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embrasure and the presence of interdental
papilla in maxillary anterior teeth
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Thanaporn Torsricharoen2
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Abstracts

Objective This study aimed to determine the relationships between the vertical and horizontal
dimensions of interproximal embrasure and the presence of interdental papilla in the maxillary anterior
teeth of healthy periodontal young adults.

Materials and methods One hundred and thirty-three interproximal sites of maxillary anterior teeth
of 31 third year dental students of the Faculty of Dentistry, Chulalongkorn University who had healthy
periodontal status, ages between 19-21 years, were examined. The presence or absence of the
interdental papilla was clinically determined. Periapical radiographs were taken on each subject using
individual plastic stent with 3.17 mm metal ball for reference and then were scanned to digital images.
The vertical and horizontal distances including: vertical distance from contact point to crest of bone
(A1); vertical distance from crest of bone to CEJ (A2); horizontal distance between adjacent CEJs (B),
were measured with analyzing program and then statistically analyzed using Chi-square, Spearmanûs
correlation, Independent T-test and Mann-Whitney U test.
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Results The presence or absence of interdental papilla was correlated with A1 and B (p < 0.05),
whereas no correlation was found with A2 (p > 0.05). In the presence of interdental papilla group,
the mean A1 and B were 4.33 ± 0.70 mm and 1.49 ± 0.43 mm, respectively.

Conclusion This study demonstrates the significance of vertical and horizontal dimensions of
interproximal embrasure to the presence of interdental papilla.

(CU Dent J. 2010;33:163-72)
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Introduction

The interdental area comprises the contact area,
interproximal embrasure, and interproximal dentogingival
complex.1 In normal, healthy dentition, the buccal and
lingual/palatal components of interdental papilla are
joined in the col area. The shape of the papilla is,
therefore, determined by the shape of contact area
between adjacent teeth.2 The absence of interdental
papilla causes open cervical embrasure which is usually
associated with food retention. If this problem occurs
in the maxillary anterior teeth, esthetic impairment and
phonetic problems may become the major concerns of
the patient.3,4 The recession of interdental papilla, which
reflects çblack triangleé in the proximal area of
maxillary anterior teeth, is commonly found in
periodontitis patient, particularly after periodontal
treatment. Although the papilla tissue was found to
reform to the original height of 3.2-4.3 mm,5,6 the
apical level of crestal bone due to irreversible
periodontal destruction has never rebounded. So far,
there is no predictable periodontal management to
restore the loss interdental papilla. The combine
treatments between periodontics, orthodontics and
restorative dentistry may help improve this black
triangle by reshaping the interproximal embrasure.7

The relationship between the components of
interproximal or gingival embrasure and the presence
of interdental papilla has been studied by several groups.
From Tarnow et al.,3 when the distance between the
contact point and the crest of bone was 5 mm or less,
the complete papilla fill of the interproximal embrasure
was present almost 100% of the time. For every 1 mm
greater than 5 mm, the chance of complete papilla fill
was progressively reduced by 50%. The papillae were
typically absent when the distance was 7 mm or more.
However, the measurement of this study included both
anterior and posterior teeth of maxilla and mandible
which made the mean value of the distance not exactly
represent the esthetic zone.

Very few studies have been conducted to find out
the mean values of the interproximal dimensions and
related factors of the unesthetic black triangle in upper
anterior teeth.8-11 Most of previous reports carried out
in adult patients with wide age range which might
include patients who experienced periodontal destruction
or other bone resorption associated factors. From the
study which had been done in groups of adult
orthodontic patients, revealed that age, duration of  active
orthodontic treatment and crown morphology were as-
sociated with open gingival embrasure.12 In patients
over 20 years of age were more frequently found open
gingival embrasures than in younger patients.13 The
presence or absence of interdental papilla found in
this age range may explain the significance of the
interproximal embrasure dimensions better than in older
age range due to the crestal bone level still close to
normal. By using the non-invasive radiographic method,
the present study was performed to determine the
vertical and horizontal dimensions of the interproximal
embrasure of maxillary anterior teeth and their
relationships to the presence or absence of interdental
papilla in young adults.

Materials and Methods

This study was approved by the Ethics Committee
of the Faculty of Dentistry, Chulalongkorn University,
number 48/2006. A total of 155 interproximal sites of
maxillary anterior teeth in 31 subjects of third-year
dental students of the Faculty of Dentistry,
Chulalongkorn University (8 males, 23 females, aged
range 19-21 year-old) were examined. One hundred
and thirty-three sites were recruited into the study with
the inclusion criteria: having 6 maxillary anterior teeth
without open contacts or malpositions; no history of
periodontitis; Plaque and Gingival Index14 of 0-1; and
no attrition or abrasion nor any artificial crown or
restoration. The presence of the interdental papilla was
determined clinically. If no space was visible apical to
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the contact area, the papilla was recorded as being
present without papilla recession. If there was visible
space apical to the contact area, the papilla was
recorded as being absent. An individual plastic stent
was made with metal balls diameter 3.17 mm for
radiographic measurement references (Fig. 1A).
Periapical radiographic films were taken using
paralleling technique with XCP film holder (Rinn
Corporation, Elgin, IL, USA) at 60 KVP 10 mA 1 sec.
Each film was then processed with DENT-X 810 Plus
(Dent-X, Elmsford, NY, USA) for 4.5 min and then
was scanned to digital images at 600 ppi. The distance
from the most apical contact area to the crest of bone
was measured with analyzing program (Image Pro Plus
version 4.5; MediaCybernetics, Silver Spring, MD, USA)
using the metal ball for calibration. The measurements
included: A1; the vertical distance from the contact
point to the crest of bone, A2; the vertical distance
from the crest of bone to CEJs, and B; the horizontal
distance between the adjacent CEJs (Fig. 1B). The crest
of bone was defined as the most coronal level of the
alveolar bone. In case of the indistinct alveolar crest
shown as a thick gray line in the x-ray film, the crest
of bone was then determined from the center of the
gray line. In the measurements of A2 and B, if the

adjacent CEJs were not in the same horizontal plane,
the imaginary line between the adjacent CEJs levels
was then used for the measurement. The clinical
examination was done by an experienced periodontist,
while the image analyzing was taken by other two
investigators who did not know the information of the
presence or absence of interdental papilla. The inter-
examiner reliability of the two investigators was
acceptable (kappa = 0.88).

Statistical analysis

To evaluate the differences in the dimensions of
the interproximal area, the measurements of A1 was
divided into 4 categories (≤ 4.0, 4.01-5.00, 5.01-6.00,
> 6.0), while A2 and B were divided into 5 categories
(≤ 0.80, 0.81-1.20, 1.21-1.60, 1.60-2.0, > 2.0, and
≤ 1.0, 1.01-1.50, 1.51-2.00, 2.01-2.50, > 2.50, respec-
tively). The Chi-square test was used to find the
relationships of the measurements and the presence of
interdental papilla. The Spearmanûs correlation was used
to assess the direction of the relationship. To compare
the vertical and horizontal dimensions between the
present and absent papilla groups, the Independent
T-test was used for A2 and B, and the Mann-Whitney

Fig. 1 A. The plastic stent with the metal balls diameter 3.17 mm; B. Radiographic image of maxillary anterior
teeth; A1 = the vertical distance from the contact point to the crest of bone, A2 = the vertical distance
from the crest of bone to CEJ, B = the horizontal distance between the adjacent CEJs.
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U test was used for A1. Statistical analysis was
conducted using SPSS version 13.0 (SPSS, Inc,
Chicago, IL, USA). The level of significance was set
at p < 0.05.

Results

From 31 subjects (8 males, 23 females; age 19-21
year-old), 133 interproximal sites met the inclusion
criteria and were measured by radiographic method.
When the distances between the contact point and the
bone crest (A1) were ≤ 4.00, 4.01-5.00, 5.01-6.00 and
> 6.00 mm, the percentage of papilla presence were
91.7, 85.9, 60.0 and 16.7, respectively (Table 1).
Considering A1 at 5.00 mm or less, the presence of
interdental papilla was found in 94 of 107 sites, or
87.9% of the time. A1 showed significant relationship
with the presence of interdental papilla (p = 0.000).
As A1 increased, the percentage of papilla presence
decreased (r = -0.340, p = 0.000). When comparing
A1 between the present papilla group (4.33 ± 0.70 mm)
and in the absent papilla group (5.20 ± 1.22 mm), they
showed statistically significant difference (p = 0.000)

(Table 4). The distances from CEJ level to bone crest
(A2) was not related to the presence of interdental
papilla (p = 0.262) (Table 2), and showed no statistically
significant difference (p = 0.567) between the present
and absent papilla groups (1.10 ± 0.28 mm and 1.14 ±
0.24 mm, respectively) (Table 4). The distances
between adjacent CEJs (B) showed significant
relationship with the presence of interdental papilla
(p = 0.016) (Table 3). As B increased, the percentage
of papilla presence decreased (r = -0.295, p = 0.001).
When B were ≤ 1.50 mm, ≤ 2.00 mm, and ≤ 2.50 mm,
the presence of interdental papilla were 91.8%, 83.9%
and 81.3% of the time, respectively, while B was
≥ 2.50 mm, the presence of interdental papilla was
decreased to 50% of the time. Considering in the
absent papilla group, 21 of 26 sites (80.8%) had B
greater than 1.50 mm. When comparing B between the
present (1.49 ± 0.43 mm) and absent papilla groups
(1.83 ± 0.42 mm), they showed statistically significant
difference (p < 0.05) (Table 4). As far as the group of
present interdental papilla was concerned, the mean
value of A1 was 4.33 ± 0.70 mm and B was 1.49 ± 0.43 mm
(Table 4).

Table 1. The presence or absence of interdental papilla and the vertical distance from the contact point to the crest
of bone (A1).

A1 Interdental papilla (N=133)
(mm)

p-valueõ

Presence Absence

≤ 4.00 33 (91.7%) 3 (8.3%)

4.01-5.00 61 (85.9%) 10 (14.1%) p = 0.000

5.01-6.00 12 (60.0%) 8 (40.0%)

≥ 6.01 1 (16.7%) 5 (83.3%)
Total 107 (80.5%) 26 (19.5%)

õChi-square test is significant at α = 0.05

A1: the vertical distance from the contact point to the crest of bone
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Table 2. The presence or absence of interdental papilla and the vertical distance from the crest of bone to
CEJ (A2).

A2 Interdental papilla (N=133)
(mm)

p-value
Presence Absence

≤ 0.80 16 (88.9%) 2 (11.1%)

0.81-1.20 47 (75.8%) 15 (24.2%)

1.21-1.60 42 (84.0%) 8 (16.0%) p = 0.262

1.61-2.00 1 (50.0%) 1 (50.0%)

≥ 2.01 1 (100.0%) 0 (0.0%)
Total 107 (80.5%) 26 (19.5%)

A2: the vertical distance from the crest of bone to CEJ

Table 3. The presence or absence of interdental papilla and the horizontal distance between the adjacent CEJs (B).

B Interdental papilla (N=133)
(mm)

p-valueõ

Presence Absence

≤ 1.00 12 (100%) 0 (0%)

1.01-1.50 44 (89.8%) 5 (10.2%)

1.51-2.00 38 (74.5%) 13 (25.5%) p = 0.016

2.01-2.50 11 (64.7%) 6 (35.3%)

≥ 2.51 2 (50.0%) 2 (50.0%)
Total 107 (80.5%) 26 (19.5%)

õChi-square test is significant at α = 0.05

B: the horizontal distance between the adjacent CEJs
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Discussion
The present study modified the radiographic

method to measure the vertical and horizontal distances
of the interproximal embrasure, instead of using the
direct measurement by bone sounding under local
anesthesia. Lee et al. introduced the non-invasive
radiographic method to investigate the papilla length in
relation to the crestal bone to decrease the patient
discomfort.11 They found that this method has high
correlation with the direct measurement. The relationship
between the components of interproximal embrasure of
maxillary anterior teeth and the presence or absence of
interdental papilla have been reported.8-11 However,
those studies were done in wide age-range groups.
In the present study, we focused on maxillary anterior
teeth of young adult age-ranged 19-21 years-old,
who had healthy periodontal status and no history of
periodontal destruction. These could decrease a major
etiologic factor affected to alveolar bone level, which
related to the presence or absence of interdental
papilla. The alveolar bone level in this subject group
should be close to the normal level. This confirmed by

the result in this study. The mean distance of alveolar
crest to CEJ of subjects (A2) was 1.11 ± 0.17 mm,
which was comparable to the average of normal crestal
bone level 1.08 mm from CEJ in young adults.15 A2
also showed no relationship with the presence or
absence of interdental papilla and no difference
between the two groups. Considering the distance
between contact point to the crest of bone (A1) at up
to 5 mm, the results showed that approximately 87.9%
of interdental papilla were present, which was slightly
less percentage than in the previous study.3 When the
distance increased to 6 mm or greater, a significantly
increased percentage of absent interdental papilla was
observed. When the distance between adjacent teeth at
CEJ level (B) was concerned, this study demonstrated
the influence of B on the presence or absence of
interdental papilla. As the distance between CEJs of
adjacent teeth was increased, there was a tendency to
increase the possibility of absent interdental papilla.
When B was 1.5 mm or less, approximately 92% of
present interdental papillae were found. This result
supported the finding of Chang et al., which reported

Table 4. Mean distances of A1, A2 and B and the presence or absence of interdental papilla.

Vertical and horizontal Interdental papilla (N=133)

dimensions Presence (N=107) Absence (N=26)
p-value

(mean ± SD) (mm) (mean ± SD) (mm)

A1 4.33 ± 0.70 5.20 ± 1.22 0.000*

A2 1.10 ± 0.28 1.14 ± 0.24 0.567

B 1.49 ± 0.43 1.83 ± 0.42 0.000**

*Mann-Whitney U Test is significant at α = 0.05

**Independent T-test is significant at α = 0.05

A1: the vertical distance from the contact point to the crest of bone

A2: the vertical distance from the crest of bone to CEJ

B: the horizontal distance between the adjacent CEJs
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the significant chance of occurrence of central papilla
recession in wide interdental width at CEJ level
between adjacent maxillary central incisors.7

The study of Martegani et al. suggested that when
the interradicular distance at CEJ level was more than
2.4 mm, the influence of the distance between contact
point to the crest of bone has lost on the presence or
absence of the interdental papilla.10 Although we did
not investigate this relationship in the present study,
we found that as B was 2.50 mm or greater, the chance
to have interdental papilla presence or absence were
similar. However, most of the sites in the absence of
interdental papilla group (80.8%) were found when B
was greater than 1.50 mm.

Several surgical approaches have been reported
to restore the soft tissue in area of the unesthetic çblack
triangleé of maxillary anterior teeth.17-23 However, they
failed to achieve long-term stability and predictability
mainly because of the insufficient blood supply in
the interdental area.24 For the management of this
deficient interdental papilla, the non-surgical methods
may help to reduce this interproximal space by
decreasing the gingival embrasure, which is best
achieved with restorative or orthodontic treatment.7,15

The restorative materials are used to alter the mesial
contours of adjacent teeth and move the contact point
more apically.24 Orthodontic treatment in conjunction
with tooth stripping can be performed to reduce the
volume of the gingival embrasure.16 Both restorative
and orthodontic treatments result in apical positioning
of the contact point and also reduce the adjacent CEJ
distance. It is interesting that, to close the çblack triangleé,
we need to decrease the vertical component from
contact point to the crest of bone and create an optimal
horizontal distance between adjacent teeth.

Conclusion
This study demonstrates the significant relationship

of the vertical and horizontal dimensions of the gingival

embrasure on the presence or absence of interdental
papilla, however, other components and related factors
should be further investigated. As far as the presence
of interdental papilla is concerned, the mean value of
the distance from contact point to the crest of bone is
4.33 mm, and the distance between adjacent CEJs is
1.49 mm.
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æ≈“ µ‘°∑’Ëµ‘¥≈Ÿ°‡À≈Á°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 3.17 ¡¡. Õ¬Ÿà‡æ◊ËÕ„™âÕâ“ßÕ‘ß„π°“√«—¥ ®“°π—Èπ·ª≈ß¿“æ√—ß ’‡ªìπ
¿“æ¥‘®‘µ—≈ ‡æ◊ËÕ«—¥√–¬–µà“ßÊ ®“°‚ª√·°√¡«‘‡§√“–Àå¿“æ ‰¥â·°à √–¬–®“°„µâ®ÿ¥ —¡º— √–À«à“ß´’Ëøíπ∂÷ß —π°√–¥Ÿ°
‡∫â“øíπ (‡Õ1) √–¬–®“°°√–¥Ÿ°‡∫â“øíπ∂÷ß√–¥—∫√Õ¬µàÕ√–À«à“ß‡§≈◊Õ∫øíπ·≈–‡§≈◊Õ∫√“°øíπ (‡Õ2) √–¬–·π«√“∫
√–À«à“ßøíπ∑’Ë√Õ¬µàÕ√–À«à“ß‡§≈◊Õ∫øíπ·≈–‡§≈◊Õ∫√“°øíπ (∫’) ®“°π—Èπ«‘‡§√“–Àå¥â«¬ ∂‘µ‘‰§ ·§«√å  ∂‘µ‘ À
 —¡æ—π∏å ‡ªï¬√å·¡π Õ‘π¥’‡æπ‡¥πµå ∑’-‡∑ µå ·≈–·¡ππå«‘µπ’¬å-¬Ÿ

º≈°“√»÷°…“ °“√ª√“°Ø¢Õß‡Àß◊Õ° “¡‡À≈’Ë¬¡‡µÁ¡™àÕß«à“ß√–À«à“ßøíπ —¡æ—π∏å°—∫ ‡Õ1 ·≈–∫’ Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ (p < 0.05) ·µà‰¡à —¡æ—π∏å°—∫ ‡Õ2 (p > 0.05) „π°≈ÿà¡∑’Ë¡’‡Àß◊Õ° “¡‡À≈’Ë¬¡‡µÁ¡™àÕß√–À«à“ßøíπ §à“‡©≈’Ë¬
¢Õß ‡Õ1 ·≈–∫’ ¡’§à“ 4.33 ± 0.70 ¡¡. ·≈– 1.49 ± 0.43 ¡¡. µ“¡≈”¥—∫
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