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because of the convex shape of the 
pontic and highly glazed ceramic sur-
face. At the end of the 6 month pe-
riod, there was no visible sign of soft 
tissue inflammation. As Kim et al19 
reported, the most favorable outcome 
is obtained when pressure is applied 
to thick soft tissue. To achieve an es-
thetic result, a minimum of 2 to 3 mm 
of soft tissue thickness is required to 
allow for the application of gingival 
pressure.20 However, thick soft tis-
sue may prevent the restoration from 
complete seating without applying 
firm pressure. During placement of 
the RBP, the soft tissue showed resis-
tance, and the restoration was held 
in place until the cementation proce-
dure was completed. 

Using RBP as a provisional pros-
thesis has some disadvantages be-
cause the laboratory phases are 
technically demanding, the clinical 
appointments are time consuming, 
and there is an additional cost for the 
patient.

SUMMARY

This article describes a technique 
using an RBP as a provisional pros-
thesis during implant osseointegra-
tion. The soft tissue profile for the 
definitive restoration can be devel-
oped with a properly designed convex 
pontic during the healing period. With 
successful application of this treat-
ment protocol, patient comfort and 
esthetics can be provided during the 
implant osseointegration phase, and 
therefore the patient’s acceptance of 
the prosthesis may be increased. 
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Clinical Implications
These results can be clinically applied when planning implant therapies, restorative 
procedures, and periodontal surgeries involving the maxillary esthetic zone. By using 
the width values, which have been shown to remain mostly unchanged, the pro-
posed average width/length ratios can be calculated for each ethnic group and thus 
may accurately determine the correct tooth length in the esthetic zone.

Statement of problem. Various aspects of anatomic tooth dimensions have been examined in a number of studies 
where data are primarily based on the measurements obtained from white subjects. Additional factors such as ethnic-
ity should be considered to produce a more comprehensive analysis.

Purpose. The purpose of this study is to compare the anatomic crown dimensions of extracted maxillary teeth in 
Asian and white populations.

Material and methods. The width/length ratio (%) was calculated with standardized digital images of extracted maxil-
lary anterior teeth from 157 Asian and 142 white subjects. Statistical analysis was performed to compare the 4 tooth 
groups (central incisiors, lateral incisiors, canines, and premolars) of the 2 ethnicities. The distribution of the outcome 
variables were examined for normality with the Kolmigorov-Smirnov test. Independent sample t tests were used to 
examine differences in outcomes in Asian and white subjects.

Results. There was a significant difference (P<.05) in the width/length ratios of all maxillary anterior teeth in Asian 
and white subjects. In addition, there was a significant difference in the width of unworn central incisors and the 
length of worn lateral incisors and canines.

Conclusions. Ethnicity influences width/length ratios for all 4 anterior maxillary teeth. Anterior maxillary teeth in Asian 
subjects appear to be more slender when compared with those in white subjects. (J Prosthet Dent 2012;107:11-16)
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Optimal esthetic outcomes in 
prosthodontics and restorative den-
tistry call for a precise knowledge 
of natural oral esthetics. A checklist 
for esthetic restorative success was 
first presented in 19791 and updated 
by Magne and Belser in 2002.2 This 
checklist encompassed objective and 
subjective parameters, including den-
tal esthetics, gingival esthetics, and the 
more subjective esthetic integration 
into the frame of the smile, face, and, 
more generally, the individual. The 
relative dimensions of anterior teeth 
are considered important objective 
criteria within the esthetic checklist be-
cause of their clinical relevance. In this 
context, mesiocervical and incisocervi-
cal tooth dimensions have been avail-
able since 1902,3 and the proportions 
of anterior teeth since 1973.4 How-
ever, esthetically pleasing parameters 
may vary with different ethnicities. 
In this context, the definition of ideal 
tooth dimensions remains a challenge 
because of individual variations and 
proximal/incisal tooth wear. 

Recently, the crown width/length 
ratios of normal clinical crowns have 
been studied in white subjects.5,6 In 
2003, Magne et al6 conducted a study 
with the digital images of the extract-
ed maxillary teeth of white subjects, 
demonstrating that the crown width/
length ratio in white subjects was 78% 
for unworn central incisors, 73% for 
unworn lateral incisors, and 73% for 
unworn canines. This same protocol 
was used by Marcuschamer et al7 to 
measure the maxillary anterior teeth of 
Asian subjects. Here, the mean width to 
length ratio was 72% for unworn central 
incisors, 67% for unworn lateral inci-
sors, and 67% for unworn canines.

When planning restorative pro-
cedures in the esthetic zone, the cli-
nician should ideally consider the 
issue of ethnicity.8 Some studies of 
tooth size and tooth morphology in 
varying populations have shown dif-
ferences both within and between 
ethnic groups.9-11 Bailit8 emphasized 
the importance of clinicians consid-
ering these minor variations in den-
tal traits among population types, as 

these differences could influence the 
prosthodontic outcome. However, to 
date, the authors have identified no 
comparative analysis of width/length 
ratios among ethnic groups. 

The purpose of this study was to 
compare the anatomic crown width, 
length, and width/length ratios of 4 
maxillary tooth groups (central inci-
sors, lateral incisors, canines, and 
first premolars) of the maxillary den-
tition in white and Asian subjects. The 
null hypothesis was that there were no 
differences in mean length, width, or 
width/length ratio of worn or unworn 
extracted maxillary central incisors, 
lateral incisors, canines, and premo-
lars between Asian or white subjects.

MATERIAL AND METHODS

The Institutional Review Board 
at Tufts University School of Dental 
Medicine approved the study proto-
col. For the Asian subjects group, 264 
extracted maxillary anterior teeth (first 
premolar to first premolar) were ex-
amined at Kyushu University School 
of Dentistry, Fukuoka, Japan. This 
group included 91 central incisors, 76 
lateral incisors, 54 canines, and 43 first 
premolars. For this study, population 
identifiers such as race and tooth type 
were recorded. The same parameters 
were recorded for the white subjects 
group at the School of Dental Medicine, 
University of Geneva, Switzerland. This 
group included 146 extracted maxil-
lary anterior teeth (44 central incisors, 
41 lateral incisors, 38 canines, and 
23 first premolars). Power analysis 
(0.99) determined the sample size was 
optimal to reject the null hypothesis. 
After scaling and ultrasonic cleaning, 
the teeth were grouped according to 
their type and divided into unworn 
and worn subgroups. The criterion 
for this selection was the presence of 
incisal wear facets along with/without 
well-defined dentin exposure. A view of 
the incisal edges of central incisors by 
means of tangential light was used to 
show incisal edge configuration in or-
der to divide the teeth into those with 
attrition and those without. Because 

of the state of preservation, all pre-
molars were allocated to the unworn 
group. Standardized photographs of 
the buccal surface were made by us-
ing a digital camera (Canon EOS 30D; 
Tokyo, Japan and Fujifilm Finepix S1 
Pro; Fuji Photo Film, Tokyo, Japan) at-
tached to a photographic stand (RT 1; 
Kaiser, Buchen, Germany). Teeth were 
positioned visually according to their 
main axis and recorded to the original 
magnification of ×1.5, resulting in 264 
digital photographs (resolution main-
tained at 2336 by 3504 pixels and 
8-bit grayscale, generating 3.6-mega-
byte files) for the Asian group, and 
the same magnification, resulting 
in 146 digital photographs (resolu-
tion maintained at 1536 by 2304 
pixels and 8-bit grayscale, generating 
3.5-megabyte files) for white subjects. 
Image-processing programs (Image J; 
Java-based image processing program 
developed at the National Institutes of 
Health, Bethesda, Md for Asian sub-
jects, and Scion Image, developed at 
the Research Services Branch of the 
National Institute of Mental Health, 
Bethesda, Md for white subjects) were 
used to measure 1) the widest mesio-
distal portion, W, (perpendicular to 
the long axis of the tooth) and 2) the 
longest apicocoronal distance, L, (par-
allel to the long axis, between the most 
apical point of the CEJ and the most 
incisal point of the anatomic crown) 
(Fig. 1). Special calibration tools built 
into the software were used to convert 
pixels into millimeters. The data were 
then transferred to a spreadsheet pro-
gram for mathematical arrangement, 
including the calculation of the width/
length ratio, R.6

Comparisons of W, L, and R be-
tween the ethnic groups were ana-
lyzed statistically for each of the 4 
tooth types and for worn and un-
worn teeth. The distribution of the 
outcome variables (including length, 
width, and width/length ratios) were 
examined for normality with the Kol-
migorov-Smirnov test. All data were 
normally distributed. Independent 
sample t tests were used to examine 
differences in outcomes (including 

width, length, and width/length ratio 
for central incisors, lateral incisors, 
canines, and premolars) in Asian and 
white subjects. All tests were 2-sided 
and an alpha value of .05 was deemed 
to be statistically significant. 

RESULTS

Width, length, and width/length 
ratio of unworn teeth for Asian and 
white subjects are presented in Ta-
ble I. For the unworn teeth, the W 

(P=.003) and R (P=≤.001) values for 
the central incisors were significantly 
higher for the white subjects group 
than for the Asian ones. (Figs. 2-3) 
This was not the case for the L value, 
which was not significantly different in 

 1  Outline of anatomic crowns of maxillary central incisor, lateral incisor, canine, and premolar. Vertical arrows indi-
cate long axes of tooth, indicating length of anatomic crown. Horizontal arrows indicate perpendicular to long axes of 
tooth in widest portion of anatomic crown, usually correlated to contact points, indicating width of anatomic crown. 

P<.05 indicates significant difference

35

18

47

30

32

25

43

23

n

Central incisors Asian

(range)

Central incisors white

(range)

Lateral incisors Asian

(range)

Lateral incisors white

(range)

Canines

Asian (range)

Canines 

white (range)

Premolars Asian

(range)

Premolars white

(range)

Dentition
Unworn

0.72 (0.04)

(0.65-0.81)

0.78 (0.03)

(0.71-0.84)

0.67 (0.05)

(0.57-0.77)

0.73 (0.07)

(0.57-0.83)

0.67 (0.06)

(0.57-0.77)

0.73 (0.06)

(0.60-0.82)

0.87 (0.06)

(0.76-0.97)

0.84 (0.06)

(0.65-0.95)

%
W/L Ratio

8.63 (0.56)

(7.8-9.7)

9.10 (0.62)

(8.46-11.07)

6.99 (0.52)

(5.52-8.34)

7.07 (0.76)

(5.51-8.22)

7.91 (0.63)

(6.64-9.00)

7.90 (0.64)

(6.80-9.02)

7.56 (0.46)

(6.70-8.71)

7.84 (0.73)

(6.61-8.84)

(mm)
Width

11.93 (0.81)

(10.08-13.24)

11.69 (0.70)

(10.70-13.51)

10.52 (0.75)

(8.72-12.79)

9.75 (0.83)

(8.19-11.51)

11.83 (0.83)

(10.36-13.99)

10.83 (0.77)

(9.71-12.94)

8.68 (0.68)

(7.62-10.16)

9.33 (0.94)

(7.66-10.45)

(mm)
Length

.003

.59

.93

.10

P

.41

<.001

<.001

.05

P

<.001

<.001

<.001

.04

P

Table I. The mean values (SD) in mm and range of width, length, and width/length ratio of 4 un-
worn tooth types for Asian and white groups
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Optimal esthetic outcomes in 
prosthodontics and restorative den-
tistry call for a precise knowledge 
of natural oral esthetics. A checklist 
for esthetic restorative success was 
first presented in 19791 and updated 
by Magne and Belser in 2002.2 This 
checklist encompassed objective and 
subjective parameters, including den-
tal esthetics, gingival esthetics, and the 
more subjective esthetic integration 
into the frame of the smile, face, and, 
more generally, the individual. The 
relative dimensions of anterior teeth 
are considered important objective 
criteria within the esthetic checklist be-
cause of their clinical relevance. In this 
context, mesiocervical and incisocervi-
cal tooth dimensions have been avail-
able since 1902,3 and the proportions 
of anterior teeth since 1973.4 How-
ever, esthetically pleasing parameters 
may vary with different ethnicities. 
In this context, the definition of ideal 
tooth dimensions remains a challenge 
because of individual variations and 
proximal/incisal tooth wear. 

Recently, the crown width/length 
ratios of normal clinical crowns have 
been studied in white subjects.5,6 In 
2003, Magne et al6 conducted a study 
with the digital images of the extract-
ed maxillary teeth of white subjects, 
demonstrating that the crown width/
length ratio in white subjects was 78% 
for unworn central incisors, 73% for 
unworn lateral incisors, and 73% for 
unworn canines. This same protocol 
was used by Marcuschamer et al7 to 
measure the maxillary anterior teeth of 
Asian subjects. Here, the mean width to 
length ratio was 72% for unworn central 
incisors, 67% for unworn lateral inci-
sors, and 67% for unworn canines.

When planning restorative pro-
cedures in the esthetic zone, the cli-
nician should ideally consider the 
issue of ethnicity.8 Some studies of 
tooth size and tooth morphology in 
varying populations have shown dif-
ferences both within and between 
ethnic groups.9-11 Bailit8 emphasized 
the importance of clinicians consid-
ering these minor variations in den-
tal traits among population types, as 

these differences could influence the 
prosthodontic outcome. However, to 
date, the authors have identified no 
comparative analysis of width/length 
ratios among ethnic groups. 

The purpose of this study was to 
compare the anatomic crown width, 
length, and width/length ratios of 4 
maxillary tooth groups (central inci-
sors, lateral incisors, canines, and 
first premolars) of the maxillary den-
tition in white and Asian subjects. The 
null hypothesis was that there were no 
differences in mean length, width, or 
width/length ratio of worn or unworn 
extracted maxillary central incisors, 
lateral incisors, canines, and premo-
lars between Asian or white subjects.

MATERIAL AND METHODS

The Institutional Review Board 
at Tufts University School of Dental 
Medicine approved the study proto-
col. For the Asian subjects group, 264 
extracted maxillary anterior teeth (first 
premolar to first premolar) were ex-
amined at Kyushu University School 
of Dentistry, Fukuoka, Japan. This 
group included 91 central incisors, 76 
lateral incisors, 54 canines, and 43 first 
premolars. For this study, population 
identifiers such as race and tooth type 
were recorded. The same parameters 
were recorded for the white subjects 
group at the School of Dental Medicine, 
University of Geneva, Switzerland. This 
group included 146 extracted maxil-
lary anterior teeth (44 central incisors, 
41 lateral incisors, 38 canines, and 
23 first premolars). Power analysis 
(0.99) determined the sample size was 
optimal to reject the null hypothesis. 
After scaling and ultrasonic cleaning, 
the teeth were grouped according to 
their type and divided into unworn 
and worn subgroups. The criterion 
for this selection was the presence of 
incisal wear facets along with/without 
well-defined dentin exposure. A view of 
the incisal edges of central incisors by 
means of tangential light was used to 
show incisal edge configuration in or-
der to divide the teeth into those with 
attrition and those without. Because 

of the state of preservation, all pre-
molars were allocated to the unworn 
group. Standardized photographs of 
the buccal surface were made by us-
ing a digital camera (Canon EOS 30D; 
Tokyo, Japan and Fujifilm Finepix S1 
Pro; Fuji Photo Film, Tokyo, Japan) at-
tached to a photographic stand (RT 1; 
Kaiser, Buchen, Germany). Teeth were 
positioned visually according to their 
main axis and recorded to the original 
magnification of ×1.5, resulting in 264 
digital photographs (resolution main-
tained at 2336 by 3504 pixels and 
8-bit grayscale, generating 3.6-mega-
byte files) for the Asian group, and 
the same magnification, resulting 
in 146 digital photographs (resolu-
tion maintained at 1536 by 2304 
pixels and 8-bit grayscale, generating 
3.5-megabyte files) for white subjects. 
Image-processing programs (Image J; 
Java-based image processing program 
developed at the National Institutes of 
Health, Bethesda, Md for Asian sub-
jects, and Scion Image, developed at 
the Research Services Branch of the 
National Institute of Mental Health, 
Bethesda, Md for white subjects) were 
used to measure 1) the widest mesio-
distal portion, W, (perpendicular to 
the long axis of the tooth) and 2) the 
longest apicocoronal distance, L, (par-
allel to the long axis, between the most 
apical point of the CEJ and the most 
incisal point of the anatomic crown) 
(Fig. 1). Special calibration tools built 
into the software were used to convert 
pixels into millimeters. The data were 
then transferred to a spreadsheet pro-
gram for mathematical arrangement, 
including the calculation of the width/
length ratio, R.6

Comparisons of W, L, and R be-
tween the ethnic groups were ana-
lyzed statistically for each of the 4 
tooth types and for worn and un-
worn teeth. The distribution of the 
outcome variables (including length, 
width, and width/length ratios) were 
examined for normality with the Kol-
migorov-Smirnov test. All data were 
normally distributed. Independent 
sample t tests were used to examine 
differences in outcomes (including 

width, length, and width/length ratio 
for central incisors, lateral incisors, 
canines, and premolars) in Asian and 
white subjects. All tests were 2-sided 
and an alpha value of .05 was deemed 
to be statistically significant. 

RESULTS

Width, length, and width/length 
ratio of unworn teeth for Asian and 
white subjects are presented in Ta-
ble I. For the unworn teeth, the W 

(P=.003) and R (P=≤.001) values for 
the central incisors were significantly 
higher for the white subjects group 
than for the Asian ones. (Figs. 2-3) 
This was not the case for the L value, 
which was not significantly different in 

 1  Outline of anatomic crowns of maxillary central incisor, lateral incisor, canine, and premolar. Vertical arrows indi-
cate long axes of tooth, indicating length of anatomic crown. Horizontal arrows indicate perpendicular to long axes of 
tooth in widest portion of anatomic crown, usually correlated to contact points, indicating width of anatomic crown. 

P<.05 indicates significant difference
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n

Central incisors Asian

(range)

Central incisors white

(range)

Lateral incisors Asian

(range)

Lateral incisors white

(range)

Canines

Asian (range)

Canines 

white (range)

Premolars Asian

(range)

Premolars white

(range)

Dentition
Unworn

0.72 (0.04)

(0.65-0.81)

0.78 (0.03)

(0.71-0.84)

0.67 (0.05)

(0.57-0.77)

0.73 (0.07)

(0.57-0.83)

0.67 (0.06)

(0.57-0.77)

0.73 (0.06)

(0.60-0.82)

0.87 (0.06)

(0.76-0.97)

0.84 (0.06)

(0.65-0.95)
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W/L Ratio

8.63 (0.56)

(7.8-9.7)

9.10 (0.62)

(8.46-11.07)

6.99 (0.52)

(5.52-8.34)

7.07 (0.76)

(5.51-8.22)

7.91 (0.63)

(6.64-9.00)

7.90 (0.64)

(6.80-9.02)

7.56 (0.46)

(6.70-8.71)

7.84 (0.73)

(6.61-8.84)

(mm)
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11.93 (0.81)

(10.08-13.24)

11.69 (0.70)

(10.70-13.51)

10.52 (0.75)

(8.72-12.79)

9.75 (0.83)

(8.19-11.51)

11.83 (0.83)

(10.36-13.99)

10.83 (0.77)

(9.71-12.94)

8.68 (0.68)

(7.62-10.16)

9.33 (0.94)

(7.66-10.45)

(mm)
Length

.003

.59

.93

.10

P

.41

<.001

<.001

.05

P

<.001

<.001

<.001

.04

P

Table I. The mean values (SD) in mm and range of width, length, and width/length ratio of 4 un-
worn tooth types for Asian and white groups
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 2  A. Maxillary anterior sextant of 2 different Asian sub-
jects with unworn maxillary dentition. Clinical crown of 
maxillary left central incisor is outlined in white. Vertical 
arrow indicates long axes of tooth, indicating length of 
clinical crown. Horizontal arrow indicates perpendicular 
to the long axes of tooth in widest portion of anatomic 
crown at level of contact points. Note clinical crown W/L 
ratio of this tooth is 71% (Fig. 1A) and 68% (Fig. 1B). 

 3  Maxillary anterior sextant of 2 different white subjects 
with unworn dentition. Clinical crown of maxillary left 
central incisor is outlined in white. Vertical arrow indi-
cates long axes of the tooth, indicating length of clinical 
crown. Horizontal arrow indicates perpendicular to long 
axes of tooth in widest portion of anatomic crown at level 
of contact points. Note clinical crown W/L ratio of this 
tooth is 78% (Fig. 3A) and 77% (Fig. 3B).

A A

B B

Table II. Mean values (SD) in mm and range of width, length, and W/L ratio of worn tooth types 
in Asian and white groups

P<.05 indicates significant difference

56

26

47

11

32

13

n

Central incisors Asian

(range)

Central incisors white

(range)

Lateral incisors Asian

(range)

Lateral incisors white

(range)

Canines Asian

(range)

Canines white

(range)

Dentition
Worn

0.78 (0.04)

(0.70-0.88)

0.87 (0.08)

(0.74-1.10)

0.75 (0.06)

(0.63-0.83)

0.79 (0.06)

(0.70-0.87)

0.75 (0.05)

(0.64-0.86)

0.81 (0.06)

(0.72-0.91)

%
W/L Ratio

8.90 (0.49)

(7.90-10.48)

9.24 (0.66)

(8.21-10.34)

7.25 (0.40)

(6.48-7.99)

7.38 (0.52)

(6.43-7.89)

8.10 (0.59)

(7.07-9.60)

8.06 (0.74)

(6.60-8.72)

(mm)
Width

11.38 (0.63)

(10.20-12.91)

10.67 (1.13)

(8.56-13.42)

9.72 (0.63)

(8.59-11.15)

9.34 (0.80)

(7.97-11.22)

10.86 (1.07)

(9.14-13.23)

9.90 (0.84)

(8.83-11.77)

(mm)
Length

.03

.42

.83

P

.05

.18

.01

P

<.001

.03

<.001

P

either population group. The unworn 
lateral incisors and canines showed a 
similar pattern. No significant differ-
ences were observed for the W value. 
However, the L value (P≤.001) was 
higher for the Asian group, and the 
R value (P≤.001) was higher for the 
white groups. The unworn premolars 
were significantly different for the R 
(P=.04) value. One interesting finding 
was the consistently higher R values 
for the white subjects in the unworn 
maxillary central, lateral, canine, and 
premolar tooth groups (Table I). Data 
comparing the W, L, and R values for 
worn teeth in both groups are pre-
sented in Table II. The central incisor 
group in the white subjects presented 
a higher value for the W (P=.03) and 
R (P≤.001). Conversely, the L val-
ues (P=.05) were higher for the Asian 
group, although this was not statisti-
cally significant. There was no signifi-
cant difference in the W and L values 
for the lateral incisors. However, the R 
value was significantly higher (P=.03) 
for the white subjects group. The ca-
nine tooth group in Asian and white 
groups showed differences for the L 
and R values but not for the W value.

 Significant differences were found 
in the R (P≤001 for central incisors and 
canines and .03 for lateral incisors) 
values of all worn maxillary anterior 
teeth. The R value for white subjects 
was consistently higher than for the 
Asian group (Table II).

DISCUSSION

The null hypothesis was rejected 
for the W/L ratio values in all groups. 
These findings suggest that white in-
dividuals may have larger W/L ratios 
for the maxillary anterior teeth than 
Asians. These measurements of the 
anatomic crown proportions could 
help in the planning of restorative/
periodontal treatment. Even though it 
would appear more relevant to mea-
sure clinical crowns, this experimental 
protocol was designed to use extracted 
teeth and anatomic crown measure-
ment instead. Width measurements 
of extracted teeth can be precise, and 

role in the anatomic configuration of 
the anterior maxillary teeth. 

 The comparison of crown width/
length ratios in Asian and white sub-
jects revealed a significant difference 
(P<.05) in all maxillary anterior teeth, 
including premolars. This result sug-
gests that ethnicity should be consid-
ered in the prosthodontic/restorative 
treatment of the maxillary anterior area. 
In this context, a differential approach 
using width/length ratio values for both 
ethnic groups should be used to restore 
the maxillary anterior sextant.

Previously, interethnic compari-
sons of maxillary tooth length/width 
ratios have not been considered. 
Muller and Eger12 evaluated the re-
lationship between the masticatory 
mucosa and periodontal phenotype 
in whites and Asians by classifying 
subjects into 3 categories according 
to gingival thickness and tooth form. 
Seventy-five percent of individuals 
were categorized as having a relatively 
thin and narrow band of gingiva and 
rather slender tooth form. In contrast, 
about 21% of the subjects examined 
presented with thicker and wider gin-
giva at the maxillary anterior teeth. 
More importantly, however, data pre-
sented in this study demonstrated that 
the central incisors of Asian subjects 
seemed to be narrower and more 
slender than those of white subjects. 
This result implies that the Asian pop-
ulation might have a thinner biotype 
than the white population. Further 
investigation that compares the clini-
cal data regarding biotype and tooth 
form/shape may be necessary.

CONCLUSIONS
	
Based on the results of this study, 

the following conclusions were drawn:
1. Width/length ratios showed 

significant differences in all 4 anterior 
unworn maxillary tooth groups in the 
2 ethnic groups. The anterior maxil-
lary teeth of Asian subjects appear to 
have a more slender shape than those 
of white subjects.

2. With regard to the width of 
the maxillary anterior teeth in both 

therefore, can be used clinically to re-
store ideal clinical crown dimensions.6 

Several investigations have been 
conducted to examine tooth dimen-
sion and proportion. However, most 
of these studies were conducted in 
white populations.5,6,8

Since the 1990s, crown width and 
length ratio has been considered the 
most important and valuable factor 
for achieving an esthetic outcome in 
the maxillary anterior dentition. This 
belief was based mostly on data from 
white subjects. Recently, however, 
tooth dimensions and width/length 
ratios for the Asian population have 
been reported by Marcuschamer et 
al,7 and this evidence has allowed for 
a homogeneous comparison between 
the 2 ethnic groups.

In the current study,  the anatomic 
crown width/length ratios of unworn 
and worn maxillary teeth in Asian and 
white subjects were examined. While 
specific ethnicity can be used to sub-
categorize the Asian and the white 
subject groups, the study popula-
tion described in this study was as-
sessed as the primary ethnic group. 
Ideally, specific ethnic criteria within 
each group, including the family tree, 
should be used for a more detailed as-
sessment of the differences in dental 
anatomy. However, this information 
was not available at the time of sam-
ple collection. 

 In this study, teeth were further 
divided into unworn and worn den-
tition to evaluate whether the width 
and height of maxillary anterior teeth 
were influenced by attrition. As a re-
sult, width measurements were, logi-
cally, not influenced by the degree of 
incisal wear.6,7 Therefore, the normally 
preserved tooth width can be used to 
calculate the appropriate restorative 
tooth length with the ratio values 
presented in this study. One of the 
limitations of this investigation is the 
small number of identifiers for these 
populations; only ethnicity and tooth 
type were described. In this context, 
further investigation would help clar-
ify whether other parameters such as 
age, height, and weight play a specific 
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 2  A. Maxillary anterior sextant of 2 different Asian sub-
jects with unworn maxillary dentition. Clinical crown of 
maxillary left central incisor is outlined in white. Vertical 
arrow indicates long axes of tooth, indicating length of 
clinical crown. Horizontal arrow indicates perpendicular 
to the long axes of tooth in widest portion of anatomic 
crown at level of contact points. Note clinical crown W/L 
ratio of this tooth is 71% (Fig. 1A) and 68% (Fig. 1B). 

 3  Maxillary anterior sextant of 2 different white subjects 
with unworn dentition. Clinical crown of maxillary left 
central incisor is outlined in white. Vertical arrow indi-
cates long axes of the tooth, indicating length of clinical 
crown. Horizontal arrow indicates perpendicular to long 
axes of tooth in widest portion of anatomic crown at level 
of contact points. Note clinical crown W/L ratio of this 
tooth is 78% (Fig. 3A) and 77% (Fig. 3B).

A A

B B

Table II. Mean values (SD) in mm and range of width, length, and W/L ratio of worn tooth types 
in Asian and white groups

P<.05 indicates significant difference

56

26

47

11

32

13

n

Central incisors Asian

(range)

Central incisors white

(range)

Lateral incisors Asian

(range)

Lateral incisors white

(range)

Canines Asian

(range)

Canines white

(range)

Dentition
Worn

0.78 (0.04)

(0.70-0.88)

0.87 (0.08)

(0.74-1.10)

0.75 (0.06)

(0.63-0.83)

0.79 (0.06)

(0.70-0.87)

0.75 (0.05)

(0.64-0.86)

0.81 (0.06)

(0.72-0.91)

%
W/L Ratio

8.90 (0.49)

(7.90-10.48)

9.24 (0.66)

(8.21-10.34)

7.25 (0.40)

(6.48-7.99)

7.38 (0.52)

(6.43-7.89)

8.10 (0.59)

(7.07-9.60)

8.06 (0.74)

(6.60-8.72)

(mm)
Width

11.38 (0.63)

(10.20-12.91)

10.67 (1.13)

(8.56-13.42)

9.72 (0.63)

(8.59-11.15)

9.34 (0.80)

(7.97-11.22)

10.86 (1.07)

(9.14-13.23)

9.90 (0.84)

(8.83-11.77)

(mm)
Length

.03

.42

.83

P

.05

.18

.01

P

<.001

.03

<.001

P

either population group. The unworn 
lateral incisors and canines showed a 
similar pattern. No significant differ-
ences were observed for the W value. 
However, the L value (P≤.001) was 
higher for the Asian group, and the 
R value (P≤.001) was higher for the 
white groups. The unworn premolars 
were significantly different for the R 
(P=.04) value. One interesting finding 
was the consistently higher R values 
for the white subjects in the unworn 
maxillary central, lateral, canine, and 
premolar tooth groups (Table I). Data 
comparing the W, L, and R values for 
worn teeth in both groups are pre-
sented in Table II. The central incisor 
group in the white subjects presented 
a higher value for the W (P=.03) and 
R (P≤.001). Conversely, the L val-
ues (P=.05) were higher for the Asian 
group, although this was not statisti-
cally significant. There was no signifi-
cant difference in the W and L values 
for the lateral incisors. However, the R 
value was significantly higher (P=.03) 
for the white subjects group. The ca-
nine tooth group in Asian and white 
groups showed differences for the L 
and R values but not for the W value.

 Significant differences were found 
in the R (P≤001 for central incisors and 
canines and .03 for lateral incisors) 
values of all worn maxillary anterior 
teeth. The R value for white subjects 
was consistently higher than for the 
Asian group (Table II).

DISCUSSION

The null hypothesis was rejected 
for the W/L ratio values in all groups. 
These findings suggest that white in-
dividuals may have larger W/L ratios 
for the maxillary anterior teeth than 
Asians. These measurements of the 
anatomic crown proportions could 
help in the planning of restorative/
periodontal treatment. Even though it 
would appear more relevant to mea-
sure clinical crowns, this experimental 
protocol was designed to use extracted 
teeth and anatomic crown measure-
ment instead. Width measurements 
of extracted teeth can be precise, and 

role in the anatomic configuration of 
the anterior maxillary teeth. 

 The comparison of crown width/
length ratios in Asian and white sub-
jects revealed a significant difference 
(P<.05) in all maxillary anterior teeth, 
including premolars. This result sug-
gests that ethnicity should be consid-
ered in the prosthodontic/restorative 
treatment of the maxillary anterior area. 
In this context, a differential approach 
using width/length ratio values for both 
ethnic groups should be used to restore 
the maxillary anterior sextant.

Previously, interethnic compari-
sons of maxillary tooth length/width 
ratios have not been considered. 
Muller and Eger12 evaluated the re-
lationship between the masticatory 
mucosa and periodontal phenotype 
in whites and Asians by classifying 
subjects into 3 categories according 
to gingival thickness and tooth form. 
Seventy-five percent of individuals 
were categorized as having a relatively 
thin and narrow band of gingiva and 
rather slender tooth form. In contrast, 
about 21% of the subjects examined 
presented with thicker and wider gin-
giva at the maxillary anterior teeth. 
More importantly, however, data pre-
sented in this study demonstrated that 
the central incisors of Asian subjects 
seemed to be narrower and more 
slender than those of white subjects. 
This result implies that the Asian pop-
ulation might have a thinner biotype 
than the white population. Further 
investigation that compares the clini-
cal data regarding biotype and tooth 
form/shape may be necessary.

CONCLUSIONS
	
Based on the results of this study, 

the following conclusions were drawn:
1. Width/length ratios showed 

significant differences in all 4 anterior 
unworn maxillary tooth groups in the 
2 ethnic groups. The anterior maxil-
lary teeth of Asian subjects appear to 
have a more slender shape than those 
of white subjects.

2. With regard to the width of 
the maxillary anterior teeth in both 

therefore, can be used clinically to re-
store ideal clinical crown dimensions.6 

Several investigations have been 
conducted to examine tooth dimen-
sion and proportion. However, most 
of these studies were conducted in 
white populations.5,6,8

Since the 1990s, crown width and 
length ratio has been considered the 
most important and valuable factor 
for achieving an esthetic outcome in 
the maxillary anterior dentition. This 
belief was based mostly on data from 
white subjects. Recently, however, 
tooth dimensions and width/length 
ratios for the Asian population have 
been reported by Marcuschamer et 
al,7 and this evidence has allowed for 
a homogeneous comparison between 
the 2 ethnic groups.

In the current study,  the anatomic 
crown width/length ratios of unworn 
and worn maxillary teeth in Asian and 
white subjects were examined. While 
specific ethnicity can be used to sub-
categorize the Asian and the white 
subject groups, the study popula-
tion described in this study was as-
sessed as the primary ethnic group. 
Ideally, specific ethnic criteria within 
each group, including the family tree, 
should be used for a more detailed as-
sessment of the differences in dental 
anatomy. However, this information 
was not available at the time of sam-
ple collection. 

 In this study, teeth were further 
divided into unworn and worn den-
tition to evaluate whether the width 
and height of maxillary anterior teeth 
were influenced by attrition. As a re-
sult, width measurements were, logi-
cally, not influenced by the degree of 
incisal wear.6,7 Therefore, the normally 
preserved tooth width can be used to 
calculate the appropriate restorative 
tooth length with the ratio values 
presented in this study. One of the 
limitations of this investigation is the 
small number of identifiers for these 
populations; only ethnicity and tooth 
type were described. In this context, 
further investigation would help clar-
ify whether other parameters such as 
age, height, and weight play a specific 
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ethnicities, only the central incisors 
showed any statistical difference. 

3. The length of the maxillary an-
terior teeth, lateral incisors, canines, 
and premolars showed significant dif-
ference in the 2 ethnicities.

REFERENCES

1.  Belser UC. Esthetics checklist for the fixed 
prosthesis. Part II: Biscuit-bake try-in. 
In: Scharer P, Rinn LA, Kopp FR, editors. 
Esthetic guidelines for restorative dentistry. 
Chicago: Quintessence; 1982. p. 188-92.

2.  Magne P, Belser U, Natural oral esthetics. 
In: Magne P, Belser U, editors. Bonded por-
celain restorations in the anterior dentition: 
a biomimetic approach. Chicago: Quintes-
sence; 2002. p. 57-96.

3.  Black, GV, Descriptive anatomy of the 
human teeth. Philadelphia: The S.S. White 
Dental Manufacturing, 1902. p. 14-30

4.  Lombardi RE, The principles of visual 
perception and their clinical applica-
tion to denture esthetics. J Prosthet Dent 
1973;29:358-82.

5.  Sterrett JD, Oliver T, Robinson F, Fortson 
W, Knaak B, Russell CM. Width/length 
ratios of normal clinical crowns of the 
maxillary anterior dentition in man. J Clin 
Periodontl 1999;26:153-7.

6.  Magne P, Gallucci GO, and Belser UC. Ana-
tomic crown width/length ratios of unworn 
and worn maxillary teeth in white subjects. 
J Prosthet Dent 2003;89:453-61.

7.  Marcushamer E, Tsukiyama T, Griffin TJ, 
Arguello E, Gallucci GO, and Magne P. 
Anatomic crown width/length ratios of un-
worn maxillary teeth in asian subjects. Int 
J Periodontics Restorative Dent. 2011;31: 
495–503

8.  Bailit HL. Dental variations among popula-
tions: an anthropologic view. Dent Clin N 
Am 1975;19:125-139.

9.  Lee GTR. Ethnic variations in teeth 
morphology. Prac Brit Paedodontic Soc 
1977;7:23-27.

10.Yaacob H, Nambiar P, Naidu MD. Racial 
characteristics of human teeth with special 
emphasis on the Mongoloid dentition. 
Malaysian J Pathol 1996;18:1-7.

11.Younes SA, al-Shammery AR, el-Angbawi 
MF. Anatomic measurements of teeth in 
two different racial groups from the Middle 
East. Egypt Dent J 1988;34:371-91.

12.Muller HP, Eger T. Masticatory mucosa and 
periodontal phenotype: a review. Int J Peri-
odontics Restorative Dent 2002;22:172-183.

Corresponding author: 
Dr Teppei Tsukiyama
Department of Periodontology
Tufts School of Dental Medicine
One Kneeland Street
Boston, MA 02111
Phone: 617-636-6531
Fax: 617-636-0911
E-mail: tsukiyam3@hotmail.com

Acknowledgments
The authors thank Dr Paul Stark (Director, Ad-
vanced and Graduate Education at TUSDM) 
and Dr Matthew Finkelman for computing 
statistical analysis presenting the data, Dr 
Yasuyoshi Osaki (Lecturer, Kyushu University 
Faculty of Dental Science) for providing the 
extracted teeth and Dr Paul Levi Jr (Clinical 
Associate Professor, Department of Periodon-
tology at TUSDM) for mentorship. 

Copyright © 2012 by the Editorial Council for 
The Journal of Prosthetic Dentistry.

Clinical Implications
This investigation supports the use of multiple firing cycles during 
layering for pressable ceramic single crowns.

Statement of problem. The marginal adaptation of metal ceramic crowns is affected by firing cycles for veneering 
porcelain application. The effect of multiple firings on the marginal integrity of pressable ceramic core crowns is un-
known.

Purpose. The purpose of this in vitro study was to evaluate the effect of repeated firing cycles on the marginal discrep-
ancy of veneered (layered) pressable ceramic anterior crowns with 2 different finish line configurations.

Material and methods. Forty pressable ceramic single anterior complete crowns were fabricated from 2 systems (IPS 
Empress Esthetic and IPS e.max Press) with 2 finish line designs (shoulder, chamfer) on epoxy resin dies. Specimens 
were divided into 4 groups of 10, and measurements were made after pressing (control) and after 5 veneer firing 
stages: 1) wash, 2) first incisal, 3) second incisal, 4) characterization and glazing, and 5) corrective. The change in ver-
tical marginal discrepancy was measured with a light microscope at 4 locations: facial (F), mesial (M), lingual (L), and 
distal (D) surfaces. One-way ANOVA (α=.05) was used to evaluate the marginal change. A Student-Newman-Keuls 
test was also used for comparison among the groups.

Results. There were no significant changes in the vertical marginal integrity related to ceramic type and marginal loca-
tion and their interactions. However, there was a significant marginal integrity change during the characterization and 
glazing firing stage. (P<.05)

Conclusions. The marginal gap increased for both systems during veneer application and decreased during the char-
acterization and glazing firing cycle. The total marginal fit change after 5 firings was 0.33 μm for IPS e.max Press, and 
0.27 μm for IPS Empress Esthetic. (J Prosthet Dent 2012;107:17-23)

The effect of multiple firings on the 
marginal integrity of pressable ceramic 
single crowns
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