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ABSTRACT
Introduction: Esthetics is becoming more important to completely edentulous patients than 

ever before, and more of them are asking for the smile of movie stars. The purpose of this study 
was to adopt the Digital Smile Design (DSD) software as a new method for complete dentures 
smile evaluation, that is more reliable than the subjective judgement of the dentist, the patient, or 
the patients’ relatives.

Material and Methods: Sixty patients, 22 females and 38 males, already having their dentures, 
ranging 40 to 70 years old agreed to participate in this study, where they were photographed in a 
smiling and a lip retracted position. The photographs were evaluated by one examiner who used a 
DSD software called Digital Smile System (DSS). Evaluation included coincidence of the dentures 
midline with that of the face, parallelism of the incisal maxillary plane to the inter pupillary line 
(IPL), and equality of the width of the maxillary 6 anterior teeth with the inter alar width (IAW) 
of the nose. Patients were also asked about their acceptance of the dentures teeth forms and color. 
Results of this study were statistically analyzed using the package for social science (SPSS version 
20 for windows) where the data were displayed in the form of frequencies and percentages, and 
comparisons between the study groups were carried out using Chi Square test at significance level 
p<0.05.

Results: The midline of the maxillary dentures was coincident with the midline of the face in 
48 patients, and had a statistically significant relationship with the maxillary incisal plane (p≤.001), 
which was parallel to the IPL in 41 patients, whether it followed the lower lip line or not. These 
centrally aligned midline of the dentures also had a significant relationship with the combined width 
of the maxillary incisors and canines (p=.001) when it was equal to the IAW in 50 of the patients. 
Teeth forms were accepted by 47 patients with no gender significant difference (p=.879), and 42 
patients preferred a whiter shade with a significant difference for the females (p ≤.035). 

Conclusions: The midline of the face and width of the nose helped correct selection of the 
width of maxillary incisors, and the inter pupillary line helped to properly orient their plane. 
Patients opinion regarding their teeth form and color must be taken into consideration carefully. 
The DSD software presented a simple and a reliable method to evaluate and create the complete 
denture smile. Complete denture smile conforms to the principles of DSD as it originated from the 
same biometric references.
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INTRODUCTION 

The teeth and their supporting bases are 
responsible for maintaining a pleasant and a normal 
facial expression for they hold the lips and facial 
musculature in proper physiologic position. Special 
attention to the clinical and laboratory procedures of 
complete denture construction can help maintain an 
esthetic smile even after loss of teeth. 1-5

The dentogenic concept proposed by Frush 
and Fischer 6-11 represents one of the earliest trials 
to produce esthetic dentures, it depended on the 
patients age, gender, and personality. Other studies 
have demonstrated the importance of artificial teeth 
positioning, and that the selection of their form 
and color, and symmetrically arrangement around 
the midline of the face, can affect the esthetic  
results. 12-14

However, even if the artificial teeth were 
set to the approximate positions of their natural 
predecessors, there is a gradual reduction in the 
amount of maxillary incisors display and a gradual 
increase in the mandibular teeth exposure.  15-22

The width of the nose from the outer border of one 
ala to the other presented a reference for selection 
of the width of the maxillary denture anterior teeth, 
and represented an easier and reproducible method 
compared to other methods using the golden rule 
and inter pupillary distance hypotheses. 23-29

Studies concerned with the tooth forms have 
found that in any given race, several facial 
patterns can exist, accordingly, it was generally 
recommended to relate the tooth form the patients’ 
personality, as dictated by the Dentogenic concept. 
Gender may however affect selection of the tooth 
form, being more rounded and ovoid for females, 
and more angular or square for males. 30-32

Occlusal plane orientation in the mandibular 
arch is functionally related to the retro molar pad, 
commissures of the mouth, and the lateral border of 
the tongue. The maxillary posterior occlusal plane 

is usually made parallel to the ala-tragus line, while 
the anterior maxillary incisal plane is made parallel 
to the inter pupillary line (IPL) horizontally, and its 
vertical position is determined by lip relationships 
at rest and when smiling, and is better determined 
by the dentist from front centered view, rather than 
a lower position view, to yield the best esthetic 
results. 33-36 

Three intra-oral anatomic structures can be 
used efficiently to locate the midline, namely the 
nasopalatine papilla, the mid palatal suture, and 
the labial frenum with a less than one millimeter 
inaccuracy. Accordingly, determining the facial 
midline bisecting the nose, philtrum and tubercle of 
the upper lip can be an accurate process in most of 
the situations. 37

Considering the patients’ needs, retention and 
the sense of security were the main reasons for 
of appreciation of complete dentures. Recently 
patients are becoming more esthetically demanding, 
seeking near ideal teeth arrangements that are much 
better than any available pre-extraction record, and 
denture teeth with bleached shades. 38-41 

The currently available Digital Smile Design 
(DSD) computer software create a virtual wax-up, 
and provides insights into the perfect smile that 
most of the patients seek whether dentulous or 
edentulous. 42, 43

This study aimed to use one of these software 
packages to evaluate the already made complete 
dentures smile, and extract the criteria of a beautiful 
denture smile. 

MATERIALS AND METHODS

This study aimed to use the features of the DSD 
software to evaluate the smile of complete dentures. 
Patients participated in this study were already 
having old complete dentures or just having their 
new dentures delivered. Sixty patients, 22 females 
and 38 males, attending the out-patient clinic at 



VIRTUAL EVALUATION OF COMPLETE DENTURES SMILE (1589)

the college of dentistry, Qassim university in the 
kingdom of Saudi Arabia, ranged 40 to 70 years old, 
approved the consent, and were informed that the 
procedure was merely for research purposes and not 
part of their treatment. Institutional approval was 
also obtained before beginning of the study.

Two photos, in front centered view, were taken 
for each participant. In one photo the patients 
were asked to smile or to show their teeth, and in 

the second photo, the lips were retracted. Patients 
photos were then evaluated using a free trial of the 
Digital Smile System ( DSS available at: http://
www.digitalsmilesystem.com/en/features). 

The DSD program was not used to design a 
new smile for the patients, however, its features 
were used to evaluate the dentures smile through 
objective analysis. Evaluation included centricity 
of the midline of the complete dentures using the 

Fig. (1) The symmetry line feature 
of the DSS (red line) was 
used as the midline of the 
complete denture, and the 
reference line (blue line) 
was used as the midline 
of the patients face. In this 
case the denture midline 
was eccentric by 3.91 mm. 
note that both lines were 
perfectly perpendicular 
making 90° with the 
horizontal yellow line near 
the tip of the nose from 
below.

Fig. (2) Using the reference lines 
of the DSS to evaluate 
maxillary incisal plane 
parallelism to the IPL. 
In this case the maxillary 
incisal plane was 
parallel to the IPL, flat 
and not following the 
lower lip line, allowing 
some exposure of the 
mandibular incisor teeth 
when the lips were at rest 
position.
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symmetry line as seen in Figure 1, maxillary incisal 
plane parallelism to the inter pupillary line plane 
(IPL) using the reference lines as seen in Figure 2, 
and whether the incisal plane followed the lower lip 
line or not using the incisal plane line as seen in 
Figure 3. And finally, the linear measurements of 
the software were used to evaluate the equality of 
the combined width of the maxillary incisors and 
canines to the IAW as seen in Figure 4. 

All the photos were evaluated by one examiner, 
the patients were also asked to comment on the 
form and shade of their dentures teeth, and all the 
data were displayed in the form of frequencies and 
percentages. The data were tabulated and analyzed 
using statistical package for social science (SPSS 
version 20 for windows). Comparisons between the 
study groups were carried out using Chi Square test 
at significance level p<.05.

Fig. (3) Using the incisal edge 
feature of the DSS (yellow 
line) to determine if the 
maxillary incisal plane 
followed the lower lip line 
and if its planar average 
paralleled the IPL or not.

Fig. (4) Comparing the width of 
the 6 maxillary anterior 
teeth to the IAW of the 
nose using the linear 
measurements lines of the 
DSS. Numerical values 
were used to determine if 
the teeth were of the same 
width or smaller than the 
IAW.
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RESULTS

Table 1 presents the resulting data from the 
DSS software analysis of the 60 patients complete 
dentures smile, and it shows that the midlines of the 
maxillary dentures were coincident with the midline 
of the face and perpendicular to the maxillary 
incisal plane in 48 patients. Though being parallel 
to the IPL, the maxillary incisal plane was found 
to be flat and not following the lower lip line in 
41 patients. The combined width of the maxillary 
denture anterior teeth was found to be the same as 
that of the IAW of the nose in 50 patients. Teeth 
forms were approved by 47 patients, these were 
square teeth for men, and ovoid for women. Finally, 
42 of the patients needed a whiter shade, a higher 
value, even though the tooth shade of their dentures 
harmonized the color of their skin and hair. 

There was a significant relationship between the 
centrally aligned midline of the dentures with the 
maxillary incisal plane (p=.001) whether following 
the lower lip line or not (Table 2), also, these midlines 
had a significant relationship with the width of the 6 
maxillary anterior teeth (p=.001) when they equaled 
the IAW of the nose (Table 3). 

The two genders did not have any significant 
difference in acceptance for the denture teeth form 
(p=.879) as displayed in Table 4. However, there 
was a significant relationship (p =.035) between 
gender and teeth shade, where the female patients 
needed a whiter shade more than the female patients 
as presented in Table 5.

TABLE (1) Analysis of the patients complete dentures smile.

Comparison item Description N= 60

Midline 
Centrally aligned, perpendicular 48
Eccentric  12

Occlusal plane
Parallel to the IPL, following the lower lip 12
Parallel to the IPL, flat not following the lower lip 41
Not parallel to the IPL, flat not following the lower lip 7

Width of the 6 maxillary anterior teeth
Same width of the IAW 50

Smaller than the IAW 10

Tooth form
Accepted by the patient. 47
Not accepted by the patient. 13

Tooth shade
Accepted by the patient 18
The patient needed a whiter shade 42

N: number of patients.

TABLE (2) Relationship between midline and occlusal plane

Midline

X2(p)Centric Eccentric Total

No % No % No %

O
cc

lu
sa

l 
pl

an
e

Parallel to the IPL, following the lower lip 11 22.9% 1 8.3% 12 20.0%
13.330 

(0.001)*
Parallel to the IPL, flat not following the lower lip 35 72.9% 6 50.0% 41 68.3%

Not parallel to the IPL, flat not following the lower lip 2 4.2% 5 41.7% 7 11.7%

*P for chi Square test (X2), significant at <.05
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Brewer20 emphasized the impossibility of 
standard esthetic arrangement or composition of 
teeth that would be acceptable for all.  Waliszewski40 

has also referred to the same problem, and claimed 
that intraoral and extra oral landmarks of the 
completely edentulous patients have presented a 
low reliability for tooth selection or arrangement, 
and cannot be used to provide those patients with 
the same smile of dentate patients. However, several 
other studies15-22 have suggested that these biometric 
guides can be used to produce properly functioning 
dentures with a pleasant smile due to the restoration 

DISCUSSION

Complete dentures smile has usually been 
designed by the dentist, produced by the technician, 
and then the patients are given a chance to look at 
themselves through a mirror at the try-in stage. In 
contrast to the dentist who advises teeth arrangement 
that follows anatomical averages or any available 
pre-extraction record, and selection of tooth color 
that harmonizes with the hair and the skin, patients 
are becoming more esthetically demanding, seeking 
near ideal tooth arrangement and color. 

TABLE (3) Relationship between midline and width of maxillary anterior teeth width

Midline

X2(p)Centric Eccentric Total

No % No % No %

Width of the 6 maxillary 
anterior teeth

Same as IAW 45 93.8% 5 41.7% 50 83.3% 18.750
(0.001)*Smaller IAW 3 6.2% 7 58.3% 10 16.7%

*P for chi Square test (X2), significant at <.05

TABLE (4) Relationship between gender and tooth form acceptance by patients

Gender 

X2(p)Male Female Total

No % No % No %

Tooth 
form

Accepted by the patient. 30 78.9% 17 77.3% 47 78.3% 0.23 (0.879)

Not accepted by the patient. 8 21.1% 5 22.7% 13 21.7%

*P for chi Square test (X2), significant at<.05

TABLE (5) Relationship between Gender and tooth shade acceptance by patients

Gender 

X2(p)Male Female Total

No % No % No %

Tooth 
shade

Accepted by the patient 15 39.5% 3 13.6% 18 30.0% 4.429
(0.035) *The patient needed a whiter shade 23 60.5% 19 86.4% 42 70.0%

*P for chi Square test (X2), Significant at <.05
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of the lips and cheeks to the positions when the 
natural teeth were present. 

It also seemed that the dentists who used the extra 
oral landmarks, as esthetics guide lines, were able to 
successfully determine the midline of the face, and 
properly orient the occlusal plane anteriorly, this 
was approved by the significant relationship found 
between these two parameters in the results of this 
study, even though the anterior teeth did not follow 
the lower lip in most of the situations and allowed 
some exposure of the mandibular teeth. This came 
in agreement with the findings of Latta37, Kim et 
al36, and Brigante39 who confirmed that complete 
dentures maxillary incisors may not follow the lower 
lip line if this will increase the incisal guidance 
angle and make balanced occlusion more difficult 
to achieve. Also, Cade 22 found it acceptable for 
complete dentures to show more of the mandibular 
incisors with the increase in age.

Another important finding of this study was 
the significant relationship of the midline of the 
face, when successfully allocated, to the combined 
width of the maxillary denture anterior teeth, when 
their width was equal to the IAW of the nose. This 
finding contradicted the work of Smith 24 who could 
not relate the intercanine distance to the width of the 
nose in 80 male and female subjects, or Varjao et al 
26 who concluded that the nasal width method is not 
reliable and results in the selection of wider artificial 
teeth in any of their studied racial groups. However, 
in a completely edentulous patient situation, the use 
of the IAW will save the dentist a lot of the guess 
work, and will help easily determine the width of 
the maxillary denture anterior teeth as advocated by 
the findings of Hoffman et al 25. 

The dentures examined in this study had square 
teeth assigned for male patients and ovoid teeth forms 
in female patients’ dentures, and neither of them 
showed any significant objection about these forms. 
This came in disagreement with Mavroskoufis and 
Ritchie 33 who found no similarity between face-

form and incisor tooth form. However, this finding 
comes in agreement with Shaweesh 32 et al on the 
basis that certain tooth forms suite masculinity, 
having definite corners and prominent angles, such 
as square tooth forms, and other teeth forms suite 
femininity, being more rounded and having more 
gentle curves, such as the ovoid tooth forms.

On the other hand, there was a significant 
relationship between gender and teeth shade, where 
the female patients needed shades of higher values 
than the male patients. This came in agreement 
with Roumanas 41 who stated that ‘The mass media 
has tremendous influence on the esthetic tastes 
of our patients. Messages of health, power, and 
attractiveness are often linked to movie stars with 
prominent, white smiles’.

Finally, it is important to note that this study 
did not evaluate the denture base esthetics, and it is 
recommended that other studies in the future would 
consider the denture base color and topography. 
Also, it is recommended that prosthodontists can 
use the any available DSD software to create the 
denture smile after registration of jaw relations, or 
to evaluate the smile at the try-in stage, or to assess 
the smile of old prostheses before fabricating new 
dentures.

CONCLUSIONS

From the results of this study it can be concluded 
that proper allocation of the denture midline, 
determination of the IAW, orientation of the incisal 
plane as function and phonetics permit, and selection 
of the tooth form and shade that are suitable for the 
patient individuality, can yield a beautiful denture 
smile which may have the following criteria:

1. Accurately allocated dentures midlines that 
are coincident with the midline of the face and 
perpendicular to the maxillary incisal plane as 
found in most of the participants in this study 
(p=.001).
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2. Properly oriented maxillary incisal planes that 
are parallel to the IPL, and follows the lower lip 
line as much as incisal guidance allows.

3. Equal width of the maxillary 6 anterior teeth 
to the IAW of the nose, as found in this study 
(p=.001), which presented a fixed reference 
width, and together with centrally aligned mid-
lines, symmetrical teeth arrangement become 
easily achieved.

4. Square teeth assigned to males and ovoid teeth 
assigned to female patients, in this study both 
sexes accepted these forms with no significant 
difference (p=.879). 

5. Females required whiter teeth shades more than 
males (p=0.035)

6. Since complete dentures smile was found to 
conform to the principles used in DSD, it is 
recommended to use the DSD software pack-
ages, which presented a simple and predictable 
method, for evaluation and production of highly 
esthetic complete dentures smile.
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