and
Americans, both Caucasians and American Negroes, this set of dental casts is a unique
collection to analyse the dental characteristics in hybrid populations.

As regards the dentition of hybrid populations, Abel (1933) reported dental charac~
teristics in Bushmen, Hottentots, Negroes and their hybrids. In this case, however,
the magnitude of hybridization was unknown. In this respect, the F; hybrids presented
here may provide some important findings which have so far been not necessarily evi-
dent in the field of dental anthropology.

Since 1954, Hanihara has reported morphology of their deciduous dentition, but de-
tailed studies of the permanent dentition still remained unpublished. The present re-
port is concerned with comparative studies on crown diameters of the permanent den-
tition, and the hybrid populations are compared with their parental populations.
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Fig. 1. Deviation Diagram for JW and W. Fig. 2. Deviation Diagram for JN and N.

Materials and Methods

The materials used in this study were plaster casts from male Japanese (J), American
Caucasians (W), American Negroes (N), Japanese-Caucasian hybrids (JW) and Japa-
nese-Negro hybrids (JN), among whom the hybrid children were in their early teens.

Plaster casts of Japanese were from boys living in the Tokyo metropolitan area;
those of Caucasians were selected from a collection of the Department of Anthropology,
the University of Chicago; and those of American Negroes were from a collection of
the Department of Orthodontics, Howard University.

The raw data consisted of mesiodistal crown diameters in the permanent teeth from
which the second and third molars were excluded, since most of the materials were
from young individuals. All the measurements were made by the present authors. The
analyses were performedonthebasis of descriptive as well as multivariate statistical
methods, for which the computation was processed by HITAC OS-7 system of the Uni~
versity of Tokyo Computer Centre.

Comparison of the Crown Diameters in Individual Teeth

Table 1 shows numbers of samples, means and standard deviations of the mesiodistal
crown diameters in each population. Among the parental populations, W represents,
in general, the smallest teeth and N the largest, J being in between. The hybrid popu-
lations tend to fall between the parental populations in most of the teeth measured.

Such a finding may be more evidently observed on the deviation diagrams in which
the thick perpendicular line represents the mean values in Japanese, and the thinper-
pendicular lines represent a standard deviation (figures 1 and 2). In both cases of JW
and JN, the pattern of deviation from Japanese is quite similar to the paternal popula-
tions. This shows probably that the tooth diameters of the hybrid populations are
strongly affected by that of the parental populations. At the same time, the majority
of the teeth in hybrid populations show intermediate crown diameters between the
parental populations.
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To measure the variability of the mesiodistal crown diameters, coefficients of
variation were calculated (table 2). If the parental populations are largely different
from each other in tooth crown diameters, the variabilities of this trait may be ex-
pected to be greater in the hybrid populations than in the parental populations. How-
ever, as shown by table 2, this is notthe case. When the variabilities are examined
in each tooth, the largest variabilities among the five populations are recognized in
only a few cases of the hybrids, In fact, most of the coefficients of variation in JW
and JN are exceeded by those of Tristanites (Thomsen, 1955) who are hybrids bet-
ween Europeans and Colored races. This fact may be due to the relatively small dif-
ferences in the crown diameters between the parental populations.

The maxillary lateral incisors show the largest variabilities in most of the popula-
tions. The same trend can be observed in several other populations so far reported.
Among the five populations under consideration, only JN presents a relatively small
variation for this tooth. This possibly results from the small number of samples,
because the reduced type of incisors is also found in N.

Distance Analysis

In order to analyse the overall differences in the tooth crown diameters, Mahalano-
bis’ and Penrose’ s distance coefficients were computed. Figure 3 was drawn on the
basis of canonical variates of Mahalanobis’ generalized distances. The three paren-
tal populations, J, W and N, are well separatedfrom each other and the hybrid popula-
tions are located intermediate between respective parental populations. In particular,
JW occupies the point which is almost the same distance from J and W, while JN is
closer to N than to J.

Almost the same pattern is recognized in figure 4, which was drawn on the basis
of Penrose’ s shape distances using the technique of Hayashi’ s quantification theory
model IV (Hayashi, 1952, 54). Here again JW is located almost in the midst between
J and JW, but JN is very close to N.

Principal Component Analysis

For the purpose of summarizing the mesiodistal crown diameters in the twelve teeth
under consideration, the principal component analysis was employed. The computa~-
tion was based on the correlation matrix obtained from all the individuals (170 indivi-
duals) used in this study.

As shown in table 3, the first two eigenvalues are greater than 1.0, but their cu-
mulative proportion is only about 67% of total variance. If the first three eigenvalues
are taken into account, about 74% of total variance can be explained.

The factor loadings for the first component show all positive and relatively large
values (table 4). This fact shows that the first component is possibly interpreted as
the size factor as can be seen from most of the cases in morphological analyses.

The factor loadings for the second component represent positive values for the
front teeth (incisors and canines), negative values for the back teeth (premolars and
molars), and the absolute values are all alike. This means probably that this compo-
nent contrasts the size of the front and the back teeth. Therefore, those individuals
who carry larger front teeth and smaller back teeth may represent larger principal
component scores, and vice versa,

The third factor loadings show either positive or negative values, and their abso-
lute values are not so large, excluding the maxillary lateral incisor. The value for
the latter tooth is 0.5136, but those for the remaining teeth range from 0, 3837 to
~0, 3148, The third component, therefore, may be interpreted as having a close cor-
relation with the size of the maxillary lateral incisor.
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In the next step of the analysis, principal component score (PC scores) were com-
puted individually, and their means for each population were compared (table 5).

Figure 5A compares mean values for the first PC scores which represent the over-
all size of the tooth crowns. As already pointed out, the overall crown size is largest
in N, smallest in W, and J in between. The mean PC scores in the hybrid populations,
both JW and JN, are almost in between those of the parental populations. As far as
judged from the PC scores, therefore, no particular affinity of the hybrid populations
to one of the parental populations is observed, but affinities of the hybrid populations
are almost equal to both parental populations.

In regard to the second component, J represents a positive and fairly large mean
score. This means that, in this population, the front teeth are relatively large in com-
parison with the back teeth. On the other hand, the mean score for N is negative and
the absolute value is relatively large. This is the reverse of the condition in J, and is
interpreted as N having relatively small front teeth and large back teeth (figure 5B).

Although the mean scores for the hybrid populations are not necessarily interme-
diate between those of the parental populations, they are close to W and N, respective-
ly. This fact apparently shows that the proportion of the front and back teeth are gene-
tically affected by the parental populations. '

The third component largely concerns the size of the maxillary lateral incisor which
shows a unique behavior among the permanent dentition. Among the parental popula-
tions, J represents the largest score, W the smallest, and N in between. In this case,
mean scores for the hybrid populations are again intermediate between the respective
parental populations (figure 5C).

As regards the three principal components presented here, the first apparently
concerns the size factor, and the second and the third the shape factors. It may be of
importance that the hybrid populations represent intermediate mean PC scores bet-
ween those of the parental populations with a minor exception, and, in general, the
former are almost in the midst of the latter in PC scores. This fact shows that the
crown size of the hybrid populations is almost equally affected by the parental popula-
tions in both the size and shape factors.
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Discussion

Perhaps the most important finding inthepresent study may be the fact that the crown
diameters in the hybrid populations are, as already mentioned, almost equally affect-
ed by those of the parental populations. In other words, at least as far as the present
materials are concerned, the hybrid populations do not show any particular affinity
to anyone of the parental populations in particular, but show almost the same degree
of affinity to each.

Garn, Lewis and Kerewsky (1963, ’64) suggested an X-linkedinheritance of tooth
crown size. In contrast to this view, Townsend (1976) analysed family data from
Australian Aborigines and came to a conclusion that the crown diameters involved a
polygenic mechanism, and '"neither the X nor Y chromosomes appeared to be directly
implicated in the determination of tooth size™ (p. 200).

Since, the present study, Japanese correspond to the maternal population and Cau-
casians and American Negroes to the paternal populations, in the view of Garnet al.
is correct, the crown diameters of the hybrid populations may be expected to show a
closer affinity to that of Japanese. As shown above, however, the results do not agree
with this expectation, but rather with the hypothesis of polygenic inheritance without
implication of the sex chromosomes.

In the shape factors of the crown diameters, the hybrids occasionally represent a
closer affinity in the PC scores to the paternal populations than to the maternal popu-
lation. This fact also opposes the view of an X-linked inheritance of the tooth crown
diameters.
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TABLE 3.

First three eigenvalues and cumulative proportions in total variance.

No. Eigenvalue Cumulative proportion
6.7720 0.5643
2 1.2513 0.6686
0.8478 0.7393
TABLE 4.

Factor loadings for the first three components (without rotation)

Tooth \Component 1 9 3
it 0.7626 0.3068  -0.1553
2 0.5592 0.4401  0.5136
c 0.7642 0.2750  0.2179
p! 0.7671 ~0.2766  0.3837
P2 0.7778 ~0.3908  0.1323
Ve 0.7116 -0.2219  -0.3148
I, 0.7469 0.3680  -0.3110
1, 0.7777 0.3577  -0.2279
C 0.8101 0.1905  0.0445
P, 0.7929  -0.3433  0.1656
P, 0.7749  -0.3870  -0.1166
M, 0.7386  -0.2052  -0.2384
TABLE 5.

Mean PC scores in each population

Population PC1 PC2 PC3
J 0.0262 0. 4227 0.3431
JW ~-0. 7426 -0.1106 -0.0063
w -1.4178 0.0203 -0.5616
JN 0.6846 -0.2069 0.1100

N 1.7732 ~0.3735 0.0846
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Morphology of the Wainwright Eskimo dentition:
Carabelli’s structures

STEPHEN E. HERSHEY

Carabelli’ s structures were examined and classified using the system developed by A. A. Dahl-
berg. The Zoller Dental Laboratory plaques were used for reference. The presence of an ac-
tual cusp was very rare, however, the total absence of Carabelli’ s structures was equally
rare, Most frequently observed were the negative structures (furrows, pits, and grooves).

The population was found to exhibit a high frequency of bilateral asymmetry in the occurence

of these features and there was no evidence of sexual dimorphism.

Keywords: Dentition - Eskimos - Carabelli’ s Structures.

CTPYKTYpH Kapabesnsnd GHUIH H3YYEeHH u KJIACCHOUIHPOBaHE Ha OCHOBAHHH
CHCTEeMH, pa3paboTaHHOM A.A. JlankGeproM. B KayecTBe CTaHjapTOB NpuMe-—
HANH GAAWKH 3yGHON nadoparopHu lonnep. Hanuuue TOQIHHHOIO BHCTYNA,
KaKk ¥ IOJHOE OTCYTCTBME CTPYKTYp KapabGelUiM, okasaiuch OIHHAKOBO Kpak—
He penxumu. Haubonee vacro Habmonqanuchk HeraTHBHEE CTPYKTYPH /GOpO3nH,
AMKH M yray6nesHa/. Y HaceleHUs O6Hila OfHapyXeHa BHCOKAafg wacToTa Guna—
TepanbHON acCHMMETPHMH B PacCNpPOCTPAHEHMH 3THX 4epT. JaHHEIX, CBUOETENIb-
CTBYHHHX O TOJNOBOM OHUMOPOHEME, He NONydYeHOo.

KimoueBre crnosa: 3YOH, 3CKHMOC, CTPYKTYDH! KapaGennu.

Stephen E Hershey, Department of Orthodonties, The University of Michigan, Ann
Arbor, Michigan, 48109 U.S.A.

Vol. 6, pp. 115-124, Lund. ISSN 0345-8865.

Dental structures play an important role in evolutionary studies. The preservation of
teeth in the fossil record in disproportion totheir skeletal tissues requires that their
form and function be intensely investigated. The use of dental morphology as an aid
in the interpretation of hominoid phylogentic relationships must be based on a thorough
understanding of the ranges of variation in modern, as well as early hominoid denti-
tions.

The excessive number of diagnoses of fossil species and genera that rely solely
or substantially on dental evidence demonstrates a lack of such understanding and
supports the observation that paleontologists have tended to underestimate the varia-
bility of fossil species (Butler, *68). Just criticism has also been made of the use of
dental structures to distinguish modern populations and determine interindividual dis-
tances by single comparisons (Le Gros Clark, ’50; Goose, *63).

When commencing a comparative dental study it is well to proceed cautiously re-
membering that, "Just as resemblances do not necessarily prove relationship. so
differences do not prove the lack of relationship" (Butler, ’63). The dentition then
must be used only as supportive evidence when the entire biological structure and
activity of the species has been considered in determining an individual’ s and/or po-
pulation’ s affinities to other individuals or groups.

A number of other problems, particularly the lag in genetic explanation of dental
variation behind the collection of data, are associated with any study of dental varia-
tion (Brothwell, *67; Osborne, ’'67). However recent admixture among formerly iso-
lated populations has resulted in an urgency to continue such work and to present
such odontological information in easily comparable form. To wait for a more com-
plete understanding of the mode of inheritance of dental characteristics would be to
lose the opportunity to gain information about human variation from the remaining
and rapidly disappearing number of local and isolated groups.
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1t is the purpose of this paper to describe the variation of a number of dental
traits among one such group. the Wainwright Eskimos of Alaska, and to show how
this information may be analyzed and presented in a standardized method resulting
in easily comparable data.

Materials and General Methodological Aspects

The village of Wainwright is located on latitude 70°38' N and longitude 160°01° W on
the northwestern coast of Alaska between Point Hope and Barrow. In 1969 the Eski-
mo population of Wainwright was estimated at 285 individuals. The historical back-
ground of this population has been presented elsewhere (Cederquist, ’76).

The materials used in this study were collected as a part of the International Bio-
logical Programs’ investigation of Eskimo populations. The dental casts are housed
in the Department of Anthropology at the University of Chicago.

Under the direction of Dr. Albert A. Dahlberg of the University of Chicago, den-
tal studies of the Wainwright Eskimos were conducted for five consecutive years be-
ginning in 1968. The data collected included dental casts, lateral roentgenographic
cephalograms, posterior periapical radiographs, saliva samples, and clinical records.

This information revealed a large number of decayed, missing or filled posterior
teeth, particularly in the mandible. These results and the availability of comparative
data were used to select the morphological traits which would be examined for the
present study.

All measurements and morphological observations were made on the casts under
laboratory conditions. Dr. A.A. Dahlberg instructed the author in techniques of mea~
surement, proper use of the Zoller dental plaques, and made a substantial number
of random duplicate measurements and morphological classifications as a check for
accuracy. During the classification work, the casts were identified only by number;
neither sex nor the geneology of the individual was known to the author.

The dimensional accuracy of the alginate impression technique and of dental stone
casts have been shown to be satisfactory for odontometric and morphological studies
(Lundstrdm, ’54; Hunter and Priest, ’60; Richardson, et al., 763).

Classification of morphological traits requires careful examination from various
angles, with and without magnification. Two sources of light, direct and indirect,
were used to create shadows, making the traits easier to observe.

Although the classification of dental traits is more or less subjective, the develop-
ment of the Zoller laboratory plaques by A. A. Dahlberg has helped to standardize
what was a very arbitrary process. These three-dimensional models were used
throughout the study.

Carabelli’s Structures

Various terms have been used to describe the structures that may occur on the mesio-
lingual surface of the protocone of maxillary molars. The often used "Carabelli’ s
cusp'' or "trait" does not indicate the range of features which may be expressed, and
"Carabelli’ s anomaly' (preferred by Kraus, '50) has been objected to on the grounds
that structures which occur so frequently cannot be considered an abnormality (Kotzch-
ke, ’53). Descriptions such as Carabelli’ s structures or Carabelli’s polymorphism
gseem to be the most adequate, for they may include all positive (protuberances and
cusps) or negative (pits, grooves, and furrows) structures. It has been suggested

that Carabelli’ s cusp be restricted to those instances where a protuberance or cusp

is actually present (Korenhof, ’60).

The occurrence of Carabelli’s structures is not restricted to man, but may appear
in other Hominoidea (Korenhof, *60), some prosimians (Remane, ’60), and has been
described rarely in Dryopithecus and Gigantopithecus (Korenhof, ’60), and
more frequently in Australopithecus (Robinson, ’56) and Neanderthal (Korenhof,
> 60).
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The frequency of Carabelli’ s traits in modern populations of man are summarized
in Table 4,

The cingular origin of the structures has been generally accepted (Osborn, ’88;
Cope, 89; Adolff, * 08; Schwalbe, '16; Gregory, '22; Hrdlcka, ’24; Dahlberg,
'49; Keller, *54; vallois, '55; Robinson, ’56; Dietrich, ' 58; Korenhof, *60).

The phylogenetic significance of Carabelli’ s structures is unclear. Early studies
found the occurrence of these traits to be rare in fossil hominoids with a tendency to
increase in frequency and size in recent man (Sprawson, *22; Gregory, *22; Weiden-
reich, *37). Based on this trend, these structures were thought by many to be of a
recent evolutionary origin (Weidenreich, *37; Dahlberg, *49; von Koenigswald, *57).

It may be argued, however, that there are too few teeth representing most fossil
hominoids to draw these conc lusions, and that in some prehistoric populations such
as Krapina, Carabelli’s structures appear at a frequency well within the range of
variation in recent man (Korenhof, ' 60). One feature, the pit, appears to be a struc-
ture that is common to the evolutionary development of all primates, including the
anthropoids (Weidenreich, * 37)

A multifactorial mode of inheritance of Carabelli’ s structures is the most widely
accepted hypothesis (Dietz, *44; Oschinsky and Smithurst, ’60; Goodman, ’65;
Garnet al., '66 a,b; Dahlberg, ’71; Goose and Lee,’ 71). The association bet-
ween these and other hereditary traits can be found in a previous report by Kirve-
skari (* 74).

A negative association exists between Carabelli’ s structures and a reduction in
molar size and congenital absence of third molars in a study of white American mili-
tary inductees (Keene, ’65, ’68). This evidence rejects the theory of De Terra’s
that Carabelli’ s cusps is a functional adaptation to increase the occlusal surface in
a buccal-lingual direction while the molar series is reduced in mesial-distal width,
thus maintaining approximately the same masticatory area (De Terra, ’05). In mo-
dern populations, only the Melanesians have a high incidence of large, Carabelli’s
cusps which actually function during mastication (Dahlberg, ’76).

Methods

Classification of Carabelli’ s structures was done according to the eight categories
developed by Dahlberg (*63). This system offers the most thorough and complete ana~
lysis of the structures and is useful for comparative purposes. The data can be easily
grouped into three larger categories: (1) smooth, (2) pitted or grooved, and (3) pre-
sence of a protuberance or cusp, which allows further comparison with studies using
different classifications.

The Zoller Laboratory plaques (12A and B) were used as references in determining
the classification of the Carabelli’s structures. Each cast was examined in natural and
artificial light, with and without magnification. As a test for consistency, many of the
casts were examined by two workers, and the classifications assigned were found to
be in nearly 100 per cent agreement. Care was taken to exclude the protoconule groove
originating from the occlusal surface and thought to be associated with the mesial and
not the protoconule cingulum (Korenhof, 7 60).

Results

The generally low manifestation of Carabelli’ s structures in the Wainwright popula-
tion is presented in Table 3. For comparative purposes the data from other studies
was recalculated and grouped according to the three categories previously mentioned
and listed in Table 4.

The presence of an actual cusp was very rare in the Wainwright Eskimos, occurring
on only 6 per cent of the first molars, and was completely absent on the second mo-
lars. The greatest size was in the form of a "small cusp' with no instances of mode-~
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rate or large cusps. The total absence of Carabelli’ s structures was equally rare on
the first molars, occurring in 8 per cent of the cases, but increased significantly in
the second molars with the smooth condition being present on 56 per cent of these
teeth.

More frequently observed were the negative structures (furrows, pits, and grooves)
which occurred on 66 per cent of the first molars and on 40 per cent of the second
molars.

Discussion

It is clear, therefore, that the high frequency of intermediate expressions of Cara-
belli’ s structures, rather than their absence (Pedersen, ’49), should be considered
characteristic of mongoloids (Kraus, ’59; Hanihara, ’68; Kirveskari, ’74). The re-
verse condition is found among caucasoids, who frequently demonstrate a smooth
surface or cusp, and rarely the intermediate structures (Table 4). Considering the
amount of racial admixture which is thought to have taken place among the Wainwright
Eskimos with the influx of Europeans, Chinese, and other groups of whalers and hun-
ters, the frequency of Carabelli’s cusp was unexpectedly low (Dahlberg, > 176).

Occurrence of the pit was exceedingly rare. This low frequency (less than 1 per
cent) is a common finding in other populations such as the Apaches (Kraus, ’59) and
the Skolt Lapps (Kirveskari, ’74), and raises questions concerning the significance of
the pit and its relation to the other expressions (Kirveskari, ’74).

The frequency of bilateral symmetry of Carabelli’ s structures in Wainwright Eski-
mos is recorded in Table 1.

TABLE 1

Frequency of bilateral symmetry in the expression of Carabelli’ s structures

First Molar Second Molar
Symmetrical Asymmetrical Symmetrical  Asymmetrical
% % % %
Male 62 38 54 46
Female 58 42 64 36
Total 60 40 59 41

The degree of bilateral symmetry is known to vary between populations but has ge-
nerally been thought to be high (Dietz, ’44). The frequency of assymetrical expression
of the structure has been reported as ranging from 0 to 44 per cent (Meredith and
Hixon, ’54). Thus the results of this study place the population near the maximum re-
ported frequency of bilateral asymmetry. When the classification system is lumped
into three categories, smooth, pitted, or grooved, and protuberance or cusp, the
frequency of bilateral asymmetry drops sharply. It is apparent, therefore, that
should the more detailed classification system be applied to other studies, an in-
creased frequency of asymmetrical expression would be expected.

Although a male preponderance in the frequency of positive expressions has been
reported in many studies (Meredith and Hixon, ’54; Tsuji, ’58; Hanulik, et al.,
*66; Barnes, ’'69; Snyder, et al., ’69; Goose and Lee, ’71; Joshi, et al.,’'72;
Kirveskari, ’74), there was no evidence of sexual dimorphism among the Wainwright
Eskimos (Table 2). This finding is in agreement with other studies which also showed
Carabelli’ s structures to be without sexual dimorphism (Garn, et al., '66 a,b).
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TABLE 2
Extent of sex influence on Carabelli’ s structures
First Molar Second Molar
s p/g p/c s p/g p/c
(%) %) %) (%) %) %)
Male 7 67 26 57 38 4
Female 9 65 26 55 41 4
s = smooth p/g = pitted or grooved p/c = protuberance or cusp
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A consideration of the “‘Dryopithecus pattern’’

DONALD C. JOHANSON

O S S A Nearly all anthropological investigations of hominoid dentitions include a consideration of the
"Dryopithecus pattern'. Although it was clearly defined by Gregory (' 16) and Gregory
{&\ and Hellman (* 26a, b) it has often been misunderstood and misused by investigators. Its use-

fulness in pointing out phylogenetic affinities and as a descriptive device in anthropological
studies demands that the correct definition be properly applied.

The "Dryopithecus pattern' has undergone considerable evolutionary alteration from
its primitive configuation of Y-5. Several schemes have been proposed for the sequence of
change, but based on studies of human molars the sequence Y-5 to +-5 to +-4 to Y-4 appears
to be quite plausible.

M TouTu BCE AHTPONOJIOIHYECKHE HCCIIeNOBAHHA 3YGOB I'OMUHMIIOB BKJIOYANT
& paccMoTpenue "mopesnu ppuomureka'. XOTs OHa M GHIIA TOYHO OnpeiesieHa
Gregory /+16/, a Taxxe Gregory u Hellman /’'26, a,b/, OHa YacTo Hempa-
BHJIBHO TNOHHMAETCH ¥ YIOTPeGJZeTCH UCCAeloBarensaMy. IoNs3a ee COCTOHT
B TOM, YTO OHa YKasHBaeT Ha QHIOreHeTHUEeCKOe pOOCTBO. [JIT NPHMEHEeHHUS
3TOM MOZeNnH B KaYeCTBE NECKPHITHBHOI'O HPUCHOCOGJEHHA B aHTpPOIOJOTHYE-
CKHX HCCJIENOBaHHAX HEOOXONHMMO NONL30BATHCS NPABHILHEM ONpeIeseHHEM.
"Mozens mpuonuTexa" NONBEPTNACH 3HAUHTENBHEM DBOMOLMOHHHM H3IMEHEeHM~
fIM CO BpeMeHH ee NPUMHTHBHOH KOoHHTypauur Y-5. IS nocnenoBaTenbHOCTH
H3MeHeHUH OHJIM NPeNJIOXeHH PasfHYHHE CXeMH, ONHAKO, H3YUYeHHe yesioBede—
CKHX OOJIBIIHX KOPEHHHX 3y6OB MOKAaSHBAeT , YTO NOCHeNOBaTeNbHOCThE OT Y-5
K +-5 ¥ ¥ +-4 sABIAETCH BNOJHE INPHEMIIEeMON .

Donald C. Johanson, Laboratory of Physical Anthropology, The Cleveland Museum of
Natural History, Wade Oval. University Cirele, Cleveland, Ohio, 44106 U.S.A.

Vol. 6, pp. 125-138, Lund. ISSN 0345-8865.

Introduction

Most investigations which consider hominoid dentitions include discussion of the
"Dryopithecus pattern' found on lower molars. The pattern was initially discussed

by Gregory (’ 16) and after recognizing that the pattern is "characteristic of all spe-
cies of Dryopithecus, both European and Indian" (’ 16:294) he chose the name
"Dryopithecus pattern". The evolutionary significance of the "Dryopithecus pattern"
is that it is characteristic of all Hominoidea, and is a useful feature for establishing
phylogenetic affinities. It led Gregory to write "that the ancestors not only of the mo-
dern anthropoids but also of man would have the known generic characters of the jaws
and dentition of Dryopithecus" (* 26:30).

It is not the intention of this presentation to review the numerous studies which
have reported on the "Dryopithecus pattern' in various hominoid samples. The main
objective is, however, to review the definition of the pattern, its misinterpretation
and misapplication and to present a consideration of the evolutionary alteration from
the primitive Y-5 configuration.
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Fig. 1. Idealized Dryopithecus lower molar (left) displaying the Y-5 pattern.
(1) Protoconid, (2) Metaconid, (3) Hypoconid, (4) Entoconid,
(5) Hypoconulid

Definition and Evolutionary Alteration of the "Dryopithecus pattern”

Robinson and Allin (* 66) have drawn attention to the widespread misuse of the
"Dryopithecus pattern' and suggest that this, "could rapidly lead to the complete de-
struction of this nomenclature as a useful descriptive tool, ' (*66:323). Because of
its prominent role in dental studies as well as its frequent misinterpretation and mis-
application, a further discussion and evaluation is warranted.

It seems best, therefore, to begin with the complete definition given by Gregory and
Hellman (’ 26b:300) for the "Dryopithecus pattern":

In this five-cusped type ... the most conspicuous feature (is) a more or
less irregular Y, the stem of which is the inner transverse groove be-
tweencusps 2 and 4, the fork being formed by the outer half of the trans-
verse groove (between cusps 1 and 3) and by the deep oblique furrow
between cusps 3 and 5. There is no 1 - 4 contact but there is a promi-
nent 2 - 3 contact. Near the front border of the crown between cusps

1 and 2 there is frequently a prominent transverse groove or crack
which has been called the ""fovea anterior" (f.a.), while on the hinder
inner border, between cusps 5 and 4, a smaller fissure is called the
"fovea posterior',

The core of this definition (also that in Gregory, > 16; Gregory and Hellman, ’ 26a)is
found in the first paragraph, i.e. a five-cusped lower molar with a "Y' groove configura-
tion exhibiting contact betweenthe metaconid and hypoconid. Althoughthe initialdefinition
by Gregory (* 16:294) and this later elucidation by Gregory and Hellman (* 26b:300) are
straight forward and unambiguous, a number ofincorrect renderings have appeared (Ander-
son, ’62; Simons, ’64; Day, *65; Hill, * 66). This may be inpart due todifferent investiga-
tors depending onunreliable secondary sources for their definitions. Inadditionthere are seve-
ralpossible "Y' configurations which canbe delineated on lower molars and some authors
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simply guess as to which pattern is correct. Even now after a clear presentation of
the misinterpretations of the "Dryopithecus pattern" by Robinson and Allin (’ 66)
there are some investigators (Biggerstaff, '68; Morris, ° 70) who still misunderstand
the pattern.

Gregory and Hellman (* 262, b),but predominately Hellman (’ 28),noted that in some
hominoid molars,particularly those of man, the primitive "Dryopithecus pattern'
has undergone alteration. They pointed out that instead of the characteristic contact
between the metaconid and hypoconid, there occur situations where there is contact
between the protoconid and the entoconid and this situation they termed the, 'typical
plus-shaped human pattern, ' (* 26a:105). Jgrgensen (’ 55) takes issue with this de-
scription and says that a protoconid -entoconid contact is more properly designated
as an ""X" pattern and only in cases where a point contact exists between the proto-
conid, metaconid, hypoconid and entoconid should the "+ designation be employed.

Recognition of the '"X" pattern is useful in studies of human teeth where advanced
alteration of the groove pattern has occurred. However, in the Pongidae its use is
not required because alteration from the "Y' pattern is not as pronounced (Johanson,

' 70),

Hellman (> 28) noticed that the number of cusps on lower molars may also vary
Certain cusps can be lost so that only four or even three (rare) are present. Usually
the cusp which is lost is the hypoconulid and the pattern is designated as a Y-4 or a
+-4. On the other hand, lower molars may also manifest supernumerary cusps such
as the Cg and/or Cy. However, the supernumerary cusps are not reflected in the de-
signation of the pattern because a Y-6 designation does not distinguish between a five
cusped lower molar with a Cg and one with a Cq. So all molars with at least five cusps
should be designated as Y-5 or +-5 (or X-5).

Hellman (’ 28) studied the various modifications of the "Dryopithecus pattern' in
different racial groups and arrived at several conclusions which have figured promi-
nently in succeeding investigations. Although the pattern varied in the human dentition
and differed from the primitive pattern found in Dryopithecus it could be easily
traced to the primitive situation. The changes which occur and modify the primitive
pattern are brought about ''by a gradual and progressive process of evolution "
(Hellman, *28:174). Such changes take place in four clearly delineated stages defined
by Hellman as: 1) the primitive "Dryopithecus pattern", 2) a stage in which the
cusp number has been reduced from 5 to 4 with the groove pattern remaining a "Y",

3) a stage in which the groove pattern has been modified from a "Y" to a "+" and the
number of cusps has remained as 5, and 4) a stage in which both the cusp number has
heen reduced and the groove configuration changed, resulting in a a +-4 pattern. Hell-
man regarded these as reflecting various stages of evolutionary advancement and con-~
cluded that the most advanced condition is found among modern "Whites", the "Mongols"
being intermediate, and the West African '"Negroes' the most primitive.

Although Hellman (’ 28) gives no reason why he considered the +-4 condition to be
the most advanced modification of the "Dryopithecus pattern" it may be assumed
that it was because it involved changes both in cusp number and in groove pattern.
Hence, Hellman considered the hypoconid - metaconid contact to be more stable than
the cusp number. In Hellman’s scheme there is a single linear arrangement of the
stages of alteration: Y-5 to Y-4 to +-5 to +-4. Although Dahlberg (* 49) basically foi-
lows Hellman’s scheme he does not see each stage as constituting a position in a phy-
logenetic sequence but suggests two alternative routes: 1) Y-5 to Y-4 and 2) Y-5 to +-5
to +-4. Dahlberg’s scheme is evolutionarily simpler since Hellman's scheme would
dictate regaining a cusp between the Y-4 and +-5 stages. Both Remane (’ 60) and
Frisch (’ 65) concur with Dahlberg’ s suggestion on the basis of comparisons of fossil
and recent dentitions.

A third evolutionary scheme for the modification of the "Dryopithecus pattern'
is suggested by Erdbrink (*65). He suggests that Y-4 is the most advanced stage of
alteration and outlines the following sequence: Y-5 to +-5 to +4 to Y-4.
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Fig. 2 Correlations between cusp sizes of lower molars (after Erdbrink, ’65).

In order to evaluate these different schemes it is best to consider the manner in
which such modifications of the groove pattern occur, Originally Gregory and Hellman
(’ 26a, b) pointed out that stages of graduations from the "Y' to the "+ pattern are
seen in a series of teeth. They postulated that the modification occurs in the following
manner:

The hypoconid reduces and tends to fuse with the hypoconulid, the proto-
conid becomes relatively large, the apex of the hypoconid Y withdraws
from contact with the base of the metaconid, either enabling all four
cusps to meet in the center or enabling the forwardly displaced ento-
conid to gain contact with the protoconid base; meanwhile the hypocon-
ulid is fused with the hypoconid and becomes secondarily more median
in position (’ 26a:105).

Jérgensen (® 55) considers the major cause of the modification to be the distal
movement (relative to the lingual groove) of the buccal groove separating the proto-
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conid and hypoconid. This results in a larger protoconid and smaller hypoconid in
the +-5 pattern, but in the +~4 pattern the protoconid would be larger and the hypo-
conid would be larger because of its incorporation of the hypoconulid.

Remane (*60) on the other hand, believes that the major reason for a protoconid-
entoconid contact, hence a "+ pattern, is the enlargement of the entoconid result-
ing in a mesial migration of the lingual groove and a reduction in size of the meta-
conid.

In order to evaluate these two hypotheses we can turn to the excellent contribution
by Erdbrink (*65). He attempted to quantify the "Dryopithecus pattern’ by measuring
from photographs, using a planimeter, the area occupied by the different cusps. He
did this for all three lower molars exhibiting modifications of the "Dryopithecus
pattern” (including Jgrgensen’ s "X" category). After measuring the different cusp
areas Erdbrink calculates the correlation coefficients between various cusps and
considers significant negative and positive correlations. Reproduced in Figure 2 are
the results of Erdbrink’s investigation (*65:86, fig. 4) which are used throughout
this discussion.

Jérgensen’ s model predicts an increase in size of the protoconid and a decrease in
size of the hypoconid in the transition from a Y-5 to a +5 (X-5) pattern. Erdbrink’s
data substantiates this because the mean area of the protoconid increases from 26. 38
to 29, 33 and the mean area of the hypoconid decreases from 21.54 to 19. 34,

In the transition from a Y-5 to a +~5 according to Remane’ s model the lingual
groove moves mesially resulting in a decrease in metaconid area and an increase in
entoconid area. Erdbrink’s data also supports this hypothesis in that the mean area
of the metaconid decreases from 21.71 to 20. 98 and the entoconid mean area increases
from 19.95 to 20.12,

Hence, it is seen that Erdbrink’s data supports both Jgrgensen’s and Remane’s
models indicating that alteration of the cusp configuration involves both a mesial shift-
ing of the lingual groove and a distal shifting of the buccal groove.

Erdbrink’ s data may be used to test Dahlberg’ s (* 49) model which postulates two
independent sequences. We have established that the modification from Y-5 to +5 is
a reasonable transition. Does Erdbrink’s data support a transition from a +5 stage
to a +-4 stage? What is involved here is the loss of the hypoconulid and its incorpora-
tion into the hypoconid following Gregory and Hellman (’ 26a). In addition Erdbrink (’ 65)
believes that on the basis of a significant negative correlation (p=.01) a portion of the
hypoconulid will be incorporated into the entoconid but that most of it will be incorpo-
rated into the hypoconid as is indicated by a highly significant negative correlation
(p=.001) between these two cusps. Thus we see a strong tendency for the hypoconulid
to be lost in a transition from a +-5 to +-4 stage. Indeed, the hypoconid mean area in-
creases from 19. 34 to 26. 00 and the entoconid mean area from 20,12 to 21.86. Thus,
the sequence +-5 to +-4 is fully supported by Erdbrink’s data.

The second sequence, Y-5 to Y-4 to +-4 may also be tested. In the Y-5 condition
there are not strong negative correlations of the hypoconulid indicating a loss of this
cusp. Indeed, the negative correlation between the metaconid and hypoconid is contra-
dicted in a Y-5 to Y-4 modification because the metaconid and the hypoconid both in-
crease in size. Therefore the data presented by Erdbrink do not support a Y-5 to Y-4
modification, The transition from a Y-4 to a +4 is, however, possible because the
protoconid and entoconid increase in size as opposed to the metaconid and hypoconid
which decrease in size. Thus it is seen that the second independent sequence, Y-5 to
Y-4 to +-4, does not find support in Erdbrink’s data. Supporting evidence for Erd-
brink’s data comes from observations by Gregory and Hellman (* 26) and Frisch (’ 65)
which suggest a change in groove pattern preceded cusp reduction,

Up to this point I have shown that only one sequence is possible, i.e. from Y-5 to
+-5 to +-4, However, this does not include the stage Y-4. The next logical hypothesis
to test is whether or not it is possible to go from a +-4 to a Y-4. (A change from a "+
to a "Y" would suggest a distal movement of the lingual groove and a mesial movement
of the buccal groove., This would result in an increase in size of the metaconid and
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hypoconid along with a decrease in size of the protoconid and entoconid. ) Indeed this is
what happens: the metaconid increases in mean area from 21.87 to 23. 32 and the hypo-
conid from 26.00 to 27.75. The protoconid decreases in size from 30.44 to 29.40 and
the entoconid from 21.86 to 19.55. A look at the significant correlations present in the
+-4 pattern indicates some contradiction in the sequence +-4 to Y-4. The significant ne-
gative correlation between the metaconid and entoconid indicates an increase in meta-
conid size and decrease in entoconid size, which does occur. However, the significant
negative correlation between the protoconid and entoconid indicates an increase in en-
toconid size, which does not occur. When one looks at the strength of the correlations
in Erdbrink’ s data I find that the metaconid ~entoconid correlation (-0.4887) is stronger
than the protoconid - entoconid correlation (0.3296). This indicates that the former is
movre important in determining entoconid size; hence the entoconid decreases in mean
area.

Utilizing Erdbrink’ s data it is therefore possible to establish a hypothetical se-
quence of alteration in the "Dryopithecus pattern” which differs from those of Hell-
man (" 28) and Dahlberg (* 49). This new sequence is: Y-5 to +-5 to +-4 to Y~4. The
implication of this sequence is that the Y-4 pattern is the most advanced stage and
not the +-4 as postulated by Hellman (’ 28) and Dahlberg (’ 49).

This sequence is based entirely onhuman molars. The few pongid specimens included
by Erdbrink (’65) do not permit conclusive statements to be made about the sequence
among these primates. Erdbrink (* 65:84) indicatedthat the significant correlations differ
greatly betweenthese two groups. Hence, it is possiblethat the sequenceis notthe same
among the pongids as amongthe hominids and such a hypothesis should be investigated.

The "Dryopithecus pattern' in pongids

It is possible to compare the frequency of occurrence of certain occlusal patterns oc-
curring in hominids and pongids. Using the data presented by Jgrgensen (* 55) confirms
that +-4 patterns are much more frequent than are Y-4 patterns, the most advanced
stage of Erdbrink. Using the comparative data I collected on the chimpanzee (Johanson,
' 74), the results are somewhat sporadic (Tables 1, 2, 3, 4). In the paniscus and
troglodytes samples Y-patterns are more frequent and in the schweinfurth? and
verus samples the +-4 patterns predominate. It is difficult to reach conclusions on the
basis of such observations but it appears that not only in some instances do chimps
show a different pattern than human molars, but there are even varying patterns be-
tween the groups.

It was noted by Hellman (* 28) and most subsequent observers (Dahlberg, ’49;
Schuman and Brace, ’ 54; Jgrgensen, ’55; Frisch, ’65; Johanson, ’70) that the first
molar tends to retain the "Y" pattern in a higher frequency than the second or third
molars. Modification of the "Y" pattern into a "+ pattern occurs more frequently
on the distal two molars but not in any regular fashion. Using the data found in Jgr-
gensen’ s paper (’55) illustrates that among the human groups listed about half show
a regular decrease in "Y' patterns from the first to the third molar while the other
half show a higher frequency of "Y" patterns on the third molar than on the second.

In pongid dentitions with available data there is always a trend in which the "Y' pat-
tern is highest on the first molar, intermediate on the second, and lowest on the third
(Schuman and Brace, ’54; Frisch, ’65; Johanson, *70; Skaryd, ’71).

With regard to cusp number, investigators (Jgrgensen, ’55; Dahlberg, ’49; and
others) of human dentitions report that the first molar retains five cusps in the high-
est frequency, the third is intermediate and the second shows the lowest frequency.
However, studies of the gibbon (Frisch, ’65), the chimpanzee (Schuman and Brace,
*54; Johanson, ’70; Skaryd, ’71) and the gorilla (Skaryd, ’71) show that the trend
towards loss of the hypoconulid is more regular with first molars being very conser-
vative, second molars intermediate, and third molars most progressive.

Although modifications of the "Dryopithecus pattern' of the actual cusp contact
and the cusp number are seen in both contemporary hominids and pongids the fre-
quency of alteration is considerably higher among the former. An exception to this
statement is the work by Schuman and Brace (’ 54) on the Liberian chimpanzee. They
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report frequencies of 76% and 99% for the occurrence of "+ patterns on second and
third molars, respectively. 1 In an earlier work Johanson (* 70) suggested that this
discrepancy may be in part due to the scoring of molars with a very short metaconid-
hypoconid . contact as a "+ pattern instead of a "Y' pattern. In addition errors in
scoring metaconid - hypoconid contact may be due to other reasons as Remane has
written:

Differences in evaluation whether a Dryopithecus pattern or a plus
pattern, originate evidently from the fact that some authors count
molars with a uniform transverse groove as plus patterns even when
the longitudinal groove is not present, but the metaconid and hypo-
conid are still in contact. Here the plus pattern is attributed only

to the absences of such a length of contact (® 60:716, my translation).

This points out that in situations where the lingual groove has moved mesially to
line up with the mesialbuccal groove there may be an impression of a "+"pattern. How-
ever, in instances when this is not accompanied by a point contact or a clear contact
between the protoconid and entoconid it must be scored as a '"y" (see fig. 3). An un-
trained observer might incorrectly record such an instance as "+" pattern and not a
"Y" pattern.

Adaptive significance of the "Dryoptthecus pattern"

Persistence of the "Dryopithecus pattern' in the Hominoidea since the earliest
dryopithecine times is striking. This leads one to question the adaptive advantage of
this pattern as opposed to other possible patterns.

It is established that the buccal half of the lower molars sustains a more rapid
degree of attrition than does the lingual half (Welsch, * 67). Three of the principal cusps,
the protoconid, hypoconid and hypoconulid are located on the buccal half of the lower
molar. Hence, it is possible that in hominoids which masticate a considerable amount
of tough food between the molars, like the gorilla, selection would tend to retain the
five-cusped molar pattern, The data presented by Jgrgensen (’ 55) for hominid groups
substantiates this hypothesis. Among such groups as the Eskimo, the Australians, and
African Negroes the five-cusped tooth is found more frequently than is the four-cusped
tooth, while the latter predominate among Chicago and European Whites (Dahlberg, *63).
The first molar, a tooth which sustains the heaviest forces and is subject to wear for
the longest time, retains the five-suped tooth pattern in higher frequencies than do the
other two molars. Even among the pongids, the chimpanzee for example, there is a
strong tendency for retention of the five-cusped molar on M

What the adaptive significance of the "Y' versus the "+ pattern is, has not been
worked out. Independence of cusp number and groove pattern has been demonstrated
by several studies (Jgrgensen, ’55; Garn et al. , *66a, ’ 66b). However, when altera-
tions in the "Dryopithecus pattern" of groove configuration and cusp number are com-
pared and considered independently it is found that alterations in groove pattern are
more frequent than alterations in cusp number (Gregory and Hellman, ° 26a, b; Frisch,
*65; Johanson, * 70, ’ 74). It appears, therefore, that selection is strong for five-cusped
lower molars and reduced for retention of the "Y''pattern of groove configuration,

My observations on the same sample are at considerable odds with those of Schuman
and Brace. I found the following frequencies of ''+'' patterns: Mg-3.1%; M3-40.1%

Unterschiede in der Bewertung, ob Dryopithecus muster oder Kreuzmuster, ent-
stehen offenbar dadurch, dass manche Autoren Molaren mit einheitlicher Querfurche
bereits als Kreuzmuster zihlen, auch wenn die Lidngsfurche noch nicht besteht, son-
dern Metaconid und Hypoconid noch in Kontakt sind. Hier wird das Kreuzmuster
erst vom Fehlen einer solchen Kontaktstrecke an gerechnet (' 60:716).



132

A "Y" pattern which may be mistaken for a '+ pattern. Right lower My, Harvard Specimen N/6962.

Fig. 3.
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Recent misinterpretations of the "Dryopithecus pattern

Recently the usefulness of the “Dryopithecus pattern” has been criticized (Biggerstaff,
’68; Morris, *70). I feel that these criticisms arise froma misunderstanding of the
"Dryopithecus pattern”, are only minimally instructive, and have unnecessarily con-
fused the literature.

Biggerstaff (* 68) contends that a classification of the mandibular molars should in-
clude observations on the distal marginal ridge, cusp size, cusp number, and distal
fovea. He argues that the presence of a distal marginal ridge and a distal fovea are
necessary for a lower molar pattern to qualify as a "Dryopithecus pattern' because
these morphological features were mentioned in the original definition (Gregory, ’16:
294; Hellman, ’28:161; Gregory and Hellman, ' 26b:300). However, there is no men-
tion of a distal marginal ridge in these definitions at all. Furthermore the presence
of both a distal fovea and an anterior fovea is mentioned. Why then should Biggerstaff
choose only the distal fovea and not the anterior fovea? Why not both?

Most investigators (see Robinson and Allin, * 66) have considered the anterior and
posterior fovea as being of minor importance and hence ignored them. This hasbeen
the usual practice since the "form of contact and the number of cusps do not appear to
be influenced by their (fovea) being present or absent" (Erdbrink, *65:71).

Biggerstalf contends that, "range of variation existed among the Dryopithecinae
lower molars as it exists among populations or individuals of Homo sapiens " (* 68:442),
To illustrate this he refers to published figures by Gregory and Hellman, and points
out that they "demonstrate the absence of the posterior fovea and distal marginal ridge
even though these teeth are presented as representing typical molar patterns of the
Dryopithecinae' (* 68:442). In particular he refers to figure 6 (which he incorrectly cites
as figure 16) of Hellman’ s publication (* 28:164) and remarks that the figure "depicts
variations which further establish the fact that the Dryopithecinae molars, as a group
manifested a range of variation and could not he unequivocally defined as a single type'
(68:442). Figure 6 of Hellman does not depict the dentition of a Dryopithecinae but of an
American Indian! In fact it is the same illustration that occurs in Gregory and Hellman’ s
earlier work (" 26e: Plate XIII B). Gregory and Hellman never contended that variation
did not exist among the Dryopithecinae lower molars in the “Dryopithecus pattern"
and they wrote "the "Dryopithecus pattern (was) subject to extreme variation in re-
gard to proportions but is singularly constant in the fundamental arrangement of the five
principal cusps and of the several grooves at their bases" (* 37:256). From this one
statement it should be clear that Gregory and Hellman not only recognized that varia-
tion existed in dryopithecine lower molars but also that the important features of the
lower molar in defining the “Dryopithecus pattern" are the cusp number and the groove
pattern. Therefore, Biggerstaff’ s criticisms of the original definitions, descriptions,
and illustrations of the "Dryopithecus pattern' by those most familiar with the morpho-
logy fall away. In addition, Biggerstaff states that in his new classification cusp size
should also be included despite the fact that his "new' classification contains no mention
of cusp size (’ 68:444)

Morris (* 70) suggests that the presence of a deflecting wrinkle on the mandibular
molars of some humans produces a '"Y'"pattern that is spurious and not comparable with
that found in the dryopithecine specimens examined by Gregory and Hellman. Morris
criticizes dental investigators for not reporting the frequencies of a deflecting wrinkle
in the dentitions which they studied. He contends that data reported on lower molar
occlusal groove patterns are therefore questionable.While it is true that most observers
have not reported the incidence of deflecting wrinkles it does not follow that frequen~
cies of mandibular molar patterns are unreliable. Illustrations by Hellman (* 41: fig. 17)
show human molars with a Y-5 pattern and a deflecting wrinkle, so that it appears
Hellman considered teeth with a deflecting wrinkle classifiable as a "'y" pattern,

Morris reproduces a figure from Jgrgensen (’ 55) that exhibits a '"Y" and a "+Upattern.
The "Y' pattern shows a slight distal deflection of the lingual groove which has led
Morris to consider this a deflecting wrinkle. The molar illustrated showing a "+ pat-
tern lacks any expression of a deflecting wrinkle and Morris remarks, "'thus he (Jgrgen-
sen) evidently identified the types on the basis of presence of ..., the deflecting wrinkle!
(’ 70:100). Such a conclusion is unfair because Jgrgensen clearly states that he deter-
mines a "Y" pattern on the basis of a metaconid - hypoconid contact. Also human molars
can show ''Y" patterns without the presence of a deflecting wrinkle (Morris, * 70: fig. 3).
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Conclusion

It is hoped that this presentation has provided a clearer understanding of the
"Dryopithecus pattern", its alteration, evolutionary importance and uselulness as

a descriptive tool. Reference to the original descriptions by Gregory (’16) and Gre-
gory and Hellman (* 26a,b) indicate that the configuration of the “Dryopithecus
pattern' is straightforward and unambigouous. Although a number of interpretations
of the sequence of evolutionary alteration from the primitive Y-5 pattern have been
proposed, the sequence Y-5 to +-5 to+ -4 to Y-4 is most reasonable. This is partic-
ularly true for hominids but has not been confirmed by the study of pongid dentitions.
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TABLE 1.

Frequency (%) of lower molar groove patterns in  Pan paniscus

Sex N Y-4 Y-5 +~4 +-5 ?-4 ?-5
Mg M 17 11.8 64.7 5.9 17.86
F 14 85.7 14.3
Unk. 1 100.0
My M 24 95.8 4,2
F 29 100.0
Unk. 7 85.7 14.3
My M 37 100.0
F 47 100.0
Unk, 19 100.0
dmg M 22 100.0
F 22 100.0
Unk, 14 100.0
Combined Sexes
Mg 32 6.2 75.0 3.1 15,7
My 60 96.6 1.7 1.7
My 103 100.0
dmg 58 100.0
TABLE 2.

Frequency (%) of lower molar groove patterns in Pan troglodytes schweinfurthi

Sex N Y-4 Y-5 +-4 +-5 ?-4 ?-5
M3 M 23 87.0 13.0
F 32 75.0 6.3 18.7
Unk. 7
M, M 29 100.0
F 35 100.0
Unk. 17 100.0
My M 36 100.0
F 52 100.0
Unk. 36 100.0
dm,y M 10 100.0
F 20 100.0
Unk. 39 100.0
Combined sexes
Mg 62 82.3 3.2 14.5
M, 81 100.0
My 124 100.0

dm,, 69 100.0




TABLE 3.

Frequency (%) of lower molar groove patterns in

Pan troglodytes verus
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Sex N Y-4 Y-5 +~4 +=5 ?-4 ?-5
Mg M 47 2.1 48.9 12.8 27.8 4.2 4.2
F 48 6.3 60. 4 10.4 20.8 2.1
Unk. 2 50.0 50.0
M, M 46 93.5 6.5
F 50 2.0 98.0
Unk. 2 100.0
My M 47 100.0
F 43 100.0
Unk. 5 100.0
Combined sexes
Mg 97 4.1 54,7 11.3 24,7 2.1 3.1
My 98 1.0 95.9 3.1
Mg 95 100.0
TABLE 4.

Frequency (%) of lower molar groove patterns in Pan troglodytes troglodytes

Sex N Y-4 Y-5 +-4 +-5 ?-4 ?-5
M3 M 45 31.1 53.3 2.2 4.5 8.9
r 81 6.2 80.3 3.7 4.9
Unk. 3 100.0
MZ M 62 1.6 95,2 3.2
F 106 100.0
Unk. 7 100.0
My M 79 96.2 3.8
F 11 98.3 1.7
Unk. 13 100.0
dmsy M 32 100.0
r 32 100.0
Unk,
Combined sexes
Mg 129 14.7 71.3 3.1 4.7 6.2
M, 175 0.6 98.3
Ml 211 97.6 2.4
64 100.0
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The histogenetic specificity of embryonic cartilage

CLARKE L. JOHNSON

OSSA Embryonic avian cartilage fragments from Meckel’ s cartilage, nasal, scleral, quadrate, limb
and sternum were dissected and apposed in organ culture in various permutations. Combina~
& tions of cartilage fragments and dissociated aggregated chondrocytes were made. Co-aggrega-
Lo

tions of dissociated aggregated chondrocytes were also made. All were studied histologically.

Differential fusion was noted between the cartilages in different combinations. For all per-
mutations, fusion declined with increasing explant age. Fragments of carti lage combined with
itself revealed the best fusion. Cartilage fragments sharing a common origin from neural
crest or from mesoderm revealed an intermediate degree of fusion. Pairs of cartilage where
one is neural crest, the other mesoderm revealed the least fusion.

The differential fusions of cartilage in vitro reveal the existence of embryonic cartilage
subphenotypes, which express their developmental peculiarities in culture.

OMBpHOHANBHHE IITHYBHM XpsauleBsle (parMeHTH MeKKesieBa xpsAma, Hoca,
CKJI@PH, KBaXpPaTHOM KOCTH, KOHEYHOCTEN M TPYINMHE OBUIH DaCUeHeHH U MpH-—
JIOKEHH HPYT K OPYI'Y B KYyJNLTYPEe OpPraHa B Pa3JIMYHHEX KOMOHHALMAX. IIpHMe-
HAJH KOMOHHaUHMH $PArMEHTOB XPAWa M HSHCCOLUMHPOBAHHHX arperaTHHX XOHIPO-
HUTOB. I[IPOBOMMIIM TaKXe COBMECTHYN arperauulw NUCCOLUHHPOBAHHHX arperatT-—
HEIX XOHIPOUUTOB. BCe KOMOMHAUMH H3yYaH IHCTONOTHUYESCKH.

OTMeueHo puddepeHUHMpPOBaHHOE CIIMAHHE XpsAuwed B Pa3IHYHHK KOMOUHALMAX.
Y BCeX KOMOMHALMH CJHAMAHHE CHHXANOCh N0 Mepe yBeNHYeHus BO3pacTa
3KCrlaHTara. OfbeOHHeHHe OparMeHTOB Xpsma HApyr C OPYI'oOM NpPOOeMOHCTPH—
POB&NIO Hauayuwee ClHgHHe. ¢parMeHTH Xpsua, HUMeBLHe Obulee MNPOHCXOX—
HOeHHe U3 HEepPBHOI'O rpebHA /neural crest/ wiu “3 ME30HEDPMH, IEMOHCTDH-
POBaMX NPOMEXYTOUHYW CTEeNeHb CJHAHUA. [lapH Xpsmed pasidyHoTo TPOHCXO—
XIEeHUA OOHapYXHBAJIM HAHMEHbIYH CTENeHL CIUSHUA.

OuddepeHunanbHOe CHMgHUEe XpaAue# in vitro noxasmBaeT HaaudHe 3IMEPHO-
HaJbHHX XPSAWEBHX CYGGEHOTHUIIOB, OTPaXalmUX OCOBEHHOCTH PA3BUTHA B KYJb«~
Type.

Krouesrle C/OBa: 3MODPHOHAJIBHHN Xpsall, PUCTOeHeTHUYecKas CHelUGHUHOCTE.
Clarke L. Johnson, 970 East Court Street, Kankakee, Illinots, 60801 U.S.A.
Vol, 6, pp. 139-150, Lund. ISSN 0345-8865.

Introduction

Cartilage, the predominant skeletal material of all vertebrate embryos, is widespread
in the animal kingdom and evidence of it is present in the fossil record. It is a tissue
amenable to study in the laboratory and is an important element in the growth of the
vertebrate embryo. Further, the individual histogenetic differences among embryonic
cartilage as discussed here suggesttheearly acquisition of specific biochemical charac~
teristics. From a developmental standpoint, these differences relate to the origin,
functional development, and fate of these cartilages. From an evolutionary, these dif-
fferences relate directly to the unique morphological features acquired by these tis-
sues through evolution. The cell and tissue affinities presented here are also directed
to basic problems of orofacial development, in addition to their more general impact
for studies of growth and development.

In studies of postnatal growth, the concept of functional matrices (Moss and Salen-
tijn, ’*69) has opened new avenues in anatomical investigations of postnatal do.svelop—
ment and growth. In this conceptual approach, skeletal units are no longer viewed as
the discrete bones of classical osteology, but rather as the micro- or macro-compo-
nents of functional cranial units. Skeletal morphology is seen not as the product of
"bone cell” encoding, but rather as a net result of the influences of investing soft tis-~
sues comprising a functional system -- the functional matrix.
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Whereas in the postnatal period the head and neck may be understood in terms of a
series of related functional matrices, in the embryonic period orofacial growth can
best be seen as a set of developmental cellular systems derived from interacting cell
populations, each with its own developmental history. Thus, the study of embryonic
systems in developmental biology has a logical relationship to the post-natal functio~
nal matrix concepts as a study of systems in development after birth.

In the embryonic period, growth processes have been shown to stem from the pro-
gressive acquisition and expression of cell characteristics that are sequentially ex~
hibited during cellular differentiation. Growth and change can be understood in terms
of programmed cell division, inductive interactions, cellular migrations, cell aggre-
gations, and cytodifferentiation. These cellular events play a central role in the dyna-
mics of orofacial growth and development, in which the cranial neural crest is domi-
nant.

Von Bauer’ s classic germ layer theory of the derivation of distinct classes of tis-
sues from three primary germ layers has led to the acceptance of the view that the
skeletal and connective tissues are mesenchymal derivatives. Accumulating evidence
(Horstadius, ’50); Weston, *70), however, indicates that certain mesenchymal cells
and tissues of the head, including odontoblasts, osteocytes, certain dermal bones of
the skull and cartilages of the visceral and cranial skeleton are products not of meso-
derm but rather of the cranial neural crest.

Embryonic cartilage, therefore has two distinct embryonic origins: 1) mesoderm
for the axial, appendicular, otic, certain of the chondrocranial cartilages, and 2)
neural crest for much of the nasal capsule, scleral cartilage, gill bar, Meckel’s car-
tilage, and much of the remaining branchial skeleton (except the second basibranchial
cartilage). The various embryonic cartilages differ in their origin, course of develop-
ment, and fate.

Selective fusion has been reported for embryonic cartilage (Chiakulas, *57). Young
embryonic cartilages tend to appear histologically similar initially, but subsequently
develop characteristic phenotypic expressions.

In order to test cell affinities between chondrocytes, Chiakulas (° 57) used various
combinations of intact fragments of mesodermally-derived femur, humerus, presca-
pula, and chondrocranium as well as neural crest-derived gill bar and Meckel’ s car-
tilage were implanted in physical apposition in the tail fin of larval hosts for 21 days.
An examination of all combinations revealed selective differential fusion between the
cartilages. There was complete fusion between cartilages of similar origin; however,
there was poor or no fusion between cartilages of dissimilar origin. Thus, Chiakulas
(’ 57) demonstrated a specificity of cartilage on the basis of embryonic origin.

Selective fusion was used by Chiakulas as a measure of histogenetic affinity, itself
a function of biological distance. The underlaying premise was that differential fusion
was the counterpart of embryonic cell recognition.

Zwilling (’ 68) has extended these findings to studies of dissociated and aggregated
embryonic chick cells. Histogenetic sorting of embryonic somite and limb cells was
chserved when these cells were dissociated, homogeneously dispersed, aggregated by
centrifugation, and cultured in vitro for only 18-20 hours.

Since the 1957 report by Chiakulas on differential fusion in amphibia, critical new
evidence has become available through the use of tritiated thumidine (Johnston, ’66;
Weston, ’70) and chick-Japanese quail combinations in transplant studies (Le Douarin,
*73; Le Lievre and Le Douarin, ’75; Johnston, ’74) which provide elegant and detailed
mapping of the contribution of the neural crest to cranial and visceral cartilage in
avian embryos.

It is the expressed purpose here to confirm and extend the Chiakulas (* 57) study to
analyses of the avian embryo. In vitro experiments have been designed to confront
four types of embryonic cranial cartilages of neural crest origin (Meckel’ s, nasal,
scleral, and quadrate) and two post-cranial cartilages (limb and sternum) in all possible
paired combinations.
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Research strategy

The design of this research was directed toward providing additional information
about the histogenetic affinities of cartilages in the avian ambryo by culturing four
neural crest cartilages (Meckel’s, nasal, sclera, quadrate) and two mesodermal
cartilages (limb,sternum) as pairs in vitro. There are three major sections in
the study.

I. Cartilage Fragments in Apposition

In these studies, intact fragments of pre-cartilage and cartilage were paired in appo-
sition, cultured in vitro, and examined histologically,

Meckel’ s, nasal, scleral, quadrate, limb, and sternum cartilages were obtained
whenever available from chick embryos in daily increments, incubation ages six
through thirteen days. The cartilage pairs were cultured for seven days.

Meckel’ s, nasal, limb, and scleral cartilages were obtained at incubation ages
of 6, 7, and 8 days of incubation and cultured in pairs for fourteen days.

Meckel’ s, nasal, scleral, quadrate, limb, and sternum pre-cartilage and carti-
lage fragments were respectively paired according to their day of first appearance,
and cultured for seven days.

II. Cartilage Fragments and Dissociated Aggregated Chondrocytes in Apposition

Meckel’ s, nasal, sclera, quadrate, limb, and sternum intact cartilage fragments
were confronted with dissociated aggregated chondrocytes in all possible permutations
at incubation ages from 6 through 18 days. These were cultured for seven days.

ITI. Co-Aggregates of Dissociated Aggregated Chondrocytes

Meckel’s, scleral, and limb cartilages at 8 days of incubation were enzymatically
freed of their matrix, homogenously dispersed in equal numbers, aggregated by cen-
trifugation, and cultured for seven days.

Materials and Methods

Chick cartilage fragments were dissected from White Leghorn embryos, incubated
from 5 to 13 days at 37.5°C. Quail cartilage fragments were dissected from Japanese
quail, Coturnix. These were incubated at 37, 5°C.

For this study, four cranial and two postcranial cartilages were used. Because of
differences in the onset of development, not all cartilages were available at all ages.
Cartilages were dissected free of investing tissue and later cut with sharp cataract
knives into intact fragments,

Explants were maintained in vitro on 3 ml of BGJb medium, 50 units each of
pencillin and streptomycin solidified with 0. 4% agar placed in organ culture dishes.
An atmosphere of 5% COg - 95% air was maintained and the explants incubated at 37°
for 7-14 days with media changed every two or three days.

Cartilage or pre-cartilage mesenchyme fragments, approximately 1.0 mm3, were
obtained from chick embryos and combined as pairs in all possible combinations at
each stage of incubation in daily increments from 5 through 13 days.

The conclusions drawn from the portion of the investigation testing the confronta-
tion of cartilage fragments in all permutations in vitro for seven days was based
on the histological analyses of 728 explant combinations. In the long term organ cul-
ture test, 145 explant combinations were examined. A total of 235 pre-cartilage and
first appearance cartilage combinations were analyzed.

For dissociation, cartilages were cut into pieces with a cataract knife to approxi-
mately 0.5 mm3 in size. After rinsing three times in calcium- and magnesium-free
Tyrode’ s solution (CMF), the tissues were placed in a conical centrifuge tube con-
taining 1 ml CMF, gassed with 5% COy~95% air mixture for 15 seconds, and incu-
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bated in stoppered tubes at 37.50 for 90 minutes. Excess CMF was removed, 1 ml
of 1.35% trypsin in CMF added, the solution was gassed with 5% CO9~95% air mix-
ture for 15 seconds, and incubated in stoppered tubes at 37.5° for 60 minutes. Frag-
ments were then carefully rinsed three times with excess CMF and transferred to

a culture medium consisting of BGJb medium with 10% horse serum and penicillin
and streptomycin at a concentration of 50 units each per ml of medium. The frag-
ments were dispersed into single cells in the culture medium by flushing them brisk-
ly for at least 20 seconds in and out of a Pasteur pipette with a fine tip. Residual
fragments and fibrous material was removed by filtering the suspension through a
Swinney filter with a single thickness of lens paper.

The cell suspensions were centrifuged for one minute at 2, 000 rpm; the resulting
pellets were incubated at 379C for one hour to allow the cells to cohere before trans-
ferring them from the centrigue tubes to a Maximove slide. Then, the pellets were
carefully divided into aliquots. These were carried gently within the meniscus bet-
ween the tongs of fine surgical forceps to the cartilage fragments placed on solidi-
fied nutrient medium and cultured for seven days as outlined previously. For the
analyses of these tests, 1226 explant combinations were examined.

Chick and quail chondrocytes were prepared separately as outlined. Following de-
termination of cell concentrations with a hemocytometer, the two suspensions were
mixed in such proportions as to provide an equal number of chick and quail cells,
This cell suspension was centrifuged at 2, 000 rpm for one minute; the resulting pel-
lets were incubated for one hour to allow the cells to cohere. The resulting pellet
was transferred to a Maximov slide, carefully divided into 1mm3 aliquots, trans-
ferred to a solidified nutrient medium, and incubated for seven days.

The conclusions drawn from this portion of the investigation are based on a total
of 40 explanted combinations. Harveasted explants and pelleted aggregates were fixed
in Carnoy’ s fixative, embedded in paraffin, sectioned at8 microns, and stained with
hematoxylin and eosin for chick tissues or by the Feulgen method for chick-quail cell
combinations.

A statistical analytical technique as suggested by Elton and Tickle (° 71), and modi-
fied by Spiegel (’ 76), was used to quantify the histogenetic affinities between various
chondrocyte combinations in the co-aggregates. The detailed discussion of the speci-
fic application has been described elsewhere (Johnson, ’76).

Results

Intact fragments of chick embryonic cartilage from four cranial cartilages (Meckel’ s,
nasal, scleral, quadrate) of neural crest origin and two postcranial cartilages (limb,
sternum) of mesodermal origin were cultured in vitro for seven days.

Intact fragments of chick embryonic cartilage from three cranial cartilages (Mec-
kel’s, nasal, scleral) of neural crest origin and one postcranial cartilage (limb) of
mesodermal origin were cultured in vitro for fourteen days.

Intact fragments of chick embryonic cartilage and precartilage mesenchyme from
four cranial cartilages (Meckel’s, nasal, scleral, quadrate) of neural crest origin
and two postcranial cartilages (limb,sternum) of mesodermal origin were cultured
in vitro for seven days.

Harvested explants were fixed, sectioned, stained with hematoxylin and eosin
(parts I and II) or Feulgen reagent (part III). For part III, the « factor as a measure
of cell sorting (Elton and Tickle, ’71) was calculated.

The degree of fusion, a parameter of cell homology and histogenetic affinity was
rated as complete, incomplete, or no fusion. Complete fusion was a clear and unmis-
takable continuity of matrix and cellular pattern with no distinct line of demarcation.
Where there was an integration into a common tissue fabric, but a line of demarca-
tion remains between the fragments, the fusion was rated as incomplete. If the two
cartilage fragments displayed little or no histological continuity and revealed a dis-
tinct boundary or even a cleft between them, the histological pattern was described as
healing with no fusion.
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On the basis of embryological origin, the cartilage combinations fall into three
groups: 1) isotypic pairs; i.e., two cartilage fragments of identical phenotype;

2) homologous pairs; i.e., neural crest cartilage apposed with another type of me-
sodermal cartilage; 3) heterotypic pairs; i.e. , neural crest cartilage apposed with
a mesodermal cartilage.

All isotypic combinations of cartilage fragments cultured for seven days exhibited
complete fusion at the earliest stages and diminished healing as the explant age in-
creased. All four cartilage phenotypes cultured long-term for 14 days displayed com-
plete fusion at the earliest ages. The six pre-cartilage phenotypes all exhibited com-
plete fusion after 7 days, a result conistent with the other two tests.

All homotypic combinations of cartilage fragments cultured for seven days exhibited
no fusion by the 13th day of explantation. As a group, the homotypic combinations
show less fusion tendency than did the comparable isotypic pairs (Table 1). Three
homotypic pairs of cartilage fragments derived from neural crest were cultured long
term for 14 days: only one revealed complete fusion at the earliest stages of develop-
ment. Viewed overall, these combinations exhibited less fusion than the comparable
isotypic group (Table 1).

Four of the seven homotypic pairs of pre-cartilage mesenchyme revealed complete
fusion; the remaining revealed incomplete fusion (Table 1). This group exhibited less
capacity for fusion than the comparable isotypic group.

Only two of the eight heterotypic combinations of cartilage combinations for seven
days revealed good fusion at the earliest explant age. The heterotypic combinations
reveal less fusion than the homotypic group and much less than the isotypic group of
cartilage pairs. Viewed as a group, the isotypic group showed the best propensity
for fusion, the homotypic group an intermediate tendency, and the heterotypic group
the least capacity for fusion when cultured for fourteen days. The pre-cartilage me-
senchyme pairs revealed a similar pattern.

These studies in perspective revealed that isotypic pairings achieved the most fu-
sion, homotypic pairings an intermediate degree of fusion and heterotypic pairings
the least degree of fusion. There was declining fusion with advancing explant age, Ex-
tended time in culture led to a breakdown of the zone of healing. The characteristics
of the individual cartilages were reflected in their growth and fusion characteristics
in vivo.

For this series of tests, using intact cartilages and dissociated aggregated chondro-
cytes, cartilages of neural crest origin (Meckel’s, nasal, scleral, quadrate) and two
posteranial embryonic chick cartilages were obtained at incubation ages 6 through 13
days. Cartilage cells were dissociated, aggregated by centrifugation, and placed in
apposition with an intact cartilage fragment.

These were cultured for seven days, harvested and prepared for histological exa~
mination. In cases where complete fusion between intact cartilage and dissociated
cells were obtained, there was usually some reconstruction of the characteristic
cartilage tissue fabric by the dissociated cells. This occurred usually, though not in-
variably, at the younger ages. The ability of dissociated cells to reconstruct cartilage
was a general finding in this study; however, the ability to reconstruct the histotypic
structre of the derivative cartilage was more limited.,

At the earliest ages, all of the isotypic combinations exhibited complete fusion ex-
cept for nasal cartilage which alone was the only incomplete fusion. Fourteen permu-
tations were possible in homotypic combinations of cartilage fragments and dissoicated
cells. Twelve of the pairs revealed incomplete fusion at the youngest explant age,
while only two revealed complete fusion. None of the 16 possible permutations of he-
terotypic pairings of cartilage fragments and dissociated cells revealed complete fu-
sion. These findings reveal the decline of the ability for fusion with increasing explant
age. Further, the general trends noted in the earlier tests are replicated here: iso-
typic combinations show the most fusion, homotypic combinations show an interme-
diate degree of fusion, and heterotypic ones show the least degree of fusion.

For the co-aggregates of dissociated chondrocytes, embryonic chick 8 day carti-
lages and embryonic quail cartilage tissues of equivalent developmental age were
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dissociated, comingled in equal numbers, pelleted by centrifugation, and then cultured
as a pellet on agar for seven days in vitro. Centrifugation permitted retrieval of all
of the cells in the suspension. The cells of the two species were distinguished by use of
the Feulgen reaction. The quail nucleus by this method shows large heterochromatic
masses, whereas in the chick nucleus the DNA is uniformly distributed in the nucleo-
plasm. Thus, the quail cells serve as markers for the study of the degree of disper-
sion or segregation of the two cell types.

Initial inspection of the histologic sections did not reveal a readily apparent pattern
of homogeneous dispersion or segregation of the cells within the aggregates. There-
fore, a quantitative measure, « , of the degree of segregation of the two cell types,
as suggested by Elton and Tickle (* 71) and modified by Spiegel (’ 76) was used. Eight
co-aggregation combinations were analyzed and the results are summarized in Table
1. The results suggest that the isotypic co-aggregate cell populations remain random-
ly dispersed. The mean of three experiments reveals a cross ratio that is somewhat
intermediate between that observed for isotypic co-aggregates and heterotypic co-ag-
gregates.The heterotypic combinations of dissociated cartilage cell populations show
that the mean cross ratios of the tests of these combinations reveal a significantly
lower value for cross ratios than those seen in the isotypic or homotypic combinations.
This would tend to suggest that cell sorting has occurred.

Discussion

The objective of the experiments reported here was to examine the histogenetic speci-
ficity of a variety of embryonic cartilages and to relatethe results to the larger pro-
blems of growth and development. The present study used as its starting point the
observation by Chiakulas (’ 57) that the various cartilage tissues that developed in dif-
ferent regions of amphibian larva were not all alike, and expressed their identities by
their ability or failure to fuse when apposed in selected pairs based on their embryo-
logical origin from neural crest or from mesoderm.

Organized cartilage and pre-cartilage fragments placed in apposition for seven or
fourteen days in vitrorevealed that the best degree of fusion resulted from isotypic
pairings; an intermediate degree of fusion resulted when cartilages were paired homo-
typically, and the least degree of fusion occurred in heterotypic pairs. These results
suggest that differential fusion of embryonic cartilages is based on recognition of finely
regulated tissue-specific cues. They confirm the findings of Chiakulas’ study (’ 57) and
extend it in several critical ways. The Chiakulas’ study treated isotypic and homotypic
pairings as a single group, the heterotypic pairings as a second group, then compared
the fusions between these two groups. In the study reported here, the poorest fusions
were seen in heterotypic pairings of cartilages derived from neural crest and meso-
dermal origins (e.g., Meckel s and limb cartilages), confirming the Chiakulas obser-
vations that cartilage subphenotypes of widely different ontogenetic derivation exhi-
bited significant differences in histogenetic behavior. However, in this present study,
an essential difference between isotypic and homotypic pairings was also noted. When
homotypic pairs of cartilage subphenotypes, both of neural crest origin, were apposed
(e.g., Meckel’s and scleral cartilages), they were less able to fuse than correspond-
ing isotypic pairs (e.g., Meckel’ s-Meckel’ s, or scleral-scleral). The same was
true for homotypic pairs of cartilage subphenotypes both of mesodermal origin (limb
and sternum cartilage pairs).

These results suggest that the tissue specificity of cartilage is based not only on
its derivation, but on some other unique characteristic possessed by each of the indi-
vidual cartilages studied.

The present study also examined the fusion between cartilages removed from the
embryo and explanted at various stages of development. It was a consistent finding
that the potential for fusion declined with increasing age of the tissue at the time of
explantation. This may reflect increasing matrix rigidity, fewer perichondrial cells
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at the older ages, and loss of cellular pleuripotency at later developmental stages.
Tissue fusion involves cell release, migration, mitosis, differentiation, and tissue
integration. These events, in essence, mirror normal processes in embryonic growth
and development. What are the environmental cues to the cells for cell release? What
directs cell migration? How is localized mitosis governed? What elicits cell differen-
tiation? How do the cells communicate (as they must) to achieve functional integration
in tissue formation? These intriguing questions provoked by many studies in develop-
mental biology await answer.

After fourteen days in culture, the results showed that there was no improvement
in fusion compared with the seven-day studies; in both cases, the best fusion occurred
between isotypic pairs, less complete fusion resulted between homotypic pairs, and
the least fusion was found between heterotypic pairs. Thus, differential fusion was
not an artifact of insufficient time in culture, rather it was a consequence of cellular
origin and a reflection of in vivo development and fate as noted earlier. It is likely
thatwhere healingwas less after fourteen days than at seven, that regression of the
repair zone had occurred.

The series of pre-cartilage - cartilage tests sought to determine whether the pre-
cartilage blastemata also would produce differential fusion. As a group, all of the iso-
typic pairs yielded complete fusion, whereas the heterotypic pairs yielded either in-
complete or no fusion. Homotypic pairs produced either incomplete or complete fu-
sion. The differential fusion results seen here corroborate the results of the earlier
apposition studies of differentiated cartilage tissues. This is interpreted to demons-
trate the existence of distinct embryonic cartilage subphenotypes, which reflect the
derivation, developmental program and fate of each individual cartilage.

One of the basic questions to be raised in this regard is the role that the chondro-
cytes and the matrix each play in the recognition of subphenotypes leading to differen-
tial fusion.

When dissociated aggregated chondrocytes were confronted with intact fragments
earlier results were corroborated; however, the degree of fusion was dimished, not
enhanced. The younger the age of the dissociated cartilage, the more successful were
the aggregated cells in reconstructing cartilage with a recognizable histotypic pattern.
Although most of the dissociated cells of the various cartilages were able to reconsti-
tute cartilage, the cells revealed a variable capacity to produce cartilage with a histo-
typic pattern that resembled the donor tissue. Limb cells were very competent in or-
ganizing into tissue, the other cartilages were less competent.

These tests demonstrated the differential fusion of intact cartilages paired with
dissociated chondrocytes and the results were consistent with the findings of the pre-
vious apposition studies using intact cartilage pairs. These results again suggest that,
the greater the biological distance between the cartilage subphenotypes, the less the
fusion seen in vitro.

To test whether cartilage cells would exhibit discriminatory properties when
allowed to interact in the absence of matrix and organized tissue structure, co-aggre-
gation studies were performed using dissociatedcells of different phenotypes in isotypic,
homotypic, and heterotypic combinations. This test of celi~cell affinities complements
the rationale of confronting pairs of intact tissues, or pairing intact tissue with dis-
sociated cells.

In these tests done with 8-day chick and quail of equivalent staging, the precise
identification of each cell type was facilitated by the prominent quail nucleus displayed
by FFeulgen staining. This then permitted a statistical evaluation of cell interactions
as suggested by Elton and Tickle (> 71).

The average cross ratios shown in Table 1 reveal a general trend of more cell
sorting in the heterotypic co~aggregates than in the isotypic or homotypic combina-
tions. It should be noted, however, that the individual cross ratios of each group in
some cases overlap other groups and are not mutually exclusive. The comparison of
mean cross ratios between each experimental group showed that they were notably
different. The isotypic cross-ratios which should approximate 1.0 with a homogenous



146

dispersion of the cells come close to doing so; however, the heterotypic cross ratios
are not considerably different from the isotypic group, although they do trend toward
cell segregation,

It would appear that several biological phenomena must be considered in the inter-
pretation of the co-aggregation tests of cartilage subphenotypes. First, we are deal-
ing with a cell population that produces matrix; the cells are in contact only briefly
before forming matrix. Second, after matrix forms, cell division results in the for-
mation of many clones within the aggregate. Third, the tests here deal with subpheno-
types, and it is possible at this sensitive level of cell interactions that the species
differences between chick and quail may contribute to the appearance of limited seg-
regation of cells in the isotypic co-aggregates. Fourth, it may be possible that both
cell and matrix are necessary in order for cartilage cells to recognize their subphe-
notype. In the dissociated state, therefore, in which the extracellular matrix has
been removed, the cells may sort out as well as in the presence of matrix. When the
matrix is reformed, cells no longer move about freely and cannot re-arrange them-
selves with respect to one another without more complex remodeling processes. This
may explain why the heterologous cross-ratios revealed less cell sorting than might
be predicted in comparison with homotypic or isotypic co-aggregates.

The in vitro tests of cell recognition reported here reveal that cartilage cells
derived from regionally differentiated skeletal rudiments in the body represent dis-
tinct subphenotypes. The histogenetic significance of this recognition is confirmed
by the differential fusion seen in the apposition studies of intact cartilage tissues,
combinations of intact cartilage tissues, combinations of intact cartilage and disso-
ciated cells, and co-aggregations of dissociated chondrocytes. These conc lusions are
based on 2374 tests and observations.

Weinmann and Sicher (’ 55) distinguished between bone as a tissue and bones as or-
gans. It is appropriate here to extend this concept to cartilage. Although all cartilage
fissues share certain basic morphological and biochemical characteristics, it has be-
come clear that individual cartilages produced in various regions of the developing
organism exhibit special attributes which impart a histogenetic individuality to each.
These particular characteristics of individual cartilage subphenotypes and their mor-
phogenetic interactions provide important clues for discovering the developmental
mechanisms controlling skeletal growth and differentiation.

Viewed teleologically, each cartilage has a specific developmental role. For
example, Meckel’ s is a temporary strut in mandibular growth. Scleral cartilage
molds and protects the developing eyeball. Limb cartilage is a precursor to bone;
it is both capable of support and rapid interstitial growth. Since histogenetic speci-
ficity has been demonstrated for these cartilages differing in origin and fate, it is
important to explain such differences and the extent which they exist in other tissues
as well,and how they relate to their functional role in the organism.

In this study, the histological differences between chick and quail cells was ex-
ploited as a cell marker technique (Le Dourain, *73). Chick and mouse combinations
have been used with equal success (Moscona, *57). Implicit in this technique is an im-
portant phenomenon relevant to anthropology: homologous cells in different species
share common histogenetic properties.

Homologous cartilages in two different species are more closely identified histo-
genetically than two different cartilages in the same species. In anthropology, there-
fore, tissue culture may offer a means of evaluating homologies between tissues. The
differences between the cartilages examined in this thesis implies that the under-
lying cytogenetic and molecular changes are phylogenetically ancient evolutionary
events,

The property of embryonic cartilage histogenetic specificty relates to serological
studies, themselves exploites as a device for determining the biologic al differences
between species. The fusion experiments reported here reveal the affinities between
cartilage tissues and are used as an assessment of the underlying biochemical pecu-
larities of these subphenotypes. Just as serological differences between species
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suggest the time and degree of species divergence, the differential fusion between
embryonic cartilages reflects the morphological and developmental differences
between them,

The contribution of tissue culture studies to dental science and to anthropology
are well recognized. The contribution of cartilage tissue culture studies of growth
and development are a necessary adjunct to the classic studies of craniofacial growth
that are so much a part of the literature of physical anthropology.

Summary and conclusions

1. Embryonic cartilages were combined as pairs in organ culture as apposed explants
or pellets of co-aggregated cell suspensions. Based on their derivation, they may be
classified as isotypic, homotypic, or heterotypic combinations. Isotypic combinations
were paired cartilage tissues of* identical origin: Meckel’s, nasal, scleral, quadrate,
limb, or were represented by paired cartilage tissues both of neural crest origin, or
both of mesodermal origin: e.g., Meckel' s-scleral; limb-sternum, . Heterotypic com-
binations were represented by paired cartilage tissue of different origin, i.e., neural
crest versus mesodermal origin, e.g., Meckel’ s-limb.

2. Apposition of cartilage and pre-cartilage tissues cultured in vitro resulted in:
a, the most complete fusion between isotypic pairs;
b, an intermediate degree of fusion between homotypic pairs;
c, the least complete fusion between heterotypic pairs;
d, declining fusion with the age of the tissue at the time of explantation and;
e, less fusion after fourteen days in culture than at seven days in culture.

3. Combinations of intact cartilage tissue and dissociated chondrocytes cultured
in vitro resulted in:

a, the most complete fusion between isotypic pairs;

b, an intermediate degree of fusion between homotypic pairs;

c, the least fusion between heterotypic pairs and;

d, rapidly declining fusion with the age of the tissue at the time of explantation.
4. Co-aggregation of dissociated chondrocytes cultured in vitro resulted in:

a, the least cellular sorting in isotypic combinations;

b, an intermediate degree of cellular sorting in homotypic combinations and;

c, the most cellular sorting in heterotypic combinations.

5. The histogenetic specificity and recognition of embryonic cartilage subphenotypes
was demonstrated.

6. The conclusions reported here are based on 2374 tests and observations.
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TABLE 1

DEGREES OF FUSION AND CO-AGGREGATE CELL
SEGREGATION IN CARTILAGE COMBINATION EXPERIMENTS

IT.

I11.

Cartilage and Pre-Cartilage Fragments Cultured in Apposition
A. Intact Cartilage Fragments Apposition Cultured for Seven Days

Fusion Isotypic Homotypic Heterotypic
Complete 41.5% 6.8% 4.4%
Incomplete 43.9% 40.9% 20.0%
None 14.6% 52.3% 75.6%

B. Cartilage Fragments Cul

tured for Fourteen Days

Fusion Isotypic Homotypic Heterotypic
Complete 63.6% 14.37% 0%
Incomplete 36.4% 57.1% 25.0%
None 0.0% 28.6% 75.0%

C. Pre-Cartilage and Cartilage Fragments Cultured for Seven Days

Fusion Isotypic Homotypic Heterotypic
Complete 100 % 35.7% 0.0%
Incompiete 0.0% 28.6% 37.5%
None 0.0% 35.7% 62.5%

Cartilage Fragment and Dissociated Chondrocyte Combinations
Cultured for Seven Days

Fusion Isotypic Homotypic Heterotypic
Complete 34.1% 2.3% 0.0%
Incomplete 46.3% 28.4% 15.7%
None 19.5% 69.3% 84.3%

Co-Aggregate of Dissociated Aggregate Chondrocytes Cultured

In Vitro

Cross Ratio of

as a Measure of Cell

Sorting

Factors

.56 f

, Iso@ypic! Homotypic i Heterotypic

.384

149






151

Quantification of the shovel shape of incisor teeth

PENTTI KIRVESKARI AND LASSI ALVESALO

Mesiodistal tooth diameter and depth of the lingual fossa of maxillary incisors are measured
in two genetically different populations: Skolt Lapps of northern Finland and Finns of Hailuoto
Island. A highly significant correlation is found between the two variables, and algo between
the relative depth of fossa and the mesiodistal diameter. An analysis of variance after loga-
rithmic transformation reveals highly significant positive allometry of the depth of fossa ver-
sus the mesiodistal diameter. The general power function model of allometry explains 19.7%
of the total variance in central incisors and 15, 2% in lateral incisors.

Keywords: Shovel Shape - Allometry.

BHJIK H3MEPEeHH MEe3OMMCTAaJILHHA OuaMeTp 3y6a M I/y6MHA JIMHCBaJIbHOM Brna-
AHHE BepPXHHX Pe3HOB Y HBYX TeHEeTHUYECKH Pa3/IMYHHX HOonyJNsuuf: Jnonape-
CKOJITOB H3 CeBepHOR OHHJIAHOMH M OHHHOB C ocTpoBa Xamnyoro. Koppensuus
C BHCOKHM ypPOBHEM 3HaAUMMOCTH HaNIeHa Mexuy IOBYMS NepeMeHHEMH, a Takxe
MexXxy OTHOCHTEJIBHOR IJIyOMHOM BHaAMHH H ME3ONHCTAJbHHM LHaAMeTpoM. AHa-
JIH3 BApHaOHJIBHOCTH MOCJe JOrapHPMHUYECKOTO Npeobpa3OBaHMUs OGHAPYXHBaeT
BHCOKHHA YPOBEHb 3HAUYHMOCTH MNOJIOXKMTEJIBHON ANJIOMEeTPUH IJIYGHMHH BragUHH
IO CPaBHEHHI C Me30OHCTAaJIbHEM HHaMeTPOM. AJJIOMeTPHYEeCKas Monesb, Mo-
CTPOEHHas C noMOombioc O6mer CcTeneHHoNt ¢yHKuMM, O6bacHAeT 19.7% obuen
BapHaGHIBLHOCTH y LUEHTPANbHHX pesuoB M 15.2% - y naTepaibHHX DPe3UOB.

KmoveBwe cnoBa: JjonaToobpasHas dopma 3y6a, aslJIOMETDHSA.

Pe”tﬂ Kirveskari — ruetisyte of Dentistry, University of Turku, SF-20520 Turku 52,
Lassi Alvesalo Finland

Vol. 6, pp. 151-156, Lund. ISSN 0345-8865.

A large number of studies on populations of known racial background suggest that the
shovel shape of anterior teeth is a reliable racial marker trait. Theoretical support

to its use comes from genetic studies (Portin and Alvesalo, *74; Blanco and Chakra-
borty, ’ 76) that indicate a large genetic component of variation.

The desirability of quantification of the shovel trait was pointed out by Dahlberg
and Mikkelsen (*47) who also introduced a method of measuring the depth of the lingual
fossa. Later on, Dahlberg et al. (’56) reported that the depth of the lingual fossa is
not a simple function of the shovel shape but other morphologic features are associated.
Specifically, the mesiodistal tooth diameter was correlated with the depth of the fossa.
Similar conclusions have been presented by Suzuki and Sakai (' 66), and Lombardi (* 75).
The shovel shape was visually scored in these studies, and the statistical evidence
was not conclusive in the latter one.

The depth of the fossa and the subjective shovel shape score are correlated, but the
inter-observer error in the subjective scoring is considerable (Turner and Hanihara,
’77). The error of method is less serious in the depth measurements (Rothhammer
et al., *68). Measuring the depth of the fossa has replaced subjective scoring in
most publications. The indications of an association between tooth size and degree of
shoveling give reason to study it further, because such an association - if it exists ~
has at least theoretical importance in the use of the shovel trait in anthropologic and
genetic studies.



Material and method

We examined two genetically different populations in Finland in 1966-1970. Finns are
represented by the population of Hailuoto, an island off the west coast of the main~
land in the Gulf of Bothnia of the Baltic Sea. The total population was 1265 in 1966,
and of these 730 volunteered to undergo the examination. A detailed description of
the population and field studies is given by Alvesalo (* 71). Lapps are represented by
Skolt Lapps, one of the Lapp tribes in northern Scandinavia and the Kola Peninsula.
They are a relatively pure stationary genetic isolate with considerable inbreeding.
Their number in Finland totalled 515 in 1967 and over 90% of these could be examined.
For further details see Lewin (’ 71).

The measurements were made from dental stone casts prepared in the field. Only
casts that showed at least one measurable maxillary incisor were included. Great
care was taken to exclude all teeth in which wear or fillings could have altered the
original dimensions. Teeth of theright side were measured and those on the left side
were used only as a substitution for missing or unmeasurable teeth. The great majo-
rity of measurable teeth were from children aged between 7-15 years.

Mesiodistal tooth diameter was measured with a sliding caliper following the
method defined by Moorrees (' 57:78-80). The readings were rounded off to the nearest
tenth of a millimeter. The greatest depth of the lingual fossa was measured at right
angles to the lingual surface using modified dial gauges with fixed lateral shoulders
and a moving central measuring rod (see Kirveskari, ’74). Malalignment of teeth
sometimes prevented the measuring. The readings were rounded off to the nearest
twentieth of a millimeter. All measurements were made by the same worker.

A relative depth of lingual fossa (depth/M-D diameter x 100) was computed for the
statistical analysis. Using that, the mesiodistal diameter and the depth of the fossa
in both incisors, a correlation matrix was then computed.

Results

The mesiodistal diameters were almost the same in both samples, and very close to

the values reported earlier of the whole populations (Alvesalo, * 71; Kirveskari et al.,
> 78)._In Skolt Lapp boys, 1! measured 8.86 mm and I% 6,92 mm, in girls i 8.69 mm
and I? 6.69 mm. In Finnish boys 1L was 8.90 mm and IZ 6.93 mm, and in girls I

8.64 mm and I” 6. 72 mm.

The depth of the lingual fossa (table 1) of the central incisor was greater in the Finns
of Hailuoto than in Skolt Lapps (t = 2.46, 407 df, 0.02> p > 0.01). Comparisons of
measurements for the lateral maxillary incisors revealed no statistically significant
differences between the populations; the same was true for sex comparisons of both
incisors.

The relative depth of the lingual fossa (table 2) of the central incisor was signifi-
cantly (t = 2.53, 406 df, 0.02 > p > 0.01) greater in Finns of Hailuoto than in Skolt
Lapps. The difference was not significant in the lateral incisor, Females showed but
slightly more shoveling than males excepting the lateral incisor in Hailuoto Finns
which was significantly ( t = 2.16, 219 df, 0.05 > p > 0.025) more shoveled in males.

A comparison of the correlation matrices of the two populations showed that none
of the correlation coefficients in one population differed significantly from its counter-
part in the other population. The correlation coefficients computed separately for the
sexes differed even less. We therefore decided to pool the materials, and computed
a correlation matrix for the combined population (table 3).

All of the variables showed a positive and significant correlation. Because the po-
sitive correlation between the relative depth of fossa and the mesiodistal diameter
suggests allometry we made a logarithmic transformation of the general formula of
simple allometry:

64
y =bx .
We computed the value of the exponent, and made an analysis of variance to test its
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significance. The regression equation explained 19. 7% of the total variance (F =
99.535, dfy = 1, dfy =407, p < 0.001) in the central incisor, and 15.2% (F =
64,264, df] = 1, dfy =360, p < 0.001) in the lateral incisor. The regression co-
efficient (the value of alpha in the power function) was 3.73 for the central incisor,
and 2. 81 for the lateral incisor, both of which are highly significantly different from
1. 00, indicating positive allometry,

Discussion

The occurrence of shovel shaped incisors has been studied previously both in Finns
and in Skolt Lapps (Koski and Hautala, ’52; Zubov, *72; Kirveskari, ’74; Portin and
Alvesalo, *74). Although the results are not fully comparable they suggest that shovel
shape in both populations is somewhat more common than generally found in Cauca-
soid populations. The present results indicate that Finns apparently have slightly but -
significantly more shoveled central incisors than Skolt Lapps.

The variability of the fossa depth is larger in the lateral incisor than in the central
one. The same pertains to the relative depth, which in itself seems somewhat larger
in the central than in the lateral incisor., Furthermore, the allometric association is
weaker in the lateral incisor. These results agree with Dahlberg’s (* 45) inter-
pretation of the field concept. Skolt Lapps show higher variability than Finns. It is
tempting to interpret this as the result of harder environmental stress and perhaps
of the higher inbreeding in Skolt Lapps. To be sure, the socio-economic conditions
are poorer among Skolt Lapps.

Allometry in mammalian dentitions is the rule rather than the exception, as was
recognized long ago by palaeontologists (Kurtén, ’54). The apparent lack of direct
selection pressure on the dentition of modern man probably explains why dental anthro-
pologists have not interested themselves greatly in allometry. Yet, lateral ridges do
make an incisor biomechanically stronger. The natural explanation of positive allo-
metry of the fossa depth versus mesiodistal tooth diameter would thus be the need to
alter form when the tooth becomes larger, if the strength is to be maintained. An iso-
metric increase would mean biomechanic weakening (cf. Gould, ’66).

However, allometric trends are also subject to evolutionary alterations (Gould, ’ 66).
Such alterations must be kept in mind when the depth of fossa in different populations
of modern man is being considered. For instance, Australian Aborigines who possess
the largest modern human teeth, do not express a particularly deep lingual fossa
(Hanihara, *77).

Because of the positive allometry of the fossa depth versus mesiodistal tooth dia-
meter, the quantification of shovel shape by simply using the depth measurement is
not theoretically sufficient. However, overlooking the effects of allometry does not
necessarily lead to serious errors in population comparisons, because tooth sizes
seldom differ very much. After proper adjustment, Mongoloid populations still express
the strongest degree of shovel shape. But when, for instance, population distances or
trait heritabilities are calculated, the failure of observing the allometry may consi-
derably distort the picture. A simple way of eliminating much of the error is to use
the relative depth of the fossa.
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TABLE 1.

Depth (in mm) of lingual fossa of maxillary incisors in Skolt Lapps and Finns of
Hailuoto Island.

Central incisor Lateral incisor

N mean S.D. N mean S.D.

d 91 0.52 0.25 80  0.38 0,24
Skolt Lapps © 82  0.57 0.28 73 0.40 0.25
&+9 173 0.54 0.27 153  0.39 0.24
S 112 0.61 0.25 120  0.43 0.21

Finns of i
Hai Inoto © 124 0.60 0.27 102  0.36 0.19
6‘+9 236 0.61 0.26 222 0.40 0,21

TABLE 2.

Relative depth of lingual fossa (depth/M-D diameter x 100) of maxillary incisors
in Skolt Lapps and Finns of Hailuoto Island

Central incisor Lateral incisor

N mean S.D. N mean S.D.

91 5.76  2.70 80 5.37 3.22
Skolt Lapps © 82 6.56 3:04 73 5.92 3.57
d"+9 173  6.14  2.89 153  5.63 3.39
g 112 6.83 2.59 119  6.10 2. 84

Finns of
Hraiioto © 124 6.88  2.94 102 5.28 2.75

6‘+9 236 6.86  2.77 221  5.72 2.82
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Observations on the trigonid of the last lower
deciduous molar (m:) of man and some higher primates

G. H.R. VON KOENIGSWALD

OSSA The lower molar consists of an anterior portion termed the trigonid. In its primitive condition
the trigonid is composed of three cusps and in higher primates the paraconid is normally ab-
{&5 sent. Remane (*60), however, reports an occurrence of this cusp in 90% of gorilla deciduous
Y

dentitions. It is also seen in the deciduous teeth of Sinanthropus and Meganthropus.

Observations of the trigonid, including the occurrence of a paraconid on mg’s in fossil and
extant hominoids has led to an interpretation of the trigonid cresting pattern different from
that of Remane (’ 21).

¢ NepenHsis YacTh HIWKHEIO BOJIBUOIO KOPEHHOTO 3y6a HA3BHBAETCS TPHTOHH-
21 OOM. B ero NPUMHTHBHOM BUIE TPHTOHHI COCTOHUT H3 TPEeX KOHYCOB, MpHYeM
‘/‘\V'ﬂxa- ¥ BEICHHMX NPHMATOB napakKoHuK OBmYHO oTcyTcTByeT. Remane /’'60/, onHako,
& — coofaeT, YTO 3TOT KOHYC BCTpedaercd vy 90% MOAOUHHX 3yBOB ropusm. OH

BET Takxke OOHapykKeH y MOJOYBHX 3y60B CHHAHTPONYCa H Merastponyca.

Asydyenue TPUIOHHIA, BKJIOMABLIEE OOCHNENOBAHHE PACMNPOCTPAHEHHOCTH
IapakKoHUHa Ha M, ¥ HCKONMaeMuX M COBPEeMEeHHEIX I'OMHHUIOB, BEJIO K OTJHYalo-
mercsa oT Remane”/s21/ uHTepnperauud MONENH PacCHOJIOKeHUs rpebHell Ha
TPUTOHUIE .

KrmouyeBnle CJlOBa: CpaBHEHUE YeJOBEK -~ BHCWHE NPUMATH, TPHTOHHI HHXHEIO
MOJIOUHOI'O GONBHWOTC KOPEHHOTO 3ys6a /m2/.

t. Ho K. ovon Hoe
¢ Frankfurt - J

wald, Natur—H

¢ Forgelumgsinstitut Senckenberg,
enberganlage 25, W.Germary.

1,
Vol. 6, pp. 157-162, Lund. ISSN 0345-8865.

The lower molar consists of two parts, the trigonid part in front and the talonid part
behind. On the trigonid part of the lower molars of Tersius and many modern and
fossil lemurids, the original pattern of three cusps can be distinguished: the protoco-
nid on the lingual and the metaconid on the buccal side, both connected by a crest, and
in front of the metaconid connected by its own crest to the protoconid, the paraconid.
In the course of evolution in the higher primates the paraconid has vanished (except
in very rare cases), and the metaconid has been shifted towards the anterior border.

The presence of a paraconid in modern apes and in man is a question of consider-
able interest. As the reduction begins at the third molar, the first and still more
commonly, the last deciduous molar may retain most of the original structure. Adloff
(’ 08) was the first to observe a paraconid in the last milk molar of a gorilla. This has
been challenged by Weidenreich "I am not convinced about the correctness of such a
conclusion' (* 87:86). Jdrgensen, reviewing Remane’s and Weidenreich’s papers, is
also not convinced and remarks, "that the statement about the presence of a paraconid
of mg-inf. in pongids and hominids should be regarded with considerable skepticism"
(’ 56:45).

We have observed two cases, also in the gorilla, where traces of a paraconid can
be found. In one case from our collection, on the last deciduous molar of a gorilla,
there is a faint, but clearly developed cusp in front of the protoconid (plate, 1). Its in-
dependence is underlined by a crest, connecting the cusp with the top of the metaconid
while in front of the cusp is a slight indentation. Protoconid and metaconid are set
obliquely, so there is more space in front of the metaconid than in the permanent
molars, where both cusps are situated opposite one another. A similar condition is
found in a specimen of the Anthropological Institute in Ziirich, No. 6612 (Schultz
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Plate

1) Last lower deciduous molar of gorilla with paraconid (pd). Length 13.0 mm.
Author’ s collection.

2) The last lower deciduous molar of Pliopithecus antiquus from the upper Miocene
of Goriach, Austria. Twice actual size. After Hiirzeler 1951, fig. 4.

3) First lower permanent molar of gorilla with '"the classical three crests". After
Selenka.

4) The three lower molars of an orang, the first with the "three classical crests'.

The second and third molars demonstrate the disintegration. About actual size.
After Selenka.

5) Last lower deciduous molar of Homo sapiens from Sangiran, sub-recent. a)endo-
cast with three crests, hardly recognizable; b) occlusal surface.

6) Last lower deciduous molar of Meganthropus, Lower Pleistocene, Sangiran,Central
Java. Length 13,5 mm. Paraconid-area (pd) slightly damaged.

Ty Sinanthropus last lower deciduous molar, with a paraconid, Specimen No. 139°.

8) First lower permanent molar of Oreopithecus bambolii from the Lower Pliocene
of Mr. Bamboli, Italy, with large paraconid (pd). Twice actual size. After Hiirzeler
1949, fig. 3.

9) Second lower permanent molar of same specimen. The paraconid has been incorpo-~
rated in the mesial wall, which is partly doubled. idem.
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Fig. 1. Last lower deciduous molar of Sinanthropus specimen No. 139’ . Length
10.9 mm. After Weidenreich 1937, fig. 343,
b-buccal, l-lingual, m-mesial, d-distal, ed-entoconid, hd-hypoconid,
md-metaconid, msd-mesoconid, pd-paraconid, prd-protoconid.
A photograph of the cast is shown in plate, 7.

collection). Remane also reports definite occurrences of paraconids in pongid deci-
duous molars. According to him, this cusp occurs in about 90% of the deciduous teeth
of gorilla and he even mentions five cases where it occurs on first permanent molars
and even some cases of paraconid traces - '""Paraconidreste" - on the first permanent
molar of the chimpanzee (* 60:699).

In fossil anthropoids, this archaic cusp also seems tobe very rare. It is well deve-
loped in the first molar of Oreopithecus (plate, 8; note paraconid absent in M,, plate
9) and is also present in one lower first molar of Dryopithecus fontanifrom the
Upper Miocene of St. Gaudens, France (Remane, *60, fig. 45). In fossil man we know
of two cases of a paraconid in the deciduous teeth. One is of Sinanthropus from Chou
Kou Tien (Weidenreich, * 37, No. 139’) seen in our figure 1 (and plate, 7). Here a
faint paraconid is situated practically at the mesial edge in front of the metaconid,
separated by a smallindentation. The large anterior basin is empty and metaconid and
protoconid are set obliquely. The connecting crest has its origin at the tip of the me-
taconid, and is set at a right angle to the length of the tooth. It meets the protoconid
not at the tip, but is shifted towards the distal slope of this prominent cusp. In Meg~
anthropusirom the Lower Pleistocene of Java, the topography is essentially the same,
but the paraconid area is larger (this part unfortunately is somewhat damaged) and the
basin is filled by a prominent wrinkle originating from the slope of the metaconid
(plate, 6). On the mesial edge there are four cusplets, the most lingual must be the
paraconid. The condition in that tooth demonstrates clearly that a small elevation
sometimes appearing in the middle of the mesial marginal ridge and termed ''pseudo-
paraconid" (Remane, ’60, fig. 40e) really is an accessory cusp.

The appearance of the paraconid in hominoids is rare indeed. Its distribution can
be matched with another cusp in the upper molar, the protoconulus, which occasionally
survives in Dryopithecus, in the orang and even in man (Remane, ’60, figs. 19 and
20

)A difficult question of much discussion concerns the interpretation of the trigonid
crests. Remane describes the here presence of three transverse ridges (fig. 2 and
plate, 3). The most mesial one of them is the mesial marginal ridge which forms an
arched connection between the protoconid and the metaconid. Distally there are two
straight bridges, each of which is formed by two strong wrinkles emerging directly
from the tip of the protoconid and the metaconid respectively. Both ridges are inter-
rupted by a fine longitudinal fissure and between them is a deep transversal fissure.
"Remane considers the mesial of the straight crests to be the * anterior trigonid crest’,
the distal one as the ’ posterior trigonid crest’ and the fissure between them as the
trigonid basin (fovea anterior). I consider the mesial marginal ridge proper to be
the anterior trigonid crest, the mesial straight ridge the posterior trigonid crest, the
pit between these as the trigonid basin and thedistal straightridge merely as secondary




160

Fig. 2. The "three classical crests" in the trigonid part of the first lower perma-
nent molar of the gorilla, md-metaconid, prd-protoconid. Redrawn after
Remane 1921, fig. 15.

inconstant acquisition' (Weidenreich, ’37:84). "I am inclined to consider ... the pre-
sence of one or two bridges merely as secondary acquisitions in spite of their occupy-
ing the region in which the persistance of the distal trigonid crest could be expected"
(Weidenreich, ’37:87).

That the paraconid is shifted to the lingual-mesial corner of the trigonid has already
been mentioned. A classical case can be found in Fecrolemur (see Hiirzeler, ’48,
fig. 20), and we can accept the same condition for the higher primates. The original
connection between paraconid and protoconid now forms the mesial edge of the tooth,
This correction has already been made by Remane (* 60) and requires no further dis-
cussion.

The posterior trigonid crest is the direct connection between protoconid and meta~-
conid. For Weidenreich it is a secondary crest, for Remane it is the posterior trigo-
nid crest ("hintere Trigonidleiste') and, in spite of a number of variations (’ 60, fig.
40), a remnant of the original trigonid. In Miocene apes, notably in Proconsul and
Limnopithecus from Kenya the crest, uninterrupted or interrupted by a small fissure,
connects the tip of the protoconid to the tip of the metaconid (Le Gros Clark & Leakey,
’52, figs. 12. 32. 33. 46, 50. 55), In Propliopithecus and Moeripithecus from
the Oligocene of Egypt, the ridgeis uninterrupted and prominent (Kdlin, ’61, fig. 6)
and it has been argued by Kilin that this might be the original condition. In the first
molar of Pliopithecus from the Miocene of France a crest is normal, but in a single
case the cusps seem to isolated as in Parapithecus (Hiirzeler, ’54, fig. 25). We
regard, beginning with the lemuroid condition, that the posterior trigonid crest, or
in view of the whole tooth, the 'crista transversa anterior' is the primary element.

The great variation of this crest, the development of secondary crests (""Neben-
leisten' of Remane), the dissection by a furrow, the occasional complete reduction
by which protoconid and metaconid are isolated, and the bewildering var