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ABSTRACT

Aim: The study was carried to find a relationship between the 
postextraction stable landmark, the incisive papilla, and the 
most labial position of the maxillary central incisor teeth, which 
occurred in Nepalese population.

Materials and methods: Casts of the subjects selected by 
nonprobability random sampling meeting the inclusion criteria were 
obtained. Each casts were standardized with respect to the occlusal  
plane and a photographic technique was used to measure the 
distance from the tangent of the labial surface of the central 
incisors to the posterior border of the incisive papilla. The 
measurements were made using Adobe Photoshop and results 
were analyzed by using appropriate statistical methods. Most 
appropriate software (SPSS) for the purpose was used to 
generate all desired values.

Results: The data obtained suggested that the distance from  
the labial surface of maxillary central incisors to the posterior 
border of the incisive papilla ranged from 9 to 15.9 mm with a 
mean of 11.59 mm (SD 1.3). Various other results were also 
found after evaluation of the arch forms in relation to sex and 
race.

Conclusion: Within the limitations of the study, these results 
suggested that there is a relationship between the maxillary 
central incisors and the incisive papilla aiding in the anteropos-
terior positioning of the anterior tooth.

The clinical relevance of the study lies in application of the 
incisive papilla as a starting point in the preliminary location of 
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INTRODUCTION

One of the problems during replacement of upper anterior 
teeth is about knowing the proper position of the teeth 
that was present when the patient had teeth. It becomes 
important to place teeth in proper position as this helps 
in achieving correct speech, esthetics, and harmonious 
incisal guidance.1-3

In complete denture patients, positioning of anterior 
artificial teeth depends on the ability to provide adequate 
support to the upper lip by maintaining an undistorted 
philtrum and nasolabial grooves and ensure proper 
contact of upper and lower lips at the vermillion border, 
which will be determined by the occlusal rim that is 
used as a guide. This however depends on individual 
assessment and may be variable. An easy method of 
finding the correct position will be preextraction record, 
but this too may not be available sometimes. The incisive 
papilla made of dense connective tissue covering the 
incisive foramen is a stable landmark, which may be used 
as a guide in positioning of the anterior teeth.4-6

Although the shape of the papilla shows a wide range 
of variation, the middle or center of the papilla is com-
monly used as a point of reference in many studies.7,8 One 
of the early studies has found a horizontal distance of 5 to 
8 mm from the incisive papilla to the incisors.9 Martone 
and Mavroskoufis and Ritchie10-12 preferred 8 to 10 mm 
for this measurement, whereas Schiffman,7 related the 
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canines to a line bisecting the papilla. He suggested the 
intercanine or canine papilla canine (CPC) line may pass 
through center or anterior or posterior to it depending on 
arch shape or irrespective of it.

Linear measurement between two objects in a 
three-dimensional relationship imposes problem when 
the objects are not aligned on the same plane in three 
dimensions.13 To reduce this error, the present study 
used a photographic technique to evaluate the points 
on the incisive papilla as a guide for the anteroposterior 
position of maxillary central incisors as used in the 
previous studies.14

Previous studies for the determination of relationship 
between incisive papilla and maxillary central incisors 
and canines had been done in other population groups 
and no such studies have been done in Nepalese popula-
tion. If we can measure the distance, then it may guide 
us in determining the relationship so that in edentulous 
Nepalese population how much anterior tooth placement 
is appropriate during denture fabrication and is there any 
ethnic variation for this measurement can be known. In 
future, similar study may be extended to find out if there 
is comparative difference between the relationship in 
natural dentition and denture fabricated with the ante-
rior teeth placed in a zone that is within ones subjective 
perception of esthetics.

MATERIALS AND METHODS

A total sample of 76 subjects categorized into four groups, 
each containing 19 Aryans and Mongoloids males and 
females were included in the study. Nonprobability 
sampling was done and selection was done on the criteria 
having full set of dentition, class I molar relation, normal 
overjet and overbite, symmetrical arches, and where 
growth was completed, that is, above 18 years of age.

Impressions of the upper arches were made by 
irreversible hydrocolloid impression material (Zelgan 
Plus, Dentsply India Pvt. Ltd.) and the casts were 
poured using type III gypsum product (Kalstone 
Class III, Kalabhai Karson Pvt. Ltd. Mumbai, India). 
Standardization of the occlusal plane of each cast was 
done by using an articulator that was modified by fixing 
two glass plates on the upper and lower members of 
the articulator at a fixed vertical distance of 33 mm. The 
casts were inverted so that the central incisors and the 
molars were in contact with the lower glass plate. A mix 
of Plaster of Paris type II gypsum product (Kaldent, 
Kalabhai, Dental Plaster Class II) was placed on top of the 
cast and the upper member with glass plate was lowered 
so that it contacted the plaster evenly all around until 
the incisal pin touched the incisal guide table and was 
held in that position till set to prevent setting expansion. 
Excess plaster around the periphery was trimmed away 
without touching the base. The casts thus produced 
were standardized with the occlusal plane parallel to the 
horizontal plane when the bases of the casts were placed 
on a flat horizontal surface (Fig. 1). Coding was done at 
the periphery of the casts.

The casts were placed on the platform of a photographic 
copying stand. White sticker with the coding was placed 
on the palatal aspect for easy reference and identification. 
A metal ruler was placed alongside the cast so that the 
surface of the ruler was at the same level as the occlusal 
plane. A camera (Nikon D80, Nikon Corporation) was 
used. The photographs were taken at a shutter speed 
of 2 seconds, the magnifying power (2/3), and a fixed 
distance between the camera and the casts being 25 cm. 
The photographs were taken at focal length of 40 mm, 
ISO speed of 250, maximum aperture of 4, f/13 and 1/125 
sec (Fig. 2).

Fig. 1: Standardization of the cast Fig. 2: Photograph of the cast. Ruler is placed along the side of 
the cast at the same level as the occlusal plane
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The images of the casts obtained were entered and 
the following information was calculated and analyzed 
by the computer using Adobe Photoshop 7 – the distance 
from the most labial contour of the central incisors  
(A) to the posterior point of incisive papilla (I2), that  
is, I2A, the region where the intercanine line or CPC 
line crossed the incisive papilla. For this, point B was 
marked where the CPC line intersected the midline of 
the papilla and distance from B to I1 was calculated. This 
obtained value was divided by I1I2, the total length of 
the papilla to get the ratio. It laid on the anterior third 
if the value came up to 33.3%, the middle third if value 
came up to 66.6%, and posterior third if it was more than 
that. Occurrence of the different arch form in relation 
to sex and race and their relationship to the intercanine 
line was also studied.

RESULTS

A total of 76 subjects participated in the study. Screening 
of total of 218 subjects was done and sample was selected 
based on the inclusion criteria and those who did not 
meet the criteria were excluded from the study. The mean 
distance between the posterior border of the incisive 
papilla and the labial surface of maxillary central incisors 
(i.e., I2-A) was 11.59 mm (SD 1.3) with normal distribution 
(Graph 1). The mean distances in male and female were 
11.84 mm (SD 1.4) and 11.3 mm (SD 1.3) respectively with 
p value of 0.104, which was not statistically significant 

(Table 1). Independent t-test was used to find the relation 
between the distances in relation to race. The mean value 
in Aryans was 11.23 mm (SD 0.9) and Mongoloids was 
12.0 mm (SD 1.6), which was significant at p value of 0.018.

Oval arch was the most common type of the arch 
seen in both the sex and the race with occurrence of 
68.4% in the total sample (Graph 2). The mean distance 
between the posterior border of the incisive papilla and 
the maxillary incisors in subjects with oval, square, and 
tapered arch form were 11.5 mm (SD 1.2), 11.9 mm (SD 1.7), 
and 11.3 mm (SD 0.9) respectively. One-way analysis of 
variance showed that the diffference was not statistically 
significant (Table 2). This may be due to less number of 
subjects with tapered arch form in the study.

Among the total sample, in 52.6% the intercanine 
line passed through the middle third, 32.9% passed 
through the posterior third and in only 14.5% it passed 
through the anterior third (Graph 3). In the male subjects, 
in 10.5% intercanine line passed through the anterior 
third, 60.5% passed through the middle third and 28.9% 
passed through the posterior third, whereas, in the female 
subjects, in 18.4% intercanine line passed through the 
anterior third, 44.7% passed through the middle third 
and in 36.8% passed through the posterior third. Results 
of the chi-square test showed that the difference in sex 
does not influence the relationship between intercanine 
line and incisive papilla (Table 3).

Graph 1: Normal distribution of the distance (I2-A) in the sample

Table 1: Distance between posterior border of incisive papilla  
(I2) and labial surface of maxillary central incisors (A) in relation 
to sex

Sex I2-A Range Mean SD t-value p-value
Male 9.7–15.9 11.84 1.4 1.64 0.104
Female 9.0–14.6 11.3 1.3 – –

Graph 2: Distribution of dental arch form in the sample

Table 2: Distance between posterior border of incisive papilla (I2) 
and labial surface of maxillary central incisors (A) in relation to 
arch form

Parameter N
I2-A Distance 
range Mean SD f-value p-value

Ovoid 52 9–14.6 mm 11.5 mm 1.2 0.80 0.454

Square 21 9.9–15.9 mm 11.9 mm 1.7 – –
Tapered 3 10.3–12 mm 11.3 mm 0.9 – –
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The intercanine line or CPC line passed through the 
anterior border in 10.5% of Aryans, 18.4% of Mongoloids, 
through the middle third in 50% of Aryans and 55.3% of 
Mongoloids and through the posterior border in 39.5% 
of Aryans and 26.3% of Mongoloids. The result showed 
that in both the Aryans and Mongoloids, maximum had 
the line passing through the middle third of the papilla. 
The result was analyzed statistically and was found to be 
not significant (Graph 4). The intercanine lines of 55.8% 

of subjects with oval arch form and 66.7% with tapered 
arch form passed through the middle third of the papilla, 
whereas only 42.9% with square form  passed through 
the middle third. Because of the small number of sample 
in tapered form, it is difficult to assess whether the 
differences were statictically significant (Table 4).

DISCUSSION

The position of maxillary incisors may affect the 
esthetic and function during denture fabrication and a 
stable landmark such as incisive papilla would be an 
important anthropometric tool facilitating prosthetic 
teeth arrangement as it guides for setting of artificial 
teeth.1,4,11,15

Thus, in the present study, relation between the 
incisive papilla and maxillary anteriors has been studied. 
Even though an objective measurement cannot be relied 
upon all the time, it becomes important as a starting 
point in the placement of anterior teeth. Dental casts 
have been used by many authors to measure the tooth 
dimension and distances of the landmarks in many 
studies and many of them have used alginate as an 
impression material.7-14,16-31 The standardization of cast 
was necessary as linear measurement between two points 
or objects in a space would be difficult when the objects 
are not arranged on the same plane. In the past, studies 
have been done by using various methods like vernier 
caliper with two limbs that are adjustable with shorter 
and longer limbs contacting the objects at two different 
planes to measure the linear distance;16 some used the 
contourmeter to orient the plane21 with measuring dial 
guage, while Grave and Beker used Ney surveyor and 
vernier caliper for the same. Sawaris used pin, rod, 
and plate method for the measurement and some used 
modified dividers12 and some have used profile projection 
method.13

In the present study, we used the photographs method 
to measure the linear horizontal distance between the 
maxillary incisors and the incisive papilla. Similar 
methods have been used by Lau and Clark, Khalaf.14,30 

Graph 3: Location of intercanine line on the incisive papilla

Table 3: Comparison of CPC line in relation to sex (chi-square test)

CPC line
Sex

p-valueMale Female Total
Anterior 3rd 4 7 11 0.354

10.5% 18.4% 14.5%

Middle 3rd 23 17 40

60.5% 44.7% 52.6%

Posterior 3rd 11 14 25

28.9% 36.8% 32.9%
38 38 76

Total 100% 100% 100%

Graph 4: Distribution of CPC line in Aryans and Mongoloids

Table 4: Comparison of location of CPC line in relation to 
dental arch form

Location 
Shape

p-valueOval Square Tapered
Anterior 3rd 4 7 0 0.072

7.7% 33.3% 0.0%

Middle 3rd 29 9 2

55.8% 42.9% 66.7%

Posterior 3rd 19 5 1
36.5% 23.8% 33.3%

Total 52 21 3
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The orientation of the casts to a flat occlusal plane is 
necessary during the photography to reduce the parallex 
error.31 This was achieved by standardizing each casts to 
a flat plane. This study used two glass slabs separated 
at a distance and fixed to the arms of upper and lower 
members of the articulator to produce the casts. The water 
leveling scale was used to check the plane. The orientation 
of the casts was standardized by defining the occlusal 
plane, which is formed by the most incisal points of the 
central incisors and the most occlusal points of the left and 
right first molars (which are usually the tips of the palatal 
cusps). This orientation was chosen because this plane 
was more comparable to complete denture situation as 
with balanced occlusion, the palatal cusps of the maxillary 
first molar are always on the occlusal plane of the denture 
during teeth setting.32,33 All the measurements were the 
straight linear distances in millimeter, which are parallel 
to the reference plane, that is, the measurements of the 
orthographic projections of the relationship between 
the maxillary central incisors and the incisive papilla in 
relation to the reference plane was calculated in all the 
cases. The axial angulation and rotation of the teeth were 
ignored in all the cases.

The papilla has been used as a landmark in this study. 
Longer the edentulism, more anteriorly the papilla was 
situated because of the flatness. The most posterior point 
of the incisive papilla was used as an anatomic mark in 
all the horizontal measurements because it could be easily 
and exactly located and it is less liable to be affected by 
the soft tissue mutilation unlike the anterior point. The 
posterior point was also used by other authors.8,13,14,16,21 
However, measurements have also been done from the 
middle point of the papilla6,7,9-12,14,20,30 and some had done 
from both points.14,26

In the present study, the mean distance between the 
labial surface of the maxillary incisors and the posterior 
border of the papilla was found to be 11.59 mm (SD 1.3).  
Ortman and Tsao13 has found this distance as 12.45 mm 
with standard deviation of 3.867. Study done by Ehrlich 
and Gazit found this distance to be 12.31 mm whereas, 
in Southern Chinese population Lau and Clark found 
this value to be ranged from 9.17 to 16.58 mm with a 
mean of 12.71 mm (SD 1.49). In Jordanians, the distance 
ranged from 8.29 to 17.49 mm with a mean of 12.93 mm 
(SD 1.66) as measured by Amin WM 40 and in south 
Indian population it was found to be 11.92 mm (SD 2.01) 
as measured by Solomon and Arunachalam.25

When comparing the result with Caucasians, a 
difference of about 1.6 mm is seen in this population. 
This may be due to prominent premaxilla compared to 
the Western populations. The sex had no influence on the 
distance between the incisive papilla and the maxillary 
incisors as in many other studies. This did not influence 

placing the incisors forward or backward in males and 
females. The mean distance ranged from 11.84 mm (SD 
1.4) in males and 11.3 mm (SD 1.3) in females with no 
significant difference (p 0.104) and the average value 
11.59 mm could be used in both the sex.

Comparing the two ethnic groups in Nepal, the 
mean distance in Aryans is 11.23 mm with standard 
deviation of 0.9 and in Mongoloids is 12.0 mm with 
standard deviation of 1.6, which is compatible to the 
findings of Ortman and Tsao 12.4 mm, also Grave and 
Beker proved this similar measurement as 12 to 13 mm. 
The difference between the distances was significant at 
p value of 0.018 and p 0.104, and suggests slight forward 
positioning in the Mongoloids than in Aryans. This may 
be due to protrusion of jaws seen in the Mongoloids and 
prominent and increased length of the papilla found in 
this group.13,16 In contrast, the study done by Isa and 
Abduladhi, in Malay, Indian, and Chinese dentate and 
edentulous subjects, the mean distance from the midpoint 
was found to be 9.59 1.0 mm. There was no significant 
difference in relation to ethnic groups (p > 0.05).29

The common arch form in the present study was oval 
(68.4%), followed by square (27.6%) and tapered (3.9%). 
Similar result was found by Ehrlich and Gazit, who 
found oval (64.4%), square (27.6%), and tapered (10%). 
The common arch form had no relation in terms of sex 
and race, whereas comparing square arch form in Aryans 
and Mongoloids; it was more common in Mongoloids 
with ratio of 3.2:1, whereas tapered arch was not seen 
in any Mongoloids. In Korean population, the common 
arch form was square, which was commonly found in 
Mongoloid origin, and in North Americans, tapered 
arch was most common.34 Arch form was determined 
by morphological description and no such calculations 
were done as studies by other authors also used the 
same descriptive classification. When classification was 
confusing, judgment was done by asking for classification 
multiple times by the same and by other observers.8,21 
The incisive papilla and incisor distance measured has no 
relation in terms of arch form, as ovoid had 11.5 mm (SD 
1.2), square 11.9 mm (SD 1.7), and tapered had 11.3 mm 
(SD 0.9) with p value 0.454. However, inconsistency of 
the result may be due to smaller number of subjects  
in tapered arch group. Similarly, result of Zia et al35 
showed ovoid arch being common in either sex and no 
significant difference between males and females in three-
fourth of dentate subjects regarding the type of dental 
arch and incisor papilla distance.

To establish some relation between the incisive papilla 
and the canines, a line was drawn passing from the 
left canine to right canine. In all the samples, it passed 
through the incisive papilla and this intercanine line was 
called canine papilla canine line or CPC line. The CPC line 
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passed through the middle third in 52.6% of the subjects, 
which was closely matched with the study of Lau and 
Clark where 57.3% subjects had the line passing through 
the middle third. The CPC line passed through the 
middle third in 50% Aryans and 55.3% Mongoloids, and 
60.5% males and 44.7% females, followed by posterior 
and anterior third. There was no racial and gender 
variation in the location. Dental arch form also did not 
have significant effect on the location of the CPC line as 
in most of the cases. It passed through the middle third. 
Similar results were found by other authors.7,12,14,19,26,30,36

The intercanine line was used in this study rather 
than the line passing through the distal-most points of 
the canines as the most distal point of the canine was 
not easier to find than the tips of the canines. Ehrlich 
and Gazit8 found that in 57.6% intercanine lines passed 
through the center of the papilla. Sawiris36 showed in 64% 
of subjects the intercanine line was situated 1 mm from the 
center of the papilla. Mavroskoufis and Ritchie12 found 
the middle of the incisive papilla in Caucasians appeared 
to lie close to the intercanine line. The discrepancy 
between the intercanine line and the middle of the papilla 
in 93.4% of the subjects was less than 2 mm. Grove and 
Christensen21 stated that in 92% of the 50 subjects the 
posterior point of the incisive papilla was approximately 
3 mm anterior to a line between the distal points of the 
canines.

One of the findings of the study by Solomon was the 
location of the incisive papilla to the intercanine line. In 
93% of the subjects, the tip of the canines and incisive 
papilla were the same line, whereas, in the present study, 
it was all within the papilla border. The intercanine line 
passed through the middle of the papilla in 78%, along 
the base in 14.1% and in 0.4% at its anterior border. It 
was anterior in 6.5% and posterior in 0.5% within 1.5 mm 
distance to the intercanine line.25 In the present study, all 
the intercanine lines fell within the boundary. When the 
ratio of the distance between the intercanine line and the 
anterior border was 33% of the total length of the papilla, 
it fell on the anterior third. If it was between 34 and 66%, 
it fell on the middle third and if the ratio was greater than 
66%, it fell on the posterior third.

CONCLUSION

The relationship of the incisive papilla to the maxillary 
permanent central incisors and canine teeth was 
determined in 76 dentulous subjects between the ages 
18 and 30 years with equal distribution of sex and race 
(Aryans and Mongoloids). The landmarks were recorded 
by photographic method with real images of 1:1 ratio. All 
the measurements were done using computer software 
after the images were transferred to the computer. The 

measurements were correlated with sex and race using 
independent sample t test. The distance was significant 
in relation to the race, whereas it was not significant 
in relation to sex. The most common form of arch was 
found to be oval shaped and the least common was 
tapered irrespective of sex and race in the sample. The 
relation of the intercanine line was such that it lay within 
the boundary of the incisive papilla and most of them 
passed through the middle third of the papilla (52.6%). 
Chi-square test showed the relation between the location 
of the intercanine line in relation to sex, race, and dental 
arch form. In all the cases, maximum sample were in the 
middle third.

The incisive papilla is a useful anatomical landmark 
to locate the position of central incisors and canines in 
upper complete dentures. However, clinicians must base 
their judgments on the basis of combination of biometric 
guides and application of phonetic tests to achieve the 
most functionally and esthetically effective scheme for 
placement of artificial teeth.
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