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Contour of lingual surface in lower complete 
denture formed by polished surface impression 

Yu-Ri Heo, Hee-Jung Kim, Mee-Kyoung Son, Chae-Heon Chung*
Department of Prosthodontics, School of Dentistry, Chosun University, Gwangju, Republic of Korea

PURPOSE. The aim of this study was to analyze the shapes of lingual polished surfaces in lower complete 
dentures formed by polished surface impressions and to provide reference data for use when manufacturing 
edentulous trays and lower complete dentures. MATERIALS AND METHODS. Twenty-six patients with 
mandibular edentulism were studied. After lower wax dentures were fabricated, wax was removed from the 
lingual side of the wax denture and a lingual polished surface impression was obtained with tissue conditioner. 
The definitive denture was scanned with a three-dimensional scanner, and scanned images were obtained. At the 
cross-sections of the lingual frenum, lateral incisors, first premolars, first molars, and anterior border of the 
retromolar pads, three points were marked and eight measurements were taken. The Kruskal-Wallis test and a 
post hoc analysis with the Mann-Whitney test were performed. RESULTS. Each patient showed similar values for 
the same areas on the left and right sides without a statistically significant difference. The height of the contour of 
the lingual polished surface at the lingual frenum was halfway between the occlusal plane and lingual border, it 
moved gradually in a downward direction. The angle from the occlusal plane to the height of the contour of the 
lingual polished surface was increased as it progressed from the lingual frenum towards the retromolar pads. 
CONCLUSION. The shape of the mandibular lingual polished surface was convex at the lingual frenum, lateral 
incisors and gradually flattened towards the first molars and retromolar pads. [ J Adv Prosthodont 2016;8:472-8]
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Introduction

Three factors-stability, retention, and support-are crucial for 
fabricating successful complete dentures that satisfy both 
the dentist and patient.1 Complete dentures comprise three 
surfaces: the impression surface, which refers to the surface 
that is formed via the impression and is in contact with the 
tissue, the occlusal surface, which is the surface where the 
artificial teeth are arranged, and the polished surface, which 

is the surface not comprised of  the aforementioned two 
surfaces. All of  these surfaces should be taken into consid-
eration to fabricate successful complete dentures.

When all teeth are lost, a potential denture space exists 
within the oral cavity. The neutral zone refers to the space 
in which lateral forces exerted by the tongue and inward 
forces exerted by the cheek and lips are in equilibrium. 
Muscular contractions that occur during various functions, 
such as chewing, talking, and swallowing, vary in strength 
and direction for each individual. A complete denture must 
be positioned properly within the neutral zone for it to 
acquire stability and increased retention during such func-
tions.2 In particular, for an edentulous patient who has 
severe resorption of  the residual alveolar ridge, the buccina-
tor muscle and tongue can help to enhance the stability of  
the denture. Tongue position may be an important factor in 
denture stability.3-5 The polished surface of  the denture min-
imizes food accumulation and helps the cheeks push the 
food onto the occlusal surface, easing the chewing process.6 
For this reason, fabrication of  the polished surface is 
important. However, dentists have relatively lower aware-
ness of  the importance of  the polished surface compared 
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with those of  the impression surface and occlusal surface. 
Because of  the inconvenience caused by taking additional 
impressions and the complicated laboratory process, most 
dentists allow the fabrication of  the polished surface to be 
performed by dental technicians.

Many materials and techniques have been introduced for 
the fabrication of  the polished surface. In 1993, Fish7 began 
to realize the importance of  the polished surface and 
assumed that the lips, cheeks, and tongue muscle are impor-
tant for the stability of  the denture, and that the stability 
could be further enhanced by making the buccal and lingual 
surfaces concave to accommodate the muscles.8 Since Fish, 
many clinicians have reported neutral zone impression tech-
niques. There is a large amount of  literature on polished 
surface impression techniques. However, only a few studies 
have surveyed the shape of  the polished surface, and most 
of  them only briefly commented on the shape. In 1963, 
Raybin9 took a polished surface impression using wax and 
examined the shapes. He found that most lingual polished 
surfaces in the lower posterior region were flat, not concave. 
Tuckfield10 and Tillman11 suggested that the lingual polished 
surface in the molar area should not be concave, but the 
anterior region should be slightly concave to position the 
tongue. In contrast, another study asserted that lingual sur-
faces should be concave to provide space for tongue func-
tion and rest, and except at the border, should be as thin as 
possible.12 Sussman13 stated that the anterior region of  the 
lingual polished surface should be flat, but other regions 
should be concave. Block14 also argued that polished surfac-
es should be concave in consideration of  the position of  
the tongue.15 In 2009, Canna et al.16 published an article 
comparing a denture with a polished surface fabricated via 
an impression by a dentist with one fabricated arbitrarily by 
a dental technician. In the article, they stated that the lower 
buccal surface fabricated by a dental technician was con-
cave, but the actual impression of  the polished surface 
showed a convex shape. In 2012, Srivastava et al.6 suggested 
that the anterior region of  the lower lingual polished surface 
had a large shelf  shape with a lingual inclination. This shelf  
shape is created by the movement of  the tongue muscles, 
and the tongue is placed on this shelf  to help retain the 
denture. As shown in previous studies, there are many views 
regarding the polished surfaces of  dentures. Furthermore, 
the shapes have not been elaborated on with accurate mea-
surements, but only in words such as convex, concave, or 
flat, so it is difficult to understand the exact shapes of  the 
polished surface.

The shape of  the polished surface varies in every patient, 
but the shapes and contours are predicted to be similar in 
general.6 The objective of  the present study was to accurate-
ly present the contour of  the lingual surface in lower com-
plete dentures formed by polished surface impressions. 
Such findings would provide standards for lingual shapes 
when manufacturing edentulous trays for preliminary 
impressions, as well as when fabricating dentures for patients.

Materials and Methods

We studied 26 edentulous patients who required lower com-
plete dentures. The mean age of  the patients was 73.2 years, 
and six men and twenty women were included.

A wax denture was fabricated via the conventional 
method. First, we took a preliminary impression and made a 
diagnostic cast. Then, the individual tray was fabricated, 
after which the final impression was taken. The final 
impression was taken by border-molding using a modeling 
compound and taking a functional impression using a poly-
sulfide. We fabricated an occlusal record on the master cast 
and adjusted it within the oral cavity. Then, the vertical 
dimension was determined and interocclusal record was tak-
en. The anterior teeth arrangement was made in consider-
ation of  esthetic factors and the position of  the residual 
alveolar ridge, and the posterior teeth were arranged such 
that the lingual cusp was positioned within Pound’s triangle, 
which is formed by the buccal and lingual surfaces of  the 
retromolar pad and the mesial surface of  the lower canine. 
Tooth positions were standardized in this arrangement. We 
took an impression of  the polished surface within the 
patient’s oral cavities using a wax denture. The lingual wax 
was carefully removed from the wax denture and tissue con-
ditioner (Tempo, Lang dental manufacturing Co., Wheeling, 
WV, USA) was applied. After trying it within the patient’s 
oral cavity, we instructed the patients to perform some 
movements. The patients swallowed water, stretched out 
their tongues, moved them to the left and right, and licked 
their upper and lower lips with their tongues. The shapes of  
the lingual tissues and muscle movement were taken during 
these exercises (Fig. 1A).16 The definitive denture was fabri-
cated via the conventional method (Fig. 1B). The definitive 
denture was scanned using a model scanner (Scanner S6000 
ARTI, Zirkonzahn, Gais, Italy) to acquire images (Fig. 2). 
The scan files were then divided into different regions in the 
program (Rhinoceros 5.0, McNeel, Seattle, WA, USA) to 
analyze the cross-sections. 

Fig. 1.  (A) Lower wax denture formed by polished 
surface impression using a tissue conditioner, (B) 
Definitive lower compete denture.

A B
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The cross-sections were divided into 10 sections. First, 
we formed an occlusal plane by connecting the mesial inci-
sal edge of  the central incisor and distobuccal cusps of  the 
right and left second molars and cut perpendicular to the 
occlusal plane. The 10 sections were the lingual frenum, 
both lateral incisors, both first premolars, both first molars, 
and both anterior borders of  the retromolar pads, and we 
took measurements in each region (Fig. 3).

We marked three points: at (a) the lingual gingival mar-
gin of  the artificial teeth; (b) the height of  the contour at 

the lingual polished surface; and (c) the most inferior lingual 
border at the cross-section and measured the following 
eight values: (A) the perpendicular distance between the a-c 
line and b; (B) the vertical distance from the occlusal plane 
to b; (C) the vertical distance between b and c; (D) the verti-
cal distance from the occlusal plane to c; (E) the ratio of  C 
to D; (F) the angle formed by the a-b line and the occlusal 
plane; (G) the angle formed by the b-c line and the occlusal 
plane; and (H) the angle formed by the a-b line and the b-c 
line (Fig. 4).

Fig. 2.  (A) Scanning of the definitive denture, (B) Scanned images of definitive denture.

A B

Fig. 3.  Cross sections of each region. (A) lingual frenum, (B) lateral incisor, (C) first premolar, (D) first molar, (E) anterior 
border of retromolar pad.

A B C D E

Fig. 4.  Reference points and measurements at the sectioned lingual polished surface. (a) the lingual margin of the 
artificial teeth, (b) the height of the contour at the lingual polished surface, (c) the most inferior lingual border, (A) the 
perpendicular distance between the a-c line and b, (B) the vertical distance from the occlusal plane to b, (C) the vertical 
distance between b and c, (D) the vertical distance from the occlusal plane to c, (E) the ratio of C to D, (F) the angle 
formed by the a-b line and the occlusal plane, (G) the angle formed by the b-c line and the occlusal plane, (H) the angle 
formed by the a-b line and the b-c line.
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The data were statistically analyzed using SPSS software 
(IBM SPSS Statistics 23.0, SPSS Inc., Chicago, IL, USA). 
Paired t test were performed to compare the significances 
of  right and left measurements from the same region in 
each patient. The measurement values were recorded for 
each cross-section and were tested for significance via the 
Kruskal-Wallis test. For a post hoc test, the Mann-Whitney 
test was performed, and the significance level was set to 1% 
based on Bonferroni’s method (P < .01). In all other tests 
except for the Mann-Whitney test, the significance level was 
set to 5% (P < .05).

Results

In the paired t tests performed to examine whether the 
shapes of  the right and left lingual polished surfaces were 
similar in each patient, the results showed P values of  .785 
between the left and right lateral incisors, .906 between the 

first premolars, .991 between the first molars, and .644 
between the anterior borders of  the retromolar pads; all of  
which were greater than .05. This finding signifies that there 
was no significant difference between the right and left 
shapes in each patient (Table 1).

For all 26 patients, we took measurements from A to H 
for each cross-section of  the lingual frenum, lateral incisor, 
first premolar, first molar, and anterior border of  retromo-
lar pad. We used the mean value of  the right and left mea-
surements for each region (Table 2, Table 3).

 The cross-section of  the polished surface at the lingual 
frenum was convex (Fig. 5A). The height of  contour of  the 
lingual polished surface was positioned halfway (E) between 
the occlusal plane and lingual border, and this point was 
about 4.72 mm (A) lingual to the line connecting the lingual 
gingival line of  the artificial teeth and the lingual border. 
The angle between the plane in which the gingival margin 
occurred to the lingual height of  the contour and occlusal 

Table 1.  The results of the paired t test between right and left measurements in each region

Paired Differences

t df P value
Mean (SD) Std. Error 

95% CI

Lower Upper

I (L) - I (R) .09567 (5.05131) .35025 -.78618 .59483 -.273 207 .785

P (L) - P (R) .05394 (6.60526) .45799 -.95687 .84899 -.118 207 .906

M (L) - M (R) .00615 (7.59196) .52641 -1.04396 1.03165 -.012 207 .991

R (L) - R (R) .15938 (4.97200) .34475 -.83904 .52029 -.462 207 .644

*; significant difference (P < .05)
I, lateral incisor; P, first premolar; M, first molar; R, anterior border or retromolar pad; (L), left side; (R), right side

Table 2.  Mean values and standard deviations of 5 distance measurements at each region (unit: A - D mm, E ratio)

Lingual frenum Lateral incisor First premolar First molar Ant. border of retromolar pad

A 4.72 ± 1.51 5.44 ± 1.27 4.80 ± 0.85 3.44 ± 1.04 2.79 ± 0.78

B 7.78 ± 2.1 8.45 ± 2.44 9.91 ± 2.17 13.87 ± 2.63 15.07 ± 2.48

C 7.74 ± 2.91 7.80 ± 2.98 8.17 ± 2.56 6.60 ± 2.55 3.96 ± 1.83

D 15.52 ± 2.43 16.25 ± 2.31 18.08 ± 2.41 20.47 ± 2.38 19.03 ± 3.00

E 0.49 ± 0.15 0.47 ± 0.15 0.45 ± 0.12 0.32 ± 0.12 0.20 ± 0.80

Table 3.  Mean values and standard deviations of 3 angle measurements at each region (unit: degree)

Lingual frenum Lateral incisor First premolar First molar Ant. border of retromolar pad

F 29.87 ± 8.22 31.46 ± 10.70 43.50 ± 9.74 64.08 ± 9.34 73.96 ± 5.28

G 96.04 ± 18.05 102.51 ± 16.26 105.83 ± 12.06 110.68 ± 15.17 117.75 ± 7.98

H 113.83 ± 14.86 107.90 ± 11.38 117.05 ± 10.26 131.49 ± 10.10 136.25 ± 9.44

Contour of lingual surface in lower complete denture formed by polished surface impression
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plane was 29.87° (F). The angle was smaller than that in any 
other region, and was a horizontal form upon which the 
tongue can rest. The angle from the height of  the contour, 
where the movement of  the base of  the tongue occurs to 
the lingual border was 96.04° (G), and this inclination 
formed a 113.83° (H) with the medial inclination. 

The polished surface of  the lateral incisors also was con-
vex, and similar to the lingual frenum area (Fig. 5B). The 
lingual height of  the contour was positioned at 0.47 ratio 
(E) in the distance from the occlusal surface to the lingual 
border. The A value was longer than that in any other 
region. The F value was 31.46°, which was horizontal and 
similar to that of  the lingual frenum. The H value (107.90°) 
was the smallest among the H values in all regions. 

The cross-section of  the first premolar was slightly con-
vex (Fig. 5C). The E value was 0.45 ratio, which was not sig-
nificantly different from that of  the lingual frenum or lateral 
incisor. The F value was 43.5°, which was significantly 
greater than that of  the lateral incisor (P < .01). Compared 
with the anterior regions, the horizontal shape was not as 

prominent. The H value was 117.05°, which was significant-
ly greater than that of  the lateral incisor (P < .01). The dis-
tance from the occlusal plane to the lingual border was 
18.08 mm, which was significantly greater than those of  the 
lingual frenum and lateral incisor (P < .01). 

The cross-section of  the first molar region was flat (Fig. 
5D). The E value was 0.32 ratio, and gradually moved 
toward the inferior region. The F value was 64.08°, and 
showed a significant increase and a straighter line. The H 
value (131.49°) was also significantly increased (P < .01), 
with the angle becoming more linear. The D value (20.47 
mm) was the longest among the D values in all regions. 

The anterior border of  the retromolar pad was the flat-
test among those in all regions (Fig. 5E). The E value was 
0.2 ratio, and was positioned at the most inferior point. The 
A value (2.79 mm) was the smallest among the A values in 
all region. The F value (73.96°) was significantly the greatest 
(P < .01), and the H angle (136.25°) was closest to a straight 
line.

Fig. 5.  Contour and mean values of each region. (A) lingual frenum, (B) lateral incisor, (C) first premolar, (D) first molar, 
(E) anterior border of retromolar pad.

A B

C D E
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Discussion

The A value represents how medial the height of  the con-
tour is. There was no statistically significant difference in 
the A value for the lingual frenum, lateral incisor, or first 
premolar, but the values of  A significantly decreased for the 
first molar and the anterior border of  the retromolar pad (P 
< .01). This means that the height of  the contour was more 
medially positioned and more convex in the anterior 
regions, and became more flat in the posterior regions. The 
values of  D for the lingual frenum and lateral incisor were 
shorter than other region. The D value gradually increased 
to reach the greatest at the first molar, and slightly decreased 
at the anterior border of  the retromolar pad. This is because 
the lingual frenum and sublingual fold may move upward in 
the anterior regions, and the vestibule is deeper in the poste-
rior regions than in the anterior regions. It also means that 
tongue movement has a lesser effect on the inferior length 
of  the polished surface in the posterior regions. The values 
of  E for the lingual frenum, lateral incisor, and first premo-
lar were 0.49, 0.47 and 0.45 ratio, respectively, and were 
reduced toward the first molar and anterior border of  the 
retromolar pad 0.32 and 0.20 ratio, respectively. This shows 
that the height of  the contour of  the polished surface was 
at the halfway point between the occlusal plane and lingual 
border at the lingual frenum, lateral incisor, and first premo-
lar, but moved in a more inferior direction and reached the 
one-fifth point at the anterior border of  the retromolar pad. 
The F value was the smallest at the lingual frenum (29.87°) 
and the largest at the retromolar pad (73.96°). This means 
that the lingual inclination from the occlusal plane to the 
lingual height of  the contour was horizontal at the lingual 
frenum and lateral incisor, but gradually became vertical. 
This is presumed to be due to the fact that the tongue is 
minimally attached and has a wide range of  movement in 
the anterior region, and the inferior space that is created 
during tongue movement is taken into account in the 
impression of  the polished surface. In addition, the wider 
attachment of  the tongue in the posterior region makes the 
lateral side of  the tongue thicker, which would make the lat-
eral force stronger, resulting in a vertical shape. The values 
for G were all greater than 90°, and increased as it moved 
posteriorly. The H values were significantly larger at the first 
molar and anterior border of  the retromolar pad than at the 
lingual frenum, lateral incisor, and first premolar (P < .01). 
This shows that the lingual polished surface approached 
180° in the more posterior regions, and became nearly flat.

The lingual polished surface had different shapes in each 
region. In the anterior regions, the lingual height of  the 
contour was at about the halfway point between the occlusal 
surface and the lingual border, and F values (29.87° and 
31.46°) were more horizontal than in the posterior regions. 
This differed from the arguments of  Tuckfield10 and 
Tillman11 that it should be slightly concave for the tongue to 
rest, and was similar to the shelf  shape reported by Srivastava 
et al.6 Such a shape is predicted to help maintain and stabi-
lize the denture by enabling the tongue to be positioned in 

the anterior region. The H values (113.83° and 107.90°) 
were smaller in the anterior regions than in the posterior 
region. This is presumed to have resulted from the base of  
the tongue moving the sublingual fold toward the anterior 
regions, which signifies that the tongue’s base movement is 
larger in the anterior regions than in the posterior regions. 
The height of  the contour at the first premolar, where the 
premylohyoid fossa is located, was at a point slightly inferior 
to the halfway point. The values of  F and G were 43.50° 
and 105.83°, respectively, which were slightly larger than 
those in the anterior regions. The anterior and premolar 
regions were both close to a convex shape. The height of  
the contour in the first molar region, where the mylohyoid 
muscle is located, was in the inferior region (about the one-
third point). The F value was significantly increased (P < 
.01). And the H value was significantly larger than those at 
the lingual frenum, lateral incisor, and first premolar (P < 
.01). This shows that the polished surface was less convex 
and more flat than in the anterior regions. The height of  the 
contour at the anterior border of  the retromolar pad, where 
the retromylohyoid fossa is located, was at the most inferior 
point (about the one-fifth point). The F value was largest at 
the retromolar pad, which was closest to a vertical shape. 
The H value was also the largest. The D value was more 
slightly decreased than at the first molar, but there was no 
significant difference. The polished surface in the posterior 
regions became flat as it moved from the first molar to the 
anterior border of  the retromolar pad. This is presumed to 
be due to the fact that the lateral and basal sides of  the 
tongue are in contact with the polished surface, limiting its 
thickness.17 The shape of  the polished surface in the poste-
rior regions acquired in the present study was similar to the 
flat shape described by Raybin,9 Tuckfield,10 and Tillman,11 
but different from the concave shape reported by Sussman13 
and Block.14 

The shapes of  polished surfaces as suggested by this 
study could be utilized for designing lingual shapes for 
edentulous trays needed for taking a preliminary impression 
for lower complete dentures. Furthermore, these findings 
could be used as a reference when taking impressions of  
patients’ polished surfaces.

The curvature of  the polished surface varies in different 
regions. Even the right and left curvatures within the same 
patient are not identical. A limitation of  this study was the 
linearization and expression of  irregular curves as numbers. 
Additional studies on the expression of  curves are needed.

The present study surveyed the lingual polished surface, 
which is larger and has more effects on the retention and sta-
bility of  dentures compared to the buccal surface. In the 
future, researchers should examine not only lower buccal pol-
ished surfaces, but also upper polished surfaces. Furthermore, 
more studies should examine whether there are differences 
in shapes depending on impression techniques. In addition, 
reproducible polished surface impression techniques should 
be developed through research on whether impressions are 
taken differently in accordance with the impression material, 
amount of  impression material, and the use of  pronuncia-

Contour of lingual surface in lower complete denture formed by polished surface impression
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tion and swallowing movements.

Conclusion

In the anterior regions, the height of  the contour was at the 
midpoint and had a convex, shelf-like shape. The first pre-
molar region was slightly convex. In the posterior regions, 
the height of  the contour gradually moved downward to 
take on a flat shape.
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