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ABSTRACT

Introduction: The presence of a normal and harmonically
shaped papilla is crucial to avoid the presence of the ‘black
triangle’ which is of major esthetic concern. The distance from
the alveolar bone crest (BC) to the base of the contact area
(CP) is a significant factor in determining whether a papilla will
fill the interdental space.

Aim: To correlate the BC-CP distance with a different anatomic
variable using a noninvasive method and to describe a simple,
repeatable, observational measuring protocol to contribute to
the prosthetic and surgical treatment planning.

Materials and methods: A total of 63 patients were enrolled in
the study. A digital radiographs of the interdental embrasure
between teeth 12 and 11, 11 and 21 and teeth 21 and 22 were
taken with a paralleling cone technique using a RINN film holder.
The radiographic data was used to measure the distance
between the contact point and the bone crest (BC-CP) and the
interdental distance (IDD) at the level of the bone crest.

Results: The number of papillae that filled the interproximal
space decreased with the increasing BC-CP and IDD distance.

Conclusion: The vertical and horizontal dimensions of the
interdental space influence the existence of interdental papilla.
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INTRODUCTION

The interdental papilla, which occupies the interdental
space, not only acts as a barrier in protecting the periodontal
structures but also plays a critical esthetic role.1 The
presence of a papilla and the preservation of this structure,
particularly in the interdental area between the maxillary
incisors, the most visible portion of the teeth, is an important
concern in esthetic dentistry.2 The existence of a space below
the contact area can result in esthetic impairment, phonic
problems and food impaction.3,4 The presence of a normal
and harmonically shaped papilla is crucial to avoid the
presence of the ‘black triangle’ which is of major concern
to prosthodontists, periodontists and patients.

A number of studies4-7 have been performed to discover
the factors leading to the complete or incomplete
regeneration of the papilla. It has long been known that the
distance from the contact point (CP) to the alveolar bone
crest (BC) is a significant factor in determining whether a
papilla will fill the interdental space.8-11 In 1992, Tarnow
et al4 reported that when the BC-CP distance was <5 mm,
the papilla was almost always present; when the distance
was >7 mm, the papilla was usually absent. Age and
interdental distance (IDD) were also cited as potential
factors.8-11 A rectangular-shaped crown form was shown to
be associated with the presence of interdental papillae.12 In
addition, other factors, such as angulation of the roots of
adjacent teeth, the volume of the embrasure space,
embrasure area, papilla length, keratinized gingival width
and the course of the cementoenamel junction (CEJ), have
been investigated and found to help determine whether the
interdental papilla will be present.3,4,6,12

Previous studies7,13 of determinants of papilla presence
were hampered by the need to use local anesthesia and a
dental probe to determine the distance of the crest of the
underlying bone from the papilla tip. In the present study, a
noninvasive method is used. A radiograph is taken to
measure the parameters of interest and, thus, avoid the
difficulties and potential lack of subject acceptance of the
more invasive method.

A constant relation of Tarnow’s principle has been found
in the foreign population, inspite of which there arises a
need to check if they are applicable to the Indian population
as we differ from foreigners, genetically and also racially.
Hence, one of the objectives of this study is to determine if
Tarnow’s principles are applicable to the Indian population
as well.

Identifying factors related to the presence of interdental
papilla will be useful for preventing and managing the loss
of interdental papillae. Therefore the aim of this study is to
confirm the data in the literature correlating the BC-CP
distance with a different anatomic variable using a non-
invasive method and to describe a simple, repeatable,
observational measuring protocol to contribute to the
prosthetic and surgical decision making.

From an anatomic and histological point of view, the
anterior papilla is quite different from the posterior
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interproximal papilla. Also, contact points are different in
anterior regions. For this reason, we studied only anterior
esthetic areas represented by the four maxillary incisors to
have a homogeneous sample.

MATERIALS AND METHODS

Subject Selection

A total of 63 patients, 36 males and 27 females, who visited
MA, Rangoonwala Dental College and Hospital, Pune in
2012 were enrolled in this study. All patients provided
informed consent. The mean age was 42.4 years, ranging
from 19 to 64. A total of 154 interdental areas were
measured. All the patients had undergone initial therapy
including oral hygiene instructions and ultrasonic scaling
of the entire dentition. The following conditions that could
affect the existence and healthy status of the interdental
papillae were excluded: (1) areas with a prior history of
periodontal surgery; (2) a root that was rotated or had
concavities interproximally; (3) areas with no interdental
contacts; (4) orthodontically treated areas; and
(5) translocated or tilted teeth.

Determination of the Existence of
Interdental Papillae

For visibility, selected interdental papillae were completely
dried to remove saliva. Interdental papillae were then
divided into the following two categories by identifying the
black triangles between the teeth: (1) papillae were present
when interdental papillae completely filled to the entire
proximal space; and (2) papillae were absent when they did
not extend all the way up to the contact point and there was
a ‘black triangle’ below the contact point.

Radiographic Measurements

A digital radiograph of the interdental embrasure between
teeth 12 and 11, 11 and 21 and teeth 21 and 22 were taken
with a paralleling cone technique using a RINN film holder
(Fig. 1). The radiographic data was used to measure the
distance between the contact point and the bone crest (BC-
CP) and the interdental distance (IDD) at the level of the
bone crest.

All the radiographs are standardized using the same
digital RVG machine, software and exposure parameters.
A 19 gauge orthodontic wire, 10 mm in length as measured
on a digital vernier caliper was stuck onto the digital sensor
using carding wax to calibrate the measurements on the
software (Fig. 2). The digital radiographs stored in JPEG
format were then transferred onto another digital software
(Suni Ray) to enhance the image by colorizing, zoom and

Fig. 1: RINN film holder

Fig. 2: A 19 gauge orthodontic wire, 10 mm in length

sharpen border tools (Fig. 3). BC-CP and IDD were hence
calculated on the software.

The Distance from the Contact Point to
Alveolar Crests

The vertical dimension between the alveolar crest closest
to the occlusal side and the lowest point of contact surface
between the teeth was measured (Fig. 4A).
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Interproximal Distance Between Roots

After measuring the vertical dimension, the interproximal
distance of roots at the highest alveolar crest levels were
measured. The distance between the distal surface of the
mesial tooth and the mesial surface of the distal tooth was
measured (Fig. 4B).

RESULTS

Existence of Interdental Papillae According to
Various Distances from the Alveolar Bone Crest
to the Contact Point (BC-CP)

Existence of interdental papillae in 94.7% (19/20) of cases
when the BC-CP distance was 3 mm, 89.2% (33/37) of
cases when the BC-CP distance was 4 mm, 85.4% (35/41)
of cases when the BC-CP distance was 5 mm, 77.3% (17/
23) of cases when the BC-CP distance was 4 mm, 85.4%
(35/41) of cases when the BC-CP distance was 6 mm, 89.2%
(33/37) of cases when the BC-CP distance was 4 mm, 30.8%
(11/20) of cases when the BC-CP distance was 7 mm and

<15% (1/13) when the distance was >7 mm (Table 1).
Therefore, the number of papillae that filled the
interproximal space decreased with the increasing BC-CP
distance, which was statistically significant (p < 0.5)
(Table 1 and Graph 1).

Fig. 3: Enhancing the image by colorizing, zoom and
sharpen border tools

Figs 4A and B: (A) The distance from the contact point to alveolar
crests (BC-CP), (B) interproximal distance between roots (IDD)

Table 2: Existence of interdental papillae according to various interproximal distances of roots

Distance (mm) (total N papillae)
1 (7) 1.5 (32) 2 (43) 2.5 (26) 3 (22) 3.5 (13) 4 (9) 4.5 (1) 5 (1)

Present 6 28 35 19 16 2 3 0 0
Absent 1 4 6 7 6 6 4 1 1
Present(%) 85.7 87.5 85.7 73 72.7 25 33.3 0 0

Table 1: Existence of interdental papillae according to various distances from the contact point to the alveolar crest

Distance (mm) (total N papillae) 36/154
3 (20) 4 (37) 5 (41) 6 (23) 7 (20) 8 (8) 9 (3) 10 (2)

Present 19 33 35 17 11 1 0 0
Absent 1 4 6 5 9 6 3 2
Present(%) 94.7 89.2 85.4 77.3 30.8 14.3 0 0

Graph 1: The percentage of present papillae according to
various distances from the contact point to the alveolar crest
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Existence of Interdental Papillae According to
Various Interproximal Distances between Roots (IDD)

Existence of interdental papillae were present in 85.7% (6/7)
of cases when the IDD was 1 mm, 87.5% (28/32) of cases
when the IDD was 1.5 mm, 85.7% (35/43) of cases when the
IDD was 2.0 mm, 73% (19/26) of cases when the IDD was
2.5 mm, 72.7% (16/22) of cases when the IDD was
3.0 mm, and 25% (2/13) of cases when the IDD was 3.5 mm,
33.3% (3/9) of cases when the IDD was 4 mm and the papilla
was always lost when the interproximal distance of roots was
more than 4 mm (Table 2). Therefore, the number of papillae
that filled the interproximal space decreased with the
increasing interproximal distance of the roots, which was
statistically significant (p < 0.05) (Table 2 and Graph 2).

Existence of Interdental Papillae According to
the Bone Crest-Contact Point Distance (BC-CP),
Depending on the Various Interproximal
Distances of Roots (IDD)

In each distance from the bone crest to the contact point,
the number of papillae that filled the interproximal space
decreased with the increasing interproximal distance
between the roots (Tables 3 and 4).

DISCUSSION

Based on the literature, the presence of interdental papillae
is affected by the level of the alveolar crests in the interdental
space. However, there are no reports on the intimate
relationship between the horizontal dimension and the
presence of papillae. Therefore, our study included
interproximal distance of roots, which is the horizontal
factor.

Table 4: Interrelation between the interproximal distance between
roots (IDD) and the distance from the contact point to the alveolar
crest

IDD (mm) N sites Mean ± SD (mm)

1 7 3.8 ± 0.8
1.5 32 4.9 ± 1.8
2 43 5.1 ± 2.1
2.5 26 5.0 ± 3.6
3 22 5.3 ± 4.2
3.5 13 5.8 ± 1.7
4 9 6.3 ± 2.3
4.5 1 10 ± 0.0
5 1 9 ± 0.0

Graph 2: The percentage of present papillae according to
various interproximal distances between roots

Table 3: The percentage of papillae present according to the interproximal distance between roots (IDD) and the
distance from the contact point to the alveolar crest

Distance from the contact point to the alveolar crest (mm)
3 4 5 6 7 8 9 10

1 2/2 3/4 1/1 — — — — —
100% 75% 100% — — — — —

1.5 9/10 4/4 6/7 2/2 6/8 1/1 — —
90% 100% 85.7% 100% 75% 100% — —

2 4/4 9/10 13/15 8/8 2/4 1/2 — —
100% 90% 86.7% 100% 50% 50% — —

2.5 2/2 8/10 5/5 3/4 1/4 0/1 — —
100% 80% 100% 75% 25% 0% — —

3 2/2 3/3 7/9 3/4 1/2 0/2 — —
100% 100% 77.8% 75% 50% 0% — —

3.5 — 4/4 2/3 1/3 0/1 0/1 0/1
100% 66.6% 33.3% 0% 0% 0%

4 — 2/2 1/1 1/2 1/1 0/2 0/1 —
100% 100% 50% 100% 0% 0% —

4.5 — — — — — — — 0/1
0% —

5 — — — — — — 0/1 —
0% —
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In this study, the most common distance between two
roots was 2 mm. When the distance between two roots was
2 mm, the average distance between a contact point and the
alveolar crest was 5.1 mm.

When the interdental space had undergone previous
periodontal surgery, Tal14 reported that a scar can be formed
in the interdental soft tissue, the col can be removed below
the interdental contacts, and the fiber groups can be
rearranged or severed. Takei15 reported that the contact
points in the areas with transpositioned or tilted teeth can
be difficult to measure, and the denaturation of papillae was
expected from frequent inflammation by food impaction.
Therefore, in this study, the previous periodontal surgery
area and a root that was rotated or had concavities
interproximally, were excluded because they can cause
measurement errors. Orthodontically treated areas were also
excluded because orthodontic treatment can artificially
suppress the interdental soft tissue, deform interdental
papillae, and reshape the interdental contact area. All areas
with any inflammation were excluded because the swelling
can cause errors.

In this study, the bone crest – contact point distance and
the interdental distance were measured by a noninvasive
method on a digital radiograph. This method is different
from those reported in other studies using different invasive
methods like raising a mucoperiosteal flap.

Salama et al16 suggested that the interdental distance
can change the form of the interdental soft tissue and alveolar
bone. Heins and Wieder17 reported that interradicular bone
with a long interproximal distance between roots has more
cancellous bone and is more reactive to external forces and
inflammation. Moscow et al18 also reported that the number
of papillae present decreases with the increasing BC-CP
distance.

In this study, there was no root area that showed the
interproximal distance of 1.6 or 1.7 mm. It was also found
that when the BC-CP dimensions of 3 and 4 mm showed
almost 100% papillae formation for interdental distance
ranging from 1 to 4 mm. This is important from restorative
and orthodontic points of view when teeth are sometimes
moved for esthetic reasons. However, in this study,
according to the increase in the distance from the bone crest
to the contact point, the number of papillae that filled the
interproximal space decreased with the increasing
interproximal distance between roots. It is believed that other
factors can be considered. Further research will be needed.

CONCLUSION

The vertical and horizontal dimensions of interdental space
can affect the shape as well as the maintenance of the

interdental soft tissue, and the interproximal distance
between roots and the distance from the contact point to
the bone crest, which can represent the vertical and
horizontal dimension, can affect the existence of papilla.
Therefore, a thorough understanding of the anatomic form
of the interdental space will be very useful in esthetic dental
treatment and for predicting the treatment outcome.

Manufacturer Name

a. RINN film holder (Dentsply Maillefer, Ballaigues,
Switzerland)

b. Digital RVG machine and software (SUNI, San Hose,
USA).
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