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I. Introduction

Gingival black triangles, also known as open gingival em-
brasures, are triangular spaces between adjacent teeth caused 
by the loss or absence of the interdental papilla (IDP). They 
are most noticeable in the maxillary anterior region, where 
even minimal papillary loss can compromise smile esthet-
ics. The presence of the IDP is closely related to the distance 
between the contact point and the underlying alveolar bone 
crest. Tarnow et al.1 demonstrated that when this distance 
exceeds 5 mm, the likelihood of complete papillary fill de-
creases significantly, increasing the risk of black triangle for-

mation.
The etiology of gingival black triangles is multifactorial. 

Periodontal attachment loss and alveolar bone resorption are 
the primary causes, especially in patients with periodontitis. 
Other contributing factors include a thin gingival phenotype, 
age-related tissue shrinkage, triangular tooth morphology, 
orthodontic tooth movement, improper restorative contours, 
and traumatic oral hygiene practices1,2. As esthetic awareness 
has increased, these defects are now considered an important 
clinical concern because they affect appearance, oral hygiene, 
and patient satisfaction.

Several classification systems have been proposed to 
evaluate IDP loss, including the Nordland and Tarnow clas-
sification3, Jemt papilla index4, Cardaropoli classification5, 
Nemcovsky classification6, and the dimensional classifica-
tion described by Cho et al.7. Among these, the Nordland and 
Tarnow classification is the most widely accepted8. It classi-
fies papillary loss into three categories based on the position 
of the papilla relative to the contact point and the cemento-
enamel junction (CEJ), helping guide prognosis and treat-
ment selection.
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Untreated gingival black triangles may result in food im-
paction, plaque accumulation, gingival inflammation, pho-
netic difficulties, and compromised smile esthetics. They may 
also contribute to localized periodontal inflammation, making 
treatment important for both functional and esthetic reasons2.

Several treatment options have been proposed to recon-
struct the IDP. Surgical techniques, including connective tis-
sue grafts, papilla preservation procedures, and microsurgical 
reconstruction, have shown favorable results but are tech-
nique-sensitive, invasive, and less predictable in advanced 
defects9,10. Restorative and orthodontic approaches, such as 
contact point modification, composite additions, interproxi-
mal enamel reduction, and tooth repositioning, have also 
been used, although they may require prolonged treatment or 
irreversible tooth modification2.

More recently, minimally invasive biologic therapies 
have gained attention. Platelet-rich fibrin (PRF), a second-
generation platelet concentrate, contains a fibrin matrix 
enriched with platelets, leukocytes, and growth factors that 
promote angiogenesis and soft tissue regeneration11,12. Unlike 
platelet-rich plasma, PRF does not require anticoagulants and 
provides a sustained release of growth factors that support 
wound healing13. Clinical studies have reported promising 
outcomes with PRF in periodontal regeneration and papilla 
reconstruction14-16.

Injectable platelet-rich fibrin (i-PRF), prepared using low-
speed centrifugation, remains in liquid form before clot-
ting, allowing direct injection into soft tissues17. It enables 
minimally invasive delivery of autologous growth factors 
that may enhance fibroblast activity, collagen synthesis, and 
angiogenesis. Unlike hyaluronic acid (HA), which mainly 
provides volumetric enhancement, i-PRF has the potential to 
promote true soft tissue regeneration.

Although several clinical studies have evaluated i-PRF for 
managing gingival black triangles, the available evidence 
remains heterogeneous with respect to treatment protocols, 
injection frequency, outcome measures, and follow-up dura-
tion. To date, no comprehensive systematic review has spe-
cifically synthesized the clinical evidence on i-PRF for IDP 
reconstruction.

Therefore, this systematic review aims to critically evalu-
ate the available clinical evidence on the use of i-PRF for 
the management of gingival black triangles, assess the meth-
odological quality of the included studies, and determine its 
effectiveness and predictability. The findings may help guide 
clinical decision-making, support standardized treatment pro-
tocols, and identify priorities for future research in esthetic 

periodontology.

II. Methodology

This systematic review was conducted to evaluate the clini-
cal effectiveness of i-PRF in the management of gingival 
black triangles (IDP deficiencies). A pre-registered protocol 
(CRD420261321819) was established in the PROSPERO 
database. The review protocol was designed and reported in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA 2020) guidelines18.

1. Study design

Following PRISMA guidelines, this systematic review 
sought to synthesize existing evidence on the papilla recon-
struction using i-PRF. This systematic review was conducted 
from January 2026 to March 2026, encompassing publica-
tions from 2020 to 2025. The search strategy utilized Boolean 
operators (AND/OR/NOT) in search strategies to capture all 
relevant articles. The Population, Intervention, Comparison, 
Outcome, and Study design/Setting (PICOS) question of 
this systematic review could be clarified as “Does i-PRF ef-
fectively augment IDP and reduce gingival black triangles in 
patients compared to other treatment modalities or no inter-
vention?”

2. PICOS format

The focused research question was structured using the PI-
COS format as follows:

P (Population): Patients with gingival black triangles
I (Intervention): i-PRF
C (Comparison): Placebo, no treatment, or conventional 

surgical/biologic interventions
O (Outcome): Papilla fill, black triangle reduction, esthetic 

outcomes, clinical stability
S (Study design/setting): any studies in humans (ranging 

from case reports, cohort studies to randomised controlled tri-
als).

3. Search strategy

A comprehensive electronic search was conducted in the 
following databases such as PubMed/MEDLINE, Scopus, 
Web of Science, Cochrane Central Register of Controlled Tri-
als (CENTRAL). The search included all studies published 
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from 2020 to 2025 without restriction on publication year. 
Only articles published in English were included. The search 
strategy combined Medical Subject Headings (MeSH) and 
free-text terms using Boolean operators (AND/OR). The 
keywords included “Injectable platelet-rich fibrin” OR “i-
PRF” ([All Fields] AND “Platelet-rich fibrin” [MeSH Terms] 
OR “periodontitis” [All Fields] AND “interdental papilla”, 
“Gingival black triangle” OR “Open gingival embrasure” [All 
Fields] OR “Papilla reconstruction” OR “Papilla augmenta-
tion”.

4. Screening and data selection

All identified records were imported into reference man-
agement software, and duplicates were removed. Study selec-
tion was performed in two stages. Two independent reviewers 
(M.G. and J.V.) screened titles and abstracts for relevance ac-
cording to predefined eligibility criteria. Full-text articles of 
potentially eligible studies were retrieved and independently 
assessed by the same reviewers. Any disagreements between 
reviewers were resolved through discussion or consultation 
with a third reviewer (R.B.). The study selection process was 
documented using a PRISMA flow diagram as depicted in 
Fig. 1.

5. Eligibility criteria

Inclusion criteria: Studies were included if they were hu-
man clinical investigations evaluating i-PRF for the treatment 
of gingival black triangles in patients with IDP loss in natu-
ral dentition. Eligible study designs comprised randomized 
controlled trials (RCTs), controlled clinical trials, prospective 
studies, and case series that reported quantitative clinical 
outcomes related to papillary fill, had a minimum follow-up 
period of one month, and were published in English.

Exclusion criteria: Studies were excluded if they were ani-
mal or in vitro investigations, evaluated only PRF membranes 
without i-PRF, were case reports with insufficient clinical 
outcome data, or were review articles, editorials, or opinion 
papers. Additionally, studies focusing solely on peri-implant 
papilla (unless separately reporting natural teeth) or lacking 
measurable outcome parameters were excluded.

III. Assessment of Risk of Bias

The revised Cochrane risk-of-bias tool for randomized tri-
als (RoB 2)19 was employed to evaluate the quality and RoB 
of the effective studies included in the review12. The assess-
ment comprised five domains: (1) Randomization process 
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Fig. 1. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
(PRISMA) flowchart. 
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(Domain 1); Evaluating the RoB arising from the random-
ization process. (2) Deviation from intended interventions 
(Domain 2); Assessing the RoB due to deviations from the 
intended interventions. (3) Missing outcome data (Domain 3); 
Evaluating the RoB due to missing outcome data. (4) Mea-
surement of outcomes (Domain 4); Assessing the RoB in the 
measurement of outcomes. (5) Selection of reported results 
(Domain 5); Evaluating the RoB in the selection of reported 
results. For each domain, specific signalling questions were 
used, with response options including: Yes (Y), Probably yes 
(PY), Probably no (PN), No (N), No information (NI).

Based on these responses, an overall risk of bias judgement 
was made for each article, categorizing it as low risk, some 
concerns and high risk of bias. Inter-evaluator reliability was 
assessed using Kappa statistics, with any discrepancies re-
solved through discussion among the authors. Fig. 2 shows 
the traffic plot and Fig. 3 shows the summary plot of the 
included studies. Majority of the studies have fulfilled the 
domains as low risk, but some studies reported with concerns 
and high risk and concerns.

The methodological quality of the included studies was 

evaluated using the Joanna Briggs Institute (JBI)20 critical ap-
praisal checklists for case reports and case series. Two inde-
pendent reviewers assessed each study to ensure transparency 
and consistency in reporting. The checklist for case reports 
included eight domains, while the checklist for case series 
comprised ten domains, focusing on clear patient description, 
diagnostic procedures, intervention details, follow-up, and 
outcome reporting.

All included case reports satisfied all eight appraisal cri-
teria, and the case series fulfilled all ten criteria. No major 
methodological concerns were identified. Overall, the in-
cluded studies were considered to be of high methodological 
quality with a low risk of bias and were therefore deemed 
suitable for qualitative synthesis. Any minor discrepancies 
in assessment were resolved through discussion between the 
reviewers.

IV. Characteristics of Included Studies

A total of 14 studies published between 2020 and 2025 
were included in this systematic review evaluating the effec-
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Fig. 3. Summary plot for assessing the 
risk of bias for randomized controlled 
trial’s included in the study using ROB-
VIS-tool.
Meghana Gangolu et al: Injectable platelet-rich fibrin 
based interventions for treatment of gingival black 
triangles: systematic review of clinical evidence. J 
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tiveness of i-PRF for IDP reconstruction or management of 
gingival black triangles. The included studies comprised of 
three case reports21-23, two blinded RCT’s24,25, one pilot inter-
ventional study26, RCT’s24,25,27-31, and three case series32-34.

The sample size varied considerably, ranging from single-
patient case reports to 44 sites in clinical trials, with most 
interventional studies including 10 to 30 participants. Partici-
pants were generally systemically healthy adults presenting 
with IDP deficiency, with reported age ranges between 18 
and 55 years. Both male and female participants were includ-
ed across studies.

All studies evaluated i-PRF as the primary intervention, 
administered either as a single injection22,25,27,30-32,34 or multiple 
injections21,23,24,26,28,29,33 at intervals ranging from 1 to 3 weeks. 
In comparative studies, i-PRF was evaluated against HA 
injections24,25,27,29, connective tissue grafts28,30, free gingival 
graft21 and semilunar flap with tuberosity graft techniques31.

The follow-up duration ranged from 1 to 6 months, with 
most studies assessing outcomes at baseline, 1 month, 
3 months, and 6 months. Commonly reported outcomes 
included papilla presence index (PPI)25,27, black triangle 
height24,25,30,31, width25 or area24,27,34, papillary height21,28-30,33,34, 
plaque index25,27,28,30, and gingival index25,27,28,33,34, bleeding 
scores30,33, gingival thickness21, soft tissue closure22,23,32, prob-
ing pocket depth25,30,31,34, clinical attachment loss30, visual 
analogue scale30, percentage of papillary fill33,34 and patient 
satisfaction scores26,29. Overall, most studies reported im-
provement in papillary fill and reduction in black triangle 
dimensions following i-PRF therapy.

V. Results

A total of 14 studies evaluated the effectiveness of i-PRF in 
the reconstruction of IDP and management of gingival black 
triangles. Table 1 gives the detailed description of author, 
study title, study design, sample size, age groups and study 
groups. Table 2 gives the detailed description of author, i-
PRF protocol, intervention time periods, follow-up period, 
outcome assessment, study results, study conclusion.

The follow-up periods across studies ranged from weeks to 
6 months, and most studies reported improvements in papil-
lary height, PPI, and reduction in black triangle dimensions 
following i-PRF therapy.

RCT’s comparing i-PRF with HA demonstrated signifi-
cant improvements in clinical parameters such as PPI, black 
triangle height, and black triangle area in both treatment 
groups. In the trial by Trivedi et al.27, the PPI in the i-PRF 

group decreased from 2.25±0.44 at baseline to 1.05±0.22 
at 1 and 3 months, while the HA group showed a reduction 
from 2.20±0.41 to 1.25±0.44. The black triangle area in the i-
PRF group reduced significantly from 376.45±46.46 pixels at 
baseline to 89.90±25.92 pixels at 1 month and 85.95±24.56 
pixels at 3 months, compared with 371.70±55.46 to 
116.05±56.77 pixels in the HA group (P<0.05). Similarly, 
Pal et al.24, reported significant reductions in black triangle 
height in both groups, with reductions of 1.20 mm, 1.80 mm, 
and 2.27 mm at 1, 3, and 6 months in the i-PRF group com-
pared with 0.80 mm, 1.47 mm, and 2.00 mm in the HA group 
(P<0.001). However, Fakher et al.29, reported higher patient 
satisfaction scores in the HA group (3.8±0.8 to 9.1±0.9) 
compared with the i-PRF group (3.7±0.5 to 7.8±0.8) at six 
months, with greater papillary fill observed in the HA group.

Comparative trials evaluating i-PRF and connective tis-
sue graft techniques also demonstrated significant improve-
ments in papillary dimensions. In the RCT by Bissar et al.28, 
comparing i-PRF with subepithelial connective tissue graft 
(SECTG), the mean volumetric change was 0.25±0.17 in 
the i-PRF group and 0.31±0.21 in the SECTG group, with 
no statistically significant difference (P=0.517). However, 
postoperative pain scores were significantly higher in the 
SECTG group (5.08±2.15) compared with the i-PRF group 
(1.17±0.94) (P<0.001). Similarly, Johnson et al.30, reported 
that black triangle height decreased from 2.13±0.83 to 
0.87±0.74 at 3 months in the i-PRF group, while IDP height 
increased from 3.73±0.79 to 5.00±1.00, showing results com-
parable to connective tissue graft techniques.

The double-blind randomized clinical trial by Prajapati et 
al.25, demonstrated significant improvements in PPI, black 
triangle height, and black triangle width from baseline to 1, 
3, and 6 months, with i-PRF showing a greater reduction in 
black triangle dimensions compared with HA (P<0.05).

Case reports and case series generally demonstrated fa-
vourable outcomes with i-PRF therapy. Oswal and Kour21 
reported increased papillary height and gingival thickness at 
6-month follow-up following repeated i-PRF injections. Roy 
et al.22, observed complete closure of the black triangle by 3 
months, with stable results at 6 months. Similarly, Mayangjati 
et al.23, reported partial closure within one week and complete 
soft-tissue closure within one month after i-PRF injection.

However, not all studies demonstrated positive outcomes. 
Al Salkhadi et al.33, reported no statistically significant im-
provement in papillary height after 3 months, with the mean 
papillary dimension changing only from 5.55±1.05 at base-
line to 5.43±0.99 (P=0.171).



J Korean Assoc Oral Maxillofac Surg 2026;52:167-178

172

T
ab

le
 1

. D
et

ai
le

d 
de

sc
rip

tio
n 

of
 a

ut
ho

r, 
st

ud
y 

tit
le

, s
tu

dy
 d

es
ig

n,
 s

am
pl

e 
si

ze
, a

ge
 g

ro
up

 a
nd

 s
tu

dy
 g

ro
up

A
ut

ho
r

St
ud

y 
tit

le
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
 (

n)
A

ge
 g

ro
up

St
ud

y 
gr

ou
p

O
sw

al
 a

nd
 K

ou
r21

 (
20

20
)

Fr
ee

 g
in

gi
va

l g
ra

ft
 a

lo
ng

 w
ith

 i-
PR

F 
fo

r 
re

ce
ss

io
n 

co
ve

ra
ge

 a
nd

 in
te

rd
en

ta
l p

ap
ill

a 
au

gm
en

ta
tio

n:
 a

 c
as

e 
re

po
rt

C
as

e 
re

po
rt

1
42

 y
ea

rs
 o

ld
 h

ea
lth

y 
fe

m
al

e 
pa

tie
nt

Fr
ee

 g
in

gi
va

l g
ra

ft
 p

la
ce

m
en

t f
ol

lo
w

ed
 b

y 
i-

PR
F

C
ha

nd
ra

m
oh

an
 a

nd
 

Sw
et

ha
26

 (
20

21
)

E
va

lu
at

io
n 

of
 i-

PR
F 

in
je

ct
io

n 
te

ch
ni

qu
e 

as
 a

n 
al

te
rn

at
iv

e 
fo

r 
re

co
ns

tr
uc

tio
n 

of
 in

te
rd

en
ta

l 
pa

pi
lla

e 
- 

a 
pi

lo
t s

tu
dy

Si
ng

le
 a

rm
 in

te
rv

en
tio

na
l 

st
ud

y
10

25
-5

5 
ye

ar
s

i-
PR

F

T
ri

ve
di

 e
t a

l.27
 (

20
21

)
C

om
pa

ra
tiv

e 
ev

al
ua

tio
n 

of
 in

je
ct

ab
le

-p
la

te
le

t 
ri

ch
 f

ib
ri

n 
an

d 
hy

al
ur

on
ic

 a
ci

d 
in

je
ct

io
ns

 in
 

th
e 

tr
ea

tm
en

t o
f 

gi
ng

iv
al

 b
la

ck
 tr

ia
ng

le
s

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
3

18
-5

5 
ye

ar
s

G
ro

up
 A

: i
-P

R
F

G
ro

up
 B

: H
A

 in
je

ct
io

n

Pu
ri

 e
t a

l.32
 (

20
22

)
A

 n
ov

el
 in

je
ct

ab
le

 p
la

te
le

t-
ri

ch
 f

ib
ri

n 
re

in
fo

rc
ed

 p
ap

ill
a 

re
co

ns
tr

uc
tio

n 
te

ch
ni

qu
e

C
as

e 
se

ri
es

4
-

i-
PR

F

B
is

sa
r 

et
 a

l.28
 (

20
22

)
V

ol
um

et
ri

c 
so

ft
 ti

ss
ue

 c
ha

ng
es

 a
ft

er
 u

si
ng

 
in

je
ct

ab
le

 p
la

te
le

t-
ri

ch
 f

ib
ri

n 
(i

-P
R

F)
 v

er
su

s 
su

be
pi

th
el

ia
l c

on
ne

ct
iv

e 
tis

su
e 

gr
af

t i
n 

in
te

rd
en

ta
l p

ap
ill

ae
 d

ef
ec

ts
: a

 r
an

do
m

iz
ed

 
co

nt
ro

lle
d 

cl
in

ic
al

 s
tu

dy

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
24

18
-4

0 
ye

ar
s

G
ro

up
 A

: S
E

C
T

G
 te

ch
ni

qu
e

G
ro

up
 B

: i
-P

R
F

Fa
kh

er
 e

t a
l.29

 (
20

23
)

U
se

 o
f 

in
je

ct
ab

le
 h

ya
lu

ro
ni

c 
ac

id
 g

el
 

an
d 

in
je

ct
ab

le
 p

la
te

le
t-

ri
ch

 f
ib

ri
n 

in
 th

e 
tr

ea
tm

en
t o

f 
gi

ng
iv

al
 b

la
ck

 tr
ia

ng
le

s:
 a

 
ra

nd
om

iz
ed

 c
lin

ic
al

 tr
ia

l

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
18

20
 u

p 
to

 5
0 

ye
ar

s 
ol

d
G

ro
up

 1
: 0

.2
 m

L
 H

A
 g

el
 in

je
ct

io
n.

G
ro

up
 2

: i
-P

R
F.

G
ro

up
 3

: C
om

bi
na

tio
n 

of
 0

.2
 m

L
 H

A
 g

el
 

in
je

ct
io

n 
an

d 
i-

PR
F.

R
oy

 e
t a

l.22
 (

20
24

)
R

ec
on

st
ru

ct
io

n 
of

 in
te

rd
en

ta
l p

ap
ill

a 
us

in
g 

i-
PR

F:
 c

as
e 

re
po

rt
 o

f 
a 

no
ve

l t
ec

hn
iq

ue
C

as
e 

re
po

rt
1

36
-y

ea
r-

ol
d 

fe
m

al
e 

pa
tie

nt
i-

PR
F

M
ay

an
gj

at
i e

t a
l.23

 (
20

24
)

T
he

 u
se

 o
f 

in
je

ct
ab

le
 p

la
te

le
t-

ri
ch

 f
ib

ri
n 

as
 a

n 
al

te
rn

at
iv

e 
tr

ea
tm

en
t f

or
 in

te
rd

en
ta

l p
ap

ill
a 

re
co

ns
tr

uc
tio

n 
in

 b
la

ck
 tr

ia
ng

le
 c

as
e

C
as

e 
re

po
rt

1
20

-y
ea

r-
ol

d 
fe

m
al

e 
pa

tie
nt

i-
PR

F

Jo
hn

so
n 

et
 a

l.30
 (

20
25

)
E

ff
ic

ac
y 

of
 in

je
ct

ab
le

 p
la

te
le

t-
ri

ch
 f

ib
ri

n 
fo

r 
in

te
rd

en
ta

l p
ap

ill
a 

re
co

ns
tr

uc
tio

n 
co

m
pa

re
d 

w
ith

 c
on

ne
ct

iv
e 

tis
su

e 
gr

af
ts

: a
 r

an
do

m
iz

ed
 

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
15

18
 y

ea
rs

 a
nd

 o
ve

r
T

es
t g

ro
up

: i
-P

R
F 

m
ic

ro
ne

ed
lin

g
C

on
tr

ol
 g

ro
up

: C
T

G
s 

us
in

g 
th

e 
tu

nn
el

lin
g 

te
ch

ni
qu

e

Pa
l e

t a
l.24

 (
20

25
)

C
om

pa
ra

tiv
e 

ev
al

ua
tio

n 
of

 h
ya

lu
ro

ni
c 

ac
id

 
an

d 
in

je
ct

ab
le

 p
la

te
le

t-
ri

ch
 f

ib
ri

n 
as

 a
 n

on
-

su
rg

ic
al

 a
pp

ro
ac

h 
fo

r 
m

an
ag

em
en

t o
f 

bl
ac

k 
tr

ia
ng

le

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l 
si

ng
le

 b
lin

de
d

30
In

 b
ot

h 
gr

ou
ps

 6
0%

 f
em

al
e 

in
 th

e 
H

A
 g

ro
up

 a
nd

 
53

.3
%

 in
 th

e 
i-

PR
F 

gr
ou

p.
 M

al
e 

re
pr

es
en

ta
tio

n 
w

as
 4

0%
 a

nd
 4

6.
7%

, r
es

pe
ct

iv
el

y.
In

 b
ot

h 
gr

ou
ps

 w
er

e 
yo

un
ge

r t
ha

n 
30

 y
ea

rs
 (6

0%
), 

w
ith

 th
e 

re
m

ai
ni

ng
 4

0%
 a

ge
d 

30
 o

r o
ld

er

T
es

t g
ro

up
: i

-P
R

F
In

te
rv

en
tio

n 
gr

ou
p:

 0
.1

 m
L

 o
f 

H
A

 d
er

m
al

 
fi

lle
r

Pr
aj

ap
at

i e
t a

l.25
 (

20
25

)
C

om
pa

ra
tiv

e 
st

ud
y 

of
 e

ff
ic

ac
y 

of
 in

je
ct

ab
le

 
pl

at
el

et
 r

ic
h 

fi
br

in
 a

nd
 h

ya
lu

ro
ni

c 
ac

id
 f

or
 

in
te

rd
en

ta
l p

ap
ill

ar
y 

re
co

ns
tr

uc
tio

n

D
ou

bl
e 

bl
in

de
d,

 r
an

do
m

is
ed

 
cl

in
ic

al
 tr

ia
l

44
 s

ite
s

18
-5

5 
ye

ar
s

G
ro

up
 A

: i
-P

R
F

G
ro

up
 B

: H
A

 in
je

ct
io

n

A
l S

al
kh

ad
i e

t a
l.33

 (
20

25
)

E
ff

ic
ac

y 
of

 in
je

ct
ab

le
 p

la
te

le
t-

ri
ch

 f
ib

ri
n 

in
 

re
co

ns
tr

uc
tio

n 
of

 in
te

rd
en

ta
l p

ap
ill

a:
 a

 c
as

e 
se

ri
es

C
as

e 
se

ri
es

8
20

-3
5 

ye
ar

s
i-

PR
F

Pa
te

l e
t a

l.34
 (

20
25

)
N

on
su

rg
ic

al
 p

ap
ill

a 
re

co
ns

tr
uc

tio
n 

us
in

g 
in

je
ct

ab
le

 p
la

te
le

t r
ic

h 
fi

br
in

C
as

e 
se

ri
es

4
18

-4
5 

ye
ar

s
i-

PR
F

Pu
ns

e 
et

 a
l.31

 (
20

25
)

C
om

pa
ri

so
n 

of
 in

je
ct

ab
le

 p
la

te
le

t-
ri

ch
 f

ib
ri

n 
an

d 
se

m
ilu

na
r 

fl
ap

 w
ith

 tu
be

ro
si

ty
 g

ra
ft

 
fo

r 
gi

ng
iv

al
 b

la
ck

 tr
ia

ng
le

s:
 a

 r
an

do
m

iz
ed

 
cl

in
ic

al
 tr

ia
l

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
20

18
-4

5 
ye

ar
s

G
ro

up
 1

: i
-P

R
F

G
ro

up
 2

: S
em

ilu
na

r 
fl

ap
 w

ith
 tu

be
ro

si
ty

 
gr

af
t

(-
: n

ot
 a

pp
lic

ab
le

, i
-P

R
F:

 in
je

ct
ab

le
 p

la
te

le
t-

ri
ch

 f
ib

ri
n,

 H
A

: h
ya

lu
ro

ni
c 

ac
id

, S
E

C
T

G
: s

ub
ep

ith
el

ia
l c

on
ne

ct
iv

e 
tis

su
e 

gr
af

t, 
C

T
G

: c
on

ne
ct

iv
e 

tis
su

e 
gr

af
t)

M
eg

ha
na

 G
an

go
lu

 et
 a

l: 
In

je
ct

ab
le

 p
la

te
le

t-r
ic

h 
fib

rin
 b

as
ed

 in
te

rv
en

tio
ns

 fo
r t

re
at

m
en

t o
f g

in
gi

va
l b

la
ck

 tr
ia

ng
le

s:
 sy

ste
m

at
ic

 re
vi

ew
 o

f c
lin

ic
al

 ev
id

en
ce

. J
 K

or
ea

n 
As

so
c O

ra
l M

ax
ill

of
ac

 S
ur

g 
20

26



i-PRF in papilla reconstruction: a systematic review

173

T
ab

le
 2

. D
et

ai
le

d 
de

sc
rip

tio
n 

of
 a

ut
ho

r, 
i-P

R
F 

pr
ot

oc
ol

, i
nt

er
ve

nt
io

n 
tim

e 
pe

rio
ds

, f
ol

lo
w

-u
p 

pe
rio

d,
 o

ut
co

m
e 

as
se

ss
m

en
t, 

st
ud

y 
re

su
lts

, s
tu

dy
 c

on
cl

us
io

n

A
ut

ho
r

i-
PR

F 
pr

ot
oc

ol
In

te
rv

en
tio

n 
tim

e 
pe

ri
od

Fo
llo

w
-u

p 
pe

ri
od

O
ut

co
m

e 
as

se
ss

m
en

t
St

ud
y 

re
su

lt
St

ud
y 

co
nc

lu
si

on

O
sw

al
 a

nd
 K

ou
r21

 (
20

20
)

3 
m

L
 o

f 
bl

oo
d 

w
as

 c
ol

le
ct

ed
 u

nd
er

 a
se

pt
ic

 
co

nd
iti

on
s 

fr
om

 th
e 

pa
tie

nt
 a

nd
 p

ut
 in

to
 a

 b
lo

od
 

co
lle

ct
in

g 
tu

be
 w

ith
ou

t a
ny

 a
dd

iti
ve

s.
 I

t w
as

 
th

en
 c

en
tr

if
ug

ed
 a

t 7
00

 r
pm

 (
60

 g
) 

fo
r 

3 
m

in
ut

es

i-
PR

F 
in

je
ct

io
n 

w
as

 in
je

ct
ed

 
in

to
 th

e 
fa

ci
al

 g
in

gi
va

l 
tis

su
e 

an
d 

in
te

rd
en

ta
l 

pa
pi

lla
 3

 m
on

th
s 

af
te

r 
th

e 
FG

G
 p

ro
ce

du
re

 f
or

 a
bo

ut
  

6 
tim

es
 w

ith
 1

5 
da

ys
 g

ap
.

3 
m

on
th

s,
 6

 m
on

th
s

H
ei

gh
t o

f 
th

e 
in

te
rd

en
ta

l p
ap

ill
a,

 
th

ic
kn

es
s 

of
 g

in
gi

va
A

ft
er

 th
e 

ro
ot

 c
ov

er
ag

e 
w

as
 d

on
e 

fo
r 

th
e 

re
ce

ss
io

n,
 i-

PR
F 

w
as

 
us

ed
 f

or
 p

ap
ill

a 
re

co
ns

tr
uc

tio
n 

by
 r

ep
ea

te
d 

in
je

ct
io

n 
of

 i-
PR

F 
ov

er
 a

 p
er

io
d 

of
 3

 m
on

th
s 

un
til

 f
av

ou
ra

bl
e 

re
su

lts
 w

er
e 

ob
ta

in
ed

 
w

hi
ch

 s
ee

m
ed

 to
 b

e 
st

ab
le

 a
t 6

 m
on

th
s 

fo
llo

w
 u

p.

A
 d

ef
in

ite
 in

cr
ea

se
 in

 th
e 

he
ig

ht
 o

f 
in

te
rd

en
ta

l p
ap

ill
a 

an
d 

th
ic

kn
es

s 
of

 g
in

gi
va

 w
as

 o
bs

er
ve

d 
af

te
r 

6 
m

on
th

s.

C
ha

nd
ra

m
oh

an
 a

nd
 

Sw
et

ha
26

 (
20

21
)

T
w

o 
pl

as
tic

 tu
be

s 
of

 5
 m

L
 o

f 
w

ho
le

 b
lo

od
 e

ac
h 

w
ith

ou
t a

nt
ic

oa
gu

la
nt

 w
as

 c
en

tr
if

ug
ed

 a
t 7

00
 

rp
m

 f
or

 3
 m

in
ut

es
 (

60
×g

) 
at

 r
oo

m
 te

m
pe

ra
tu

re
 

in
 a

 C
en

tr
if

ug
e.

M
ul

tip
le

 s
ho

ts
 o

f 
i-

PR
F 

in
je

ct
io

ns
 a

t a
n 

in
te

rv
al

 o
f 

 
3 

w
ee

ks
, f

or
 2

 ti
m

es
.

3 
w

ee
ks

, 3
 a

nd
 6

 m
on

th
s

So
ft

 ti
ss

ue
 c

lo
su

re
 in

 th
e 

bl
ac

k 
tr

ia
ng

le
 r

eg
io

n.
M

ut
ilp

le
 d

os
es

 o
f 

th
is

 a
ut

ol
og

ou
s 

fo
rm

ul
at

io
n 

pr
ov

e 
to

 b
e 

a 
no

n-
in

va
si

ve
 a

lte
rn

at
iv

e 
fo

r 
th

e 
tr

ea
tm

en
t o

f 
m

in
im

al
 in

te
rd

en
ta

l 
pa

pi
lla

 lo
ss

T
hi

s 
te

ch
ni

qu
e 

m
ay

 p
ro

ve
 to

 b
e 

he
lp

fu
l 

on
ly

 in
 c

as
es

 o
f 

m
in

im
al

 lo
ss

 o
f 

in
te

r-
de

nt
al

 p
ap

ill
ae

 a
nd

 n
ot

 b
ey

on
d.

T
ri

ve
di

 e
t a

l.27
 (

20
21

)
T

he
 r

eq
ui

re
d 

qu
an

tit
y 

of
 b

lo
od

 is
 d

ra
w

n 
in

to
  

10
-m

L
 te

st
 tu

be
s 

w
ith

ou
t a

n 
an

tic
oa

gu
la

nt
 a

nd
 

ce
nt

ri
fu

ge
d 

im
m

ed
ia

te
ly

. B
lo

od
 is

 c
en

tr
if

ug
ed

 
fo

r 
3 

m
in

ut
es

 a
t 2

,7
00

 r
pm

.

Si
ng

le
 a

pp
lic

at
io

n 
of

 i-
PR

F
A

t b
as

el
in

e 
(p

ri
or

 to
 

in
je

ct
io

n)
A

t 1
 m

on
th

 f
ol

lo
w

-u
p

A
t 3

 m
on

th
s 

fo
llo

w
-u

p

1.
 �P

la
qu

e 
In

de
x 

(S
iln

es
s 

an
d 

L
oe

, 
19

64
)

2.
 �G

in
gi

va
l I

nd
ex

 (
L

oe
 a

nd
 S

iln
es

s,
 

19
63

)
3.

 �P
ap

ill
ae

 P
re

se
nc

e 
in

de
x 

(C
ar

da
ro

po
li 

et
 a

l.,
 2

00
4)

 
4.

 B
la

ck
 tr

ia
ng

le
 a

re
a

T
he

 m
ea

n 
PP

I 
in

 G
ro

up
 A

 d
ec

re
as

ed
 f

ro
m

 2
.2

5±
0.

44
 a

t b
as

el
in

e 
to

 1
.0

5±
0.

22
 a

t 1
 a

nd
 3

 m
on

th
s,

 w
hi

le
 in

 G
ro

up
 B

 it
 r

ed
uc

ed
 

fr
om

 2
.2

0±
0.

41
 to

 1
.2

5±
0.

44
 a

t 1
 a

nd
 3

 m
on

th
s,

 w
ith

 s
ig

ni
fi

ca
nt

 
in

tr
ag

ro
up

 r
ed

uc
tio

ns
 ( P

<0
.0

5)
 b

ut
 n

o 
si

gn
if

ic
an

t i
nt

er
gr

ou
p 

di
ff

er
en

ce
 ( P

>0
.0

5)
.

T
he

 m
ea

n 
B

T
A

 in
 G

ro
up

 A
 r

ed
uc

ed
 f

ro
m

 3
76

.4
5±

46
.4

6 
pi

xe
ls

 
at

 b
as

el
in

e 
to

 8
9.

90
±2

5.
92

 p
ix

el
s 

at
 1

 m
on

th
 a

nd
 8

5.
95

±2
4.

56
 

pi
xe

ls
 a

t 3
 m

on
th

s.
 I

n 
G

ro
up

 B
, B

T
A

 d
ec

re
as

ed
 f

ro
m

 
37

1.
70

±5
5.

46
 p

ix
el

s 
to

 1
19

.6
0±

56
.4

8 
pi

xe
ls

 a
t 1

 m
on

th
 a

nd
 

11
6.

05
±5

6.
77

 p
ix

el
s 

at
 3

 m
on

th
s.

 A
lth

ou
gh

 b
as

el
in

e 
di

ff
er

en
ce

s 
w

er
e 

no
n-

si
gn

if
ic

an
t (

P
>0

.0
5)

, G
ro

up
 A

 s
ho

w
ed

 s
ig

ni
fi

ca
nt

ly
 

gr
ea

te
r 

re
du

ct
io

n 
co

m
pa

re
d 

to
 G

ro
up

 B
 a

t 1
 a

nd
 3

 m
on

th
s 

(P
<0

.0
5)

.

i-
PR

F 
ca

n 
be

 a
 v

ia
bl

e 
al

te
rn

at
iv

e 
to

 
H

A
 in

 tr
ea

tm
en

t o
f 

gi
ng

iv
al

 b
la

ck
 

tr
ia

ng
le

s 

Pu
ri

 e
t a

l.32
 (

20
22

)
10

 m
L

 o
f 

in
tr

av
en

ou
s 

bl
oo

d 
w

as
 w

ith
dr

aw
n 

fr
om

 a
nt

ec
ub

ita
l r

eg
io

n 
an

d 
w

as
 c

en
tr

if
ug

ed
 

us
in

g 
pl

as
tic

 tu
be

s 
(w

ith
ou

t a
ny

 a
dd

iti
ve

s)
 in

 a
 

ce
nt

ri
fu

ge
 (

R
E

M
I®

 L
ab

or
at

or
ie

s,
 I

nd
ia

) 
at

  
70

0 
rp

m
 f

or
 3

 m
in

ut
es

.

Si
ng

le
 a

pp
lic

at
io

n 
of

 i-
PR

F
1,

 3
, a

nd
 6

 m
on

th
s

Ph
ot

og
ra

ph
ic

 e
va

lu
at

io
n 

of
 

va
ri

at
io

n 
in

 th
e 

su
rf

ac
e 

ar
ea

 o
f 

th
e 

bl
ac

k 
tr

ia
ng

le

i-
PR

F 
im

pr
ov

ed
 th

e 
so

ft
 ti

ss
ue

 f
ill

 a
ft

er
 6

 m
on

th
s.

T
he

 u
se

 o
f 

no
ve

l n
on

su
rg

ic
al

 in
je

ct
ab

le
 

PR
F 

te
ch

ni
qu

e 
al

lo
w

s 
cl

in
ic

ia
n 

to
 s

uc
ce

ss
fu

lly
 tr

ea
t d

ef
ic

ie
nt

 
in

te
rd

en
ta

l p
ap

ill
a.

B
is

sa
r 

et
 a

l.28
 (

20
22

)
A

cc
or

di
ng

 to
 th

e 
lo

w
-s

pe
ed

 c
en

tr
if

ug
at

io
n 

co
nc

ep
t 

(L
SC

C
) 

th
e 

re
la

tiv
e 

ce
nt

ri
fu

ga
l f

or
ce

 to
 6

0 
g 

an
d 

th
e 

us
e 

of
 p

la
st

ic
 tu

be
s 

al
lo

w
ed

 f
or

 th
e 

in
tr

od
uc

tio
n 

of
 a

n 
i-

PR
F 

m
at

ri
x 

w
ith

ou
t u

si
ng

 
an

tic
oa

gu
la

nt
s.

 T
he

 c
ol

le
ct

ed
 i-

PR
F 

m
ai

nt
ai

ns
 

its
 f

lu
id

 p
ha

se
 f

or
 u

p 
to

 1
0 

to
 1

5 
m

in
ut

es
 a

ft
er

 
ce

nt
ri

fu
ga

tio
n.

T
ot

al
 o

f 
fo

ur
 ti

m
es

 a
t 1

5-
da

y 
in

te
rv

al
s.

B
as

el
in

e,
 2

, 4
, a

nd
  

6 
-w

ee
ks

Pl
aq

ue
 in

de
x,

 g
in

gi
va

l i
nd

ex
, 

pa
pi

lla
ry

 h
ei

gh
t, 

an
d 

T
P-

C
P 

di
st

an
ce

 w
er

e 
al

l a
ss

es
se

d 
vo

lu
m

et
ri

c 
an

al
ys

is

G
ro

up
 A

 (
5.

08
±2

.1
5)

 h
ad

 a
 s

ig
ni

fi
ca

nt
ly

 h
ig

he
r 

m
ea

n 
pa

in
 s

co
re

 
va

lu
e 

th
an

 g
ro

up
 B

 (
1.

17
 ±

0.
94

) 
(P

<0
.0

01
).

 G
ro

up
 B

 (
0.

31
 

±0
.2

1)
 h

ad
 a

 h
ig

he
r 

m
ea

n 
va

lu
e 

of
 v

ol
um

et
ri

c 
ch

an
ge

s 
at

 th
e 

in
te

rd
en

ta
l p

ap
ill

ae
 th

an
 g

ro
up

 A
 (

0.
25

±0
.1

7)
, y

et
 th

e 
di

ff
er

en
ce

 
w

as
 n

ot
 s

ig
ni

fi
ca

nt
 (P

=0
.5

17
)

i-
PR

F 
pr

od
uc

ed
 r

es
ul

ts
 c

om
pa

ra
bl

e 
to

 
SE

C
T

G
 in

 N
or

dl
an

d 
cl

as
s 

I 
de

fe
ct

s 
w

he
n 

ad
m

in
is

te
re

d 
on

ce
 e

ve
ry

 
15

 d
ay

s 
fo

r 
tw

o 
m

on
th

s.
 P

at
ie

nt
s 

tr
ea

te
d 

w
ith

 i-
PR

F 
re

po
rt

ed
 h

ig
he

r 
sa

tis
fa

ct
io

n 
w

ith
 b

ot
h 

th
e 

pr
oc

ed
ur

e 
an

d 
th

e 
ou

tc
om

es
 c

om
pa

re
d 

to
 th

os
e 

tr
ea

te
d 

w
ith

 S
E

C
T

G
.

Fa
kh

er
 e

t a
l.29

 (
20

23
)

3 
m

L
 o

f 
se

ru
m

 s
am

pl
es

 u
nd

er
 a

se
pt

ic
 c

on
di

tio
ns

 
be

fo
re

 b
ei

ng
 c

en
tr

if
ug

ed
 f

or
 3

 m
in

ut
es

 a
t 7

00
 

rp
m

 in
 a

 g
la

ss
 tu

be
 w

ith
ou

t a
ny

 a
dd

iti
ve

s

i-
PR

F 
at

 0
, 3

, a
nd

 6
 w

ee
k 

in
te

rv
al

.
H

A
 g

el
 a

t 0
 (

ba
se

lin
e)

 a
nd

 
re

pe
at

ed
 a

ft
er

 3
 a

nd
 6

 w
ee

ks

V
A

S 
an

d 
th

e 
bl

ac
k 

tr
ia

ng
le

 h
ei

gh
t 

m
ea

su
re

m
en

t w
as

 
as

se
ss

ed
 b

ef
or

e 
tr

ea
tm

en
t, 

af
te

r 
ea

ch
 

in
je

ct
io

n 
in

te
rv

al
 (

1,
 

3,
 6

 w
ee

ks
) 

an
d 

3,
 6

 
m

on
th

s 
fo

llo
w

-u
p

1)
 P

at
ie

nt
 s

at
is

fa
ct

io
n

2)
 B

la
ck

 tr
ia

ng
le

 h
ei

gh
t

In
 th

e 
H

A
 g

ro
up

, m
ea

n 
sc

or
es

 im
pr

ov
ed

 f
ro

m
 3

.8
±0

.8
 a

t b
as

el
in

e 
to

 9
.1

±0
.9

, s
ho

w
in

g 
th

e 
hi

gh
es

t s
at

is
fa

ct
io

n.
 T

he
 i-

PR
F 

gr
ou

p 
in

cr
ea

se
d 

fr
om

 3
.7

±0
.5

 to
 7

.8
±0

.8
, w

hi
le

 th
e 

H
A

+i
-P

R
F 

m
ix

 
gr

ou
p 

sh
ow

ed
 a

 s
im

ila
r 

im
pr

ov
em

en
t f

ro
m

 3
.7

±0
.5

 to
 7

.8
±0

.8
.

B
la

ck
 tr

ia
ng

le
 h

ei
gh

t s
ho

w
ed

 s
ta

tis
tic

al
ly

 s
ig

ni
fi

ca
nt

 d
if

fe
re

nc
es

 
am

on
g 

th
e 

th
re

e 
gr

ou
ps

 a
t 6

 m
on

th
s 

in
di

ca
tin

g 
su

pe
ri

or
 

im
pr

ov
em

en
t i

n 
pa

pi
lla

ry
 f

ill
 in

 th
e 

H
A

 g
ro

up
.

H
A

 in
je

ct
io

ns
 a

nd
 in

je
ct

ab
le

 p
la

te
le

t-
ri

ch
 f

ib
ri

n 
w

as
 c

on
si

de
ra

bl
y 

ef
fe

ct
iv

e 
fo

r 
gi

ng
iv

al
 b

la
ck

 tr
ia

ng
le

s

R
oy

 e
t a

l.22
 (

20
24

)
O

ne
 p

la
st

ic
 tu

be
 c

on
ta

in
in

g 
10

 m
L

 o
f 

w
ho

le
 b

lo
od

 
w

ith
ou

t a
n 

an
tic

oa
gu

la
nt

 w
as

 c
en

tr
if

ug
ed

 in
 a

 
ce

nt
ri

fu
ge

 f
or

 3
 m

in
ut

es
 (

60
×g

) 
at

 7
00

 r
pm

 a
t 

ro
om

 te
m

pe
ra

tu
re

, w
ith

 th
e 

tu
be

s 
an

gl
ed

 a
t 3

3 
de

gr
ee

s 
to

 th
e 

ax
is

 o
f 

ro
ta

tio
n.

 U
si

ng
 a

n 
in

su
lin

 
sy

ri
ng

e,
 th

e 
up

pe
r 

liq
ui

d 
la

ye
r 

w
as

 c
ol

le
ct

ed
 a

s 
i-

PR
F

Si
ng

le
 a

pp
lic

at
io

n 
of

 i-
PR

F
3 

m
on

th
s 

an
d 

6 
m

on
th

s
So

ft
 ti

ss
ue

 c
lo

su
re

 in
 th

e 
bl

ac
k 

tr
ia

ng
le

 r
eg

io
n.

A
ft

er
 3

 m
on

th
s,

 th
e 

he
al

in
g 

w
as

 f
ou

nd
 to

 b
e 

sa
tis

fa
ct

or
y 

an
d 

co
m

pl
et

e 
cl

os
ur

e 
of

 th
e 

bl
ac

k 
tr

ia
ng

le
 w

as
 n

ot
ic

ed
. T

he
 p

at
ie

nt
 

di
d 

no
t r

ep
or

t o
f 

an
y 

ad
ve

rs
e 

ef
fe

ct
 a

ss
oc

ia
te

d 
w

ith
 in

je
ct

io
n 

of
 

i-
PR

F.
 T

he
 p

at
ie

nt
 w

as
 r

e-
as

se
ss

ed
 a

ft
er

 6
 m

on
th

s,
 a

nd
 th

er
e 

w
as

 n
o 

re
cu

rr
en

ce
 o

bs
er

ve
d.

i-
PR

F 
co

ul
d 

be
 c

on
si

de
re

d 
as

 a
 

pr
om

is
in

g 
tr

ea
tm

en
t o

pt
io

n 
fo

r 
re

co
ns

tr
uc

tio
n 

of
 in

te
rd

en
ta

l p
ap

ill
a.

M
ay

an
gj

at
i e

t a
l.23

 (
20

24
)

A
 to

ta
l o

f 
10

 m
L

 o
f 

bl
oo

d 
w

as
 c

ol
le

ct
ed

 f
ro

m
 

th
e 

m
ed

ia
n 

cu
bi

ta
l v

ei
n 

an
d 

tr
an

sf
er

re
d 

in
to

 
a 

va
cu

ta
in

er
 tu

be
 w

ith
ou

t a
nt

ic
oa

gu
la

nt
. T

he
 

sa
m

pl
e 

w
as

 th
en

 c
en

tr
if

ug
ed

 a
t 7

00
 r

pm
 f

or
 3

 
m

in
ut

es
 a

t r
oo

m
 te

m
pe

ra
tu

re

i-
PR

F 
in

je
ct

io
n 

w
as

 g
iv

en
 a

t 
ba

se
lin

e 
an

d 
af

te
r 

1 
w

ee
k

1 
w

ee
k 

an
d 

1 
m

on
th

So
ft

 ti
ss

ue
 g

ro
w

th
 a

nd
 c

lo
su

re
A

ut
ho

rs
 c

on
fi

rm
 th

at
 p

ar
tia

l c
lo

su
re

 w
as

 s
ee

n 
af

te
r 

1 
w

ee
k 

an
d 

co
m

pl
et

e 
so

ft
 ti

ss
ue

 c
lo

su
re

 w
as

 a
ch

ie
ve

d 
af

te
r 

1 
m

on
th

T
he

 u
se

 o
f 

i-
PR

F 
ca

n 
be

 a
n 

al
te

rn
at

iv
e 

no
n-

su
rg

ic
al

 o
pt

io
n 

fo
r 

th
e 

tr
ea

tm
en

t 
of

 in
te

rd
en

ta
l p

ap
ill

a 
re

co
ns

tr
uc

tio
n.



J Korean Assoc Oral Maxillofac Surg 2026;52:167-178

174

T
ab

le
 2

. C
on

tin
ue

d

A
ut

ho
r

i-
PR

F 
pr

ot
oc

ol
In

te
rv

en
tio

n 
tim

e 
pe

ri
od

Fo
llo

w
-u

p 
pe

ri
od

O
ut

co
m

e 
as

se
ss

m
en

t
St

ud
y 

re
su

lt
St

ud
y 

co
nc

lu
si

on

Jo
hn

so
n 

et
 a

l.30
 (

20
25

)
10

 m
L

 o
f 

ea
ch

 p
at

ie
nt

’s
 w

ho
le

 b
lo

od
 w

ith
ou

t 
an

 a
nt

ic
oa

gu
la

nt
 w

as
 c

en
tr

if
ug

ed
 in

 a
 p

la
st

ic
 

tu
be

 a
t 7

00
 r

pm
 f

or
 3

 m
in

ut
es

 in
 a

 C
ho

uk
ro

un
 

ce
nt

ri
fu

ge
 (

D
U

O
 Q

ua
ttr

o,
 L

if
eC

ar
e 

D
ev

ic
es

®
) 

w
ith

 a
 r

el
at

iv
e 

ce
nt

ri
fu

ga
l f

or
ce

 o
f 

55
 g

 a
nd

 a
n 

r-
m

ax
 o

f 
11

0 
m

m
.

Si
ng

le
 a

pp
lic

at
io

n 
of

 i-
PR

F
B

as
el

in
e,

 1
 m

on
th

 a
nd

 
3 

m
on

th
s

Fu
ll-

m
ou

th
 p

la
qu

e 
sc

or
e,

 th
e 

fu
ll 

m
ou

th
 b

le
ed

in
g 

sc
or

e,
 th

e 
pr

ob
in

g 
po

ck
et

 d
ep

th
, t

he
 c

lin
ic

al
 

at
ta

ch
m

en
t l

ev
el

, t
he

 in
te

rd
en

ta
l 

pa
pi

lla
 h

ei
gh

t (
ID

PH
),

 a
nd

 th
e 

B
T

H
, V

A
S

B
T

H
 a

nd
 I

D
PH

 f
ro

m
 b

as
el

in
e 

to
 1

 a
nd

 3
 m

on
th

s 
( P

<0
.0

5)
, w

ith
 

no
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

. B
T

H
 r

ed
uc

ed
 f

ro
m

 
2.

13
±0

.6
4 

to
 0

.7
3±

0.
70

 (
1 

m
on

th
) 

an
d 

0.
80

±0
.6

7 
(3

 m
on

th
s)

 
in

 th
e 

C
T

G
 g

ro
up

, a
nd

 f
ro

m
 2

.1
3±

0.
83

 to
 0

.9
3±

0.
70

 (
1 

m
on

th
) 

an
d 

0.
87

±0
.7

4 
(3

 m
on

th
s)

 in
 th

e 
i-

PR
F 

gr
ou

p.
 I

D
PH

 in
cr

ea
se

d 
fr

om
 3

.2
0±

0.
77

 to
 4

.5
3±

0.
64

 (
C

T
G

) 
an

d 
fr

om
 3

.7
3±

0.
79

 to
 

4.
93

±0
.9

6 
(1

 m
on

th
) 

an
d 

5.
00

±1
.0

0 
(3

 m
on

th
s)

 in
 th

e 
i-

PR
F 

gr
ou

p.
 V

A
S 

sc
or

es
 d

ec
re

as
ed

 in
 b

ot
h 

gr
ou

ps
, w

ith
 s

lig
ht

ly
 

gr
ea

te
r 

re
du

ct
io

n 
in

 C
T

G
 (

2.
67

±1
.3

6)
 th

an
 i-

PR
F 

(2
.0

0±
0.

81
)

i-
PR

F 
m

ic
ro

ne
ed

lin
g 

w
as

 c
om

pa
ra

bl
e 

to
 C

T
G

s 
us

in
g 

th
e 

tu
nn

el
lin

g 
te

ch
ni

qu
e 

in
 im

pr
ov

in
g 

pa
pi

lla
ry

 
di

m
en

si
on

s 
in

 p
at

ie
nt

s 
w

ith
 

in
te

rd
en

ta
l p

ap
ill

a 
de

fi
ci

en
cy

Pa
l e

t a
l.24

 (
20

25
)

10
 m

L
 o

f 
bl

oo
d 

w
as

 d
ra

w
n 

fr
om

 th
e 

an
te

cu
bi

ta
l 

re
gi

on
 a

nd
 d

iv
id

ed
 in

to
 tw

o 
5 

m
L

 s
te

ri
le

 p
la

st
ic

 
tu

be
s 

w
ith

ou
t a

ny
 a

nt
ic

oa
gu

la
nt

s.
 T

he
se

 tu
be

s 
w

er
e 

th
en

 p
la

ce
d 

in
 a

 c
en

tr
if

ug
e 

m
ac

hi
ne

 a
nd

 
sp

un
 a

t 7
00

 r
pm

 f
or

 3
 m

in
ut

es
.

i-
PR

F 
an

d 
H

A
 f

ill
er

s 
at

 
ba

se
lin

e,
 3

 w
ee

ks
, a

nd
 6

 
w

ee
ks

.

B
as

el
in

e 
to

 3
 a

nd
  

6 
m

on
th

s
In

te
rg

ro
up

 c
om

pa
ri

so
n:

 
a)

 B
la

ck
 tr

ia
ng

le
 h

ei
gh

t 
b)

 B
la

ck
 tr

ia
ng

le
 a

re
a

B
ot

h 
H

A
 a

nd
 i-

PR
F 

gr
ou

ps
 s

ho
w

ed
 s

ig
ni

fi
ca

nt
 r

ed
uc

tio
ns

 in
 

bl
ac

k 
tr

ia
ng

le
 h

ei
gh

t a
nd

 a
re

a 
ov

er
 6

 m
on

th
s.

 H
A

 r
ed

uc
ed

 
he

ig
ht

 b
y 

0.
80

 m
m

 a
t 1

 m
on

th
 ( P

=0
.0

67
),

 1
.4

7 
m

m
 a

t 3
 

m
on

th
s 

(P
<0

.0
01

),
 a

nd
 2

.0
0 

m
m

 a
t 6

 m
on

th
s 

(P
<0

.0
01

).
 i-

PR
F 

de
m

on
st

ra
te

d 
gr

ea
te

r 
re

du
ct

io
ns

 o
f 

1.
20

 m
m

 (P
=0

.0
03

),
 1

.8
0 

m
m

 ( P
<0

.0
01

),
 a

nd
 2

.2
7 

m
m

 (P
<0

.0
01

) 
at

 c
or

re
sp

on
di

ng
 

in
te

rv
al

s.
 A

re
a 

re
du

ct
io

n 
fo

llo
w

ed
 a

 s
im

ila
r 

tr
en

d,
 w

ith
 n

o 
si

gn
if

ic
an

t i
nt

er
gr

ou
p 

di
ff

er
en

ce
s.

H
A

 a
nd

 i-
PR

F 
w

er
e 

cl
in

ic
al

ly
 a

nd
 

ph
ot

og
ra

ph
ic

al
ly

 e
va

lu
at

ed
. B

ot
h 

sh
ow

ed
 s

te
ad

y 
re

du
ct

io
ns

 in
 b

la
ck

 
tr

ia
ng

le
 h

ei
gh

t a
nd

 a
re

a,
 w

ith
 n

o 
si

gn
if

ic
an

t i
nt

er
gr

ou
p 

di
ff

er
en

ce
s 

ov
er

 6
 m

on
th

s.
 H

A
 d

em
on

st
ra

te
d 

st
ro

ng
 e

ar
ly

 im
pr

ov
em

en
t, 

w
as

 
ea

sy
 to

 h
an

dl
e,

 a
nd

 p
ro

vi
de

d 
st

ab
le

 
ou

tc
om

es
.

Pr
aj

ap
at

i e
t a

l.25
 (

20
25

)
5 

m
L

 o
f 

bl
oo

d 
w

as
 w

ith
dr

aw
n 

in
to

 te
st

 tu
be

s 
an

d 
ce

nt
ri

fu
ge

d 
fo

r 
3 

m
in

ut
es

 a
t 7

00
 r

pm
Si

ng
le

 a
pp

lic
at

io
n 

of
 i-

PR
F

1 
m

on
th

, 3
 m

on
th

s 
an

d 
 

6 
m

on
th

s
Pl

aq
ue

 in
de

x,
 g

in
gi

va
l i

nd
ex

, 
pe

ri
od

on
ta

l p
ro

bi
ng

 d
ep

th
, 

pa
pi

lla
 p

re
se

nc
e 

in
de

x,
 b

la
ck

 
tr

ia
ng

le
 h

ei
gh

t a
nd

 w
id

th

St
at

is
tic

al
 a

na
ly

si
s 

sh
ow

ed
 s

ig
ni

fi
ca

nt
 im

pr
ov

em
en

ts
 in

 b
ot

h 
gr

ou
ps

 in
 P

PI
, B

la
ck

 tr
ia

ng
le

 h
ei

gh
t, 

an
d 

bl
ac

k 
tr

ia
ng

le
 w

id
th

 
fr

om
 b

as
el

in
e 

to
 1

 m
on

th
, 3

 m
on

th
s,

 a
nd

 6
 m

on
th

s 
(P

<0
.0

5)
. 

In
te

rd
en

ta
l p

ap
ill

a 
re

co
ns

tr
uc

tio
n 

w
ith

 i-
PR

F 
re

su
lte

d 
in

 a
 

si
gn

if
ic

an
tly

 g
re

at
er

 r
ed

uc
tio

n 
in

 B
la

ck
 T

ri
an

gl
e 

H
ei

gh
t a

nd
 

W
id

th
 c

om
pa

re
d 

to
 th

e 
ot

he
r 

gr
ou

p.

i-
PR

F 
is

 a
 s

ui
ta

bl
e 

al
te

rn
at

iv
e 

to
 H

A
 

in
je

ct
io

ns
 d

ur
in

g 
in

te
rd

en
ta

l p
ap

ill
a 

re
co

ns
tr

uc
tio

n.

A
l S

al
kh

ad
i e

t a
l.33

 (
20

25
)

10
 m

L
 o

f 
bl

oo
d 

w
as

 p
la

ce
d 

in
 a

 d
ry

, s
te

ri
le

, 
an

d 
an

tic
oa

gu
la

nt
-f

re
e 

tu
be

. T
he

 s
am

pl
e 

w
as

 
im

m
ed

ia
te

ly
 c

en
tr

if
ug

ed
 u

si
ng

 c
en

tr
if

ug
e 

de
vi

ce
 

(c
en

tr
if

ug
al

) 
w

ith
 s

pe
ed

 o
f 

70
0 

ro
un

ds
 p

er
 

m
in

ut
e 

fo
r 

3 
m

in
ut

es
.

B
as

el
in

e,
 a

ft
er

 2
 w

ee
ks

 th
en

 
af

te
r 

4 
w

ee
ks

3 
m

on
th

s
PI

, G
I,

 G
B

, H
PD

, M
H

PD
,  

an
d 

PH
PD

A
ft

er
 th

re
e 

m
on

th
s,

 th
e 

m
ea

n 
pa

pi
lla

ry
 d

im
en

si
on

 s
lig

ht
ly

 
de

cr
ea

se
d 

fr
om

 5
.5

5±
1.

05
 a

t b
as

el
in

e 
to

 5
.4

3±
0.

99
, w

ith
 n

o 
st

at
is

tic
al

ly
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nc

e 
(P

=0
.1

71
).

 N
o 

si
gn

if
ic

an
t 

ge
nd

er
-b

as
ed

 d
if

fe
re

nc
es

 w
er

e 
ob

se
rv

ed
 in

 H
PD

, M
H

PD
, o

r 
PH

PD
 (P

>0
.0

5)
. B

ot
h 

m
al

es
 (

6.
00

±0
.7

6 
to

 5
.8

8±
0.

83
) 

an
d 

fe
m

al
es

 (
5.

25
±1

.1
4 

to
 5

.1
3±

1.
00

) 
sh

ow
ed

 s
lig

ht
, n

on
-s

ig
ni

fi
ca

nt
 

re
du

ct
io

ns
. P

I 
an

d 
G

I 
im

pr
ov

ed
 a

ft
er

 th
re

e 
m

on
th

s.

i-
PR

F 
in

je
ct

io
n 

te
ch

ni
qu

e 
w

as
 

in
ef

fe
ct

iv
e 

in
 m

an
ag

in
g 

re
ce

ss
ed

 
in

te
rd

en
ta

l p
ap

ill
ae

 th
re

e 
m

on
th

s 
po

st
tr

ea
tm

en
t.

Pa
te

l e
t a

l.34
 (

20
25

)
10

 m
L

 o
f 

in
tr

av
en

ou
s 

bl
oo

d 
w

as
 w

ith
dr

aw
n 

fr
om

 a
nt

ec
ub

ita
l r

eg
io

n 
an

d 
w

as
 c

en
tr

if
ug

ed
 

us
in

g 
pl

as
tic

 tu
be

s 
(w

ith
ou

t a
ny

 a
dd

iti
ve

s)
 in

 a
 

ce
nt

ri
fu

ge
 a

t 7
00

 r
pm

 f
or

 3
 m

in
ut

es
.

Si
ng

le
 a

pp
lic

at
io

n 
of

 i-
PR

F
B

as
el

in
e,

 1
 m

on
th

, a
nd

  
3 

m
on

th
s

D
is

ta
nc

e 
fr

om
 th

e 
C

P 
to

 P
T

 u
si

ng
 

G
ut

ta
 P

er
ch

a 
po

in
ts

 d
is

ta
nc

e 
pe

rc
en

ta
ge

 p
ap

ill
ar

y 
fi

ll,
 M

G
I,

 
pr

ob
in

g 
de

pt
h,

 a
nd

 c
on

to
ur

 o
f 

in
te

rd
en

ta
l p

ap
ill

a

B
y 

3 
m

on
th

s,
 4

 s
ite

s 
sh

ow
ed

 c
om

pl
et

e 
(1

00
%

) 
fi

ll,
 w

ith
 a

 
si

gn
if

ic
an

t r
ed

uc
tio

n 
in

 C
P-

PT
 d

is
ta

nc
e 

an
d 

im
pr

ov
em

en
t i

n 
M

G
I 

(P
=0

.0
02

).
 N

o 
si

gn
if

ic
an

t c
ha

ng
es

 in
 p

ro
bi

ng
 d

ep
th

 w
er

e 
ob

se
rv

ed
.

i-
PR

F 
is

 a
 s

af
e,

 e
ff

ec
tiv

e,
 a

nd
 

m
in

im
al

ly
 in

va
si

ve
 a

lte
rn

at
iv

e 
fo

r 
in

te
rd

en
ta

l p
ap

ill
a 

re
co

ns
tr

uc
tio

n,
 

of
fe

ri
ng

 p
ro

m
is

in
g 

ae
st

he
tic

 
ou

tc
om

es
.

Pu
ns

e 
et

 a
l.31

 (
20

25
)

10
 m

L
 o

f 
bl

oo
d 

w
as

 p
la

ce
d 

in
 a

 d
ry

, s
te

ri
le

, 
an

d 
an

tic
oa

gu
la

nt
-f

re
e 

tu
be

. T
he

 s
am

pl
e 

w
as

 
im

m
ed

ia
te

ly
 c

en
tr

if
ug

ed
 u

si
ng

 c
en

tr
if

ug
e 

de
vi

ce
 

(c
en

tr
if

ug
al

) 
w

ith
 s

pe
ed

 o
f 

70
0 

ro
un

ds
 p

er
 

m
in

ut
e 

fo
r 

3 
m

in
ut

es
.

Si
ng

le
 a

pp
lic

at
io

n 
of

 i-
PR

F
A

t b
as

el
in

e,
 3

, a
nd

 6
 

m
on

th
s

Pa
pi

lla
ry

 h
ei

gh
t, 

bl
ac

k 
tr

ia
ng

le
 

de
cr

ea
se

, a
nd

 p
er

io
do

nt
al

 p
oc

ke
t 

de
pt

h

B
ot

h 
gr

ou
ps

 s
ho

w
ed

 im
pr

ov
ed

 c
lin

ic
al

 o
ut

co
m

es
 a

nd
 p

at
ie

nt
 

sa
tis

fa
ct

io
n.

 T
he

 i-
PR

F 
gr

ou
p 

he
al

ed
 f

as
te

r 
an

d 
w

as
 m

or
e 

co
m

fo
rt

ab
le

, w
hi

le
 th

e 
SC

PF
 w

ith
 T

C
T

G
 g

ro
up

 g
av

e 
be

tte
r 

ae
st

he
tic

s 
an

d 
cl

os
ed

 b
la

ck
 tr

ia
ng

le
s 

m
or

e 
ef

fe
ct

iv
el

y,
 b

ut
 

ca
us

ed
 m

or
e 

pa
in

 a
nd

 to
ok

 lo
ng

er
 to

 h
ea

l.

T
he

 i-
PR

F 
an

d 
SC

PF
 w

ith
 T

C
T

G
 a

re
 

ef
fe

ct
iv

e 
in

 m
an

ag
in

g 
gi

ng
iv

al
 b

la
ck

 
tr

ia
ng

le
s

(i
-P

R
F:

 in
je

ct
ab

le
 p

la
te

le
t-

ri
ch

 f
ib

ri
n,

 F
G

G
: f

re
e 

gi
ng

iv
al

 g
ra

ft
, P

PI
: p

ap
ill

a 
pr

es
en

ce
 in

de
x,

 B
T

A
: b

la
ck

 tr
ia

ng
le

 a
re

a,
 H

A
: h

ya
lu

ro
ni

c 
ac

id
, P

R
F:

 p
la

te
le

t-
ri

ch
 f

ib
ri

n,
 L

SC
C

: l
ow

-s
pe

ed
 c

en
tr

if
ug

at
io

n 
co

nc
ep

t, 
SE

C
T

G
: 

su
be

pi
th

el
ia

l 
co

nn
ec

tiv
e 

tis
su

e 
gr

af
t, 

T
P:

 t
ip

 o
f 

th
e 

pa
pi

lla
, 

C
P:

 c
on

ta
ct

 p
oi

nt
, 

V
A

S:
 v

is
ua

l 
an

al
og

ue
 s

ca
le

, 
ID

PH
: 

in
te

rd
en

ta
l 

pa
pi

lla
 h

ei
gh

t, 
B

T
H

: 
bl

ac
k 

tr
ia

ng
le

 h
ei

gh
t, 

C
T

G
: 

co
nn

ec
tiv

e 
tis

su
e 

gr
af

t, 
PI

: 
pl

aq
ue

 i
nd

ex
, G

I:
 g

in
gi

va
l 

in
fl

am
m

at
io

n 
in

de
x,

 G
B

: 
gi

ng
iv

al
 b

le
ed

in
g 

in
de

x,
 H

PD
: 

he
ig

ht
 o

f 
pa

pi
lla

ry
 d

ef
ic

ie
nc

y,
 M

H
PD

: 
m

ea
su

re
 o

f 
ch

an
ge

 i
n 

th
e 

he
ig

ht
 o

f 
pa

pi
lla

ry
 

de
fi

ci
en

cy
, 

PH
PD

: 
pe

rc
en

ta
ge

 o
f 

ch
an

ge
 i

n 
th

e 
he

ig
ht

 o
f 

pa
pi

ll
ar

y 
de

fi
ci

en
cy

, 
PT

: 
pa

pi
ll

ar
y 

ti
p,

 M
G

I:
 m

od
if

ie
d 

gi
ng

iv
al

 i
nd

ex
, 

SC
PF

: 
se

m
il

un
ar

 c
or

on
al

ly
 p

os
it

io
ne

d 
fl

ap
, 

T
C

T
G

: 
tu

be
ro

si
ty

 
co

nn
ec

tiv
e 

tis
su

e 
gr

af
t)

M
eg

ha
na

 G
an

go
lu

 et
 a

l: 
In

je
ct

ab
le

 p
la

te
le

t-r
ic

h 
fib

rin
 b

as
ed

 in
te

rv
en

tio
ns

 fo
r t

re
at

m
en

t o
f g

in
gi

va
l b

la
ck

 tr
ia

ng
le

s:
 sy

ste
m

at
ic

 re
vi

ew
 o

f c
lin

ic
al

 ev
id

en
ce

. J
 K

or
ea

n 
As

so
c O

ra
l M

ax
ill

of
ac

 S
ur

g 
20

26



i-PRF in papilla reconstruction: a systematic review

175

Overall, the majority of included studies demonstrated sig-
nificant improvements in papillary dimensions and reduction 
in black triangle size following i-PRF therapy. The outcomes 
were generally comparable to HA injections and connective 
tissue graft techniques, while i-PRF offered advantages such 
as minimal invasiveness, reduced postoperative discomfort, 
and higher patient comfort. However, the effectiveness varied 
depending on defect severity, treatment protocol, and follow-
up duration.

VI. Discussion

Loss of the IDP leading to gingival black triangles is a 
common esthetic and periodontal concern in clinical prac-
tice35. The severity of papillary loss is most commonly as-
sessed using the Nordland and Tarnow classification3, which 
remains one of the most widely accepted clinical systems for 
evaluating IDP deficiencies. This classification is based on 
three anatomical landmarks: the interdental contact point, the 
facial CEJ, and the interproximal CEJ. In the normal condi-
tion, the IDP completely fills the embrasure space up to the 
contact point. Class I represents mild papillary loss where the 
papilla tip lies between the contact point and the interproxi-
mal CEJ. In class II, the papilla tip is located at or apical to 
the interproximal CEJ but remains coronal to the facial CEJ, 
whereas class III represents severe papillary loss where the 
papilla tip lies at or apical to the facial CEJ. This classifica-
tion is clinically valuable as it helps determine the severity of 
papillary deficiency and guides the selection and predictabil-
ity of therapeutic approaches.

The IDP plays an essential role in both esthetic harmony 
and periodontal health. In the anterior region, even minor 
papillary deficiencies can create visible dark spaces known 
as gingival black triangles, which negatively affect smile aes-
thetics and patient self-confidence. From a periodontal per-
spective, the papilla acts as a protective barrier that prevents 
food impaction and plaque accumulation in the interproximal 
area. Loss of the papilla may therefore predispose patients 
to plaque retention, gingival inflammation, phonetic distur-
bances, and patient discomfort35,36. Consequently, correction 
of gingival black triangles is important not only for esthetic 
improvement but also for maintaining periodontal stability 
and oral hygiene.

The predictability of IDP presence is strongly influenced 
by the vertical distance between the contact point and the 
alveolar bone crest. Tarnow et al.1 demonstrated that when 
this distance is 5 mm or less, complete papillary fill is highly 

predictable. However, when the distance exceeds 5 mm, the 
likelihood of papillary loss increases significantly, resulting 
in open gingival embrasures37. This anatomical limitation 
makes reconstruction of IDP one of the most challenging as-
pects of periodontal plastic surgery.

Traditionally, several surgical techniques have been pro-
posed for papilla reconstruction, including connective tissue 
grafts, papilla preservation flaps, coronally advanced flaps, 
semilunar flap procedures, and microsurgical papilla recon-
struction techniques. Although these methods may provide 
satisfactory outcomes in selected cases, they are often tech-
nique-sensitive, invasive, and associated with variable clini-
cal predictability38. Surgical procedures frequently involve 
donor-site morbidity, postoperative pain, and longer healing 
periods, which may reduce patient acceptance and increase 
treatment complexity39.

Because of these limitations, minimally invasive non-
surgical approaches have gained increasing attention in re-
cent years. Non-surgical therapies aim to enhance soft-tissue 
volume, stimulate regeneration, or modify the morphology 
of the interdental space without surgical intervention. These 
approaches are particularly useful in mild to moderate papil-
lary deficiencies where regeneration or augmentation of soft 
tissue can be achieved with minimal trauma. Non-surgical 
methods are advantageous because they reduce postoperative 
discomfort, eliminate donor-site complications, shorten treat-
ment time, and improve patient acceptance while still achiev-
ing clinically meaningful esthetic improvements.

The injectable form of PRF is produced using low-speed 
centrifugation protocols, resulting in a liquid formulation that 
can be directly injected into soft tissues before clot forma-
tion. This property enables minimally invasive delivery of 
autologous growth factors, which may stimulate soft-tissue 
regeneration and improve papillary contour. The regenerative 
potential of i-PRF has therefore attracted considerable atten-
tion in esthetic periodontology40,41.

The present systematic review evaluated the effectiveness 
of i-PRF in the management of gingival black triangles and 
IDP deficiencies. A total of 14 clinical studies published be-
tween 2020 and 2025 were included, comprising RCT’s, pilot 
studies, case series, and case reports. Overall, the findings 
suggest that i-PRF is a promising minimally invasive thera-
peutic approach for papilla reconstruction, with most studies 
demonstrating improvements in papillary height, PPI, and 
reduction in black triangle dimensions.

Several RCT’s compared i-PRF with HA injections, dem-
onstrating significant improvements in papillary fill and 
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reductions in black triangle dimensions in both treatment 
groups. For example, Trivedi et al.27 reported that the PPI 
decreased from 2.25±0.44 to 1.05±0.22 in the i-PRF group 
within three months, accompanied by a reduction in black tri-
angle area from 376.45±46.46 pixels to 85.95±24.56 pixels. 
Similarly, Pal et al.24 observed progressive reductions in black 
triangle height over 6 months, with a 2.27-mm reduction in 
the i-PRF group compared with 2.00 mm in the HA group. 
These findings indicate that i-PRF may provide clinical out-
comes comparable or slightly superior to HA injections in 
terms of papillary augmentation.

Comparative studies evaluating i-PRF and surgical graft-
ing procedures further highlight the clinical potential of this 
therapy. In the randomized trial conducted by Bissar et al.28, 
i-PRF demonstrated volumetric improvements comparable 
to SECTG, with mean volumetric changes of 0.25±0.17 
and 0.31±0.21, respectively. Importantly, postoperative pain 
scores were significantly lower in the i-PRF group (1.17±0.94) 
compared with the surgical group (5.08±2.15), suggest-
ing greater patient comfort and reduced morbidity. Similar 
findings were reported by Johnson et al.30, who observed an 
increase in IDP height from 3.73±0.79 mm to 5.00±1.00 mm 
following i-PRF therapy. These results suggest that i-PRF can 
achieve outcomes comparable to surgical grafting techniques 
while avoiding donor-site morbidity and surgical trauma.

Evidence from case reports and case series also supports 
the regenerative potential of i-PRF. Studies have reported in-
creased gingival thickness, improvement in papillary height, 
and even complete closure of black triangles following re-
peated i-PRF injections21-23. However, not all studies demon-
strated significant improvements. For instance, Al Salkhadi et 
al.33 reported minimal changes in papillary dimensions after 
3 months of treatment. This variability may be attributed to 
differences in defect severity, injection protocols, number of 
treatment sessions, centrifugation parameters, and follow-up 
durations.

Another important observation from this review is the 
heterogeneity in outcome assessment methods across stud-
ies. Various parameters such as PPI, papillary height, black 
triangle height and width, photographic measurements, and 
patient-reported satisfaction scores were used to evaluate 
treatment outcomes. Although most studies reported im-
provements in clinical parameters, the lack of standardized 
measurement techniques and uniform follow-up intervals 
limits direct comparison between studies.

Despite these limitations, the overall evidence suggests 
that i-PRF is a promising biologically based therapy for the 

management of gingival black triangles. Its autologous ori-
gin, minimally invasive application, ease of preparation, and 
regenerative potential through sustained growth factor release 
make it an attractive treatment option in esthetic periodontol-
ogy. Furthermore, i-PRF therapy is associated with reduced 
postoperative discomfort and high patient acceptance com-
pared with conventional surgical procedures.

However, the findings of this review should be interpreted 
with caution. The included studies exhibited considerable het-
erogeneity in study design, sample size, injection protocols, 
and follow-up duration. Many studies had relatively small 
sample sizes, and several were case reports or case series, 
which inherently provide a lower level of evidence compared 
with RCT’s. Additionally, follow-up periods were relatively 
short, typically ranging from 1 to 6 months, which limits the 
evaluation of long-term stability of reconstructed papillae.

Future research should therefore focus on well-designed 
RCT’s with larger sample sizes, standardized injection pro-
tocols, and longer follow-up periods to better determine the 
predictability and long-term stability of i-PRF-mediated 
papilla regeneration. Standardized outcome measures and 
digital imaging techniques may also improve comparability 
among future studies.

VII. Conclusion

Within the limitations of this systematic review, i-PRF 
appears to be a promising minimally invasive treatment for 
gingival black triangles and IDP deficiencies. Most included 
studies reported improvements in papillary height, PPI, and 
reduction in black triangle dimensions, likely due to the re-
generative effects of autologous growth factors that promote 
angiogenesis and soft-tissue healing. Clinical outcomes were 
generally comparable to HA injections and connective tissue 
grafts, while offering advantages such as minimal invasive-
ness, reduced postoperative discomfort, and better patient 
acceptance. However, the current evidence is limited by 
small sample sizes, heterogeneous study designs, variations 
in treatment protocols, and short follow-up periods. Further 
well-designed RCTs with larger sample sizes and longer 
follow-up are needed to confirm the long-term effectiveness 
and predictability of i-PRF in IDP reconstruction.
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