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Beginning in the Paleolithic and continuing through the 
present, a Pleistocene through Holocene trend within the 
human dentition has been recognized.  Dental reduction, a 
reduction in tooth crown diameter, dramatically changed 
the morphology of teeth.  Though Europe demonstrated 
a dramatic form of this trend between the Early and Late 
Upper Paleolithic, other areas expressed this change as 
well, including Nubia where dental reduction occurred 
most dramatically from 12,000-10,000 B.P. and 5,300-3,000 
B.P. (Calcagno, 1986; Hillson, 1996).  Dental reduction is a 
clear representation of morphological change seen within 
the fossil record, the cause of which has been debated.

Many scholars have attempted to explain dental 
reduction (Armelagos et al., 1989, Bailit and Friedlaender,  
1966; Brace and Mahler, 1971; Calcagno, 1986, Calcagno 
and Gibson, 1988, 1991; Frayer, 1977, 1978; Smith 1982; 
Smith et al., 1986; Greene, 1970) without agreement.  One 
possible explanation lies within the archaeological record.   
Increased tool quality during the Upper Paleolithic 
reduced the masticatory demand on teeth (Frayer, 1978; 
Brace and Mahler, 1971; Brace, 1963).   Because no selective 
pressures existed to maintain large tooth size, reduction 
resulted from the Probable Mutation Effect (PME), 
which suggests that, “through random mutations, the 
developmental processes controlled by complex genetic 
mechanisms will be disrupted with the final result being 
an incomplete or simplified structure” (Brace and Mahler, 
1971:192).  This theory became quite controversial because 
of its rejection of the selection-based synthetic theory of 
evolution, which remains the accepted mode (Bailit and 
Friedlaender, 1966).

Another explanation for crown size reduction also 
relates to changes seen within the archaeological record 
(Calcagno and Gibson, 1991), changes resulting from 
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ABSTRACT   Many studies show human tooth crown size 
increases with increasing crown complexity (i.e., extra 
cusps, tubercles or grooves). Plio-Pleistocene hominid 
tooth size reduction has also incurred reduction in 
complexity, which plays into many theories that attempt 
to explain this well known, sustained odontometric 
reduction. We correlated various types of tooth complexity 
with measured tooth size in two collections: the widely 
used ASU dental models (238 MD and BL dimensions 
of 119 teeth involved in 19 post-incisor model plaques), 

and in Newton Plantation slave remains from Barbados 
(736 dimensions of 368 teeth from ca. 100 individuals 
consisting of 8 post-canine types: mandibular premolars 
and molars, and maxillary molars). Significant positive 
correlations show crown size and crown complexity 
decrease together, thus either type of data might serve to 
document this decline. However the degree and pattern of 
this positive correlation was distinct in the two samples.  
Dental Anthropology 20:29-32.

positive selective pressures for small teeth.  As tool use 
reduced the functions that were placed upon the jaw, 
large chewing muscles and a robust jaw forms were no 
longer necessary.  The teeth develop cryptically as a result 
of genetic pressures, independent from jaw size selection.  
The large teeth that were adaptive previous to the tool 
technology revolution crowded the smaller jaws.  As a 
result of this malocclusion, dental infection and disease 
emerged, causing selection for smaller teeth (Calcagno 
and Gibson, 1991).  Countless other theories exist which 
attempt to explain dental reduction, though debate still 
surrounds the trend.

Garn et al. (1966) suggest that morphologically com-
plex (hyperodontic) tooth crowns are usually seen within 
larger teeth (1966).  A recent study by Harris tracks one 
such trait, Carabelli cusp (2007).  Carabelli’s trait may 
sometimes be as large as the principal cusp of the crown, 
and Harris (2007) found that the greater the expression of 
Carabelli’s trait, the larger the overall crown size of the 
tooth.  Harris measured teeth in the living which may 
not reflect the trend within teeth over time in the Upper 
Paleolithic; however, others suggest that the reducing 
dentitions during the Upper Paleolithic moved toward 
relatively simple crown morphologies. Cucina et al., 
(1999) and Coppa et al. (1998) contrast gene flow versus 
in situ selection models for the Italian Neolithic and later 
stages, and Coppa et al. (1999, 2007) analyze dental traits 
changing from the Italian Paleolithic through Mesolithic 
and Neolithic to almost contemporary agricultural times, 
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but the progressively hypodontic traits they use may 
merely signal tooth size reduction.

To further investigate the trend of dental reduction, 
the present study analyzes several different dental traits 
and their effect on overall dental size.  Our hypothesis is 
that hyperodontic teeth will be larger in both breadth and 
width than crowns showing hypodontic traits.

MATERIALS AND METHODS

Two trials were organized in order to analyze dental 
traits.  Part A involved data concerning the ASU Dental 
Anthropology System (Turner et al., 1991).  Part B 
analyzed a dental collection from Barbados on loan to the 
SIUC Anthropology department.

Part A

The ASU Dental Anthropology System is the primary 
plaster cast system for standardized grading of varying 
dental complexity (Turner et al., 1991).  This system 
displays 27 different dental traits in upper and lower teeth 
grading the increasing complexity of a given trait from 0 
to 5 in most cases, with some plaques measuring up to 9 
grades of complexity for a single trait (Turner et al., 1991).  
The traits described within the ASU Dental Anthropology 
System represent traits that are easily standardized for 
study among many different dental specimens.  Also, 
they are easily observed in teeth reducing potential for 
inter-observer error.

Of the 27 traits displayed within the system, 19 were 
chosen for analysis.  The traits included: upper molar 
cusp 5, hypocone cusp 4, metacone cusp 3, parastyle, 
Carabelli’s trait, anterior fovea lower M1, distal accessory 
ridge upper canine and lower canine, tuberculum 
dentale upper I1, bushman canine, deflecting wrinkle, 
protostylid, lower molar cusp 5, cusp 6, cusp 7, mid 
trigonid crest (lower M1), mid trigonid crest (lower M2), 
mesial lower premolar cusp number (“p/1” plaque, or 
trait 16 as described with the associated sheet), and distal 
lower premolar cusp number (“p/2” which is trait 17).  
The remaining 8 plaques which were not measured are 
related to shovel-shaped incisors and were excluded 
from the study because these traits are not clearly known 
to be present in dentitions prior to the Upper Paleolithic 
and do not clearly relate to increased crown complexity 
of the incisors.

Each tooth displayed on a given plaque was analyzed 
for standard maximum mesiodistal and buccolingual 
measurements.  Two different sets of calipers, a digital 
model, Mitutoyo Absolute Digimatic and analog model 
Mitutoyo No. 505-636 calibrated to 0.05 mm were used.  The 
digital model was the primary set used for measurements; 
however the tips on this model were fairly wide and blunt 
(better for measuring buccolingual breadths) and could 
not properly mesiodistally measure some of the teeth on 
the plaques because of their closeness to one another.  In 

these cases the sharpened-point analog model was used 
to measure the tooth.  In order to ensure reliable readings 
for each measure, the calipers were calibrated to 0.00 
before taking each measurement.  Both the mesiodistal 
and buccolingual measurements were taken at least twice 
for each tooth to ensure reliable measurements were 
being recorded.  All data were entered into a spreadsheet.  
Mesiodistal and buccolingual measurements were each 
entered on a separate line independent of each other in 
order to assess the significance that the crown complexity 
had on each tooth measurement independent of the 
other.

After all of the plaques were measured, we 
proceeded to correlate complexity compared to tooth 
size measurements using a collection of teeth in an actual 
single population.

Part B

The Department of Anthropology excavated a large 
collection of remains from Newton Plantation, Barbados 
that pertained to slaves from the island country (Corruccini 
and Handler et al., 1982).  These remains had been 
analyzed previously for more traditional cusp number 
and tooth mesiodistal and buccolingual measurements.  
No detailed, highly multi-state traits were analyzed from 
these remains, unlike the ASU system.  This grading 
system was much simpler, consisting of 3 or 2 cusped 
mandibular premolars, 5 or 4 cusped mandibular molars, 
and 4 or 3-cusped maxillary molars.  As there was no 
variation to the 2-cusped mesial mandibular premolars, 
they were considered to be a 2+ (entered as 2.5) when 
adjacent to a canine tooth with a prominent accessory 
ridge or tubercle. Similarly, maxillary first molars did not 
vary from showing the 4 basic cusps but were coded as 
4.5 when clearly showing a Carabelli cusp. The original 
data for cusp numbers and mesiodistal and buccolingual 
measures were already in existence for mesial and distal 
lower premolars and upper and lower molars 1, 2, and 3, so 
the teeth themselves were not measured for this particular 
study (Corruccini et al., 1982).  A total of approximately 
100 individuals available in the collection were analyzed.  
For most individuals only the measurements and cusp 
number for the left tooth were used.  In cases where no 
data existed for the left, the numbers for the right tooth 
were collected instead.  For some individuals not all 
premolars and molars were present to measure, in this 
case all available measurements for the left (if available) 
and the right (if not) were taken.  The measures were 
entered into a database in the same manner as the ASU 
measures.

RESULTS

Part A

A total of 119 individual teeth on 19 ASU plaques 
were measured for both mesiodistal and buccolingual 

B.A. WILLIAMS ET AL.
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dimensions, hence 238 total cases yielding 237 degrees 
of freedom.  The overall multiple correlation between 
increased crown complexity and an increase in overall 
crown size for the 19 traits in total was 0.640 (Table 1), 
thus over these ASU plaques there is a significant multiple 
R between tooth size (both mesiodistal length [L] and 
buccolingual breadth [B]) and the combined effects of 
MD Length versus BL Breadth, crown complexity, and 
the individual plaque. The interaction of MD versus BL 
dimensions in fact did not contribute significantly to this; 
in theory either measure could be used to the exclusion 
of the other, and there is considerable redundancy. The 
contribution of heterogeneity over different plaques 
was quite a bit stronger than the contribution of crown 
complexity score, but the latter nevertheless was 
significantly greater than zero (F = 1.79, P < 0.02; even 
with the degrees of freedom halved to acknowledge 
the redundancy, P < 0.03). Complexity-size correlations 
ranged above r = +0.7 for several plaques, but the sample 
size per plaque was technically very small. The pooled 
weighted correlation was r = 0.41.

Part B

A total of 368 teeth from the Newton Plantation 
population were analyzed for buccolingual and 
mesiodistal dimensions.  In this much larger (but 
probably much more redundant) sample of teeth, there 
was a very significant multiple R = 0.792 between size 
on the one hand and complexity, tooth type, and L-
versus-B, with the latter factor relatively small (F = 48) 
but significant, meaning mesiodistal and buccolingual 
dimensions offered a significantly large amount of 
independent information. The complexity contribution 
to the multiple R (unlike Part A above) is slightly larger 
than the tooth type contribution and is highly significant 
even when drastically reducing the degrees of freedom. 

Partial correlation (holding tooth type constant) between 
cusp number and size was r = +0.639.

DISCUSSION

Thus in different ways, the two data sets indicate highly 
significant positive correlation between hyperodontic 
aspects of crown complexity and larger crown size.

Dental reduction is a trend that baffles many 
researchers.  Within early (Pliocene) hominid history, 
teeth were selected to become larger in order to combat 
effects of attrition; however, within the Paleolithic 
and Mesolithic the dramatic change to smaller teeth 
contradicts the previous evolution of the dentition.  To 
explain this trend, which is clearly seen in the fossil 
record, several researchers have proposed similar ideas.  
Harris (2007) shows Carabelli’s cusp has more complex 
expression when the overall diameter of the tooth crown 
becomes larger.  Garn et al. (1966) found that mesiodistal 
crown diameter is significantly related to cusp number, 
with larger teeth in general possessing more cusps. That 
human teeth became not only smaller but less complex is 
not inconsistent with various theories, for instance those 
highlighting body size, caries resistance, and PME.

With the present study, attempts have been made 
to establish what relationship exists between crown 
complexity and overall mesiodistal and buccolingual 
diameters.  Results from the ASU system suggest that there 
is indeed a positive correlation between morphologically 
complex teeth and large tooth size across different teeth 
and traits.  There is admittedly some inconsistency with 
measurements of the ASU dental system because these 
plaques were created with ordinal examples of crown 
complexity, and there was no alternative to correlating 
ordinal with continuous data.

The Newton plantation data allowed independent 
tracking of the correlation between crown complexity 

TABLE 1. MANOVA with tooth size (MD or BL dimension in mm) as the dependent variable1

PART A: ASU Plaques

 Source Sum Squares df Mean square F Value P Value

 Ordinal score 81.3 21 3.87 1.79 0.021
 Plaque (trait) 139.2 1 139.2 64.4 0.000
 MD vs. BL 2.1 1 2.1 0.981 0.323

PART B: Newton Plantation

 Source Sum Squares df Mean square F Value P Value

 Cusp number 5155054 3 1718351. 186.0 0.000
 Tooth 1528223 1 1528223. 64.4 0.000
 MD vs. BL 450879 1 450879. 49.0 0.000

1Crown dimension codes are mesiodistal (MD) and buccolingual (BL).

CROWN SIZE AND CROW COMPLEXITY
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and tooth size in a relatively homogeneous population.  
These data repeat the positive correlation between crown 
complexity and larger teeth.

This study does indicate a significantly strong 
relationship between increased crown complexity and 
larger teeth; however, more research should be conducted, 
especially with populations from the Paleolithic to 
determine if this relationship is seen to the same extent 
over time within the fossil record.  Until contradicting 
evidence emerges, it may be seen as equivalently valid 
to measure teeth or to use nonmetric traits for genetic 
purposes.  It is also pointed out that buccolingual tooth 
dimensions are much more standardized, and much 
more resistant to change from attrition than other traits 
(Hill, 2004).
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The human dentition is a good model system 
for examining the nature and extent of asymmetries 
in morphology and development because teeth are 
arranged in the dental arches as antimeric pairs within 
different tooth classes, i.e., incisors, canines, premolars 
and molars.  Dental asymmetry has been studied in rela-
tion to asymmetry type (fluctuating versus directional), 
dentition (primary or secondary), causes (genetic and 
environmental) and associated factors (sex, ethnicity and 
tooth or arch type).  Previous studies of asymmetry in 
the human dentition have considered dental crown size, 
crown morphology and dental development, including 
tooth emergence and eruption (Garn and Bailey, 1977; 
Corruccini and Potter, 1981; Boklage, 1987; Kieser, 1990; 
Harris and Bodford, 2007).

Asymmetry is said to be directional when one side 
regularly displays greater and/or earlier development 
than the other.  Directional asymmetry (DA) has been 
reported in the primary dentition (Townsend et al., 1999) 
while studies of the secondary dentition have shown 
both the presence (Lauterstein et al., 1967; Staley and 
Green, 1971; Harris, 1992) and absence (Townsend, 1985) 
of DA.  Significant links between DA and emergence/
eruption timing have been described (Garn and 
Smith, 1980; Heikkinen et al., 1998) while more recent 
investigations have considered the relationship between 
DA and broader functional lateralities such as eyedness 
and handedness (Heikkinen et al., 2001).  Random, non-
directional differences termed fluctuating asymmetry (FA) 
are thought to indicate an inability of the individual to 
buffer against developmental disturbances (Van Valen, 

Asymmetrical Eruption of Permanent Teeth in Australian 
Aborigines

P. Sobhi, S. Mihailidis*, J. R. Rogers, T. E. Hughes, G. C. Townsend

Craniofacial Biology Research Group, School of Dentistry, The University of Adelaide. Australia

ABSTRACT: A better understanding of the factors 
influencing tooth eruption is important given the 
association between altered eruption patterns and 
crowded or decayed teeth.  Hence, the aims of this study 
were to quantify the extent of asymmetry in tooth eruption 
and to determine whether eruption asymmetry was 
significantly influenced by sex, tooth position or timing 
of emergence.  Additionally, directionality of asymmetry 
and variation between ethnic groups were also explored.  
Data collection was based on the examination of serial 
dental casts from a sample of 90 Aborigines (50 male, 40 
female) aged 6 to 18 years from the Yuendumu settlement 
in the Northern Territory of Australia.  These casts were 

obtained at yearly intervals from the 1950s to the early 
1970s.  Tooth antimeres on each cast were compared using 
a 4-grade eruption score.  Relatively high (> 70%) inter- 
and intra-observer concordances confirmed reliability 
of the recording system. Asymmetry frequencies were 
calculated and associations between variables assessed 
using chi-square analyses, with statistical significance 
set at alpha = 0.05.  Evidence of patterned asymmetry for 
permanent tooth eruption was noted among the sample of 
Australian Aborigines, with the distally positioned, later-
forming teeth showing the highest levels of asymmetry.  
Dental Anthropology 2007;20:33-41.

1962).  Hence, FA is considered to reflect the magnitude 
of developmental disturbances or, as Waddington 
(1957) termed, developmental noise.  The effects of 
developmental noise or environmental stresses on 
dental asymmetry have been established using animal 
experiments with stressors such as noise, cold and heat 
(Bader, 1965; Siegel and Smookler, 1973; Siegel and Doyle, 
1975; Siegel et al., 1977).  Human studies, however, have 
measured the effects of stress using ethnicity, age and 
degree of modernization as proxies for stress.  Studies 
have mostly cited greater asymmetry among indigenous 
(Kieser and Groenevald, 1988; Townsend, 1981), less 
contemporary (Black, 1980b) and older (Kieser et al., 
1986) populations.  Kieser and Groenevald (1988) 
proposed that it was not only the ‘nature and severity of 
stress’ but the ‘ability of the individual to buffer against 
stress,’ which may be useful in explaining results 
where either nil, or surprisingly significant associations 
between ethnicity and asymmetry (De Melo et al., 1975; 
Black, 1980b; Kieser et al., 1986; Kieser and Groenevald, 
1988) have been found.

Local factors such as caries-infected primary teeth 
(Adler, 1963; Lauterstein et al., 1967), space constraints 
(Sofaer et al., 1971) and more general factors such as 
duration of odontogenesis (Townsend and Brown, 1980) 
have been used to explain why asymmetry is greater 
in the secondary dentition compared to the primary 

*Correspondence to: Suzanna Mihailidis, School of 
Dentistry, University of Adelaide, Australia 5005
E-mail: suzanna.mihailidis@adelaide.edu.au
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dentition (Garn and Bailey, 1977).  It is thought the more 
time spent in the pre-calcification stage may be linked 
to greater asymmetry between teeth (Mizoguchi, 1983, 
1986) due to increased opportunity for environmental 
disturbances to deviate developing teeth away from 
their genetically determined paths.

While early studies by Garn et al. (1965) proposed 
the female double-X chromosome provided greater 
buffering capacity and hence resulted in less asymmetry 
in females compared to males, more recent studies have 
not found significant variation by sex for either primary 
(Townsend, 1981; Townsend et al., 1999) or secondary 
(Lauterstein et al., 1967; Staley and Green, 1971) teeth.  
While some researchers have found no significant 
differences in dental asymmetry (cusp occurrence) 
between monozygotic, dizygotic and non-twins (Staley 
and Green, 1971), others have claimed that there are 
differences in dental asymmetry not only between 
different types of twins but also between twins and 
singletons (Boklage, 1987).  Examples of genetically-
linked dental asymmetries, for example in Down 
Syndrome, have also been reported (Garn et al., 1970; 
Townsend, 1983).  Studies reporting on arch-related 
asymmetry (Townsend, 1981; Kieser and Groenevald, 
1988) have shown inconsistent findings while tooth-
related asymmetry seems to strongly support the concept 
of morphogenetic fields proposed by Butler (1939) and 
subsequently modified by Dahlberg (1945).  This pattern 
of asymmetry is well cited in the literature (Garn and 
Bailey, 1977; Townsend, 1981) with few exceptions 
(Kieser and Groenevald, 1988).

In regards to tooth form, numerous studies can be 
found concerning antimeric variation in tooth size and 
shape (Garn and Bailey, 1977; Black 1980a,b; Harris and 
Nweeia, 1980; Townsend, 1981, 1985; Kieser et al., 1986; 
Kieser and Groenevald, 1988; Townsend et al., 1999; 
Khalaf et al., 2005) but relatively fewer investigations 
that have considered asymmetry in the timing of tooth 
eruption among human populations (Tomes, 1859; 
Lysell et al., 1962; Lauterstein et al., 1967; Staley and 
Green, 1971; De Melo et al., 1975; Nystrom, 1977; Garn 
and Smith, 1980; Heikkinen et al., 1998, 2001).  Tomes 
(1859) suggested that teeth on the left side erupt earlier 
than those on the right while Lysell et al. (1962) also 
reported similar findings in their study of primary tooth 
emergence in Swedish children.  Still, there are studies 
that have failed to detect any significant differences in 
timing of emergence between antimeric pairs (Staley and 
Green, 1971; De Melo et al., 1975; Nystrom, 1977).  More 
recent studies by Heikkinen et al. (1998) have established 
significant associations of sex and ethnicity on timing of 
tooth eruption by comparing samples of Finnish and US 
children.  An exciting recent development has been the 
link made between eruption asymmetries and functional 
lateralities by examining tooth eruption sequence as an 
indicator in the timing of overall laterality (Heikkinen 

et al., 2001).
While information regarding the existence of 

systematic relationships or patterned asymmetry is 
growing, there are still many aspects of odontogenic 
mechanisms—one of which includes dental eruption 
asymmetry—that are yet to be fully understood.

Hence the aims of this study were to describe the 
nature and extent of asymmetry in permanent tooth 
eruption among a sample of Australian Aborigines.

Several specific hypotheses were considered in 
relation to tooth eruption:
1. More distally placed teeth within each tooth class 

will display greater asymmetry than more mesially 
placed teeth (Butler’s field theory)

2. Females will exhibit greater symmetry than males 
(better buffering with two X chromosomes) 

3. Later-erupting teeth will have higher levels of 
asymmetry compared to earlier-erupting teeth 
(longer time spent in development increases exposure 
to environmental disturbances)

4. Directional asymmetry in tooth eruption will exist for 
some teeth (some evidence from previous studies)

5. Variation in tooth eruption symmetry will exist 
between Australian Aborigines and other ethnic 
groups (previous findings in other ethnic groups)

STUDY POPULATION AND METHODS

This study was based on the examination of serial 
dental casts obtained at approximately yearly intervals 
of 90 Australian Aborigines, 50 males and 40 females, 
stored in the Murray Barrett Laboratory of the Adelaide 
Dental Hospital.  The casts had been prepared during 
visits of anthropological research teams from the 
University of Adelaide to the Yuendumu settlement 
from the 1950s until the early 1970s. Yuendumu 
settlement, situated approximately 300 km northwest 
of Alice Springs in the Northern Territory of Australia, 
was created in 1946 and comprised a relatively self-
contained Aboriginal population.  The people belonged 
predominantly to the Wailbri and Pintubi tribes and 
were of pure Aboriginal ancestry as far as could be 
ascertained.  From a cultural point of view, the group 
was still in a transition stage—from a food gathering/
hunting society to a reliance on Western civilization for 
its basic needs.  The geographically isolated conditions 
at Yuendumu provided a rare opportunity to study a 
group of people who had not yet been influenced to any 
great extent by the effects of European culture.

Damaged casts and those displaying missing teeth 
were excluded from the sample. Every effort was made 
to include individuals with the maximum number 
of available serial dental casts during the period of 
eruption of the permanent teeth. The ages of the subjects 
were between 6 and 18 years.  The method of scoring 
tooth eruption followed that of Heikkinen et al. (1999) 
where tooth antimeres on each cast were compared 

P. SOBHI ET AL.



35

using a 4-grade eruption score. Each of the eight pairs of 
permanent teeth in both the maxilla and mandible were 
scored for eruption status.  The eruption stages were 
defined as follows:
1. Tooth not emerged
2. Occlusal surface of the tooth recently emerged
3. Tooth  crown half erupted
4. Eruption of tooth complete or nearly complete
The term “emergence” is used to refer to the point at 
which a tooth appears in the oral cavity, and the term 
“eruption” refers to the process by which a tooth moves 
into occlusion with its opponent(s). The cast on which 
a tooth was first evident was used for scoring the stage 
of eruption of that particular tooth. Teeth were given a 
score of 1 to 4 according to their eruption status.  Most of 
the tooth pairs that were included in the analysis were 
in the erupting phase; that is, they were scored as 2 or 3, 
but a small number of tooth pairs where one tooth was 
scored as a 1 and the antimere as a 4, were also included.  
Tooth pairs were not included if they were both scored 
as 1 or 4. Inter- and intra-observer reliability in scoring 
was determined from double determinations on 20 

randomly selected casts. Where discrepancies occurred, 
the casts were re-examined, and a decision was made as 
to the appropriate score.

Chi-square tests were used to test for significant 
variation in tooth eruption status between: 
•	 teeth within a tooth class, namely I1 versus I2, P1 

versus P2, M1 versus M2; 
•	 Australian Aboriginal male and female children; and
•	 Australian Aboriginal, American and Finnish children 

(where data reported by Heikkinen et al. (1999) were 
used for making comparisons).

Statistical analysis was conducted using SPSS software 
with significance set at the conventional level of alpha 
= 0.05.

RESULTS

Table 1 presents the inter-observer and intra-
observer percentage concordances for scoring eruption 
status based on double determinations. Generally, the 
concordance percentages were higher in the mandible 
compared with those in the maxilla. For example, 
concordance for scoring eruption of the lower laterals 

TABLE 1. Inter- and intra-observer percentage concordances for eruption status1

  Inter-observer Intra-observer
 Tooth number (% concordance)2 (% concordance)2

 11, 21 85 85 90 95
 12, 22 85 75 70 85
 13, 23 95 80 100 90
 14, 24 95 95 100 100
 15, 25 75 90 85 90
 16, 26 85 80 95 95
 17, 27 90 85 95 95
 18, 28 85 90 95 95
 31, 41 90 90 95 95
 32, 42 100 100 100 100
 33, 43 95 95 95 95
 34, 44 75 75 80 90
 35, 45 95 95 100 95
 36, 46 85 85 90 90
 37, 47 80 90 95 100
 38, 48 80 90 85 100

1Notes: 
a) Sample size for comparisons = 20 subjects
b) Number of individual teeth = 17 to 20
c) The notation system used for tooth identification in Tables 1-5 is the Federation Dentaire Internationale (FDI) 

notation that is based on a two-digit system. The first digit identifies the quadrant (numbered 1-4 for permanent 
teeth, beginning at the patient’s upper right and proceeding in a clockwise direction) while the second digit 
identifies the tooth within the quadrant (numbered 1-8 and beginning from the midline) e.g., a maxillary right 
permanent central incisor is a 11 and a mandibular left permanent third molar is a 38.

2 The two numbers refer to percent concordance scored on each of the two teeth (homologous teeth on left and right 
quadrants). For example, there was 85% inter-observer concordance for the right (tooth 11) and left (tooth 21) 
maxillary central incisor, whereas intra-observer concordance was 90% and 95%, respectively for teeth 11 and 21.
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TABLE 2. Symmetrical-asymmetrical eruption by tooth class

 Teeth in Symmetrical Asymmetrical
 Tooth active phase eruption eruption
 Tooth class number n n % n %

 Incisor 11, 21, 31, 41 98 78 80 20 20
  12, 22, 32, 42 132 91 69 41 31

 Premolar 14, 24, 34, 44 109 45 41 64 59
  15, 25, 35, 45 99 30 30 69 70

 Molar * 16, 26, 36, 46 74 49 66 25 34
  17, 27, 37, 47 138 76 55 62 45
  18, 28, 38, 48 98 40 41 58 59

*chi-square analysis (P < 0.05)

TABLE 3. Symmetrical eruption by sex and emergence phase1

  Mean emergence Mean emergence Symmetrical Symmetrical
 Tooth males females eruption, males eruption, females
 number (years) (years) n % n %

First Emergence Phase2

 36, 46 6.4 5.1 8 44 5 83
 16, 26 6.4 5.7 22 81 14 82
 31, 41 6.6 6.4 15 71 11 79
 11, 21 7.0 7.3 32 82 20 83
 32, 42 7.2 7.3 29 76 18 72
 12, 22 8.5 8.1 21 57 23 72

Second Emergence Phase
 33, 43 10.0 9.1 20 49 21 62
 14, 24 10.3 9.8 13 41 15 48
 34, 44 10.5 9.9 9 36 8 38
 13, 23 10.5 10.1 24 59 13 38
 37, 47 11.2 10.8 16 46 17 63
 15, 25 11.4 11.0 8 30 9 38
 35, 45 11.5 11.0 8 28 5 26
 17, 27 11.5 11.0 25 61 18 51
 18, 28 16.8 16.1 9 38 8 36
 38, 48 16.5 16.1 11 37 12 55

1 No significant association between sex and symmetrical eruption (P > 0.05) but significant assocation between 
emergence phase and symmetrical eruption status (P < 0.05) based on chi-square analyses.
2First emergence phase refers to the time interval during which the tooth groups 36, 46 to 12, 22 emerge, between 
5.1 and 8.5 years. Second emergence phase refers to the time interval during which the tooth groups 33, 43 to 38, 48 
emerge between 9.1 and 16.8 years of age.
Reference: Mean emergence times (Brown et al., 1979)

was 100% for both sets of observations. Generally, there 
was higher concordance for intra-observer comparisons 
than for inter-observer comparisons but, overall, the 
percentage concordances were relatively high indicating 
that the scoring system was reliable and that errors in 
scoring were unlikely to bias the results.

Table 2 presents the percentages of teeth showing 
symmetrical and asymmetrical eruption in the Australian 

Aboriginal sample with results categorized by tooth 
class.  Initial analyses did not uncover significant 
variation by sex and therefore data were combined to 
increase sample sizes.  The results indicate significantly 
higher asymmetry for the more distal teeth in the molar 
tooth class supporting the theory of morphogenetic 
fields (Dahlberg, 1945).  For example, less than half 
(41%) of third molars exhibited symmetrical eruption 
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compared to two thirds (66%) of first molars.
Results comparing the percentage of antimeric pairs 

showing symmetrical eruption against mean emergence 
times for Australian Aboriginal males and females (Brown 
et al., 1979) are presented in Table 3. While no significant 
association was found between symmetrical eruption 
frequencies and sex, there was a significant association 
between phase of emergence and symmetrical eruption, 

with later-erupting teeth (represented in the second 
emergence phase) displaying significantly higher levels 
of asymmetrical eruption than the earlier-erupting teeth 
(represented in the first phase of emergence).

Table 4 provides percentages of teeth showing 
directional eruption asymmetry in Australian 
Aborigines. Initial analyses did not uncover significant 
variation by sex and therefore data were combined to 

TABLE 4. Distribution of directionality among asymmetrically erupting antimeres

 Asymmetrical Asymmetrical
 Teeth in eruption eruption
 Tooth active phase R > L L > R
 number n n % n %

 11, 21 11 7 64 4 36
 12, 22 25 16 64 9 36
 13, 23 38 21 55 17 45
 14, 24 35 17 49 18 51
 15, 25 34 18 53 16 47
 16, 26 8 4 50 4 50
 17, 27 * 33 5 15 28 85
 18, 28 29 11 38 18 62
 31, 41 9 5 56 4 44
 32, 42 * 16 12 75 4 25
 33, 43 * 34 23 68 11 32
 34, 44 * 29 20 69 9 31
 35, 45 * 35 25 71 10 29
 36, 46 * 17 2 12 15 88
 37, 47 29 14 48 15 52
 38, 48 29 15 52 14 48

*chi-square analysis (P < 0.05)

TABLE 5. Symmetrical eruption by ethnic group

  US US  Australian
 Tooth Caucasian African American Finnish Aboriginal
 number n % n % n % n %

 11, 21 * 123 51 117 58 262 86 52 83
 12, 22 * 87 52 116 46 222 74 44 64
 13, 23 * 10 53 45 42 202 66 37 49
 14, 24 * 6 16 39 28 175 58 28 44
 15, 25 * 2 7 4 5 158 54 17 33
 16, 26 276 78 359 83 253 83 36 82
 17, 27 11 61 123 72 205 68 43 57
 31, 41 * 481 93 333 98 270 89 26 74
 32, 42 * 145 53 154 63 234 77 47 75
 33, 43 * 9 29 124 57 195 64 41 55
 34, 44 * 17 45 32 24 183 60 17 37
 35, 45 * 2 13 4 5 180 62 13 27
 36, 46 * 142 66 133 72 256 84 13 43
 37, 47 10 63 64 57 202 67 33 53

*chi-square analysis (P < 0.05)
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increase sample sizes.  Significantly advanced right-
sided eruption was found for the mandibular lateral 
incisors, canines and first and second premolars, while 
significantly advanced left-sided eruption was evident 
for the maxillary second molars and lower first molars.

Proportional estimates of symmetrically erupting 
antimeric tooth pairs from a cross-sectional sample 
of 2092 African American and Caucasian American 
children and a longitudinal sample of 481 Finnish 
children (Heikkinen et al., 1999) are presented alongside 
estimates obtained for Australian Aborigines in the 
current study (Table 5). Chi-square tests comparing the 
extent of asymmetry between the four samples yielded 
statistically significant results, with all teeth except the 
maxillary first and second molars and mandibular second 
molars exhibiting significant variation by ethnic group. 
There were, however, limitations in comparing between 
these studies, including differences in sample sizes and 
sex distribution within the samples. Although the same 
recording system was used, inter-observer comparisons 
could not be carried out to determine reliability. Hence, 
significant findings should be considered with caution 
given the limitations in making comparisons between 
studies. Overall trends included generally higher levels 
of eruption symmetry among the Finnish and Australian 
Aboriginal samples compared to the US African 
American and Caucasian samples. Antimeric tooth pairs 
that were found to exhibit the greatest level of stability 
across ethnic groups included the early emerging lower 
central incisors and upper first molars.  In almost all 
cases, the more distal teeth in each morphogenetic field 
tended to be more asymmetrical across all samples. 
There were, however, exceptions:  upper lateral incisors 
(US Caucasian sample), lower second premolars (Finnish 
sample) and lower lateral incisors and second molars 
(Australian Aboriginal sample).

DISCUSSION

This study adds to the available information regarding 
patterns of asymmetry observed for permanent tooth 
eruption, which relates to: morphogenetic fields, 
increased buffering capacity of females, timing of 
emergence, and directional asymmetry. The influence 
of ethnicity, as an indicator of environmental stress 
influencing eruption symmetry, was less clear. There 
were obvious limitations when comparing samples from 
different studies related to differences in methodological 
approaches. Despite these limitations, some apparent 
general trends were evident.

The results pertaining to our first hypothesis (Table 
2) are in support of Butler’s field theory (Butler, 1939; 
Dahlberg, 1945), based on the concept that distal teeth 
within each morphogenetic class tend to be more 
variable than the more mesially positioned key tooth. 
This tends to occur with the exception of the lower 
lateral and central incisors, which exhibit the opposite 

pattern and are often considered to be an exception to 
the rule.  These findings are also well in accordance 
with the general literature (Garn and Bailey, 1977; 
Townsend, 1981; Kieser et al., 1986; Khalaf et al., 2005).  
The second hypothesis was not supported in that no 
significant difference was found to exist between males 
and females (Table 3), while later-emerging teeth did 
exhibit significantly greater asymmetry (Table 3) lending 
support to the third hypothesis related to timing of 
tooth emergence and degree of eruption asymmetry. 
Heikkinen’s study (1998) derived similar findings with 
regards to the proportion of symmetrically erupting 
antimeric pairs, which was found to be approximately 
90% in mandibular central incisors, while the maxillary 
lateral incisors, which are the last teeth to emerge 
in the first phase of the mixed dentition, showed a 
symmetrical proportion of approximately 50%.  With 
later-emerging teeth, the proportion of symmetrically 
erupting antimeres decreased, being the lowest in second 
premolars. Interestingly, the last emerging permanent 
teeth in the second phase of the mixed dentition, the 
second molars, appeared to be more symmetric.  Given 
that the more distal teeth in each class tend to emerge 
later in life and spend relatively more time erupting, 
it is plausible that asymmetry will be greater due to 
the larger window of opportunity for environmental 
influences to interfere with the eruption patterns of 
these teeth.  Recent research by Parner et al. (2002) has 
reported on the apparent correlation between emergence 
times of teeth belonging to the same jaw innervation 
group. The authors also suggested that maxillary teeth 
may exhibit greater stability as their nerve innervation 
is more distinct for individual teeth.  These findings 
might then be extended in relation to dental asymmetry 
patterns.  For example, arch-specific findings related 
to dental asymmetry have shown the maxillary arch to 
exhibit greater asymmetry compared to the mandibular 
arch (Townsend, 1981; Kieser et al., 1986).

Broader links between prenatal factors and dental 
eruption patterns have also been identified (Garn et 
al., 1965; Heikkinen et al., 1998). Heikkinen et al. (1995) 
found the early clinical eruption of permanent central 
incisors was slightly affected in children born to 
mothers who smoked during pregnancy, while Garn et 
al. (1965) explained the large differences found between 
monozygotic twins as being possibly due to the effects 
of steroids on root formation and tooth movement.  
More research investigating the broader links between 
dental asymmetry patterns and other developmental 
disturbances should be considered for the future.

Garn et al. (1967) studied dental crown dimensions in 
males and females and proposed that increased dental 
asymmetry observed in males may be related to the 
presence of only one X-chromosome. Females with a pair 
of X-chromosomes were found to be more symmetrical 
in tooth size and it was proposed this may be related to 
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the extra X-chromosome leading to increased buffering 
capacity.  As discussed earlier, several studies following 
Garn et al. (1967) do not report significant sex variation.  
No significant difference between males and females 
was noted in our study, while more recent studies by 
Heikkinen et al. (1998) do show significant difference 
by sex with females being more symmetric than males.  
Heikkinen found this pattern for the maxillary lateral 
incisor and first premolar, and the mandibular central 
incisor and canine in US children, and for the maxillary 
first premolar and mandibular central incisor and 
first molar in Finnish children.  Similar findings with 
respect to greater symmetry among females have been 
documented by Bailit et al. (1970) and Townsend and 
Brown (1980), lending further support to Garn’s theory.  
Overall, there appears to be inconsistency in regards to 
the influence of sex on asymmetry patterns.

Our fourth hypothesis regarding directionality in 
tooth eruption was also supported with results indicating 
left-sided dominance for the maxillary second and third 
molars and mandibular first molar, and right-sided 
dominance for the maxillary incisors and mandibular 
lateral incisors, canines and premolars.  While our 
findings do indicate the existence of directionality, 
the underlying pattern is less clear.  Harris (1992) and 
Townsend et al. (1999) suggested left-sided dominance 
in tooth size in one arch may be associated with right-
sided dominance in the opposite arch however this did 
not seem evident in our sample.

For testing the last hypothesis, comparisons were 
drawn between data from the present study and those 
from Heikkinen et al. (1998) for US and Finnish children.  
Overall trends included generally greater eruption 
symmetry among the Finnish and Australian Aboriginal 
samples compared to the US African American and 
Caucasian samples.  Antimeric tooth pairs that were 
found to exhibit the greatest level of stability across 
ethnic groups included the early emerging lower central 
incisors and upper first molars.  In almost all cases, the 
more distal teeth in each morphogenetic field tended to 
be more asymmetrical across all samples.  It is plausible 
that the upper first molars would show similar trends 
across samples given that these teeth are important 
in stabilizing occlusion and are also less likely to 
be interrupted in their eruption path as they do not 
succeed primary teeth.  However, other results are more 
surprising.  For example, the lower central incisors tend 
to be more variable than lower lateral incisors in one 
sample (Australian Aborigines) but not so for the other 
three samples.  Similarly, it is not immediately obvious 
why the Finns and Australian Aborigines would be more 
similar in their patterns of symmetry compared with the 
American samples.

A confounding factor in making these comparisons is 
that each of the three samples was scored by a different 
researcher.  Whilst the same scoring system was used 

in each case, it is possible that inconsistencies exist 
between scorers. Hence, considerable caution should be 
exercised when making inter-population comparisons 
of existing data on eruption asymmetry due to these 
limitations.  Further studies based on larger sample 
sizes and consistent methodology across samples are 
required before true inter-population variation in 
eruption asymmetry can be described accurately.

Overall methodological considerations should also 
be taken into account.  The number of subjects included 
in this study was limited to 90 from a total sample of 450 
individuals.  Many individuals were excluded because 
of limited numbers of serial casts being available during 
the mixed dentition phase, and casts for some individuals 
could not be included because they were damaged or 
had missing teeth.  Teeth were scored using the cast on 
which they first became evident, although subsequent 
casts, that were usually obtained at annual intervals, 
were used to confirm presence of teeth and assist in 
scoring.  While limitations of the scoring system were 
noted, accurate assessment of the degree of eruption 
was not always possible.  There were several teeth 
that displayed gingival recession or inflamed gingivae, 
which in turn led to more challenging judgement of 
whether eruption was full or partial.  In some instances, 
examination of the level of the occlusal plane and 
physically occluding the upper and lower casts was 
necessary in order to determine whether a tooth was 
fully or partially erupted.  There were problems in some 
cases in distinguishing between categories 2 and 3, and 
categories 3 and 4.  It would be worthwhile considering 
the addition of an extra score(s) to define more precise 
points of eruption, although this may reduce the level of 
reliability of scoring.

CONCLUSION

Our findings provide evidence of patterned tooth 
eruption asymmetry among a sample of Australian 
Aborigines with the distally positioned, later-forming 
teeth showing the highest levels of asymmetry.  While 
directional asymmetry was shown to be present, no 
clear pattern could be ascertained. Despite limitations 
in making comparisons across different studies, there 
was some evidence to suggest stability of the upper first 
molars and the lower central incisors when investigating 
the influence of ethnicity on asymmetry patterns.
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Studies in dental anthropology have never been 
conducted on Indonesians even though the area has a 
rich variety of peoples and cultures (Muttaqin, 2007).  
The variety of populations may provide valuable data 
regarding human evolution (Hillson, 2002), migration 
patterns (Scott and Turner, 2000), and for solving forensic 
cases (Brown, 1992), so it is useful to initiate studies in 
dental anthropology.  Before a bigger sample is studied, it 
is useful to know which dental traits to focus on.

Additionally, the extent of dental wear is useful for 
estimating an individual’s age, especially in skeletal 
material (Maples and Browning, 1994), so this study also 
assessed the suitability of a reference base of dental wear 
rates (Brothwell, 1965, cited in Bass, 1987:287).

MATERIALS AND METHODS

The sample was 14 individuals (12 females, 2 males) 
from the island of Java (Indonesia), whose sex and age 
were known (age range 19 to 26 years).  The dental 
traits examined were shovel shape, incisor winging, 
tuberculum dentale, interruption groove, canine distal 
accessory ridge, premolar accessory ridges, premolar 
odontomes, premolar accessory marginal tubercles, 
premolar multiple lingual cusps, accessory marginal 
tubercles, parastyle, cusp 5, cusp 6, Dryopithecus Y5 
pattern, cusp 7, protostylid, deflecting wrinkle, anterior 
fovea, distal trigonid crest, hypocone, and Carabelli’s 
cusp. Dental traits were scored using the descriptions in 
Scott and Turner (2000).  Age estimations from occlusal 
tooth wear was based on the reference data in Brothwell 
(1965, cited in Bass, 1987).

Short Communication:  Dental Trait Variation and Age 
Determination Based on Dental Wear: A Preliminary 
Study of Javanese

Myrtati D. Artaria*

Department of Anthropology, Universitas Airlangga
and
Department of Anatomy and Histology, Medical Faculty, Universitas Airlangga, Surabaya, Indonesia

ABSTRACT   This preliminary study describes  the dental 
crown morphology of 14 Javanese of known sex and 
age. The purpose was to suggest what dental traits to 
look for when studying a bigger sample from Java.  Of 
21 traits looked for, traits occurring in the sample were 
shovel shape, winging, tuberculum dentale, interruption 
groove, canine distal accessory ridge, premolar accessory 

ridges, premolar accessory marginal tubercles, premolar 
multiple lingual cusps, cusp 5, cusp 6, Y5 pattern, cusp 7, 
protostylid, deflecting wrinkle, anterior fovea, hypocone, 
and Carrabelli’s cusp.  Dental wear overestimated actual 
ages because the observed rate of wear was less than in 
the reference sample.  Dental Anthropology 2007;20:42-44.

RESULTS AND DISCUSSION

Shovel shape was very common.  This is expected 
given the Asian ancestry of the group.  Even the canine 
showed a high incidence of shoveling (Table 1).

Incisor winging occurred in 8 of 14 individuals (57%).  
Very high frequencies of winging are usually found 
in Sinodont dentitions.  The people of Java are labeled 
Sundadont, and these data suggest that Sundadont 
groups may also have quite high frequencies.

Expression of tuberculum dentale was weak to 
moderate; only one individual showed a pronounced 
canine tuberculum dentale.  Most individuals lacked 
a tuberculum dentale on their incisors (Table 2).  An 
interruption groove on the upper second incisors occurred 
in half the sample (7/14 cases).

TABLE 1. The number of teeth with shovel-shape 

 Maxilla Mandible
 I1 I2 C I1 I2 C

No shovel 1 1 1 12 12 1
Shovel 13 13 13 2 1 13
Total 14 14 14 14 13 14

*Correspondence to: Myrtati D. Artaria, Department of 
Anthropology, Universitas Airlangga, Jl. Airlangga 4-6, 
Surabaya 60286, Indonesia
E-mail: mdartaria_fisip@unair.ac.id, myrtati@yahoo.
co.id
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Canine distal accessory ridge was uncommon, and 
when it appeared, the expression was not very strong 
(score 1 to 3) (Table 3).  Premolar accessory ridges 
appeared mostly in the lower premolars.  The occurrence 
was 1/14 on P1 and 7/14 in the maxilla, while frequncies 
of 7/14 and 6/14 occurred on the mandibular premolars.

Three-cusped second molars were found (1/26 
M2), but most molars had 3 or 4 main cusps (Table 4).  
Carabelli’s trait complex was expressed in half of the 
cases.  However, the expression was in the form of the 
most subtle expression (A).

The expression of several dental traits is summarized 
in Table 5.  Anterior fovea was expressed in most cases.  A 
second trait that was expressed quite often (8 instances) 
was lower premolar multiple lingual cusps.  Dental 
traits not found in the sample were accessory marginal 
tubercles, parastyle, and odontome.

Occlusal dental wear was less severe than in the 
reference data (Brothwell, 1965, cited in Bass, 1987).  It 
would be logical to predict that most teeth in modern 
humans have less dental wear due to the softer, cooked 
material eaten, compared to their predecessors.  However, 
modern humans may exhibit tooth abrasion if brushing 
with an abrasive toothpaste (Hillson, 2002).

The finding of little dental wear in these Javanese 
compared to the reference sample emphasizes variations 
in rates among populations, based on tooth cleaning 
practices, nature of the diet, and cultural practices 
related to utilizing teeth as tools. We used Brothwell’s 
occlusal wear rates that were derived from British 
archeological material. The present results show that 
dental wear reference data should be used cautiously, 
taking into account the origin of the individual being 
assessed.  It seems that the cultural practices and habits 
of contemporary Javanese do not cause as much dental 

TABLE 2. The occurrence of  tuberculum dentale

 I1 I2 C

No tuberculum dentale 13 12 1
Weak 0 1 4
Moderate 1 1 8
Pronounced 0 0 1

Totals 14 14 14

TABLE 3. The occurrence of canine distal accessory ridge

 0 1 2 3 4 5

Upper 9 1 3 1 0 0
Lower 11 1 2 0 0 0

TABLE 4. Size gradations of the hypocone

  Right Side Left Side
 Molar 0 1 2 3 4 5 0 1 2 3 4 5

 M1 0 0 0 1 11 1 0 0 0 1 13 0
 M2 1 0 2 9 0 0 2 0 0 11 1 0

wear as from harder food material eaten by more ancient 
humans.

CONCLUSIONS

Based on the dental traits, most (6 out of 7) of the 
dental characteristics of Southeast Asian people (Scott 
and Turner, 2000) have been found in the sample.  
Besides these seven dental traits, tuberculum dentale, 
canine distal accessory ridge, premolar accessory ridges, 
premolar multiple lingual cusps, protostylid, and anterior 
fovea were also found in the sample.  Further research on 
this area should be done with larger sample sizes, and the 
traits looked for need not be limited to the dental traits 
indicated as the characteristic of Southeast Asian people.

Dental wear in this sample indicated older age of 
individuals compared to the real ages because of slow 

TABLE 5. The occurrence of several dental traits

  Frequency
 Dental Trait (individuals)

 Odontome 0
 Premolar accessory marginal tubercle 3
 Lower premolar multiple lingual cusps 8
 Accessory marginal tubercles 0
 Parastyle 0
 Cusp 5 1
 Cusp 6 3
 Y-5 Pattern 1
 Cusp 7 1
 Protostylid 2
 Deflecting wrinkle 1
 Anterior fovea 13
 Distal trigonid crest 0

JAVANESE DENTAL MORPHOLOGY
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wear rates, so aging an individual using dental wear 
reference data should be done cautiously.  However, 
because of the small sample size, more people should be 
included in the future study.
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Melvin L. Moss passed away June 25, 2006, at the age 
of 83.  Mel was an anatomist (and former dean) at the 
dental school at Columbia University, New York (Fig. 1).  
Indeed, he was very much a home-town success:  Born in 
New York (January 23, 1923), he received his A.B. from 
New York University (1942), and then his D.D.S. (1946) 
and his Ph.D. (Anatomy, 1954) from Columbia University.  
Mel taught at Columbia for the whole of his professional 
career (Fig. 2), even after receiving his emeritus status in 
1993, giving his last formal anatomy lecture in 1993 (Fig. 
3).

Labeling Mel as an anatomist is strictly true, but his 
interests—and his intellectual influence—are more far-
ranging.  His over-200 publications spanning some 60 
years (including many invited book chapters) is itself a 
testament to his scientific contributions, but those who 
were fortunate enough to hear him speak at meetings 
recognize that his sphere of influence was much broader 
than can be extracted from his writings alone.

Moss’ spectrum of research interests ranged from dental 
histology, tooth formation, odontometrics, bone biology, 
growth and development, mathematical modeling, 
branchial arch syndromes, the etiology of malocclusion, 
anatomical consequences of orthocephalization, and a 
host of other topics.  Mel’s command of German provided 
a valuable prelude into the scientific European literature, 
so his papers are well-peppered with insights and citations 
that are less accessible to the rest of us who wrestle with 
a single language.  However, it is Mel’s development and 
vociferous promotion of the functional matrix theory 
that is his foremost contribution (e.g., Moss-Salentijn, 
1997).  This involved a true paradigm shift (Kuhn, 1962).  
Previously (and persistently in some circles), the size and 
shape of bones were perceived to be the consequence of 
their genetic endowment.  Instead, Moss argued—along 
with insightful animal experimentation—that bone is 
“dumb” (an often-repeated metaphor of his), meaning 
that bone merely responds to the environment (the soft 
tissues, mechanical demands, etc.) that it finds itself in.

I’m fond of dwelling on this “Moss-ism” in my own 
lectures, partly because of its interesting structure but 
also because it is so pithy:

The size, shape, position and maintenance in 
being of all skeletal units are compensatory, 
secondary and mechanically obligatory responses 
to the primary morphogenetic demands of their 
specifically related functional matrices.

Obituary:  Melvin L. Moss (1923-2006)

This meshes with the bone biologists’ refrain that 
“function is dominant over form.”

Moss’ functional matrix theory rankled more than a 
few colleagues, commonly generating heated, dynamic 
discussions at meetings.  With his imposing stature, 
powerful voice, and considerable erudition, arguments 
with Moss often became lively theater for the audience.  
Since Moss was such an excellent speaker, he frequently 
was called on as the scientific expert to open sessions at 
clinical meetings of dentists (and, especially, orthodontists, 
who were broadly influenced by the functional matrix 
theory), so expectations of verbal fireworks between Mel 
and the antagonist-of-the-day often were fulfilled.  Most 
researchers of his era have “Mel stories.”  Indeed, he 
clearly had a Socratic streak in him that enjoyed teaching 
by raising his opponent’s blood pressure.

Development and elaboration of the functional matrix 
theory held much of Moss’ attention during the latter part 
of the century, so younger scholars can be excused if they 

Fig. 1. Mel Moss, mid-1980s.
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perceive Moss as a craniofacial biologist.  He published 
widely (with 16 papers in the American Journal of Physical 
Anthropology), and he did considerable early work on the 
histology of dental tissues.  His work on the phylogeny 
of mineralized tissues (1964) and the evolution of 
mammalian dental enamel (1969) are representative of the 
breadth and scope of his considerable knowledge.  Moss 
participated in several of the International Symposia on 
Dental Morphology (Moss, 1978, 1982), but he may be 
best known in dental anthropology circles for his study 
of tooth sizes of Liberian Negroes (1966, 1967), which 
is an area of the world that still merits anthropological 
investigation (Edgar, 2002).  Of note, some of Moss’ final 
studies were of teeth (Moss-Salentijn et al., 1997; Moss et 
al., 2005).

At the risk of being an absurd reductionist, Moss’ 
professional career spanning a half-century offers a 
special opportunity to reflect on the productivity of an 
enthusiastic scientist, especially one working before 
the now-popular multi-author laboratories, where 
authorship comes more easily, but sole authorship 
only occurs rarely.  Moss’ publication record involved 
several close collaborators over the years, but the work 

generally reflects the vision of one person.  My collation 
of his references from 1948 through 2005—which is 
almost guaranteed to be incomplete—comes up with 247 
citations (mean = 4.3/year; sd = 3.2).  Moss’ productivity 
picked up in 1954 coincident with award of his Ph.D. (Fig. 
4), and it seldom dropped below 4 peer-reviewed papers 
per year for the next 35 years.  This sustained output 
likewise is shown in Fig. 5, where the cumulative curve 
has a characteristic sigmoid shape due to a hesitant start 
at the beginning and a decelerating denouement at the 
end, but I doubt if there are many of Moss’ era who match 
the long, linear, high rate of publication in between.  It 
devalues a scientist’s career to merely count the lines on a 
CV, but these numbers provide an interesting benchmark 
of one person’s research productivity.  Unfortunately, 
they also cloud the powerful and lasting influence Mel 
had on his students and colleagues.

Edward F. Harris
Editor
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Fig. 1. Mel Moss, 1993, following his final anatomy 
lecture, and preceding his emeritate.

Fig. 3. Mel Moss, mid-1990s.

OBITUARY:  M. L. MOSS



47OBITUARY:  M. L. MOSS

1
9
4
8

1
9
4
9

1
9
5
0

1
9
5
1

1
9
5
2

1
9
5
3

1
9
5
4

1
9
5
5

1
9
5
6

1
9
5
7

1
9
5
8

1
9
5
9

1
9
6
0

1
9
6
1

1
9
6
2

1
9
6
3

1
9
6
4

1
9
6
5

1
9
6
6

1
9
6
7

1
9
6
8

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

1
9
7
3

1
9
7
4

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

1
9
8
3

1
9
8
4

1
9
8
5

1
9
8
6

1
9
8
7

1
9
8
8

1
9
8
9

1
9
9
0

1
9
9
1

1
9
9
2

1
9
9
3

1
9
9
4

1
9
9
5

1
9
9
6

1
9
9
7

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

0

2

4

6

8

10

12

P
u

b
li

c
a
ti

o
n

s
 P

e
r
 Y

e
a
r

Fig. 5. Publications per year.

Bibliography, Melvin L. Moss
1948

Moss ML. 1948. Restoration of facial contour. Dental Di-
gest 54:506-514.

1953
Levy BM, Rugh R, Lunin L, Chilton N, Moss ML. 1953. 

The effect of a single sub-acute X-ray exposure to the 
fetus on skeletal growth; a quantitative study. J Morph 
93:561-572.

Noback CR, Moss ML. 1953. The topology of the human 
premaxillary bone. Am J Phys Anthropol 11:181-188.

1954
Carpenter MB, Noback CR, Moss ML. 1954. The anterior 

choroidal artery; its origins, course, distribution, and 
variations. AMA Arch Neurol Psychiatry 71:714-722.

Moss ML. 1954. Demonstration of the intrinsic vascular 
pattern of compact bone; a vital split-line technic. Am J 
Phys Anthropol 12:373-383.

Moss ML. 1954. Differential growth analysis of bone mor-
phology. Am J Phys Anthropol 12:71-76.

Moss ML. 1954. Growth of the calvaria in the rat; the 
determination of osseous morphology. Am J Anat 
94:333-361.

Moss ML. 1954. Vital staining of newly formed areas of 
compact bone with Chlorazol Fast Pink. Stain Tech 
29:247-251.

1955
Moss ML. 1955. Relative growth of the human fetal skeleton, 

cranial and postcranial. Ann NY Acad Sci 63:528-536.
Moss ML. 1955. Correlation of cranial base angulation with 

cephalic malformations and growth disharmonies of 
dental interest. N Y State Dent J 21:452-454.

Moss ML. 1955. Morphological changes in the growing 
rat skull following administration of cortisone acetate. 
Proc Soc Exp Biol Med 89:648-650.

Moss ML, Greenberg SN. 1955. Postnatal growth of the hu-
man skull base. Angle Orthod 25:77-84.

Moss ML, Noback CR, Robertson GG. 1955. Critical de-
velopmental horizons in human fetal long bones; 
correlated quantitative and histological criteria. Am J 
Anat 97:155-175.

1956
Baer MJ, Moss ML. 1956. Differential growth of the rat 

skull. Growth 20:107-120.
Moss ML. 1956. Progress in anatomy. N Y State Dent J 

22:76-77.
Moss ML. 1956. Dysostosis sphenoidalis as a characteristic 

of cleft palate malformations. Cleft Palate Bull 6:2-4.
Moss ML. 1956. Malformations of the skull base associated 

with cleft palate deformity. Plast Reconstr Surg 17:226-
234.

Moss ML, Greenberg S. 1956. Mesial movement of 
mandibular buccal dentition in treatment of Class II 
malocclusion. N Y State Dent J 22:460-462.

Moss ML, Noback CR. 1956. Differential growth of the 
human brain. J Comp Neurol 105:539-551.

Moss ML, Noback CR, Robertson GG. 1956. Growth of 
certain human fetal cranial bones. Am J Anat 98:191-
204.

1957
Moss ML. 1957. Experimental alteration of sutural area 

morphology. Anat Rec 127:569-589.
Moss ML. 1957. Normal and abnormal velopharyngeal 

anatomy. Cleft Palate Bull 7:5-8.
Moss ML. 1957. Progress review: anatomy. N Y State Dent 

J 23:14-15.



48

Moss ML. 1957. Progress review: anatomy. N Y State Dent 
J 23:413-414.

Moss ML. 1957. Premature synostosis of the frontal suture 
in the cleft palate skull. Plast Reconstr Surg 20:199-205.

Moss ML. 1957. Synopsis of formation and repair of 
calcified tissues. N Y State Dent J 23:359-360.

Moss ML, Applebaum E. 1957. Differential growth analysis 
of vertebrate teeth. J Dent Res 36:644-651.

1958
Moss ML. 1958. Bone graft substitutes. N Y State Dent J 

24:353-354.

Moss ML. 1958. Extraction of an osteogenic inductor factor 
from bone. Science 127:755-756.

Moss ML. 1958. Fusion of the frontal suture in the rat. Am 
J Anat 102:141-165.

Moss ML. 1958. Rotations of the cranial components in 
the growing rat and their experimental alteration. Acta 
Anat (Basel) 32:65-86.

Moss ML. 1958. The pathogenesis of artificial cranial 
deformation. Am J Phys Anthropol 16:269-286.

Moss ML, Noback CR. 1958. A longitudinal study of digital 
epiphyseal fusion in adolescence. Anat Rec 131:19-32.

1959
Moss ML. 1959. Embryology, growth and malformation 

of the temporomandibular joint. In: Schwartz L, 
editor. Disorders of the temporomandibular joint. 
Philadelphia: WB Saunders, p 89-104.

Moss ML. 1959. Functional anatomy of the 
temporomandibular joint. N Y State Dent J 29:315-319.

Moss ML. 1959. Functional anatomy of the 
temporomandibular joint. In: Schwartz L, editor. 
Disorders of the temporomandibular joint. Philadelphia: 
WB Saunders, p 73-88.

Moss ML. 1959. The pathogenesis of premature cranial 
synostosis in man. Acta Anat (Basel) 37:351-370.

Moss ML, Crikelair GF. 1959. Progressive facial hemiatrophy 
following cervical sympathectomy in the rat. Arch Oral 
Biol 1:254-258.

Moss ML, Greenberg SN, Noback CR. 1959. Developmental 
migration of mandibular buccal dentition in man. 
Angle Orthod 29:169-176.

1960
Gorlin RJ, Chaudhry AP, Moss ML. 1960. Craniofacial 

dysostosis, patent ductus arteriosus, hypertrichosis, 
hypoplasia of labia majora, dental and eye anomalies—
a new syndrome? J Pediatr 56:778-785.

Moss ML. 1960. A functional analysis of human mandibular 
growth. Am J Prosthet Dent 10:1149-1160.

Moss ML. 1960. A reevaluation of the dental status and 
chronological age of the Tepexpan remains. Am J Phys 
Anthropol 18:71-72.

Moss ML. 1960. Experimental induction of osteogenesis. In: 
Sognnaes RF, editor. Calcification in biological systems. 
Publication 64. Washington: AAAS, p 323-348.

Moss ML. 1960. Inhibition and stimulation of sutural fusion 
in the rat calvaria. Anat Rec 136:457-467.

Moss ML, Crikelair GF. 1960. Progressive facial hemiatrophy 
following cervical sympathectomy in the rat. Arch Oral 
Biol 1:254-258.

Moss ML, Posner AS. 1960. X-ray diffraction study of 
acellular teleost bone. Nature 188:1037-1038.

Moss ML, Young RW. 1960. A functional approach to 
craniology. Am J Phys Anthropol 18:281-292.

Noback CR, Moss ML, Lesczynska E. 1960. Digital 
epiphyseal fusion of the hand in adolescence: a 
longitudinal study. Am J Phys Anthropol 18:13-18.

Fig. 5. Cumulative graph of publications.

1
9

4
8

1
9

5
3

1
9

5
8

1
9

6
3

1
9

6
8

1
9

7
3

1
9

7
8

1
9

8
3

1
9

8
8

1
9

9
3

1
9

9
8

2
0

0
3

0

50

100

150

200

250

C
u

m
u

la
ti

v
e
 P

u
b

li
c
a

ti
o

n
s

OBITUARY:  M. L. MOSS



49

1961
Burstone CJ, Kraus BS, Moss ML, Weinstein S. 1961. Report 

on the symposium on growth. Am J Orthod 47:52-56.
Moss ML. 1961. Extrinsic determination of sutural area 

morphology in the rat calvaria. Acta Anat (Basel) 
44:263-272.

Moss ML. 1961. Functional analysis of human mandibular 
growth. Am J Prosth Dent 10:1149-1159.

Moss ML. 1961. Osteogenesis of acellular teleost fish bone. 
Am J Anat 108:99-110.

Moss ML. 1961. Rotation of the otic capsule in bipedal rats. 
Am J Phys Anthropol 19:301-307.

Moss ML. 1961. Studies of the acelluar bone of teleost fish. 
I. Morphological and systematic variations. Acta Anat 
(Basel) 46:343-362.

Moss ML. 1961. The initial phylogenetic appearance of 
bone: an experimental hypothesis. Trans N Y Acad Sci 
23:495-500.

Posner A, Moss ML. 1961. X-ray diffraction of acellular 
teleost bone. Nature 188:1037-1038.

1962
Crikelair G, Bom A, Luban J, Moss ML. 1962. Early 

orthodontic movement of cleft maxillary segments 
prior to cleft lip repair. Plast Reconstr Surg 30:426-440.

Crikelair GF, Moss ML, Khuri A. 1962. Facial hemiatrophy. 
Plast Reconstr Surg 29:5-13.

Lavine LS, Isenberg HD, Moss ML. 1962. Intracellular 
calcification in a coccolithophorid. Nature 196:78.

Lavine LS, Moss ML, Noback CR. 1962. Digital epiphyseal 
fusion in adolescence. A longitudinal study. J Pediatr 
61:571-575.

Moss ML. 1962. Studies of the acellular bone of teleost fish. 
II. Response to fracture under normal and acalcemic 
conditions. Acta Anat (Basel) 48:46-60.

Moss ML. 1962. Studies of the acellular bone of teleost fish. 
3. Intraskeletal heterografts in the rat. Acta Anat (Basel) 
49:266-280.

Moss ML. 1962. The functional matrix. In: Kraus BS, Riedel 
R, editors. Vistas in Orthodontics. Philadelphia: Lea 
& Febiger, p 85-98. [Reprinted in Ortodoncia Clinica 
(Barcelona) 1998:1(3):129-138.]

1963
Isenberg HD, Lavine LS, Moss ML, Kupferstein D, Lear PE. 

1963. Calcification in a marine coccolithophorid. Ann N 
Y Acad Sci 109:49-64.

Ju DMC, Moss ML, Crikelair GF. 1963. Effect of radiation on 
the development of facial structures in retinoblastoma 
cases. Am J Surg 106:807-815.

Moss ML. 1963. Morphological variations of the crista 
galli and medial orbital margin. Am J Phys Anthropol 
21:159-164.

Moss ML. 1963. The biology of acellular teleost bone. Ann 
N Y Acad Sci 109:337-350.

Moss ML. 1963. The functional anatomy of the oral cavity 
and the pharynx. In: Rehabilitation of the oral-facial-
speech handicapped: a symposium. Lancaster, PA: 
Lancaster Cleft Palate Clinic.

Moss ML, Applebaum E. 1963. The fibrillar matrix of 
marsupial enamel. Acta Anat (Basel) 53:289-297.

Moss ML, Freilich M. 1963. Studies of the acellular bone 
of teleost fish. IV. Inorganic content of calcified tissues. 
Acta Anat (Basel) 55:1-8.

1964
Isenberg HD, Lavine LS, Moss ML, Shamos MH, Weisfellner 

H. 1964. Calcium45 turnover in a mineralizing 
cocclithophorid protozoan. J Protozool 11:531-534.

Moss ML. 1964. Development of cellular dentin and 
lepidosteal tubules in the bowfin, Amia calva. Acta 
Anat (Basel) 58:333-354.

Moss ML. 1964. Differential mineralization of growing 
human and rat cranial bones. Am J Phys Anthropol 
22:155-161.

Moss ML. 1964. The bony nasopharynx. Am J Phys 
Anthropol 22:193.

Moss ML. 1964. The phylogeny of mineralized tissues. 
International Rev Gen Exp Zool 1:297-331.

Moss ML. 1964. Vertical growth of the human face. Am J 
Orthod 50:359-376.

Moss ML, Jones SJ, Piez KA. 1964. Calcified ectodermal 
collagens of shark tooth enamel and teleost scale. 
Science 145:940-942.

1965
Moss ML. 1965. Acellular bone. In: Yearbook of science and 

technology. New York: McGraw-Hill, p 135-136.
Moss ML. 1965. Calcification. In: Horowitz S, editor. The 

nature of orthodontic diagnosis. St. Louis: CV Mosby.
Moss ML. 1965. Hypertelorism and cleft palate deformity. 

Acta Anat (Basel) 61:547-557.
Moss ML.1965. Studies of the acellular bone of teleost fish. 

V. Histology and mineral homeostasis of fresh-water 
species. Acta Anat (Basel) 60:262-276.

Moss ML. 1965. The veloepiglottic sphincter and obligate 
nose breathing in neonate. J Pediatrics 67:330-331.

1966
Moss ML, Chase PS. 1966. Morphology of Liberian Negro 

deciduous teeth I. Odontometry. Am J Phys Anthropol 
24:215-229.

Moss ML, Chase PS. 1966. Morphology of Liberian Negro 
deciduous teeth. II. Arch dimensions and occlusion. 
Am J Phys Anthropol 25:261-275.

Moss ML, Murchison E. 1966. Calcified anal teeth 
and pharyngeal ring in a holothurian (Actinopyga 
mauritania). Acta Anat 64:446-461.

1967
Moss ML. 1967. Dermal sclerifications. In: Gans C, Williams 

E, D’a Bellairs A, editors. Biology of reptilia. New York: 
Academic Press.

Moss ML, Chase PS, Howes RI. 1967. Comparative 
odontometry of permanent post-canine dentition of 
American Whites and Negroes. Am J Phys Anthropol 
27:125-142.

Moss ML, Chase PS, Kameros S. 1967. Trabecular bone 
structure of post-canine alveolar processes in adult 
American Whites and Negroes. Acta Anat 67:399-423.

OBITUARY:  M. L. MOSS



50

Moss ML, Greenberg SN. 1967. Functional cranial analysis 
of the human maxillary bone. I. Basal bone. Angle 
Orthod 37:151-164.

Moss ML, Kermack KA. 1967. Enamel structure in two 
Triassic mammals. J Dent Res 46:745-747.

Moss ML, Meehan MM. 1967. Sutural connective tissues in 
the test of an echinoid: Arbacia punctulata. Acta Anat 
(Basel) 66:279-304.

1968
Moss ML. 1968. A theoretical analysis of the functional 

matrix. Acta Biotheor 18:195-202.
Moss ML. 1968. Comparative anatomy of vertebrate dermal 

bone and teeth. I. The epidermal co-participation 
hypothesis. Acta Anat (Basel) 71:178-208.

Moss ML. 1968. Facial growth: the functional matrix 
concept. In: Grabb WC, Rosenstein SN, Brock KR, 
eds. Cleft lip and palate. Boston: Little, Brown and 
Company, p 97-107.

Moss ML. 1968. Functional cranial analysis of mammalian 
mandibular ramal morphology. Acta Anat (Basel) 
71:423-447.

Moss ML. 1968. The origin of vertebrate calcified tissues. 
In: Ørvig T, editor. 4th Nobel Symposium. Stockholm: 
Almqvist & Wiksell, p 359-371.

Moss ML. 1968. The primacy of functional matrices in 
orofacial growth. Dent Pract Dent Rec 19:65-73.

Moss ML, Bromberg BE, Song IC, Eisenman G. 1968. 
The passive role of nasal septal cartilage in mid-facial 
growth. Plast Reconstr Surg 41:536-542.

Moss ML, Chase P, Kameros J. 1968. Trabecular bone 
structure of post-canine alveolar processes in adult 
American whites and negroes. Acta Anat (Basel) 67:399-
423.

Moss ML, Meehan M. 1968. Growth of the echinoid test. 
Acta Anat (Basel) 69:409-444.

Moss ML, Rankow RM. 1968. The role of the functional 
matrix in mandibular growth. Angle Orthod 38:95-103.

Moss ML, Simon MR. 1968. Growth of the human 
mandibular angular process: a functional cranial 
analysis. Am J Phys Anthropol 28:127-138.

1969
Isenberg HD, Moss ML, Lavine LS. 1969. An introduction 

to the comparative morphology of mineralized tissues. 
Curr Pract Orthop Surg 4:202-237.

Moss ML.1969. Comparative histology of dermal 
sclerifications in reptiles. Acta Anat (Basel) 73:510-533.

Moss ML. 1969. Functional cranial analysis of the 
mandibular angular cartilage in the rat. Angle Orthod 
39:209-214.

Moss ML. 1969. Phylogeny and comparative anatomy 
of oral ectodermal-ectomesenchymal inductive 
interactions. J Dent Res 48:732-737.

Moss ML. 1969. The differential roles of periosteal and 
capsular functional matrices in oro-facial growth. Rep 
Congr Eur Orthod Soc 1969:193-205.

Moss ML. 1969. The evolution of mammalian dental 
enamel. Paper no. 2360. American Museum Novitates, 
39 pages.

Moss ML, Salentijn L. 1969. The capsular matrix. Am J 
Orthod 56:474-490.

Moss ML, Salentijn L. 1969. The primary role of functional 
matrices in facial growth. Am J Orthod 55:566-577.

1970
Moss ML. 1970. Enamel and bone in shark teeth: with a 

note on fibrous enamel in fishes. Acta Anat (Basel) 
77:161-187.

Moss ML. 1970. Role of the functional matrix in growth. J 
Maxillofac Orthopedics 3:13-18.

Moss ML. 1970. The primacy of functional matrices 
in orofacial growth. Trans Br Soc Study Orthod 
1968/1969:107-115.

Moss ML. 1970. The role of muscular functional matrices 
in development and maintenance of occlusion. Bull Pac 
Coast Soc Orthod 45:29-30.

Moss ML, Meehan MA. 1970. Functional cranial analysis 
of the coronoid process in the rat. Acta Anat (Basel) 
77:11-24.

Moss ML, Salentijn L. 1970. The logarithmic growth of the 
human mandible. Acta Anat (Basel) 77:341-360.

1971
Lavine LS, Lustrin I, Shamos MH, Moss ML. 1971. The 

influence of electric current on bone regeneration in 
vivo. Acta Orthop Scand 42:305-314.

Moss ML. 1971. Facial growth. In: Grabb WC, Rosenstein 
SW, Bzoch KR, editors. Cleft lip and palate. Boston: 
Little Brown and Company, p 97-108.

Moss ML. 1971. Functional cranial analysis and the 
functional matrix. Am Speech Hear Assoc Rep 6:5-18. 
[Reprinted: Int J Orthod 17, March 1979]

Moss ML. 1971. Neurotrophic processes in orofacial 
growth. J Dent Res 50:1492-1494.

Moss ML. 1971. Ontogenetic aspects of craniofacial growth. 
In: Moyers RE, Krogman WM, editors. Craniofacial 
growth in man. Oxford: Pergamon Press, p 109-124.

Moss ML. 1971. The skeletal system: a physiological and 
biomechanical perspective. In: Waterman AJ, editor. 
Chordate structure and function. New York: Macmillan 
Company.

Moss ML, Salentijn L. 1971. Differences between the 
functional matrices in anterior open-bite and in deep 
overbite. Am J Orthod 60:264-280.

Moss ML, Salentijn L. 1971. The compensatory role 
of the condylar cartilage in mandibular growth: 
theoretical and clinical implications. Dtsch Zahn Mund 
Kieferheilkd Zentralbl Gesamte 56:5-16.

Moss ML, Salentijn L. 1971. The unitary logarithmic curve 
descriptive of human mandibular growth. Acta Anat 
(Basel) 78:532-542.

Salentijn L, Moss ML. 1971. Morphological attributes of 
the logarithmic growth of the human face: gnomonic 
growth. Acta Anat (Basel) 78:185-199.

OBITUARY:  M. L. MOSS



51

1972
Moss ML. 1972. An introduction to the neurobiology of 

oro-facial growth. Acta Biotheor 21:236-259.
Moss ML. 1972. Bone induction. Annu Meet Am Inst Oral 

Biol, p 49-58.
Moss ML. 1972. Functional cranial analysis and the 

functional matrix. In: Schumacher G-H, editor. 
Morphology of the maxillo-mandibular apparatus. 
Leipzig: VEB G. Thieme, p 160-165.

Moss ML. 1972. New research objectives in craniofacial 
morphogenesis. Acta Morphol Neerl Scand 10:103-110.

Moss ML. 1972. The non-existent hinge axis. Annu Meet 
Am Inst Oral Biol, p 59-66.

Moss ML. 1972. The regulation of skeletal growth. In: Goss 
RJ, editor. The regulation of organ and tissue growth. 
New York: Academic Press, p 127-142.

Moss ML. 1972. The role of intrinsic and extrinsic factors in 
the regulation of skeletal growth. Annu Meet Am Inst 
Oral Biol, p 67-78.

Moss ML. 1972. The vertebrate dermis and the integumental 
skeleton. Am Zool 12:27-34.

Moss ML. 1972. Twenty years of functional cranial analysis. 
Am J Orthod 61:479-485.

Moss ML, Meehan MA, Salentijn L. 1972. Transformative 
and translative growth processes in neurocranial 
development of the rat. Acta Anat (Basel) 81:161-182.

Moss ML, Meehan MM, Salentijn L. 1972. Transformative 
and translative growth processes in neurocranial 
development in the rat. Acta Anat 81:161-182.

1973
Moss ML. 1973. A functional cranial analysis of primate 

craniofacial growth. In: Montagna W, editor. Symposium 
IV. Int Congr Primat 3:191-208.

Moss ML. 1973. Funktionelle Schädelanalyse und die 
Funktionelle Matrix. Fortschr Kieferorthrop 34:48-63.

Salentijn L, Moss ML. 1973. Enamel (tooth). In: Gray P, 
editor. Encyclopedia of microscopy and microtechnique. 
New York: van Nostrand Rheinhold Company.

Simon MR, Moss ML. 1973. A functional cranial analysis of 
human sigmoid notch form. Acta Anat (Basel) 85:133-
144.

1974
Moss ML. 1974. Studies on dentin. I. Mantle dentin. Acta 

Anat (Basel) 87:481-507.
Srour RK, Crikelair GF, Moss ML. 1974. Neurotrophism in 

relation to muscle and nerve grafts in rats. Surg Forum 
25:508-511.

1975
Moss ML. 1975. A functional cranial analysis of centric 

relation. Dent Clin North Am 19:431-442.
Moss ML. 1975. Functional anatomy of cranial synostosis. 

Childs Brain 1:22-33.
Moss ML. 1975. New studies of cranial growth. Birth 

Defects Orig Artic Ser 11:283-295.

Moss ML. 1975. Neurotrophic regulation of craniofacial 
growth. In: McNamara JA Jr, ed. Control mechanisms 
in craniofacial growth. Monograph 3, Craniofacial 
Growth Series. Ann Arbor: Center for Human Growth 
and Development, University of Michigan, p 25-50.

Moss ML. 1975. The effect of rhombencephalic hypoplasia 
on posterior cranial base elongation in rodents. Arch 
Oral Biol 20:489-492.

Moss-Salentijn L, Moss ML. 1975. Studies on dentin 2. 
transient vasodentin in the incisor teeth of a rodent 
(perognathus longimembris). Acta Anat (Basel) 91:386-
404.

Person P, Eversole LR, Shklar G, Johnson LC, Moss ML. 
1975. The effects of cosmic particle radiation on pocket 
mice aboard Apollo XVII: appendix II. Evaluation of 
oral, dental, and skeletal tissues. Aviat Space Environ 
Med 46(4 Sec 2):634-638.

1976
Moss ML. 1976. Experimental alteration of basi-

synchondrosal cartilage growth in rat and mouse. In: 
Bosma J, editor. Symposium on development of the 
basicranium. DHEW Publication No.(NIH) 76-989. 
Washington, DC: U.S. Government Printing Office, p 
541-575.

Moss ML. 1976. The role of the nasal septal cartilage in 
midfacial growth. In: McNamara JA Jr, editor. Control 
mechanisms in craniofacial growth. Monograph 6, 
Craniofacial Growth Series. Ann Arbor: Center for 
Human Growth and Development, University of 
Michigan, p 169-204.

Moss-Salentijn L, Moss ML. 1976. Developmental and 
functional anatomy. In: Rankow R, Polayes IM, editors. 
Diseases of the salivary glands. Philadelphia: WB 
Saunders.

1977
Melsen B, Moss ML. 1977. The effect of methylazoxymethanol 

on growth of the spheno-occipital synchondrosis in 
rats. Acta Anat (Basel) 97(3):300-306.

Moss ML. 1977. A functional analysis of fusion of the tibia 
and fibula in the rat and mouse. Acta Anat (Basel) 
97:321-332.

Moss ML. 1977. Skeletal tissues in the shark. Am Zool 
17:335-342.

Moss ML, Feliciano W. 1977. A functional analysis of the 
fenestrated maxillary bone of the rabbit (Oryctolagus 
cuniculus). Anat Histol Embryol 6:167-187.

Moss M, Pilcher W. 1977. Epigenetic regulation of nasal 
conchal morphogenesis in the rat: a preliminary study. 
In: McNamara JA Jr, editor. The biology of occlusal 
development. Monograph 7, Craniofacial Growth 
Series. Ann Arbor: Center for Human Growth and 
Development, University of Michigan, p 293-312.

Moss ML, Moss-Salentijn L. 1977. Analysis of developmental 
processes possibly related to human dental sexual 
dimorphism in permanent and deciduous canines. Am 
J Phys Anthropol 46:407-413.

OBITUARY:  M. L. MOSS



52

Moss-Salentijn L, Moss ML. 1977. Effects of occlusal 
attrition and continuous eruption on odontometry of 
rat molars. Am J Phys Anthropol 47:403-407.

1978
Moss ML. 1978. Analysis of developmental processes 

possibly related to human dental sexual dimorphism. 
In: Butler PM, Joysey KA, editors. Development, 
function and evolution of teeth. London: Academic 
Press Inc., p 135-148.

Moss ML, Moss-Salentijn L. 1978. The muscle-bone 
interface: an analysis of a morphological boundary. In: 
Carlson DS, McNamara JA Jr, editors. Muscle adaptation 
in the craniofacial region. Monograph 8, Craniofacial 
Growth Series. Ann Arbor: Center for Human Growth 
and Development, University of Michigan, p 39-72.

Moss ML, Vilmann H. 1978. Studies on orthocephalization 
of the rat head. I. A model system for the study of 
adjustive cranical growth processes. Gegenbaurs 
Morphol Jahrb 124:559-579.

1979
Chiu DT, Crikelair GF, Moss ML. 1979. Epigenetic 

regulation of the shape and position of the auricle in 
the rat. Plast Reconstr Surg 63:411-417.

Moss ML. 1979. Functional cranial analysis and the 
functional matrix. Int J Orthod 17:21-31.

Moss ML. Gross anatomy. 1979. In: Boucher L, editor. A 
comprehensive review of dentistry. Philadelphia: WB 
Saunders.

Moss ML, Moss-Salentijn L. 1979. Mineral metabolism and 
bone. Chemical Zool 17:77-102.

Vilmann H, Moss ML. 1979. Studies on orthocephalization. 
2. Flexions of the rat head in the period between 14 and 
60 days after gestation. Gegenbaurs Morphol Jahrb 
125:572-582.

Vilmann H, Moss ML. 1979. Studies on orthocephalization 
of the rat head. 3. Spatial position of the lateral 
semicircular canal in 14-60 day-old rat heads. Scand J 
Dent Res 87:171-177.

Vilmann H, Moss ML. 1979. Spatial position of the lateral 
semicircular canal in 14-60-day-old rat heads. Scand J 
Dent Res 87:171-177.

1980
Moss ML. 1980. The design of bones. In: Owen R, 

Goodfellow JW, Bullough PG, editors. Scientific 
foundations of orthopaedics and the surgery of trauma. 
London: William Heinemann.

Moss ML, Skalak R, Dasgupta G, Vilmann H. 1980. Space, 
time, and space-time in craniofacial growth. Am J 
Orthod 77:591-612.

Vilmann H, Kirkeby S, Moss ML. 1980. Studies on 
orthocephalization. IV. Differential growth of the 
sphenooccipital synchondosis in the rat. Anat Anz 
148:97-104.

Vilmann H, Moss ML. 1980. Studies on orthocephalization. 
V. peripheral positional stability of the rat cranial frame 
in the period between 14 and 150 days. Acta Anat 
(Basel) 107:330-335.

1981
Melsen B, Melsen F, Moss ML. 1981. Postnatal development 

of the nasal septum studied on human autopsy material. 
In Carlson DS, ed. Craniofacial Biology. Monograph 
10, Craniofacial Growth Series. Ann Arbor: Center 
for Human Growth and Development, University of 
Michigan, p 127-144.

Moss ML. 1981. A functional analysis of palatal and mid-
facial growth. In: Kehrer B, Slongo T, Bettex M, Graf B, 
editors. Late results of treatment in cleft lip and palate. 
Bern: Hans Huber, p 73-81.

Moss ML. 1981. Genetics, epigenetics, and causation. Am J 
Orthod 80:366-375.

Moss ML, Skalak R, Moss-Salentijn L, Dasgupta GM, 
Vilmann H, Mehta P. 1981. The allometric center: the 
biological basis of an analytical model of craniofacial 
growth. Proc Finn Dent Soc 77:119-128.

Moss ML, Vilmann H, Dasgupta G, Skalak R. 1981. 
Craniofacial growth in space-time. In: Carlson DS, 
Ribbens KA, editors. Craniofacial Biology. Monograph 
10, Craniofacial Growth Series. Ann Arbor: Center 
for Human Growth and Development, University of 
Michigan, p 61-82.

Vilmann H, Moss ML. 1981. Studies on orthocephalization. 
6. Flexions of the rat head in the period between 1 day 
before gestation and 14 days after gestation. Gegenbaurs 
Morphol Jahrb 127:176-187.

Vilmann H, Moss ML. 1981. Studies on orthocephalization. 
VII. Behavior of the rat cranial frame in the period 
between 1 day before birth to 14 days after birth. Acta 
Anat (Basel) 109:157-160.

Vilmann H, Moss ML, Skalak R, Vilmann O. 1981. Space-
time presentations of the shell of the bivalved mollusk 
Cardium edule. Am J Orthod 80:417-428.

1982
Moss ML. 1982. The dialectics of craniofacial growth 

research: it is time for a new synthesis. In: McNamara 
JA Jr, Carlson DS, Ribbens KA, editors. The effect of 
surgical intervention on craniofacial growth. Ann 
Arbor: Center for Human Growth and Development, 
University of Michigan, p 373-382.

Moss ML. 1982. The logarithmic spiral and allometry 
as expressions of odontogenic thermodynamics. In: 
Kurtén B, editor. Teeth: form, function and evolution. 
New York: Columbia University Press, p 75-89.

Moss ML. 1982. The functional matrix: Functional cranial 
components. In: Kraus BS, Reidel R, editors. Vistas in 
orthodontics. Philadelphia: Lea and Febiger, p 85-98.

Moss ML, Moss-Salentijn L, Vilmann H, Newell-Morris 
L. 1982. Neuro-skeletal topology of the primate 
basicranium: its implications for the “fetalization 
hypothesis.” Gegenbaurs Morphol Jahrb 128:58-67.

Moss ML, Shinozuka M, Skalak R. 1982. The application 
of spectral analysis of random processes to the study 
of adjustive cranial skeletal growth. Prog Clin Biol Res 
101:411-421.

OBITUARY:  M. L. MOSS



53

Moss ML, Shinozuka M, Skalak R. 1982. The application 
of spectral analysis of random processes to the study 
of adaptive cranial skeletal growth. In: Dixon A, Sarnat 
B, editors. Factors and mechanisms influencing bone 
growth. New York: Alan R. Liss, p 411-421.

Skalak R, Dasgupta G, Moss ML, Otten E, Dullemeijer P, 
Vilmann H. 1982. Analytical description of growth. J 
Theor Biol 94:555-577.

1983
Moss ML. 1983. Beyond roentgenographic cephalometry—

what? Am J Orthod 84:77-79.
Moss ML. 1983. The functional matrix concept and its 

relationship to temporomandibular joint dysfunction 
and treatment. Dent Clin North Am 27:445-455.

Moss ML, Moss-Salentijn L. 1983. Vertebrate cartilages. In: 
Hall BK, editor. Cartilage. Vol. 1. New York: Academic 
Press, p 1-30.

Moss ML, Skalak R, Shinozuka M, Patel H, Moss-Salentijn 
L, Vilmann H, Mehta P. 1983. Statistical testing of an 
allometric centered model of craniofacial growth. Am 
J Orthod 83:5-18.

Patel H, Moss ML, Skalak R. 1983. Compatability 
considerations for volumetric growth tensors. Am Soc 
Mech Eng AMD 56:149-151.

1984
Moss ML. 1984. Cephalometrics—the promise that failed. 

In: Khan Ata UR, Moss ML, editors. Emerging dentistry. 
Pakistan: Rawalpindi.

Moss ML. 1984. The functional matrix hypothesis: its 
explanatory role in problems of craniofacial form and 
growth. In: Khan Ata UR, Moss ML, editors. Emerging 
dentistry. Pakistan: Rawalpindi.

Moss ML, Skalak R, Patel H, Shinozuka M, Moss-Salentijn 
L, Vilmann H. 1984. An allometric network model of 
craniofacial growth. Am J Orthod 85:316-332.

Moss ML, Skalak R, Shinozuka M, Patel H, Moss-
Salentijn L, Vilmann H, Mehta P. 1984. The testing of 
an allometric center model of craniofacial growth. Z 
Morphol Anthropol 74:295-313.

Shinozuka M,Tsurui A, Naganuma T, Moss ML, Moss-
Salentijn L. 1984. A stochastic-mechanical model of 
longitudinal bone growth. J Theor Biol 108:413-436.

1985
Moss ML. 1985. The application of the finite element 

method to the analysis of craniofacial growth and form. 
Acta Morphol Neerl Scand 23:337-356.

Moss ML. 1985. The functional matrix hypothesis and 
epigenetics. In: Graber TM, editor. Physiologic principles 
of functional appliances. St. Louis: CV Mosby.

Moss ML, Skalak R, Patel H, Sen K, Moss-Salentijn L, 
Shinozuka M, Vilmann H. 1985. Finite element method 
modeling of craniofacial growth. Am J Orthod 87:453-
472.

Vilmann H, Moss ML. 1985. Studies on orthocephalization. 
8. Behaviour of the visceral part of the rat head in 
the period between 7 and 60 days after gestation. 
Gegenbaurs Morphol Jahrb 131:329-335.

1986
Moss ML. 1986. Newer analytical models of craniofacial 

growth. Acta Leopoldina NF 58:17-25.
Moss ML. 1986. [New analytical concepts of craniofacial 

growth]. Inf Dent 68:193-200. [French.]
Moss ML. 1986. The application of the finite element 

method to the analysis of cephalic growth. Ann Hum 
Biol 12 (Suppl.): 9.

Moss ML. 1986. The application of the finite element method 
to the analysis of cephalic growth. In: Demirjian A, 
editor. IV International Congress of Auxology. London: 
Taylor and Francis 12:127-140.

Moss ML, Moss-Salentijn L, Skalak R. 1986. Finite element 
modeling of craniofacial growth and development. In: 
Graber LW, editor. Orthodontics: state of the art, essence 
of the science. St. Louis: CV Mosby, p 143-168.

Skalak R, Moss ML. 1986. Analysis of growth and form. 
Adv Bioengineer ASME 1985:1-2.

1987
Anderson OR, Moss ML, Skalak R. 1987. The cytoskeleton 

and biomineralized supportive structures in radiolaria. 
In: Bareiter-Halin J, Anderson OR, Reif W, editors. 
Cytomechanics. Heidelberg: Springer Verlag, p 200-
211.

Chowdary RP, Berkhower AS, Moss ML, Hugo NE. 1987. 
Fluorocarbon and enhancement of skin flap survival in 
rats. Plast Reconstr Surg 79:98-101.

Chowdary RP, Moss ML, Hugo NE. 1987. Use of computer 
analysis in flap research. Ann Plast Surg 18:261-264.

Moss ML. 1987. Integration of the functional matrix 
hypothesis and the finite element method: a new 
paradigm for the analysis of craniofacial growth. Le 
Journal de l’Edgewise. College Européen d’Orthodontie, 
Paris 15:7-54. [translated in French]

Moss ML, Pucciarelli HM, Moss-Salentijn L, Skalak R, Bose 
A, Goodall C, Sen K, Morgan B, Winick M. 1987. Effects 
of pre-weaning undernutrition on 21 day-old male rat 
skull form as described by the finite element method. 
Gegenbaurs Morphol Jahrb 133:837-868.

Moss ML, Vilmann H, Moss-Salentijn L, Sen K, Pucciarelli 
HM, Skalak R. 1987. Studies on orthocephalization: 
growth behavior of the rat skull in the period 13-49 
days as described by the finite element method. Am J 
Phys Anthropol 72:323-342.

Moss-Salentijn L, Moss ML, Shinozuka M, Skalak R. 1987. 
Morphological analysis and computer-aided, three 
dimensional reconstruction of chondrocytic columns 
in rabbit growth plates. J Anat 151:157-167.

Pucciarelli H, Moss ML, Skalak R, Moss-Salentijn L, 
Sen K, Vilmann H. 1987. Aplicación del método de 
los elementos finitos en estudios de diferenciación 
craneofacial. Rev del Museo de la Plata (ns) Sección 
Antropología 9:1-20.

Vilmann H, Moss ML. 1987. Studies on orthocephalization. 
10. Behaviour of the visceral part of the rat head during 
the first 14 days after gestation. Gegenbaurs Morphol 
Jahrb 133:739-745.

OBITUARY:  M. L. MOSS



54

1988
Moss ML. 1988. Finite element comparison of murine 

mandibular form differences. J Craniofac Genet 
Develop Biol 8:3-20.

1989
Vilmann H, Kirkeby S, Moss ML. 1989. Skull development 

in the muscular dystrophic mouse. Eur J Orthod 11:206-
213.

1990
Campbell S, Tattelbaum A, Rosenberg M, Chowdary R, 

Moss ML, Hugo N. 1990. Fluorometric analysis of an 
attempt to reclaim ischemic flaps in rats with Flusol. 
Plast Reconstr Surg 84:484-491.

1991
Moss ML. 1991. Alternate mechanisms of bone remodeling: 

their representation in a connected cellular network 
model. Annals Biomed Engineer 19:636.

Moss ML. 1991. Bone as a connected cellular network: 
testing and modeling. In: Ross G, editor. Topics in 
biomedical engineering. Oxford: Pergamon Press, p 
117-119.

Cowin SC, Moss-Salentijn L, Moss ML. 1991. Candidates 
for the mechanosensory system in bone. J Biomech Eng 
113:191-197.

Tanne K, Hirano Y, Sakuda M, Moss ML. 1991. Finite 
element method modeling of mandibular growth. J 
Osaka Univ Dent School 41:73-84.

1992
Campbell SP, Moss ML, Hugo N. 1992. When does a 

random flap die? Plast Reconstr Surg 89:718-721.
Dasgupta G, McAlarney M, Goodall C, Moss-Salentijn L, 

Moss ML. 1992. Form comparison without anatomical 
landmarks. Engineer Mech Proceed, EM Div/ASCE. 
College Station Texas, 5/24-27/92, p 976-979.

McAlarney ME, Dasgupta G, Moss ML, Moss-Salentijn 
L. 1992. Anatomical macroelements in the study of 
craniofacial rat growth. J Craniofac Genet Dev Biol 
12:3-12.

McAlarney M, Dasgupta G, Moss ML, Moss-Salentijn L. 
1992. Boundary macroelements and finite elements in 
biological morphometrics: a preliminary computational 
comparison. In: Held KD, Brebbia CA, Cikowski RD, 
editors. Computers in Biomedicine. Southhampton: 
Computational Mechanics Publications, p 61-74.

McAlarney M, Moss-Salentijn L, Moss ML, Basra M. 1992. 
Finite/macroelement meshes in neural rat growth. 
Engineer Mech Proceed, EM Div/ASCE. College 
Station Texas, 5/24-27/92, p 960-963.

1993
Hammond AB, Smahel Z, Moss ML. 1993. Finite element 

method analysis of craniofacial morphology in 
unilateral cleft lip and palate prior to palatoplasty. J 
Craniofac Genet Dev Biol 13:47-56.

1994
Cangialosi TJ, Moss ML, McAlarney ME, Nirenblatt BD, 

Yuan M. 1994. An evaluation of growth changes and 
treatment effects in Class II, division 1 malocclusion 

with conventional roentgenographic cephalometry 
and finite element method analysis. Am J Orthod 
Dentofacial Orthop 105:153-160.

Moss ML. 1994. Advances in finite element modeling of 
cephalic growth: the integration of macroelement and 
boundary element method with the functional matrix 
hypothesis. J Japan Orthod Soc 53:357-366.

1995
Moss ML. 1995. Growth and development of the craniofacial 

complex: an epigenetic viewpoint. In: Goodrich JT, 
Hall CD, editors. Craniofacial anomalies: growth and 
development from a surgical perspective. New York: 
Thieme Medical Publishers, Inc., p 1-7.

1997
Moss ML. 1997. The functional matrix hypothesis revisited. 

1. The role of mechanotransduction. Am J Orthod 
Dentofacial Orthop 112:8-11.

Moss ML. 1997. The functional matrix hypothesis revisited. 
2. The role of an osseous connected cellular network. 
Am J Orthod Dentofacial Orthop 112:221-226.

Moss ML. 1997. The functional matrix hypothesis revisited. 
3. The genomic thesis. Am J Orthod Dentofacial Orthop 
112:338-342.

Moss ML. 1997. The functional matrix hypothesis revisited. 
4. The epigenetic antithesis and the resolving synthesis. 
Am J Orthod Dentofacial Orthop 112:410-417.

Moss ML, Cowin SC. 1997. Mechanosensory mechanisms 
in bone. In: Lanza R, Chick W, editors. Principles of 
tissue engineering. Austin, TX:  R G Landes Comp, p 
645-659.

Moss-Salentijn L, Moss ML, Yuan M. 1997. The ontogeny 
of mammalian enamel. In: von Koenigswald W, Sander 
PM, editors. Tooth enamel microstructure. Rotterdam: 
Balkema, p 5-30.

1998
Moss ML. 1998. La Matriz Funcional. Ortodoncia Clinica 

(Barcelona) 1:129-138. [Reprint of Moss ML: The 
functional matrix. Vistas in orthodontics, p 85-98, 
Philadelphia 1962, Lea & Febiger.]

2000
Cowin SC, Moss ML. 2000. Mechanosensory mechanisms 

in bone. In: Lanza R, Langer R, Vacanti J, editors. 
Principles of tissue engineering, second ed. San Diego: 
Academic Press, p 723-737.

2001
Cowin SC, Moss ML. 2001. Mechanosensory mechanisms in 

bone. In: Cowin SC, editor. Bone mechanics handbook, 
second ed. Boca Raton: CRC Press, p 1-17.

Takeshita S, Sasaki A, Tanne K, Publico AS, Moss ML. 2001. 
The nature of human craniofacial growth studied with 
finite element analytical approach. Clin Orthod Res 
4:148-160.

2003
Moss ML. 2003. Discussion of: Effect of unilateral partial 

facial paralysis on periosteal growth of the muscle-
bone interface of facial muscles and facial bones. Plast 
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DAA Subscription

The secretary-treasurer of the Dental Anthropol-
ogy Association is Dr. Loren R. Lease of Youngstown 
State University.

Dr. Loren R. Lease
Department of Sociology and Anthropology
Youngstown State University
One University Plaza
Youngstown, Ohio  44555 USA

Telephone:  (330) 941-1686
E-mail:  lrlease@ysu.edu

Dental Anthropology now is published electroni-
cally and e-mailed to all members as a PDF.  If you 
also want to receive a hard copy, be sure to make 
this clear on the membership form at the DAA web-
site or contact Loren.

Speed communication about your membership 
by contacting Loren directly (other officers may not 
have current membership lists).

2004
Sasaki A, Takeshita S, Publico AS, Moss ML, Tanaka E, 

Ishino Y, Watanabe M, Tanne K. 2004. Finite element 
growth analysis for the craniofacial skeleton in patients 
with cleft lip and palate. Med Eng Phys 26:109-118.

2005
Moss ML, Moss-Salentijn L, Hasselgren G, Ling H. 2005. 

A quantum biological hypothesis of human secondary 
dentinogenesis. Med Hypotheses 64:479-486.

Thackeray JF, Braga J, Moss ML, Dasgupta G, Treil J, Prat 
S, Solimene A. 2005. Temporal lines and probabilities 
of sagittal crest development. Ann Transvaal Museum, 
Pretoria 42:94-96.

[An electronic version of this bibliography is available on 
request.  Editor]
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Call to Order
President Simon Hillson called the meeting to order at 
7:45 pm. There were 35 members in attendance.

Old Business
None.

New Business
1. Secretary-Treasurer’s Report: Heather Edgar reported 

that as of March 15th, 2007, the DAA has $3066.92 
in operation funds and $1439.79 in the AA Dahlberg 
prize funds.  Due to the journal being distributed 
electronically to most members, the operation funds are 
now in good shape.  However, the Dahlberg prize fund 
is getting low, and donations would be welcome. There 
are 139 members in the association who are current 
with their dues or one year past current.  Members 
who are more than one year in arrears on their dues 
will receive email reminders over the summer. 

2. A. A. Dahlberg Student Prize:  The winner of the 
2007 was Matthew Skinner, for his paper entitled 
“Non-metric dental trait expression at the enamel-
dentine junction of lower molars in extant and fossil 
hominoids.”  He received $200, a certificate of award, a 
year’s free membership in the DAA (Fig. 1).

3. Simon Hillson nominated Edward Harris to continue 
in his position as Editor of Dental Anthropology. The 
motion was unanimously passed.

4. Loren Lease was elected Secretary-Treasurer for 2007-
2008.

5. Simon Hillson discussed the continuing relevance of 
dental anthropology, as evidenced by the recent spate 
of related articles in the popular press.  These articles 
reported on research ranging from health correlations 
of Streptococcus mutans to laboratories creating teeth 
from germs cells. He ended his term as DAA President 
by handing the presidential gavel to Brian Hemphill, 
President-Elect, who discussed present and future 
trends in dental anthropology, including the use of 
sophisticated statistical and technological methods 
(Fig. 2).

Adjournment
Simon Hillson adjourned the meeting at 8:45 pm.  The 

meeting was followed by a period of socializing around 
the DAA bar.

Submitted by:
Heather J.H. Edgar
DAA Secretary-Treasurer

Minutes of the 22nd Annual Dental Anthropology 
Association Business Meeting

March 29th, 2006, Philadelphia, Pennsylvania

Fig. 2. Simon Hillson ceremoniously relinquishes the 
gavel to incoming President-Elect Brian Hemphill. 

Fig. 1. President Hillson congratulates Matthew 
Skinner for winning the Dahlberg Award for 2007.



NOTICE TO CONTRIBUTORS

Dental Anthropology publishes research articles, book reviews, announcements and notes and comments relevant to 
the membership of the Dental Anthropology Association. Editorials, opinion articles, and research questions are invited 
for the purpose of stimulating discussion and the transfer of information. Address correspondence to the Editor, Dr. 
Edward F. Harris, Department of Orthodontics, University of Tennessee, Memphis, TN 38163 USA (E-mail:  eharris@
utmem.edu).

Research Articles. The manuscript should be in a uniform style (one font style, with the same 10- to 12-point font size 
throughout) and should consist of seven sections in this order:
 Title page Tables
 Abstract Figure Legends
 Text Figures
 Literature Cited
The manuscript should be double-spaced on one side of 8.5 x 11’’ paper (or the approximate local equivalent) with 
adequate margins. All pages should be numbered consecutively, beginning with the title page. Electronic submission is 
preferred. Submit two (2) copies—the original and one copy—to the Editor at the address above. Be certain to include 
the full address of the corresponding author, including an E-mail address. All research articles are peer reviewed; the 
author may be asked to revise the paper to the satisfaction of the reviewers and the Editor. All communications appear 
in English.

Title Page. This page contains (a) title of the paper, (b) authors’ names as they are to appear in publication, (c) full 
institutional affiliation of each author, (d) number of manuscript pages (including text, references, tables, and figures), 
and (3) an abbreviated title for the header.  Be certain to include a working E-mail address and/or telephone number.

Abstract. The abstract does not contain subheadings, but should include succinct comments relating to these five areas: 
introduction, materials, methods, principal results, and conclusion. The abstract should not exceed 200 words. Use 
full sentences.  The abstract has to stand alone without reference to the paper; avoid citations to the literature in the 
abstract. 

Figures. One set of the original figures must be provided with the manuscript in publication-ready format. Drawings 
and graphics should be of high quality in black-and-white with strong contrast. Graphics on heavy-bodied paper or 
mounted on cardboard are encouraged; label each on the back with the author’s name, figure number, and orientation. 
Generally it is preferable to also send graphs and figures as computer files that can be printed at high resolution (300 
dpi or higher). Most common file formats (Windows or Macintosh) are acceptable; check with the Editor if there is a 
question. The journal does support color illustrations. Print each table on a separate page.  Each table consists of (a) a 
table legend (at top) explaining as briefly as possible the contents of the table, (b) the table proper, and (c) any footnotes 
(at the bottom) needed to clarify contents of the table.  Whenever possible, provide the disk-version of each table as a 
tab-delimited document; do not use the “make table” feature available with most word-processing programs.  Use as 
few horizontal lines as possible and do not use vertical lines in a table.

Literature Cited. Dental Anthropology adheres strictly to the current citation format of the American Journal of Physical 
Anthropology. Refer to a current issue of the AJPA or to that association’s web-site since the “current” style is periodically 
updated. As of this writing, the most recent guidelines have been published in the January, 2002, issue of the AJPA 
(2002;117:97-101). Dental Anthropology adheres to the in-text citation style used by the AJPA consisting of the author’s 
last name followed by the year of publication.  References are enclosed in parentheses, separated by a semicolon, and 
there is a comma before the date.  Examples are (Black, 2000; Black and White, 2001; White et al., 2002).  The list of 
authors is truncated and the Latin abbreviation “et al.” is substituted when there are three or more authors (Brown et 
al., 2000).  However, all authors of a reference are listed in the Literature Cited section at the end of the manuscript.

Electronic Submission. Electronic submission in place of sending hard copies of articles is strongly encouraged. For 
articles that undergo peer review, the editor will request submission of the final revision of a manuscript in electronic 
format, not interim versions. Files can be submitted on a 3.5” diskette, or a 100-megabyte Iomega Zip disk, or a compact 
disk (CD), either in Windows or Macintosh format. Files can also be sent as E-mail attachments. Microsoft Word 
documents are preferred, but most common formats are suitable. Submit text and each table and figure as a separate 
file. Illustrations should be sent in PDF or EPS format, or check with the Editor before submitting other file types. Be 
certain to label any disk with your name, file format, and file names.
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