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Background: The presence of interproximal papilla de-
pends on the distance between the contact point to the bone
crest, as well as the mesio-distal distance between implants
or between implants and teeth. The aim of this study is to
evaluate the effects of buccal–palatal bone width on the
presence of the interproximal papilla between adjacent
implants in esthetic areas of the mouth.

Methods: The presence or absence of the gingival papilla,
distance from the base of the interproximal contact to the tip
of the gingival papilla (black space), distance from the base
of the interproximal contact to the alveolar crest (vertical dis-
tance), alveolar bone width (bone width) between adjacent
implants aswell as the spacing between the implants (horizon-
tal distance), and soft-tissue biotype were assessed in 29
interimplant areas in the upper incisor, canine, and premolar
regions of 18 patients.

Results: The papilla was always present when vertical dis-
tance was £5 mm (P £0.04) and frequently present when the
horizontal distance was ‡4 mm (P = 0.04). The black space
was smaller when the vertical distance was £5 mm (P £0.04)
and when the horizontal distance was ‡4 mm (P = 0.76).
Bone width and soft-tissue biotype did not influence the inci-
dence of gingival papilla (P ‡0.41) and black space (P ‡0.15).

Conclusion: Within the limits of this study, it can be con-
cluded that bone width and tissue biotype do not have an
effect on the incidence and height of papilla between
adjacent implants in esthetic areas, and the incidence was
greater when vertical distance was £5 mm or when horizontal
distance was ‡4 mm. J Periodontol 2013;84:170-175.
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S
everal factors must be considered
for a good esthetic outcome in
patients rehabilitated with dental

implants. These include the position of
the implants in the arch, the relationship
with adjacent teeth or implants, and the
presence and anatomy of the remaining
bone tissue.1 Any deviation from the
optimal position may create difficulties,
such as the presence of interproximal
papilla, in the final prosthetic restoration
and jeopardize the esthetic outcome.

The factors affecting the presence or
absence of the gingival papilla between
implants are not completely understood.
Previous research has shown that the
presence of gingival papilla depends on
the distance from the base of the in-
terproximal contact to the alveolar crest
and the spacing between implants or
between implants and teeth. Specifi-
cally, when the spacing is £3 mm,2 the
amount of crestal bone loss is generally
greater, leading to a lower incidence of
the occurrence of gingival papillae.3,4

Furthermore, Choquet et al.3 reported
that the gingival papilla fills the entire
interproximal space in 80% of the cases
when the distance from the base of
the interproximal contact to the alveo-
lar crest is 3 mm. In this context, the
ideal distance from the base of the
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interproximal contact to the alveolar crest and the
ideal spacing between adjacent implants was shown
to be 3 and 3 to 4 mm, respectively.4 When the
spacing is £2.5 mm, gingival papilla is generally ab-
sent, independent of the bone height; however, the
presence of gingival papilla depends on both the
bone height and spacing between adjacent implants
when the latter is ‡3.0 mm.4 Moreover, crestal bone
loss in interimplant areas influences both the bone
height and the bone width, resulting in changes in
the soft tissue and affecting the height of the
papilla.5,6

To the best of our knowledge, three-dimensional
evaluation of the interproximal area between adja-
cent implants, including mesio-distal, apico-coronal,
and buccal–palatal distances, has not been per-
formed. Therefore, we aimed to evaluate the effects
of buccal–palatal bone width on the presence and
height of the gingival papilla between adjacent im-
plants in esthetic areas.

MATERIALS AND METHODS

This study was approved by the Institutional Com-
mittee for Ethics of the School of Dentistry of the
University of Santo Amaro, São Paulo, Brazil, and
written informed consent was obtained from all
participants.

Case Selection
We considered 29 interimplant areas in 18 patients
(10 males and eight females; aged 19 to 72 years)
who were treated at the dental clinic of either the
University of Santo Amaro or the Brazilian Associa-
tion of Teaching Dentistry, São Paulo, Brazil, from
January to December 2005 and provided written
informed consent. Only esthetic areas (upper incisor,
canine, and premolar regions) treated using external
hexagon implants with standard platforms were as-
sessed. The surgical and prosthetic protocols rec-
ommended by the manufacturers were followed, and
the patients retained the implant-supported fixed
prostheses for 6 months to 5 years. Patients with a
history of bone grafting or clinical signs of gingival
inflammation, mucositis, peri-implantitis, or peri-
odontitis were not included.

Clinical Evaluation
A single trained examiner (SS) evaluated the fol-
lowing parameters (Fig. 1): 1) presence or absence of
gingival papillae; 2) distance from the base of the
interproximal contact to the tip of the gingival papilla
or black space; 3) vertical distance from the base of
the interproximal contact point to the alveolar bone
crest; 4) mesio-distal distance between the implants;
and 5) vestibular palatal alveolar bone width.

Visual evaluation of the presence or absence of
the papilla was performed perpendicularly to the buc-

cal surface of the restoration crown before probing.
The classification index7 is defined as: score 0, no
papilla present; score 1, less than half of the papilla
present; score 2, at least half of the papilla present but
does not extend to the contact point between crowns;
and score 3, papilla fills the entire proximal space.
Score 4 was not used, because no hyperplastic papil-
lae were observed. For the statistical analyses, the
papilla was considered absent when assessed with a
score 0 or 1 and present when categorized as score
2 or 3.

To measure the vertical distance, the patients were
anesthetized, and a rounded-tip steel endodontic
spreader with a rubber stop was inserted vertically in-
to the gingiva on the buccal aspect of the interproximal
contact until the alveolar crest was reached. This
distance was measured using a digital caliper.¶

The horizontal distance between the implant plat-
forms was measured with a digital caliper# on stone
models made during the prosthetic phase.

The black space was measured by using a peri-
odontal probe,** and the measurements were
rounded to the nearest millimeter. The bone width
was measured by using calipers†† inserted into the
buccal and palatal mucosa 1 mm apical to the
alveolar crest. One millimeter was added to the verti-
cal distance to localize this position. In this same
position, the soft-tissue thickness was measured. A
rounded-tip steel endodontic spreader with a rubber
stop was inserted horizontally into the gingiva until
the alveolar crest was reached. This distance was
measured using a digital caliper.‡‡ Interimplant
areas with soft-tissue thickness of ‡2.5 mm were con-
sidered thick biotype, and areas with a soft-tissue
thicknesswas<2.5mmwereconsidered thinbiotype.8

Statistical Analyses
Differences between the means were compared by
Student t test or Tukey test when the variables
showed a normal distribution (P >0.05 for Levene test)
or by the Mann-Whitney U test when they did not
show a normal distribution. Analysis of variance and
Tukey test were used to compare the black space
among different bone widths (£2 and >2, £3 and >3
mm). Student t test was also used to compare the
vertical (£5 and >5 mm) and horizontal (£4 and
>4 mm) distances of the patients with and without
papillae. Pearson correlation test was used to study
the relationships between black space and vertical
and horizontal distances and bone width. The cate-
gorical variables were analyzed using the x2 or

¶ Electronic digital caliper, 150 mm, Lee Tools, Dongguan, China.
# Electronic digital caliper, 150 mm, Lee Tools.
** PCP-15, Hu-Friedy, Chicago, IL.
†† Weiss modified Castroviejo calipers, 7 inches, Dental Surgical, Sialkot,

Pakistan.
‡‡ Electronic digital caliper, 150 mm, Lee Tools.
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Fisher exact test, as appropriate. The significance
level was set at P £0.05.

RESULTS

Effect of the Vertical Distance on the Presence of
Papilla and Black Space
Interproximal papillae were always present (Jemt
scores 2 and 3) when the mean vertical distance was
£5 mm compared to when the distance was >5 mm
(P = 0.04). In addition, the black space was signifi-
cantly greater when the mean vertical distance was
>5 mm at the total sites (P = 0.02, Mann-Whitney
U test; correlation coefficient = 0.69, P = 0.02)
(Table 1) and sites with interproximal papilla present
(P = 0.02) (Table 1). When the mean vertical distance
was <5 mm, gingival papilla was always present, ir-
respective of the horizontal distance and bone width
(Table 1).

Effect of the Horizontal Distance Between
Implants on the Presence of the Papilla
and Black Space
Papilla was frequently present when the mean hori-
zontal distance was ‡4 mm compared to when the
distance was <4 mm (P = 0.04), and a greater mean
horizontal distance was observed when the papilla
was present than when it was absent (3.38 – 1.54
versus 2.14 – 1.0 mm; P = 0.01). Black space was not
associated with the mean horizontal distance (P =
0.76, Student t test; correlation coefficient = -0.03, P =
0.85) (Table 2).

Effect of the Bone Width on the Incidence of the
Papilla and Black Space
Bone width was not associated with the presence of
interproximal papilla (P ‡0.49) and black space
(P ‡0.24, Tukey or Mann-Whitney U test; correlation
coefficient = 0.02, P = 0.92) (Table 3).

The interproximal papilla
was present in 36.4% of cases
in which the horizontal distance
was <3 mm and the bone width
was ‡4 mm, but it was never
detected when the bone width
was <4mm(P =0.13) (Table 4).

Effect of Soft-Tissue Biotype
on the Incidence of Papilla
and Black Space
The mean soft-tissue thick-
ness in areas of thick biotype
was 3.10 – 0.61 mm, and
1.93 – 0.35 mm in areas of
thin biotype (Table 5).

The interproximal papilla
was present in 40% of cases
with thick biotype and in

22.22% of cases with thin biotype, but the difference
was not statistically significant (P = 0.41) (Table 5).
Soft-tissue biotype did not influence the black space
(P = 0.41, Student t test; correlation coefficient = 0.25,
P = 0.19) (Table 5).

DISCUSSION

In this study, the effects of buccal–palatal bone width
on the incidence and height of the interproximal pa-
pilla between adjacent implants in esthetic areas of
the mouth are assessed. The authors did not find an
association between bone width or soft-tissue biotype
and the presence or height of the papilla between
adjacent implants in the esthetic areas, but the in-
cidence and height of the interproximal papilla in-
creased when the vertical and horizontal distances
were £5 and ‡4 mm, respectively. In comparison,
a vertical distance of 3 mm and mesio-distal distance
of 3 to 4 mm were found associated with the pres-
ence of papilla in previous studies.3,4

Twomain factorsmay explain the slight differences
in the results between the present study and previous
studies.2-5 First, only esthetic (anterior) areas were
examined, whereas both anterior and posterior areas
were considered in other studies between im-
plants.2,4,5 Specifically, the anterior and posterior
gingival interproximal papillae differ considerably
and would yield different results. Second, different
criteria were used to assess the presence and absence
of the gingival papilla. The authors of the current
study and Choquet et al.3 considered the interprox-
imal papilla to be present when it was categorized as
score 2 or 3 using Jemt’s classification,7 (i.e., gingival
papilla filling more than half of the interproximal
height), and Gastaldo et al.4 classified the gingival
papilla as present when it filled any part of the in-
terproximal space.

Figure 1.
Schematic drawing showing the distance from the base of the interproximal contact to the alveolar
crest (vertical distance [vD]), distance from the base of the interproximal contact to the tip of the gingival
papilla (A) alveolar bone width (B) and spacing between the implants (C). BS = black space; BW =
alveolar bone width; HD = horizontal distance.
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When implants are placed <3.0-mm apart, the risk
of overlap bone resorption attributable to biologic
width extension between the implants increases. This
results in crestal bone loss between the implants,
which severely affects the shape and volume of in-
terproximalpapilla.6,9However, it hasbeensuggested
that a greater volume of alveolar bone on the buccal
side of the interproximal area may compensate for
the lack of interproximal bone caused by reduced in-
terimplant distance, and the gingival papilla can thus
be supported and maintained over a long period.10

In the present study, the interproximal papilla was
present in 36.4% of cases in which the horizontal

distance was <3 mm and the bone width was ‡4 mm,
but it was never detected when the bone width was
<4 mm. However, because of the small sample size,
statistical significance could not be reached. In this
study, powers of 100%, 85%, and�8% are required for
the vertical distance, horizontal distance, and bone
width, respectively, to achieve a type I error rate (a) of
0.05. To reach a power of 80%, 564 areas would be
required. Therefore, studies involving a larger number
of participants are required.

It is important to note that the vertical and
horizontal distances and bone width measured in this
study are the results of the implant placement and

Table 1.

Incidence of Interproximal Papilla and Size of Black Space According to the
Vertical Distance

Present Absent

Vertical

Distance (mm) n

Black Space

(total, mm)

Interproximal

Papilla (%) Black Space (mm)

Interproximal

Papilla (%) Black Space (mm)

£5 5 0.5 – 0.50* 100† 0.50 – 0.50 0

>5 24 2.04 – 1.46 20.83 2.40 – 1.38 79.17 1.95 – 1.49

Data are represented as mean – SD. n = number of examined areas.
* P = 0.02 (Mann-Whitney U test).
† P = 0.04 (x2 test)

Table 2.

Incidence of Papilla and Size of Black Space According to the Horizontal Distance

Present Absent

Horizontal

Distance (mm) n

Black Space

(total, mm)

Interproximal

Papilla (%) Black Space (mm)

Interproximal

Papilla (%) Black Space (mm)

£4 23 1.86 – 1.56 21.74* 1.60 – 1.78 78.26 1.94 – 1.54

>4 6 1.41 – 1.02 83.33 1.30 – 1.09 16.67 2.00 – 0.00

Mean 3.38 – 1.54† 2.14 – 1.02

Data are represented as mean – SD. n = number of examined areas.
* P = 0.04 (x2 test, incidence for 0 to 4 · 4 to 6 mm horizontal distance).
† P = 0.01 (Student t test, papilla present · absent); P = 0.76 (Student t test, black space for £4 · >4 mm horizontal distance).

Table 3.

Incidence of Interproximal Papilla and Size of Black Space According to Bone Width

Present Absent

Bone Width

(mm) n

Black Space

(total, mm)

Interproximal

Papilla (%) Black Space (mm)

Interproximal

Papilla (%) Black Space (mm)

£2 6 2.17 – 1.75 33.33 0.50 – 0.71 66.67 3.00 – 1.06

>2 and £3 4 0.75 – 0.65 50.00 0.75 – 1.06 50 0.75 – 0.35

>3 19 1.87 – 1.45 31.58 2.00 – 1.52 68.42 1.81 – 1.48

Data are represented as mean – SD. P ‡0.24 (Tukey or Mann-Whitney U test, black space for £2 · >2 and £3 · >3 mm bone width); P ‡0.49 (Fisher exact test,
incidence for £2 · >2 and £3 · >3 mm bone width). n = number of examined areas.
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prosthetic treatment. Therefore, implant placement
and prosthetic treatment have an important impact
on the future presence of interproximal papilla. The
interproximal papilla has a major impact on the es-
thetic outcomes of implant therapy, which depend
not only on the presence, but also on the height,
form, symmetry, and color of gingival papillae.11

Some clinical and preclinical studies have demon-
strated that the use of an implant–abutment inter-
face with reduced diameter relative to the implant
platform diameter (platform-switching concept) re-
sults in less crestal bone loss than which occurs with
the use of implants with standard-diameter abut-
ments.9,12 This issue is extremely important for the
clinical placement of adjacent implants in esthetic
areas and should be considered carefully, because
the difference between the abutment diameter and
the implant diameter may result in the placement of
larger implants in relation to their abutments. This in
turn could lead to decreased width of the buccal bone
wall and create a blue effect as a result of trans-
illumination of the implant through the thin bone and
gingival tissue.

There are conflicting data regarding the effect of
soft-tissue biotype on the presence of papilla. We did

not find an association between soft-tissue biotype
and the presence or extension of black space, which is
substantiated by previous reports that have not found
association between changes in soft-tissue margins
and tissue biotype.13,14 In contrast, Romeo et al.15

showed that the presence of papilla was observed in
84% of individuals with thick biotype compared to
42.8% of individuals with thin biotypes.

Various methods for measuring the thickness of
the mucosa have been used, including direct
sounding using a periodontal probe,4,5 endodontic
reamer,16 or injection needle.17 New methods using
ultrasonic devices and computerized tomogra-
phy18,19 are less invasive and can be considered
alternative methods for the measurement of soft-
tissue dimensions. However, there is no evidence
showing their superior accuracy.

CONCLUSIONS

The findings of this study indicate that the gingival
papilla is always present between adjacent implants
in esthetic areas when the vertical distance is £5 mm
and frequently present when the horizontal distance
is ‡4 mm, but the incidence and height of gingival
papillae arenot influencedbybonewidthor soft-tissue
thickness. Furthermore, the gingival papilla is al-
ways present when the vertical distance is £5 mm,
independent of the horizontal distance or bone width.
These findings may have important implications for
esthetic results in patients receiving dental implants.
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