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Objective The present study was a randomized controlled clinical trial with the aim 
of evaluating the increase in papillary height and reduction in black triangle height 
obtained by the novel papillary augmentation access with either connective tissue 
graft (CTG) or platelet-rich fibrin (PRF) as matrix from baseline to 6 months.
Materials and Methods A total number of 20 sites with Nordland and Tarnow’s Class 
I, I-II and II interdental papillary loss were recruited into the study. The sites were ran-
domly allocated with 10 sites per group into either: Group A (control group) or Group 
B (test group) which utilizes the same technique with CTG or PRF as matrix, respec-
tively. The clinical parameters such as PPD (probing pocket depth) and CAL (clinical 
attachment level) at the surgical site, plaque score (FMPS), bleeding scores (FMBS), 
interdental papillary height (PH) and black triangle height (BTH), along with visual 
analog score by dentist (VAS-D) and by patient (VAS-P) were evaluated at baseline and 
at 6 months.
Results In both CTG and PRF groups, all the primary and secondary outcome vari-
ables such as PH, BTH, VAS-D and VAS-P showed statistically significant improvement 
from baseline to 6 months (p ≤0.05) within the group. On comparison at 6 months, 
there were no differences in the papillary height between the groups. However, the 
BTH has significantly reduced in the CTG group than the PRF group. Similarly, the 
VAS-D significantly improved in the CTG group than the PRF group (p = 0.010) at 
6 months.
Conclusion The study demonstrates that the proposed papillary augmentation 
access with CTG and PRF was successful in managing the unaesthetic interdental 
papillary loss, with CTG showing better results in terms of reduction of black triangle  
than PRF.
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Introduction
The absence of interdental papilla is known as “Angulus Nigrens” 
or black triangles in common terminology. Black triangles are 
nothing but the open embrasure spaces which are devoid of the 

interdental papilla. They are present in more than one third of 
all adults and are more frequent in patients who suffer bone 
loss.1 Various etiologic factors for interdental papillary loss are2 
microbial tooth deposit-associated periodontal disease, tooth 
contour and form, absence of adjacent teeth, inadvertent usage 
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of oral hygiene maintenance devices, interdental spacing, and 
improper contour of the restoration or denture.

When the periodontal management of papillary loss 
is reviewed, there are multiple techniques that have been 
described previously in the literature. Beagle et al in 19923 
performed a partial thickness flap which was suspended and 
secured coronally, so as to fill the papillary space. Han and Takei 
in 19964 also described a technique with semilunar incision and 
coronal advancement of the papillary unit, where they reported 
an optimal augmentation of the papilla. However, majority of 
the techniques were flap elevation-based procedures. Consider-
ing the importance of vascularity, tunneling-based augmenta-
tion procedures have been introduced, without having to incise 
the interdental papilla, which aids in accelerated wound heal-
ing. Even in these procedures, the tunnel was prepared either 
on the buccal5-7 or the palatal aspect.8

On further reviewing the literature, few other authors 
improvised the papillary augmentation technique with the 
incorporation of biological matrices, so as to counter the 
dead space. In the initial era of soft tissue regeneration, 
connective tissue graft (CTG) was proven to be a gold stan-
dard matrix for augmentation of papilla.8,9 Later, autolo-
gous, bioactive platelet-rich fibrin (PRF) has been shown to 
have a potential to serve as an autologous matrix that pro-
motes differentiation of progenitor cells into the matrix, 
thereby potentiating regeneration.10-14

Majority of the literature published were only case 
reports/case series and there were only limited clinical 
trials published for papillary augmentation15,16 Taking all 
these factors into consideration, the current study propos-
es a minimal accessed labial and palatal tunneling across 
the interdental gingiva to facilitate the placement of a 
CTF/PRF, so as to augment the papillary height. The study 
was designed as a randomized controlled clinical trial, 
with the aim of comparing the role of two different autol-
ogous matrices—CTG/PRF—to augment the papilla dimen-
sions and reduce the black triangle height at 6 months.

Materials and Methods
Sample size calculations were done based on an article pub-
lished by Shruthi et al in 2016,15 which is the only closely 
relevant article to the present study. Based on their results 
and applying 5% α error and 80% power, the sample size 
required was 20 sites with 10 sites in each group. The study 
groups for the present study are as follows: Group A (Control 
group–CTG) and Group B (Test group–PRF) with 10 sites per 
group. The ethical approval number of the present study is 
SRMDC/IRB/2016/MDS/No.501.

A. Inclusion Criteria: a. Class I, II and I-II interdental papil-
lary loss based on Nordland and Tarnow’s classification; 
 b. Recession less than 2 mm on the facial or lingual aspect; 
c. No active periodontal disease; d. Patients with adequate 
width of attached gingiva; e. No systemic conditions or 
medication known to interfere with periodontal tissue 
health or healing; f. Not more than one site per quadrant 
was taken in the maxillary anterior esthetic region

B. Exclusion Criteria: a. Previous periodontal surgery with-
in six months; b. Pregnant/lactating women; c. Usage of 
tobacco/tobacco products in past 6 months; d. Patients 
unwilling for the surgery; e. Patients with inadequate 
plaque control; f. Edentulous site adjacent to the site of 
surgery; g. Platelet count less than one lakh cells per cubic 
mm. Patients who satisfied the selection criteria and be-
longed to Nordland and Tarnow class I and II were select-
ed for the study. Patients who demonstrated adequate 
standard of oral hygiene, that is, full mouth plaque scores 
(FMPS) and bleeding scores (FMBS) less than or equal to 
20% were taken for surgery. A single calibrated examiner 
who is blinded to the patient allocation into groups mea-
sured all the clinical parameters at baseline and 6 months 
postoperatively.

The following clinical parameters were evaluated in all the 
recruited patients:

1. FMPS (O’leary index in 1972)17

2. FMBS (Ainamo and Bay in 1975)18

3. Mean–probing pocket depth (PPD)
4. Mean–clinical attachment level (CAL)
5. Site-specific–PPD
6. Site-specific–CAL

Points 5 and 6 are four proximal sites which are present 
adjacent to the concerned interdental papilla

7. Height of the black triangle (BTH)–measured from tip of 
the papilla to the apical most point of the interdental con-
tact area

8. Interdental papillary height (PH)–measured from line 
connecting zenith of the two adjacent teeth and tip of the 
papilla

Mean PPD, Mean CAL, and Nordland and Tarnow classi-
fication were evaluated at baseline for the recruitment of 
samples, whereas other parameters were evaluated at both 
baseline and six months. Additionally, VAS by patients and 
dentists were evaluated based on a scale of 10 at the end 
of six months. The preoperative and postoperative pho-
tographs of each patient were placed in a single slide of 
the power point presentation in an equal aspect ratio. The 
patients were then asked to score their preoperative and 
postoperative photographs for esthetics on the basis of 
the above given scale. Similarly, three periodontists were 
asked to score all the preoperative and postoperative pho-
tographs for the papillary fill independently based on the 
above-mentioned scale. All of them were blinded to the 
surgical treatment performed. The average of all the three 
scores were taken for statistical analysis.

The recruited sites for the study were randomized based 
on their enrolment number. A single experienced operator 
performed all the surgical procedures.

Surgical Procedure
Following local anesthesia, a full thickness horizontal inci-
sion was given at the level of mucogingival junction in the 
buccal aspect and at the level of 2 to 3 mm above the base 
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of the papilla in the palatal aspect, which was not more 
than 2 to 3 mm wide. A crevicular incision was given along 
the buccal and palatal region of the adjacent teeth without 
splitting the interdental gingiva. Tunnels were prepared 
on the buccal and palatal aspect, extending from the hor-
izontal incision to the interdental area using tunneling 
knives (►Fig.  1A,  1B  and  2A,  2B). For the control group, 
CTG was placed as the matrix, whereas for test group, PRF 
was placed as the matrix (►Fig. 1C, 2C). CTG was harvest-
ed from the palate by a single incision technique with a 

uniform thickness of 1 to 1.5 mm. The PRF was prepared in 
accordance with the protocol developed by Choukroun et 
al in 2000.17,19 PRF was then compressed into a membrane 
form. The matrices were inserted through the horizontal 
incision on the buccal side and passed over the crest of 
the interdental bone, such that the matrix extends onto 
the palatal interdental bone. A horizontal mattress suture 
was placed on the buccal and palatal aspect to stabilize 
the graft. A vertical mattress suture was placed on the 
interdental papilla and suspended on the composite res-
in placed adjacent to the coronal point of the contact area 
(►Fig.  1D,  2D). The surgical site was covered with peri-
odontal dressing.

After surgery, patients were prescribed with antibiotics 
and analgesics for 5 days. The periodontal dressing and the 
sutures were removed at the end of 2 weeks.

Follow-Up
Interdental PH, BTH, and site-specific PPD and CAL were reas-
sessed at 6 months (►Fig. 3). In addition, VAS scores for pap-
illary gain and esthetics were given by dentists and patients 
respectively.

Statistical Analysis
The data were analyzed by SPSS (IBM SPSS statistics for 
Windows, version 22.0, NY: IBM corp. released 2013). The 
significance level was fixed as 5% (α= 0.05) and (p ≤ 0.05). 
The normality tests Kolmogorov-Smirnov and Shapiro 
Wilk test results revealed that except age, other variables 
did not follow normal distribution. To compare all the 
clinical parameters and outcome variables between CTG 
and PRF group, Mann Whitney U test was applied, and to 
compare the values between baseline and 6 months’ time 
points within both the groups, Wilcoxon signed rank test 
was used.

Fig. 3 (3A) Baseline photograph of PRF group. (3B) Six months re-
view photograph of PRF group. (3C) Baseline photograph of CTG 
group. (3D) Six months review photograph of CTG group.

Fig. 1 (1A) Buccal horizontal incision and tunneling in PRF group. (1B) 
Palatal horizontal incision and tunneling in PRF group. (1C) Placement 
of the PRF. (1D) Horizontal and vertical mattress suture placement with 
composite stops in PRF group.

Fig. 2 (2A) Buccal horizontal incision and tunneling in CTG group  
(2B) Palatal horizontal incision and tunneling in CTG group (2C) Place-
ment of the CTG (2D) Horizontal and vertical mattress suture placement 
with composite stops in CTG group.
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Results
The data were recorded for all the clinical parameters like 
PPD, CAL, FMPS, FMBS, interdental PH, BTH at baseline and 
at 6 months. Additionally, VAS scores were also collected 
at baseline and 6 months using photographs evaluated by 
patients as well as dentist.

The descriptive statistics for age, gender, and clinical 
parameters of patient recruited at baseline are represent-
ed in ►Table 1. Data were represented as mean ± standard 
deviation for age, PPD, CAL, PH, and BTH at the surgical 
site. Gender, FMPS. and FMBS were expressed as per-
centages. The results showed that these variables did not 
demonstrate statistically significant differences between 
the study groups. This indicates that at the time of 

recruitment, patients in the CTG and PRF groups showed 
no significant differences between them.

The clinical parameters such as FMPS, FMBS, PPD, and CAL 
did not show any statistical differences at any time points 
within the group and between the groups except CAL, which 
improved in CTG group at six months (p = 0.056) (►Table 2).

The comparison of primary and secondary outcome vari-
ables was done using Wilcoxon signed rank test between 
baseline and 6 months in the CTG group (►Table  3) and 
the PRF group (►Table 4). There was a significant improve-
ment in the primary outcome variables such as PH and 
BTH from baseline to 6 months (p ≤ 0.05). Similarly, a sig-
nificant improvement was also observed in the second-
ary outcome variables VAS-D and VAS-P from baseline to  
six months (p ≤ 0.05).

Table 1  Descriptive statistics of all the clinical parameters between CTG and PRF group at baseline

Parameters/Groups CTG group
(mean ± SD)

PRF group
(mean ± SD)

Z-value p-Value
(p ≤ 0.05)

Age (years) 39.30 ± 5.75 37.10 ± 8.79 0.514 0.521

Gender Male (%) 70% 60% 0.269 0.612

Female (%) 30% 40%

PPD (mm) 1.46 ± 0.55 1.22 ± 0.23 0.266 0.607

CAL (mm) 1.14 ± 0.63 1.14 ± 0.77 0.152 0.788

FMPS (%) 10.68 ± 2.83 11.60 ± 4.41 0.164 0.790

FMBS (%) 11.16 ± 2.73 12.09 ± 5.50 0.201 0.879

PH (mm) 2.40 ± 0.70 2.40 ± 0.97 0.739 0.870

BTH (mm) 3.30 ± 0.48 3.40 ± 1.17 0.428 0.840

Abbreviations: BTH, black triangle height; CAL, site-specific clinical attachment level; FMBS, full mouth bleeding scores; FMPS, full mouth plaque scores; 
PH, interdental papillary height; PPD, site-specific probing pocket depth.

Table 2  Intragroup and intergroup comparison of site-specific PPD and CAL between baseline and six months in CTG and PRF 
group

Variables PRF CTG p-Value

PPD–Baseline 1.22 ± 0.23 1.46 ± 0.55 0.607

PPD–6 months 1.44 ± 0.22 1.28 ± 0.25 0.135

p-Value 0.102 0.444

CAL–baseline 1.14 ± 0.74 1.14 ± 0.63 0.788

CAL–6 months 0.51 ± 0.65 0.62 ± 0.66 0.780

p-Value 0.028 0.721

Abbreviations: CAL, site-specific clinical attachment level; PPD, site-specific probing pocket depth.

Table 3  Intragroup comparison of primary and secondary outcome variable between baseline and six months in CTG group

Parameters/Time points Baseline
(mean ± SD)

Six months
(mean ± SD)

Z-value p-Value
(p ≤ 0.05)

Papillary height (mm) 2.40 ± 0.70 3.50 ± 0.85 2.598 0.009*

Black triangle height (mm) 3.30 ± 0.48 1.40 ± 0.70 2.913 0.004*

Visual analog score–dentist 1.08 ± 0.54 7.54 ± 1.28 2.814 0.005*

Visual analog score–patient 3.00 ± 0.94 7.30 ± 1.57 2.721 0.007*

*(p ≤ 0.05) statistically significant.
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►Table 5 shows the comparison of primary and second-
ary outcome variables between the CTG and PRF group at six 
months. The PH in the CTG group was comparable with that 
of the PRF group (p = 0.376). However, BTH was reduced sig-
nificantly in the CTG group (1.40 ± 0.70) compared with the 
PRF group (2.50 ± 1.08) (p = 0.018). The visual analogue score 
by dentist also shows significant difference, with the scores 
of CTG group (7.54 ± 1.28) better than those of the PRF group 
(4.98 ± 2.31) (p = 0.010). VAS-P scores were similar in both 
the groups at 6 months (p = 0.171).

Discussion
Reconstruction of the lost interdental papillary tissues 
has persistently challenged the dentist because of its 
restricted vascularity and reduced regenerative potential. 
A multitude of surgical and nonsurgical procedures were  
proposed in the past few decades for effective regenera-
tion of papilla.

When the surgical procedures were reviewed, the ini-
tial studies for papillary reconstruction were all based on 
flap-elevation procedures.20,21 Later on, considering the vascular 
architecture of interdental papilla and its healing potential, less 
invasive flapless tunneling procedures were preferred, which 
were carried out mostly on the buccal aspect alone.5-7 However, 
the importance of the matrix was not highlighted in these sur-
gical techniques.

In the present study, a novel papillary augmentation 
access was proposed where both buccal and palatal tun-
neling was performed with the placement of CTG and 
PRF22-25 as matrices, and the papilla being displaced as a 
gingivopapillary unit.

All the primary and secondary outcome variables 
demonstrated a significant improvement within the 
group from baseline to six months. The PH was similar 
between the groups at six months without any significant 

differences. This is in accordance with multiple case 
reports and case series where CTG8,26 and PRF11,12,14,27 favor-
ably influenced the PH. The reduction of BTH was more 
significant in the CTG group than in the PRF group. Despite 
no difference in PH, there was a significant reduction of 
BTH in 6 months. The possible reason could be that due 
to the tunneling of the papilla with adjacent gingiva and 
advancing it as a unit there was some amount of root cov-
erage also happened along with the papillary fill, which is 
evidenced in the form of improvement in CAL in both CTG 
and PRF groups. This implies that papilla shifted coronally 
along with its base. Hence, there is no significant change 
in the papillary height, whereas when the whole unit was 
coronally advanced, BTH reduced significantly in both  
the groups.

Although PRF group shows a significant improvement in 
papillary height and reduction of BTH at 6 months, on com-
parison to CTG group, a considerably lower BTH reduction 
was observed. This could be attributed to the biological tis-
sue characteristics of CTG28 that substantiate and suggest 
CTG as a better matrix for papilla augmentation.29,30

The visual analogue scores by patient for esthetics were 
similar between the groups, whereas the visual analogue 
scores by dentist for papillary fill were significantly better in 
CTG group than in the PRF group. This has further favored the 
effectiveness of CTG for papillary fill.

The limitations of the present study were small-
er sample size with shorter follow-up period of only  
6 months. Further, radiographic bone crest to contact point  
distance was not considered as a selection criterion. A sep-
arate study group to assess the efficacy of the technique 
alone without addition of any biological matrices could  
have highlighted the benefits of the technique alone. 
Although the amount of PRF were reported to influence 
the treatment outcome, quantification of PRF was not done 
in the present study.31

Table 4  Intragroup comparison of primary and secondary outcome variable between baseline and six months in PRF group

Parameters/Time points Baseline
(mean ± SD)

Six Months
(mean ± SD)

Z-value p-Value
(p ≤ 0.05)

Papillary height (mm) 2.40 ±.97 3.10 ± 1.10 2.646 0.008*

Black triangle height (mm) 3.40 ± 1.17 2.50 ± 1.08 2.714 0.007*

Visual analog score–dentist 0.93 ± 0.62 4.98 ± 2.31 2.807 0.005*

Visual analog score–patient 3.00 ± 1.76 5.70 ± 2.31 2.714 0.007*

*(p ≤ 0.05) statistically significant.

Table 5  Intergroup comparison of primary and secondary outcome variables at six months

Parameter/group CTG group
(mean ± SD)

PRF group
(mean ± SD)

Z-value p-Value
(p ≤ 0.05)

Papillary height (mm) 3.50 ± 0.85 3.10 ± 1.10 0.885 0.376

Black triangle height (mm) 1.40 ± 0.70 2.50 ± 1.08 2.368 0.018*

Visual analog score–dentist 7.54 ± 1.28 4.98 ± 2.31 2.580 0.010*

Visual analog score–patient 7.30 ± 1.57 5.70 ± 2.31 1.371 0.171

*(p ≤ 0.05) statistically significant.
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Conclusion
Despite the limitations, the results of the present study 
revealed that a significant papillary gain and reduction of 
BTH was obtained in both CTG and PRF groups, with CTG 
showing significantly better effectiveness in reduction of 
BTH than PRF, when used as a biological matrix in the pro-
posed papillary augmentation access.
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