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Introduction 

Dental anatomy such as tooth 

morphology , dimension , dental arra

ngement can give us valuable 

information related to human den

tition , population specificity , foren

sic dentistry and anthropology. 

Correct identification in dental 

anatomy of single human teeth , 

whether they are found in jaw 

segments or in isolation , is of great 

importance. On some occasions , 

correct1y identified teeth can be 

conclusive in forensic dentistry. 

Forensic odontology demands met

hodical odontometric data for the 

identification of teeth examined 

postmortem 

In addition. Odontometric studies 

based on traditional measures of 

*교신저자 

tooth size , i .e , mesiodistal (MD) 

and buccolingual (BL) crown dia

meters can provide advanced under

standing of its ontogeny. Adva

nced digital analysis based on 

standized digital photography and 

digital imaging processing techni

que is attributed to active studies 

on odontometric research . 

Butlerll revealed that estimates 

of genetic and environmental con

tributions to the variability in 

overall tooth size , together with 

analyses of correlations between 

dental dimensions , have improved 

our understanding of the control 

mechanisms operating during odo

ntogenesis . 

Various qualitative and quanti

tative studies have been perfor

med on characteristics and diffe

rences between two sexes or races 
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based on ontogeny , tooth morphology , 

and size of teeth. Biggerstaff2
) 

introduced the concept of basal 

crown areas in an attempt to assess 

the variation within premolar and 

molar crowns generated by devi 

ations in the size and location 

of indivisual crown component . 

Sudeendra Prabhu3
) examined sex

ual dimorphism in Indians wi th 

MD and BL measurments of tooth 

crown and reported moderate 

accuracy in sex prediction : the 

mandibular teeth can determine 

sex with higher accuracy (75.2%) 

when compared to teeth in both 

jaws taken together (74.3%) or 

using maxillary teeth (62.9%). 

G.C. Townsend4
) did a research on 

intercuspal distances and reported 

that no significant differences 

were noted between the sexes for 

intercuspal distances and inter

cuspal dimensions showed greater 

variability and fluctuating asym

metry . 

Some studies reported that sex 

can be determined by measuring 

tooth sizes which show difference 

in both sexes and populations5-S). 

But other researchers have found 

no evidence of significant sexual 
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dimorphism for certain dental 
traits9 , lO) 

Many tooth morphologic studies 

on sexual dimorphism and tooth 

differentiation were performed but 

maxillary premolar focused reports 

were not abundant , Moreover , it 

is not easy for dentists to differ

entiate between maxillary first 

premolars and second premolars 

unlike mandibular premolars , Addi

tionally , population-specific data 

is necessary for forensic odontology 

and anthropology but morphome

tric data of maxillary premolars 

in Koreans is rare. 

Therefore , the purpose of this 

study is to investigate crown size 

and morphologic characteristics of 

occl usal surface of maxillary first 

and second premolars among adult 

Koreans and to check whether 

there are any differences between 

both sexes and between maxillary 

first and second premolars , 

Materials and Methods 

A. Sample 

1) Subj ects 

The study is performed in Cho-
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nnam Nationa1 University Schoo1 

of Dentistry in Gwangju , Jeolla

nam-do , South Korea. The tota1 

number of participants is 183 , 

and the group consists of 110 

men and 73 women. The average 

age is 28.9 :t 3.7 (range 22.6 ~42.2) 

years of age. 

2) Cri teria of vo1 unteer 
se1ection 

Subjects were chosen by the 

following cri teria: 

a) intact morpho1ogy of the ori

gina1 form of premo1ars wi th 

out any prothetic modification 

(in1ay , on1ay , crown etc.) on 

tooth. 

b) no evidence of excessive tooth 

wear. 

c) the presence of both first and 

second premo1ars in either 1eft 

or right maxilla. 

B. Dental cast fabrication 

Denta1 stone casts were made 

with p1aster within 1 hour after 

taking maxillary impression of 

participants by using a1ginate im

pression materia1. After obtaining 

denta1 cast. next step was to 

remove air bubb1e and then to 

test whether individua1 cusps 

are distinguishab1e. Then , cusp 

tips were marked by a penci1 in 

order to make it easy to measure 

intercuspa1 distance between bu

cca1 and lingua1 cusp tips. 

Denta1 casts with ambiguous 

cusp tips due to attrition or fra

cture of occlusa1 surface were 

excluded from the experiment . 

The experiment was mos t1y perfor

med with maxillary right premo-

1ars . but maxillary 1eft premo 

1ars were a1so included when 

there were missing teeth. heavy 

attrition. prosthesis. and abnorma1 

on the right side . After excluding 

all types of exceptions. the number 

of fina1 participants narrowed to 

110 men and 73 women. 

C. 8tandard Photograph and 

measurements of occlusal surface 

Canon Powershot A 640 was 

used to shoot occlusa1 surfaces 

of maxillary first premo1ars and 

second premo1ars of denta1 casts . 

After setting up denta1 axis per

pendicu1ar to the 1aboratory floor. 

1 t is shot 40cm a way from the 

occlusa1 surface (Fig. 1) 
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Fig , 1, Photographs 01 occlusal surlace 01 
maxi llary premolars 

Mesiocl istal Oiam eter 
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Buccolin Qual 
Oiameter 

Fig , 2, MD and BL measuremen t. 

Buccal cusp Area 
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/ 싫 
Lingu al cusp Area 
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Fig , 3, ID , BC and LC area measurement 
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Maxill ary prernolar 
accessory ridge 

rerrð s ’ 
lubercle 

’ / “ n ’ ‘,? J l' 

Mesial Marg inal developlTl pntal groovP 

Fig , 4, Terra's tu bercle , M.M.groove and 
MxPAR measuremen t. 

Occlusal parameters of maxillary 

premolars on the photographs were 

measured by AxioVision LE REl 

4.4(Carl Zeiss Microlmaging GmbH) 

program (Fig. 2-4) as follows 

1) Intercuspal distance (ID): dis 

tance between buccal cusp tip and 

lingu al cusp tip , 2) Buccolingual 

crown diameter (BL): a perpendi

cular distance between two tange

ntial lines of the most promi 

nent point of either buccal and 

lingual sides of crown , 3) Me 

siodistal crown diameter (MD) : 

a perpendicular distance between 

two tangential lines of the most 

prominent point of either mesial 

and distal sides of crown , 4) Each 

cusp area Buccal cusp area (BC 

area) and lingual cusp area (LC 

area) were divided by the central 

developmental groove , 5) total 

cusp area calculated by the sum 

of a ll cusp areas , 6) Terra' s tube-
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Table 1. Description 01 MxPAR plaque grades 7 

Grade Description 
0 Absent. No detectable ridge formation 

Truncated ridge. Ridge does not extend continuously from the buccal ridge 

T to the medial sulcus. Truncated ridges should be scored to size using the 
following grades and are not di fferentiated from nontruncated ridges in 
analysis 
Trace ‘ A continuous ridge is barely discernable. but seen under strong light 

2 Small. A thin continuous ridge. yet easily palpable. 
3 Medium. A continuous ridge with moderate thickness. 
4 Pronounced. A large. thick. continuous ridge that dominates the locus. 

Length and area are measured by respectively O.lmm and O.Olmm2 units 

rcle. 7) Mesial marginal groove. 

8) Maxillary premolar accessory 

r idge. (MxPAR). 

Fig. 5. MxPAR scoring plaque 

When Maxill ary premolar acce

ssory r idges were analysed. five

grade rank scale(Table 1) by Scott 

E. Burnettl1) which has been rece 

ntly included in the Arizona State 

University Dental Anthropology 

System was adopted for visual 

scoring. The scale was developed to 

aid in analyzing of both mesial 

and distal accessory ridges on 

both first and second maxillary 

premolars with a s ingle reference 

plaque (Fig.5) . 

D. Statistical Ana lys is 

Technical stati s tica l analysis in 

cluding distribution of variables 

is analyzed by PASW Statistics 18 

(Ver. 18.0.0 SPSS Inc . USA) SPSS 

software program. Difference bet

ween mandibular fi rst molars and 

mandibular second molars were 

analyzed by paired t - t es t. Diffe

rence between Genders and corre

lation between variables are anal

yzed by independent t - test and 

Pearson' s correl ation test respec 

tively . Each a n a lys is i s perfor

med with 95% confidence interval 

and significant difference of P(0 .05. 

In order to check out m easure 
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ment errors , 40 dental casts are 

randomly selected and a serial of 

procedure of standard photography 

and measurements of dental casts 

were repeated by the second exa

miner . inter-observer errors were 

analysed by paired t-test with 

95% confidence interval and signi

ficant difference of P(0.05. 

Results 

A. Comparison of Maxillary first 
and second Premolar. 

Crown diameter (ID , MD , BL) , 

crown area (BC area , LC area , 

Crown area) and percentage (BC 

rate , Terra' s tubercle , M.M. groove) 

in maxillary first premolars were 

bigger than in second premolars 

except LC rate and MxPAR scores 

in this study. The absolute surface 

area of LC of first premolar is 

greater than that of second pre

molar but LC rate (the relative 

value of LC area) yield the con

trary result. 

Basic Descriptive statistics of 

crown diameter , cusp area , Terra' s 

tuberc1e , Mesio marginal groove , 

MxP AR of maxillary first and second 
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premolar in Koreans is listed in 

Table 2. 

Intercuspal diameters of adu1t 

Korean premolars were 6.40:t 0.57mm 

6.33 :t 0.56mm , MDs were 7.86 :t 

0.50mm , 7.25 :t 0.53mm , BLs were 

9.76 :t 0.60mm , 9.50 :t 0.68mm in 

maxillary fist premolars and second 

premolars , respectively 

Those crown diameter comparison 

between maxillary first and second 

premolars were shown in Fig. 6. 

BC areas were 35.03 :t 4.25mm2 

30.63 :t 3.98mm2
, LC areas were 

25.09 :t 3.71mm2
’ 

24.23 :t 3.78mm2
’ 

Crown areas were 60.12 :t 6.57mm2

’ 

54.87 :t 6.79mm2 in maxillary fist 

premolars and second premolars , 

respectively. Maxillary fist premo 

lars were longer and wider than 

second premolars in crown diameter 

and areas. 

In Pearson correlation test , total 

crown area showed c10se correla

tion to several measurement para 

meters . Interestingly , total crown 

area of maxillary Premolars was 

more correlated to BL diameter 

(r = 0.840 , p = O.OOO) than MD dia

meter (r =0.787 , p=O.OOO) and Inter

cuspal diameter (r=0.576 , p =O.OOO) . 

This tendency was more apparent 
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Table 2. Descri이ve statistics 01 maxillary lirst and second premolars. 

t- test 

N Mean S.D confidence 

t p-value interval (95 %) 

Min Max 

ID (P l) 183 6.40 0.57 
2.023 0.045 ' 0.002 0.139 

ID (P2) 183 6.33 0.56 

crown MD (P l) 183 7.86 0.50 
diameter 16.310 0.000" 0.540 0.689 

(mm) MD (P2) 183 7.25 0.53 

BL (P l) 183 9.76 0.60 
7.408 0.000" 0.197 0.340 

BL (P2) 183 9.50 0.68 

BC area (P l) 183 35.03 4.25 
18.955 0.000" 3.940 4 .856 

BC area (P2) 183 30.63 3.98 

cusp LC area (P l) 183 25.09 3.71 
area 4 .248 0.000" 0.456 1. 246 

(mm2) LC area (P2) 183 24.23 3.78 

crown area (P l) 183 60.12 6.57 
16 .081 0.000" 4.605 5.893 

crown area (P2) 183 54.87 6.79 

BC rate(p l) 183 58.31 3.79 
9.708 0.000" 1.921 2.900 

BC rate(P2) 183 55 .90 3.42 

LC rate(p l) 183 41. 69 3.79 
9.708 0.000" - 2.900 1. 921 

LC rate(P2) 183 44.10 3 .42 
(%) 

Terra' s tubercle(p l) 183 70 .49 45 .73 
8.709 0.000" 30.853 48.928 

Terra' s tubercle(P2) 183 30.60 46.21 

M.M.groove(P l) 183 63.39 48.31 
11.174 0.000" 39.596 56.579 

M.M.groove(P2) 183 15.30 36.10 

M.MxPAR(P l) 183 0.45 0.75 
11.284 0.000" 1. 528 - 1. 073 

M.MxPAR(P2) 183 1. 75 1.47 
score 

D.MxPAR(P l) 183 0.78 0.95 
- 12.154 0.000" - 1. 391 1. 002 

D.MxPAR(P2) 183 1. 97 1.31 

Abbr.: ID Intercuaps l distance , MD mesiodistal diameter , BL buccolingual diameter , BC 
area buccal cusp area , LC area lingual cusp area. S.D standard deviation , BC rate 
buccal cusp rate , LC rate lingual cusp rate , M.M.groove Mesial marginal groove 
M.MxPAR mesial maxillary premolar accessory ridge D.MxPAR distal maxillary premolar 
accessory ridge , • p(0.05 , "p(O.Ol 
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Table 3. Comparison 01 maxillary lirst and second premolars in male. 

t- t est 

N 
Mean 

S.D confidence 
(mm) p- value interval (95%) 

Min Max 

ID (P l) 110 6.41 0.61 
2.068 0.041 * 0.004 0.188 

ID (P2) 110 6.31 0. 58 

crown MD (P l) 110 7.91 0. 55 
diameter 13.553 0.000** 0. 559 0.751 

(mm) MD (P2) 110 7.25 0.49 

BL (P l) 110 9.84 0.60 
6.372 0.000 ** 0.207 0. 394 

BL (P2) 110 9.54 0.70 

BC area (P1) 110 35 .87 4.33 
16.549 0.000** 4 .049 5.15 

BC area (P2) 110 31. 27 4.16 

cusp LC area (P l) 110 25.07 3.82 
area 3.999 0.000** 0.489 1. 449 

(mm2) LC area (P2) 110 24.1 3.63 

Crown area (P l) 110 60.94 6.93 
14 .314 0.000** 4 .797 6.339 

Crown area (P2) 110 55.37 6.90 

BC rate(p l) 11 0 58.91 3.65 
8.032 0.000 ** 1. 808 2.993 

BC rate(P2) 110 56.51 3.27 

LC rate(p l) 110 41.09 3.65 
45 .666 0.000** 16.252 17.727 

rate LC rate(P2) 110 24. 10 3.63 
(%) Terra' s tubercle(p l) 110 70.91 45 .63 

7.423 0.000 ** 32.652 56.438 
Terra' s tubercle(P2 ) 110 26.36 44.26 

M.M.groove(P l) 110 60.00 49 .21 
7.849 0.000 ** 32.618 54.654 

M.M.groove(P2) 110 16 .36 37 .16 

M.MxPAR(P l) 110 0.49 0.75 
-9.221 0.000 ** 1. 668 - 1. 078 

M.MxPAR(P2) 110 1.86 1. 52 
score 

D.MxPAR(P l) 110 0.64 0.91 
- 10.035 0.000** 1.470 -0.985 

D.MxPAR(P2) 110 1. 86 1.34 

Abbr.: ID Intercuapsl dist ance , MD mesiodistal diame ter , BL buccolingual diameter , BC 
area buccal cusp area , LC area lingual cusp area. S.D standard deviation , BC rate 
buccal cusp rate , LC rat e lingual cusp rat e , M.M.groove Mesial marginal groove 
M.MxPAR mesial maxillary premolar accessory ridge D.MxPAR distal maxillary premolar 
accessory ridge , * p(O ‘ 05 , **p(O.Ol 
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Table 4. Comparison 01 maxi llary lirsl and second premolars in lemale. 

t- test 

N Mean S.D 
confidence 

t p-value interva l (95%) 

Min Max 

ID (P l) 73 6.40 0.52 
0.644 0.521 - 0 ‘ 071 0.139 

ID (P2) 73 6.36 0.55 

crown MD (P l) 73 7.80 0.42 
diameter 9.268 0.000" 0.435 0.673 

(mm) MD (P2) 73 7.24 0.58 

BL (P l) 73 9.65 0.58 
3.882 0.000" 0.107 0.332 

BL (P2) 73 9.43 0.64 

BC area (P1) 73 33 .77 3.82 
10.146 0.000" 3.290 4.899 

BC area (P2) 73 29.68 3.51 

cusp LC area (p l) 73 25.11 3.56 
area 1. 950 0.055 0.015 1.364 

(mm2) LC area (P2) 73 24 .43 4.02 

Crown area (p l) 73 58.88 5.80 
8.369 0.000" 3.633 5.905 

Crown area (P2) 73 54.11 6.58 

BC rate(p l) 73 57 .40 3.85 
5.611 0.000" 1. 564 3.287 

BC rate(P2) 73 54.98 3.46 

LC rate (p l) 73 25. 11 3.56 
46.278 0.000" 20.773 19.057 

rate LC rate(P2) 73 45.02 3 .46 
(%) Terra' s tubercle(p l) 73 69.86 46.20 

4.665 0.000" 18.827 46.927 
Terra' s tubercle(P2) 73 36.99 48.61 

M.M.groove(p l) 73 68 .49 46.78 
8. 095 0.000" 41. 301 68.288 

M.M.groove(P2) 73 13 .70 34.62 

M.MxPAR(P l) 73 0.38 0.76 
-6.526 0.000" 1.556 -0.828 

M.MxPAR(P2) 73 1. 58 1. 39 
score 

D.MxPAR(P l) 73 0.99 0.99 
-6.968 0.000" - 1.480 0.821 

D.MxPAR(P2) 73 2.14 1. 24 

Abbr.: ID Intercuapsl distance. MD mesiodistal diameter. BL buccolingual diameter . BC 
area buccal cusp area. LC area lingual cusp area. S .D standard deviation. BC rate 
buccal cusp rate . LC rate lingual cusp rate. M.M.groove Mesial margina l groove 
M.MxPAR mesial maxillary premolar accessory ridge D.MxPAR distal maxillary premolar 
accessory ridge. • p( 0.05 ‘ " p(O.Ol 
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in P1 because BL diameter of P1 

(r=0.872. p =O.OOO) was more corre

lated to total crown area than 

that of P2(r =0.813. p =O.OOO) . Simi 

lary crown area was much more 

proportional to BC area (r = 0.882. 

p=O.OOO) than LC area (r= 0.812. 

p=O.OOO) . But buccal cusp area was 

more correlated to MD diameter 

(r=0.783 . p=O.OOO) than BL dia

meter(r =0.711. p =O.OOO) . 

BC rate of maxillary fist pre

molars (58.31%) was bigger than 

that of second premolars (55.90%) 

but LC rate of second premolars 

(44.10%) was bigger than the that 

of first premolars (41. 69%). 

Terra' s tubercle and M.M.groove 

were more frequen t1y detected in 

maxillary first premolars (70 .49%. 

63.39%) than in second premolars 

(30 .60%. 15.30%) . 

MxPARs were most frequently 

observed in distal locus of maxi

ll ary second premolars and most 

infrequent in mesial locus of maxi

llary first premolars. Mean MxPAR 

scores were marked (0 .45) in mesial 

locus first premolars and (1.97) 

distal locus of second premolars. 

respectively. 

All measurements revealed signi-
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ficant difference between maxillary 

first and second premolars. but 

when those were classified into 

male (Table 3) and female (Table 

4). maxillary premolars of 73 female 

subj ects did not show significant 

difference in intercuspal distance 

and lingual cusp areas. whereas 

maxillary premolars of 110 male 

subjects showed significant diffe

rence in a ll measurements . 

(mm') 

11 

10 

6 

4 

1D MD BL 

.p1 

p2 

Fig. 6. Crown diameter comparison between 
maxillary first and second premo
lars. Data were represented with 
mean ::t S.D M: male F:female 
** p(O.05. **p(O.01 

In terms of MxPAR. ridges typi

fied by plaque grades 2-4 may be 

considered present while grades 

0- 1 reflect absence of the trai t 

(MxPAR) for optimal results. The 
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Table 5. MxPAR scores lor Maxillary lirst and second premolars by Locus and Grade 

펴」행 
absent 

-------------
0 1 

Mesial N = 126 36 
P1 

Distal N = 90 57 
Mesial 

P2 
N = 53 30 

Distal N = 34 31 

“ ’ 70.00 

60. 00 

50.00 

• r- . ~ 
20.00 

10.00 

0.00 
P1 P2 

Fig. 7. Comparison 01 MxPAR present 
rate between maxi llary list and 
second premolars. M: mesial D 
distal 

results of present rate were showed 

in ficture 7. MxP ARs were detected 

with more than 50% of present 

rate in each 1ocation of maxill

ary second premo1ars but 1ess than 

20% in maxillary first mo1ars. 

Dista1 10cus of each premo1ar were 

more frequent1y detected than 

mesia1 1ocus. MxPAR scores for 

Maxillary first and second premo-

1ars by Locus and Grade were 

shown in Tab1e 5. 

Present 
<--------------- present 

2 3 4 
rate(%) 

17 4 0 11.48 
28 3 5 19.67 
47 16 37 54.64 
49 44 25 64.48 

B. Gender difference 

Gender difference was assessed 

in three groups - who1e maxillary 

premo1ars. simp1e maxillary first 

premo1ars and simp1e maxillary 

second premo1ars. Gender difference 

in who1e maxillary premo1ars were 

1isted in Tab1e 6. Overa11 crown 

diameters and areas measured in 

maxillary premo1ars were greater in 

ma1e than in fema1e but inter

cuspa1 distance and mesiodista1 

diameter did not show significant 

difference. Intercuspa1 distances 

were 6.38mm. 6.36mm and mesio

dista1 diameters were 7. 52mm 

7.58mm in fema1e and ma1e 

respective1y . BC area. BC rate 

and LC rate showed stab1e sexua1 

dimorphism in a11 three groups. 

BC rate of ma1e maxillary pre

mo1ars (57.71%) was bigger than 

that of fema1e maxillary premo-

1ars (56.19%) but LC rate was 
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bigger in female (43.81%) tha n 

in male (42.29%) . Terra' s tubercle , 

M.M.groove and M .MxPAR did 

not show gender difference but 

D.MxPAR of female maxillary pre 

molars scored (1 .56) higher than 

that of male m axillary premolars 

(1 .25 )( p(0.05) . 

But in Table 8. which lists gender 

differences of simple maxillary 

second premolar BC area , BC rate 

and LC rat e revealed significant 

gender difference consist ently. 

Gender difference in BC rate 

BC areas. LC rate. Terra' s tubercle 

a nd M.M. Grooves between maxi

llary premolars were graphically 

depicted in Fig. 8-12. 

{씨 

70.00 

60.00 

50. ()() 

40.00 

'""" rI " f 

20.00 

10.00 

0.00 

P1 P2 

Fig. 8. Gender difference in BC rate 01 
Maxillary premolars. M: male F: 
lemale (* p(0.05, **p(0.01) 
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(mm J
) 

45.00 

40.00 

35.00 

30.00 

25. ()() 

20.00 1톨 || l l· 「 l M I f 

15.00 

10.00 

5. 00 

0.00 

P1 P2 

Fig . 9. Gender difference in BC areas 01 
Maxillary premolars. M‘ male F 
lemale (* p(0.05, . **p(0.01) 

1%1 

60. ()() 

50. 00 

40. 00 

~ I 11 L " M 

20.00 

10.00 

O. ()() 
P1 P2 

Fig. 10. Gender difference in LC rate 01 
Maxillary premolars M: male F: 
lemale (* p(0.05 , **p(0.01) 
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1%1 

80 

70 

60 

50 

" M 40 

r Iì " F 

30 

20 

10 I_~ -
0 

Pl P2 

Fig. 11. Gender difference in Terra's tubercle 
이 Maxillary premolars M: male F: 
female 

1%1 

80.00 

70.00 

60. 00 

50.00 

40. 00 " M 

" F 
30.00 

20.00 

10.00 

0.00 
Pl P2 

Fig. 12. Gender difference in M. M. groove 
of Maxillary premolars M: male 

C. Interobserver Errors 

After selecting 40 dental casts 

randomly. measurement errors were 

calculated by comparing first mea

surement values by taking photo 

graphs and performing graphic an

alysis of dental casts repeatedly. 

Gender difference in simple 

maxillary first premolars were 

listed in Table 7. BL. BC area 

Crown area. BC rate. LC rate 

and D.MxPAR showed significant 

gender difference like the former 

Table 6. 

Paired t-test with 95% confi 

dence interval for first and second 

measurements was performed and 

it showed no significant difference 

(p<0.05) given that there were 

negligible measurement errors in 

this study and results are reli 

able. 

Discussion 

There has been no comprehen

sive comparative study of tooth 

crown dimension in male and 

female where maxillary first and 

second premolars were compared. 

moreover maxillary premolar traits 

are under- represented in most 

studies of dental morphology. 

The maxillary premolars are deve

loped from the same number of 

lobes as anterior teeth-four . The 
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Table 6. Gender difference in whole maxillary premolars. 

t - test 

N Mean S. D confidence 

t p-value interval (95 %) 

Min. Max . 

F 146 6.38 0.53 0.385 0.701 0.096 0.143 
ID 

M 220 6.36 0. 59 

F 146 7.52 0.58 - 0.921 0.358 0.185 0 .067 
MD (mm) 

M 220 7.58 0.62 

F 146 9.54 0.62 2. 171 0.031 * - 0. 287 - 0.014 I 
BL 

M 220 9.69 0.67 

F 146 31.73 4 .19 - 3.763 0.000** 2.802 - 0. 879 
BC area 

M 220 33.57 4 .82 

F 146 24.77 3.80 0. 455 0.649 0.608 0.974 
LC area (mm2) 

M 220 24.59 3.75 

F 146 56.50 6.63 - 2.177 0.030* 3.154 - 0.161 
Crown area 

M 220 58.15 7.44 

F 146 56. 19 3.85 3.806 0.000** 2.301 0.733 
BC rate 

M 220 57 .71 3.66 

F 146 43.81 3.85 3.806 0.000** 0.733 2.301 
LC rate 

M 220 42 .29 3.66 
(%) 

F 146 53.42 50.05 0. 896 0. 371 5.724 15 .301 
Terra' s tubercle 

M 220 48.64 50.10 

F 146 41. 10 49.37 0.558 0.578 7.364 13 .193 
M.M. groove 

M 220 38.18 48.69 

F 146 0.98 1. 27 - 1.388 0.166 0.478 0.082 
M.MxPAR 

M 220 1. 18 1. 38 
score 

F 146 1. 56 1. 26 2.275 0.023* 0.042 0.581 
D.MxPAR 

M 220 1. 25 1. 30 

Abbr ID Intercuapsl distance . MD mesiodistal diameter. BL buccolingual di ameter. BC area 
buccal cusp area . LC area lingual cusp area . S.D standard deviation , BC rate buccal cusp rate. LC 
rate lingual cusp rate. F female. M male , M.M.groove Mesial marginal groove. M.MxPAR mesial 
maxillary premolar accessory ridge D.MxPAR distal maxillary premolar accessory ridge. * p(O.05. 
**p(O.Ol 
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Table 7. Gender difference in simple maxillary first premolars, 

t- test 

N Mean 3 , D confidence interval l 

t p-value (95 %) 

Min ‘ Max 

F 73 6.40 0 , 52 -0 , 089 0 , 929 0 , 179 0 , 163 
ID 

M 110 6.41 0 , 60 

F 73 7, 80 0.42 - 1.450 0 , 149 0 , 259 0 , 040 
MD (mm) 

M 110 7 , 91 0 , 55 

F 73 9 , 65 0 , 58 - 2 , 129 0 , 035* -0 , 369 -0 , 014 
BL 

M 110 9 , 84 0 , 60 

F 73 33 , 77 3 , 82 -3 , 353 0 , 001 * -3 , 325 -0 , 861 I 
BC area 

M 110 35 , 87 4 , 33 

F 73 25 , 11 3 , 56 0 , 063 0 , 949 1. 072 1. 143 
LC area (mm2) 

M 110 25 , 07 3 , 82 

F 73 58 , 88 5 , 80 2 , 095 0 , 038* -3 , 995 -0 , 119 
Crown area 

M 110 60 , 94 6 , 93 

F 73 57 , 40 3 , 85 -2 , 673 0 , 008** 2 , 615 -0 , 394 
BC rate 

M 110 58 , 91 3 , 65 

F 73 42 , 60 3 , 85 2 , 673 0 , 008** 0 , 394 2 , 615 
LC rate 

M 110 41 , 09 3 , 65 
(%) 

F 73 69 , 86 46 , 20 -0 , 151 0 , 880 14 , 705 12 , 613 
Terra' s tubercle 

M 110 70 , 91 45 , 63 

F 73 68 .49 46 , 78 1. 166 0 , 245 -5 , 882 22 , 868 
M , M , groove 

M 110 60 , 00 49 , 21 

F 73 0 , 38 0 , 76 -0 , 944 0 , 347 0 , 332 0 , 117 
M , MxPAR 

M 110 0 , 49 0 , 75 
score 

F 73 0 , 99 0 , 99 2.462 0 , 015* 0 , 069 0 , 630 
D , MxPAR 

M 110 0 , 64 0 , 91 

Abbr ID Intercuapsl distance , MD mesiodistal diameter , BL buccolingual diameter , BC area 
buccal cusp area , LC area Iingual cusp area , S, D standard deviation , BC rate buccal cusp rate , LC 
rate Iingual cusp rate , F female , M male , M, M, groove Mesial marginal groove , M, MxPAR mesial 
max il1 ary premolar‘ accessory ridge D, MxPAR distal max il1ary premolar accessory ridge , • p(O , 05 , 

"p(O , Ol 
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Table 8. Gender difference in simple maxi llary second premolars. 

t-test 

N Mean S.D 
confidence 

t p- value interval (95 %) 

Min Max 

F 73 6 .36 0.55 0.634 0.527 - 0.114 0.223 
ID 

M 110 6.31 0.58 

F 73 7.24 0.58 - 0.110 0.913 0.166 0.149 
MD (mm) 

M 110 7.25 0.49 

F 73 9.43 0.64 - 1.080 0.281 0.311 0.091 
BL 

M 110 9.54 0.70 

F 73 29 .68 3.51 - 2.688 0.008** 2.753 - 0.422 
BC area 

M 110 31. 27 4.16 

F 73 24.43 4.02 0.577 0.565 0.799 1. 459 
LC area (mm2) 

M 110 24.10 3.63 

F 73 54 .11 6.58 1. 230 0.220 3.276 0.761 
Crown area 

M 110 55 .37 6.90 

F 73 54 .98 3.46 - 3.028 0.003** 2.527 - 0.533 
BC rate 

M 110 56 .51 3.27 

F 73 45 .02 3.46 3.028 0.003** 0.533 2.527 
LC rate 

M 110 43.49 3.27 
(%) 

F 73 36 .99 48 .61 1. 528 0.128 3.092 24.337 
Terra' s tubercle 

M 110 26.36 44 .26 

F 73 13.70 34.62 0.488 0.626 13 .440 8.110 
M.M . groove 

M 110 16.36 37.16 

F 73 1. 58 1.39 - 1.300 0.195 0.726 0.149 
M.MxPAR 

M 110 1.86 1.52 
score 

F 73 2.14 1. 24 1. 389 0.167 0.115 0.662 
D.MxPAR 

M 110 1. 86 l ‘ 34 

Abbl“ ID Intercuapsl distance , MD mesiodistal diameter , BL buccolingual diameter , BC area buccal 
cusp area , LC area lingual cusp area. S.D standard deviation , BC rate buccal cusp rate, LC rate 
lingual cusp rate , F female , M male , M.M.groove Mesial marginal groove. M,MxPAR mesial 
maxillary premolar accessory ridge D.MxPAR distal maxillary premolar accessory ridge , • p(O.05 , 

" p(O.Ol 
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middle buccal lobe on the pre

molars which corresponds to the 

middle labial lobe of the canines 

remains highly developed , with 

the maxillary premolars resembling 

the canines . The buccal cusp of the 

maxillary first premolars especially 

is long and sharp , assisting the 

canine as a prehensile or tearing 

tooth. The second premolars have 

cusps less sharp than the others , 

and their cusps articulate with 

opposing teeth when the jaws are 

brought together. This makes them 

more efficient as grinding teeth 

and they function much like the 

molars. The occlusal surface of the 

maxillary first premolar resembles 

roughly a six sided or hexagonal 

figure but it is not equilateral. 

In the maxillary second premolars , 

the outline of the crown is more 

rounded or ovale , rather than angu

lar12l
. But these two teeth resemble 

each other so closely that differ 

entiation is not easy. 

To analyze maxillary premolars 

if there are any differences between 

both sexes and between maxillary 

first and second premolars ID , 

MD , BL , BC area , LC area , Crown 

area , BC rate , LC rate , Terra' s 

tubercle , M.M.Groove and MxPAR 

were measured in this study. A 

B. Acharya et. a l. 13l reported that 

dental indices such as Crown mo

dule. Crown area and Crown index 

offer no additional benefit in fore

nsic sex assessment after evalua

ting dental three indexes . Crown 

module is the numerical average 

of BL and MD dimension , i.e. (BL 

+ MD)/2. Crown area is the pro

duct of BL and MD dimensions 

and derived for each tooth by multi

plying the linear measurement , 

i. e. BL x MD. Crown index is the 

ratio of two linear measurements 

i.e. (BL/ MD)/100. Evaluation for 

the three indices produced sex 

assessment accuracy levels lower 

(69.8-81. 1%) to that of linear mea

surements (like MD , BL etc.) 

reported previously. A.B. Acharya 

et. al. 14l had reported higher classi 

fication accuracy (92.5%) for linear 

measurement on the same sample. 

80 in present study dental indexes 

like Crown module and Crown 

index were not applied. Crown areas 

were taken by not multiplying met

hod (BL x MD dimension) but digi

tal imaging processing technique 

described above. 
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Crown diameter (ID , MD , BL) , 

crown area (BC area , LC area , 

Crown area) and percentage (BC 

rate , Terra' s tubercle , M.M. groove) 

in maxillary first premolars were 

bigger than in second premolars 

except LC rate and MxPAR scores 

in this study. These results of tooth 

size correspond with the result 

of previous study that later-deve 

loping teeth have reduction in 

overall size more frequently than 

earlier- developing teeth because 

the former are more spatially 

restricted15
.
16

) . Maxillary first pre

molar shows first evidence of 

calcification at age of 11 jz yr - 1 

3/4 yr but in second premolar at 

age of 2 to 11/4 yr. 

Terra' s tubercle and M.M.groove 

were more frequently detected in 

maxillary first premolars (70.49% , 

63.39%) than in second premolars 

(30.60% , 15 .30%). This measures 

show that Terra' s tubercle and 

M.M.groove is the useful traits 

of maxillary first premolars to 

differentiate these teeth. 

MxP ARs were detected more fre

quently in maxillary second pre

molars than in first premolars . 

This result corresponds with the 
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results of previous studies. R. W. 

Gi lmore17
) reported that present 

rate of accessory r idges were 34-

58% in maxillary first premolars 

and 50- 83% in second premolars 

and mesial and distal accessory 

ridges do not occur independently 

as they yield linear correlation 

coefficient , r 0.546 (p(O.OOl). 

In present study , the correlation 

coefficient was 0.536 (p = O.OOO). 

It is assumed that high frequency 

of MxPAR in second premolars 

is related to late initiation of 

calcification and the spatial res

triction gives r ise to suppleme

ntary grooves radiating from the 

central groove and makes irregular 

and winkled occlusal appearance 

thereby generating many MxPARs 

Previous investigators have found 

that accessory ridge frequencies 

vary markedly among populations 

that differ genetically and identical 

twins are more alike with respect 

to accessory ridges than fraternal 
twins18.19) 

Burnettll) reported that statisti

cally significant population diffe

rences were found most consiste

ntly at the distal locus on the 

first premolar (DP l) , suggesting 
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that DP1 should be considered 

the key locus. though other loci 

may a lso be fruitful for analys is. 

In the report. the highest MxPAR 

frequencies were identified in Ame 

rican Chinese. Papago. Pima. Ala

skan Eskimo samples while lower 

frequencies were found in South 

African Indians. American and 

South African Whites. The former 

samples exhibited frequencies from 

57.0 to 80.2%. while the latter 

three samples exhibited much lower 

frequencies of 23 .4-33.0%. In 

present study , Korean samples 

exhibited lower frequencies of 

19.67%. 

In terms of gender difference , 

crown diameters and areas mea

sured in maxillary premolars were 

mostly greater in male than in 

female but BC area. BC rate and 

LC rate showed stable sexual dimo 

rphism with significant differ

ence in all three groups. In 

present study it should be noted 

that simple dental traits like BL 

alone can' t be of great import 

ance in sex differentiation because 

BL variables showed gender differ

ence in whole maxillary premo

lars and first premolars groups 

but did not show any in maxi

ll ary second premolar group. 

In this study , the average age 

of participants was about 30 years 

old and it is often challenging to 

analyze dental traits in this age 

group due to physiologic attrition 

of occ1 usal surface. Furthermore , 

there was a reduction in the number 

of participants after exc1 uding 

patients with restorations for caries 

and missing teeth. 

Under the circumstance that 

there has been no significant study 

about tooth morphology in Koreans , 

this study is crucial for assess 

ment of maxillary premolars in 

Koreans . If further study should 

focus on whole tooth morphology 

inc1uding characteristics of tooth 

root , more systematic and popula

tion specific analysis could be 

possible. 
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ABSTRACT 

Variations of maxillary premolars in Koreans 

Hun-Kyung Park, Jin- Woo Kim , Min-Seok Kim and Sun-Hun Kim* 

Depadment of Oral Anatomy, School of DentjstJy , Chonnam Natjonal Unjversjty 

Many tooth morphologic studies on sexual dimorphism and tooth 

differentiation were performed but maxillary premolar focused reports 

were not abundant , Furthermore , population-specific data is required 

for forensic odontology and anthropology but morphometric data of 

maxillary premolars in Koreans is rare , Therefore , the purpose of 

this study is to investigate crown size and morphologic characteristics 

of occlusal surface of maxillary first and second premolars among 

adult Koreans and to check whether there are any differences between 

both sexes and between maxillary first and second premolars , 

Data were obtained from 183 dental casts of adult Korean (1 10 

males and 73 females). Intercuspal distance (ID) , Mesiodistal crown 

diameter (MD) , Buccolingual crown diameter (BL), Buccal cusp area 

(BC area) , Lingual cusp area (LC area) , Crown area , Terra' s tubercle , 

Mesial marginal groove (M.M.Groove) and Maxillary premolar accessory 

ridges (MxPAR) were measured using digital image analysis system. 

Paired t-test , independent t - test and Pearson' s correlation test were 

performed to analyze differences , tendencies and correlations using 

SPSS program. 

Generally , maxillary first premolars were bigger than second premolars 

with significant differences . This is because second premolars have 

greater spatial restrictions than first premolars when space is needed 

for development , 

In terms of gender difference , most crown diameters and areas measured 

in maxillary premolars were greater in male than in female but BC 
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area , BC rate and LC rate showed stable sexual dimorphism with 

significant difference in a ll three groups consistently. 

Hence. it is recommended that several tooth variables should be 

used together when sex assessment are performed. 
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