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Abstract

The new classification of periodontal diseases recognizes the key role of the interdental clinical

attachmen ning the periodontal status and the extent of disease severity. Regenerating

interdenta ttachment not only improves the prognosis of the tooth, but it also lessens the

severity of the ase condition. This manuscript provides a state-of-the-art review on surgical

reconstrucfly aches for treating papillary deficiency associated with soft and hard tissue

p
interproxirﬁts. Combination therapy of papilla preservation, connective tissue grafting and

coronally advancedlflaps may result in regeneration of the intrabony defect coupled with root

coverage. F earch highlighted in this review may have the potential especially in
combinati roaches to repair challenging interproximal soft and hard tissue deficiencies.

IntroductioE

Success is a dynamic concept in periodontology . It has been suggested that it should be defined as
an effort @wards preservation of natural dentition associated with patients’ well-being *. In

particular, the_new classification of periodontal diseases recognizes the key role of interdental

@ level (CAL) for defining the periodontal status of and the severity (stage) of the
periodontal disease . It is therefore reasonable to assume that the prognosis (and the stage) of
periodontall disease can be improved by gaining interdental clinical attachment. The interdental
attachmen. is cow)osed by the supracrestal attachment, which is measured from the cemento-
enamel junction ECEJ) to the base of the pocket in the interproximal area. Interproximal bone loss
can occur horizortally and/or vertically, with the interdental soft tissue receding apically. This

pattern of interdeatal bone and attachment loss has a major esthetic impact and also influences the

outco generating the lost periodontium. In addition, patients’ esthetics demands have

increased to a t that even a shallow midfacial or interproximal recession following periodontal

>3 The presence of open interproximal spaces/black

surgery may be considered unacceptable
triangles has been considered one of the most troubling dilemmas in dentistry due to the negative

impact on esthetics, phonetics and food impaction 2. Although several attempts have been made
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for treating these conditions, limited evidence is currently available regarding the techniques and
materials that should be recommended for regenerating the lost interproximal attachment. With
this conMd, this review presents the available evidence on interproximal attachment gain

in healthy sed dentitions.

I I
Factors aswnh presence of papilla and clinical implications

Papilla hei@d teeth is dictated by several factors, such as the distance from the bone crest to
the interproxim?‘CEJ, interproximal soft tissue thickness, the degree of inflammation, pocket depth

of the adja eath, fibrous or edematous nature of the tissue, tooth location, and history of

%12 Nordland and Tarnow described a

previous n ical/surgical therapy, to name a few
classification systefn for the loss of papillary height based on the interdental contact point, facial
apical exte CEJ, and the interproximal coronal extent of the CEJ **. Tarnow et al. found that

when the ance between the bone crest and the contact point was <5 mm, the papilla was

present in 982 e cases; this incidence dropped to 56% and 27% when the distance from the
bone crest ontact point became 6 and 7 mm, respectively **. In particular, the distance
from th to the contact points (£ 5 mm), and the interproximal thickness of the gingiva (>
1.5 mm), str fluence the presentation of an interdental papilla (requirements of an ideal

case)™. increasing age has been significantly associated with a decrease in the papilla
height (0.012 mm decrease in height for every year of increase in age)*. This study is consistent with
the reports Billings and co-workers that found interproximal sites to be increasingly affected by

recessions asage increased, while probing depths remained relatively stable *°. In addition, it has

been sho goth form/shape and the curvature of the marginal gingiva (“gingival angle”) can

also play a significant role in the presence or the form of a papilla *°.

The patien!ls desire for a full papilla is one of the main indications for the treatment of papillae loss
or deficient papills. When this condition is combined with a midfacial gingival recession, the

potential of achiewing complete root coverage are significantly reduced 2, In a recent

cchelli et al. identified four different clinical scenarios in relation to the presence of
the papilla an upporting periodontium: i) partially missing papilla without clinical
attachment/bone loss, ii) partially missing papilla associated with interdental attachment/bone loss,
iii) intact papilla with clinical attachment/bone loss, and iv) intact papilla without clinical

attachment/bone loss 2.

This article is protected by copyright. All rights reserved. 4



Treatment of papillary deficiency in healthy dentition

It is crucial inguish papilla deficiency between healthy versus diseased periodontia. In the case
of a health jum, deficient papillae may be surgically reconstructed using soft tissue grafts,
may bemegemenated with orthodontic treatment or may be improved by modifying the restoration(s)

with Iongem points ***°.

The techni

es thdt have been described for attempting reconstructing of the interproximal
attachment loss have merely focused on the soft tissue component. Papilla reconstruction has been

described se of soft tissue grafts or substitutes (connective tissue graft [CTG] or acellular

8202l hyaluronic acid ** %3, platelet-rich fibrin 2

dermal ma , cultured and expanded
autogenous fibrobf@st injections 2, stem cell therapy *° and photobiomodulation therapy (Figure 1)*’.
While som have reported promising results for papilla gain and reduction of the open

interproxi spaces, these studies are largely case reports or case series with a limited number of

patients (Tmhe only randomized clinical trial to treat interdental papilla insufficiency was

conducted ire and Scheyer who evaluated the efficacy and safety of autologous fibroblast

injectio cebo in combination with a minimally invasive papilla augmentation technique .
In the study, atient contributed two sites that were randomized to either receive injections of
fibrobl o. Autogenous fibroblasts were collected with punch biopsies from the maxillary

tuberosity and cultured and expanded in the laboratory. Five to seven days before the injection of
the fibrobISts or placebo, the papilla received a controlled surgical injury aimed at inducing an acute

inflammatorytesponse. The first injection occurred 5 to 7 days after the papilla priming procedure,

the second t 7 to 14 days later, and the third 7 to 14 days after the second injection. A
significant increase in papillary height was observed in the test group after 2 months, while no
significant differences were noted between the two groups at the 3- or 4-months. Interestingly, in
some casesgfollowijigg the completion of the study, the authors observed a continuing improvement
overtimMest administration®. Esthetic evaluation (VAS) administered by the blinded

investigator and theé subjects showed statistically significant improvements in the test sites,

Ll

corroborating thegfficacy of autologous fibroblast injections in treating papilla insufficiency. In

additio atment was found to be safe with no infections, rejections, granuloma formation, or

other complic . Furthermore, the histological analysis showing the delivered fibroblasts
incorporated into the dermal architecture®. Nevertheless, more studies with long-term follow-up are

encouraged to further evaluate the efficacy of this approach.
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Contrastingly, it is worth mentioning that a recent controlled study evaluating the efficacy of
hyaluronan injection for augmenting papilla volume at implant sites reported two cases with adverse
reactionM 11 treated patients *® %, Both patients presented with swelling and extreme
tenderness urning sensation on the lip next to the treated side. In one patient, a skin
discolorati&:bserved ?° The symptoms lasted for up to 7 days, with no permanent
consequenegesmilimerauthors speculated that the signs and symptoms were likely suggestive of water

attraction

]

aluronan with progressive vascular compression rather than an infection or

allergic reagffon

The treatment roaches that have been proposed for reconstruction of insufficient interproximal

attachmen@/papillae have been summarized in Table 1.

USC

Interproxi hment gain in the presence of periodontal disease

1

Periodont is a multifactorial condition characterized by bacterial biofilm dysbiosis in a

susceptibl The first phase of periodontal treatment involves the identification of risk and

d

contributing¥faé@rs that led to the condition. Periodontal non-surgical therapy including oral
hygien ction, patient motivation and mechanical therapy aims at removing etiological and

contributin such as biofilm, calculus and inflammation while improving patient compliance *

M

30,31 nce of a strict oral hygiene regimen on tooth retention has been largely

32, 33
d

demonstrate . In particular, minimally invasive non-surgical therapy has been shown to be

effective i

[

ing the biofilm and reducing the pocket depth without causing a significant

34, 35

shrinkage ft tissues in periodontal intrabony defects (See Supplementary Figure 1 in

online Jour riodontology). It has been suggested that soft tissue healing and maturation may

$

36, 37

take up to months after the non-surgical procedure . Therefore, it is recommended to

n

allow f te time period following non-surgical therapy prior to performing a periodontal

L

regener

Clinical and histol;ical evidence supports the efficacy of periodontal regenerative procedures in

regenerating thegdost periodontium over previously diseased sites, with a significant clinical

Starting from the first report demonstrating periodontal regeneration in humans *, there is no

doubt that the progressive evolution of the surgical techniques and biomaterials have highly

42-44

contributed to the success and predictability of this procedure . The introduction of papilla

This article is protected by copyright. All rights reserved. 6



preservation techniques **” has had a positive impact on the stability of the wound and on the

42, 43,48

possibilities of achieving healing by primary intention , which has been shown to be crucial for

the outMuided tissue regeneration ** *°. Later on, with the concomitant evolution of
biomateria imally invasive and microsurgical approaches have been described ** ** *8, These
techniquesmeduction in flap extensions and the use of bone grafts and/or biologics, such
as ename!mmatnixmderivative (EMD), platelet-derived growth factor (PDGF) or fibroblast growth

factor-2 (Fmead of utilizing barrier membranes >*>’ (Table 2). Microsurgical approaches have
been advom to their ability for improving illumination and magnification of the surgical field,

atraumatic ipulating the flap, carrying out high precision debridement, and precise

42, 51

placement iomaterials and securing the flap . Nonetheless, the occurrence of gingival

S

recessions crease in recession depth following periodontal regeneration is not a rare finding

> 2880 |n a meta-amalysis of randomized controlled trials, Graziani et al. reported that an increase in

U

recession 1.15 mm at 12 months and of 1.78 mm for longer follow-ups should be expected

after flap dlirgeries for the treatment of intrabony defects ®. In particular, bone defects with non-

n

supporting and thin soft tissue phenotypes were found to be risk factors for an increased

recession de€p ingival recessions may also negatively impair patients’ esthetics and satisfaction

3-5,62

al

of the treate specially if the treated tooth is in the anterior area

Therefore, i surprising that some authors have proposed the use of periodontal plastic

vl

when treating intrabony defects to maintain, or coronally advanced the level of

surgery

the gingival margin > * %%

Zucchelli a

[

ctis proposed a modified approach for the treatment of intrabony defects (with

the use of an envelope coronally advanced flap 3, as described previously in root

EMD), that

<
2 <
d

coverage p es ®. The buccal flap was released, coronally advanced and anchored to the

defect’s d lized adjacent papillae. The authors claimed that this approach could reduce the

n

risk for soft tissue collapse inside the intrabony component, and also increase the space

{

for rege Rasperini et al. proposed the “soft tissue wall technique” for the regenerative

treatment ontained intrabony defects in which the papilla preservation technique was

L

combined trapezoidal coronally advanced flap followed by sling sutures for its coronal
stabilizatio n internal mattress suture for achieving primary intention healing and closure of

the papi ter 12 months, the authors observed a significant improvement in interdental CAL

A

gain (7.1 + 1 mm), with a mean recession reduction of 1 + 0.4 mm *.

Based on the claimed advantages of the tunnel technique for root coverage (high esthetic outcomes,

66, 67

blood supply, graft nutrition and quick healing ), the “entire papilla preservation” technique was

This article is protected by copyright. All rights reserved. 7



introduced for treating intrabony defect by combining the tunnel approach with the papilla
preservation to avoid any opening on the papillae®. This approach can limit the risk of wound
sIoughiMe exposure during early healing, securing the biomaterials and enhancing the
esthetic ou %% |ndeed, in a recent randomized controlled trial, the authors showed that the
entire pap@tion technique resulted in a 100% primary wound closure, with a significant
CAL gaimmanesammesligible increase in recession depth (0.2-0.36 mm) *°.

Other appkavoiding incisions at the level of the papilla have been described, such as the

modified \@ incision subperiosteal tunnel access (M-VISTA) * and the “non-incised papillae

surgical approaﬂ;" (NIPSA)°. According to Moreno Rodriguez et al., the NIPSA achieved similar
tr

outcomes itional minimally invasive papilla preservation technique, with a significantly

lower rece the tip of the interdental papilla (increased recession depth 0.2 vs. 0.73 mm 1
year after, respectively)’. In the following study, the same authors found that NIPSA was able to
provide no ignificant improvement in CAL but also a significant recession reduction (0.25 +

0.44 mm) nal advancement of the tip of the papillae after 1 year (0.4 £ 0.5 mm)’".

In the atte urther enhance the amount of root coverage when treating intrabony defects,

graft (CTG)-based techniques have been proposed > ®* 7* (Figure 2). Indeed, a CTG
can act iological filler enhancing flap stability and wound strength ”>”°. The firm adaptation of a
CTG to th rface can also promote a stable coagulation cascade and protect the maturing

fibrin cl

connective

ition, a CTG results in a significant gingival tissue thickness gain, which has been
positively related an improved likelihood for achieving complete root coverage ™ ’°. The increase in

soft tissue nd creeping attachment associated with the CTG, " 7°

the estheti@es following periodontal regenerative therapy.
In a comparati jnical study, Trombelli and coworkers observed that the addition of a CTG to the
single flap @pproach resulted in reduced recession depth, reduced residual defects with a clinically

detectablegapical gisplacement of the gingival margin, and an increase in gingival tissue volume °.

also positively influence

Similarly, t ition of a CTG has been described for the NIPSA as well, with an improvement in

the marginal soft ti§sue and a significant CAL gain observed in all the treated cases "

Additional G can also be used as a mechanical barrier in clinical scenarios with intrabony
defects, w soft tissue isthmus, buccal and interproximal recessions and a lack of a buccal
bone wall ®. The “connective tissue graft wall” technique was introduced by Zucchelli et al. for

improving root coverage and CAL in RT3 gingival recessions '’ and was adapted for the treatment of

intrabony defects ®. The technique uses a palatal incision to gain access to the bone defect, with a

This article is protected by copyright. All rights reserved. 8



split-full-split envelope coronally advanced flap performed on the buccal side. A CTG obtained from
the de-epithelialization of a free gingival graft is sutured coronally at the base of the de-
epitheliWe of the adjacent teeth neighboring the bony defect, while apically it is secured
at the peri pical to the bone defect. The technique includes the application of EMD into the
intrabony &rding to the authors, this approach may enhance the complete resolution of
deep intmahomymsefects while improving the buccal and interproximal soft tissue ®. Interestingly, the

[

above-me echniques utilized the CTG obtained from the de-epithelialization of a free
gingival grafi® us&@has a barrier for the treatment of intrabony defects. Indeed, it has been suggested

that the quali the handling of a CTG obtaining from the most superficial lamina propria of the

&

75, 78

palate is s o the properties of a sub-epithelial CTG harvested from the deep palate f

S

which may'“@#So Wave an impact on the regenerative outcomes. In particular, in the presence of

defects lacking al bone, with a high suprabony component and thin phenotype, using a dense

¥

CTG sutur e level of the CEJ promotes the stabilization of the blood clot in both infra and

suprabonyf@omponents, allowing periodontal regeneration and new connective tissue formation in

n

the suprab onent (Figure 3).

Shallow intkab efects or horizontal bone loss in the labial area represent another challenging

d

clinical e lack of a 3 mm infrabony component limits the predictability of periodontal

regeneration e need to preserve esthetics is a contraindication for osseous resective surgery.

vl

A cons oach, combining palatal incisions in the interproximal area to get access to the
bone defects with connective tissue graft sutured at the buccal aspect, may be used also to treat of

these defe€ls, in particular at sites with a thin phenotype (Figure 4) (Table 2).

[

O

Future direction

Interpraxi hment gain and papilla reconstruction are considered one of the major

challen ontics. The application of protein and peptide therapy, cell-based therapy, gene

1

79, 80

therapy o s are emerging tissue-engineering approaches that may improve the

U

predictabil rrent techniques in improving/regenerating the interproximal attachment. The

possibility mizing bioresorbable scaffolds to the desired size, configuration and architecture

81-83

in comb ith a controlled growth factors delivery may represent the future direction for

A

simultaneous hard and soft tissue regeneration of interproximal defects.

This article is protected by copyright. All rights reserved. 9



Concluding remarks

Several techniques and biomaterials have shown promising results for papilla reconstruction in

healthy aetlflons in terms of reduction of black triangles and esthetic improvements. The

combinatiq @ illa preservation techniques with connective tissue grafts and coronal

advancement of the flap can result in regeneration of the intrabony defect with simultaneous
. I . . .
mterproxu;sl root coverage and papillae reconstruction. Nevertheless, most of the evidence

available i ature is based on case series or case reports, mainly with short-term data.

Randomiza@ clinicdl trials are needed to validate the efficacy of these approaches in regenerating

the supracrestalattachment in healthy and diseased natural dentitions. Future directions for

interproxi taghment regeneration may involve the application of tissue-engineering

approache tomizing bioresorbable scaffolds delivering growth factors or cell-based

therapies via minigally-invasive techniques.
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Tables and figures
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Table 1. Str, for papilla augmentation in healthy dentition
Table 2. E rgical technique and biomaterials for the regeneration of intrabony defects
|

|
Figure 1. A@ augmentation with connective tissue graft. A) Baseline. B) Crowns were
removed, and a_connective tissue graft (CTG) was placed facial to central incisors to thicken the

phenotypmue will later be advanced into the papillary region. C) Partial thickness flap

advanced TG. D) Six weeks healing following CTG E) Interpositional CTG harvested from
tuberosity and plaged interproximal to central incisors. A Partial thickness flap released and elevated
over the in itional graft. F) One-year post op demonstrating the reconstructed interproximal

papilla.

G-l) Expanmogous fibroblasts injections for the treatment of interdental papillary
insufficiency¥G eline. H) 4-month after autologous fibroblasts injections. I) 5-year recall.
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Figure 2. A-B) A 42-years old female patient was referred after multiple attempts of periodontal
treatment between the two central incisors that resulted in interproximal attachment loss. The
teeth wWh interproximal composite added the close the diastema. C) Taking into
considerati orizontal bone loss and the distance between the bone and the contact point *
and the dix&en the roots, a titanium-reinforced membrane was adapted with a palatal
and buges | pimstesprovide support to the graft and the flap. D) Emdogain (EMD, Straumann,

Switzerlanmnogeneic bone graft (BioOss, Geistlich, Switzerland) were mixed and position
inside the @collagen membrane (BioGide, Geistlich, Switzerland) was adapted to the site and

positioned e graft. The flap was coronally advanced and sutured with a crossed internal
mattress suftir, described for the modified papilla preservation technique *°. E) After de-
epithelializ the mesial and distal papillae, the flap was coronally stabilized without tension by

means of additional mattress and simple sutures. F) The titanium-reinforced membrane and the pins
were rem onths later. A significant interproximal and buccal clinical attachment level gain
was obsery€d after 6 months, but the interproximal soft tissue was still missing. G) The VISTA

technique ination with CTG harvested from the maxillary tuberosity was performed to

augment the 3. The graft was stabilized with a palatal mattress suture under the papilla. EMD

was added e sulcus. H) Removal of the composite after 4 months, with the diastema that was

closed ontic treatment. | and J) Outcomes at the 24 month- recall, with the patient
showing he vital teeth with complete interdental clinical attachment level gain.

This article is protected by copyright. All rights reserved. 19



Figure 3. Connective tissue graft wall technique. A) Baseline clinical situation with papilla loss and

interdental soft tissue crater. B) X-ray showing a bone defect with deep infrabony component and
high supMponent. C) Palatal incision to preserve the supracrestal soft tissue and buccal
flap elevati TG extended in apico-coronal direction from the CEJ of the canine up to the
buccal bon&ﬁ replaced the missing buccal bone creating a contained defect in which EMD
can be appliedmfuRalatal flap closure. G) Soft tissue healing with interproximal tissue regrowth and
papilla rean. H) X rays showing the healing of the intrabony component at 5 years.

Figure 4. NoVie servative approach for the treatment of intrabony defect associated with papilla

loss. A) ical situation with loss of interproximal clinical attachment loss. B) X-rays

showing horj bony defects with shallow infrabony components. (C) Palatal incisions at the

level of ximal tissues that allowed to maintain the supracrestal soft tissue within the
buccal flap. D)Application of the amelogenin above the instrumented root surfaces. E) CTG
applicatio ring. F) Flap closure aiming at promoting healing by primary intention. G) Soft

tissue heal nterproximal tissue regrowth. H) X-rays demonstrating the healing of the shallow

intrabony nts and the increased radiopacity of the bone crest 12 months.
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Table 1. Strategies for papilla augmentation in healthy dentition

{

Graft/Scaffold/cell Study

design

ication Patient/Sites/ Surgical technique

follow-up

Connective tissue- arnio 2004 Case 1/1/4 years Semilunar buccal

[

graft report incision, detachment
of the soft tissue with
the Orban knife,
insertion of the CTG.
Two other similar
surgical procedure
were performed in
the same area over

time

USC

nio and Case 1/1/10 years

2018

Interdisciplinary

report (periodontic-

0
«

orthodontic-
restorative)
approach. Two
surgeries were
performed with the
following approach:
split-thickness
semilunar incision 2
mm coronal to the
MGJ and intrasulcular
incision with fully
preservation of the
papilla. A
buccal/palatal void
was created and filled
with a CTG harvested
from the
palate/tuberosity.

tetal. Case 3/3/2 years Full thickness tunnel

o

series technique with
parallel releasing
incisions made on the
palatal side (and split-
thickness flap). CTG
trimmed and inserted
into the flap and
papilla coronally
advanced

Author Man

10/15/6 Semilunar buccal

months

Kaushik etal. Case

2014 % series incision, detachment

of the soft tissue with

This article is protected by copyright. All rights reserved.

Reported
outcomes

Complete
papilla
reconstruction

PD change: 2
mm for tooth
#7 and no
change for
tooth #8

RECred: 4 mm

KT gain: 2 mm
for tooth #7, 1
mm for tooth

#8

Improved in
papilla height
in all the
treated cases

Mean distance
from contact
point to the

Conclusion

This technique
may be used for
regenerated a
lost interdental
papilla

The patient’s
esthetic
expectations
were met in the
initial phase of
the treatment.
Some rebound
was observed in
the long-term

These
preliminary
results obtained
with this
technique for
the
reconstruction
of the
interdental
papilla are
promising

This technique
has the
potential to
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o]

aetal. Case 11/11/6
series months
H I
Acellular dermal Get al. Case 12/38/5
matrix 2012 % series months
Hyaluronic acid gel ani Case 9/17/6 months
injections atakis series
2015 *
ee Case 10/43/6
series months

A
® q

the Orban knife,
insertion of the CTG.

Partial thickness flap
with two vertical
incisions away from
the line angles of the
involved teeth,
coronal displacement
of the papillary unit.
CTG harvested from
the palate was
stabilized in the
created void between
the soft tissue and
the bone. Periodontal
dressing applied.

Vertical incision for
access, extending
apically from the
mucogingival junction
with facial and palatal
intrasulcular
incisions. Detachment
of the flap and
insertion of
micronized dermal
graft in the space
created to support
the papilla

Injection of
hyaluronic acid
followed by gentle
message of the area.
Injection repeated at
21 and 42 days

Injection of
hyaluronic acid up to
five times during the
first 3 weeks

This article is protected by copyright. All rights reserved.

gingival margin
significantly
decreased*

PD changes:
0.27 mm *

CAL gain: 0.41
mm *

Reduction in
VC: 37.01%t

Reduction in
HC: 37.66%t

Area of black
triangle
reduction:
60.26% T

Significant
decrease in
gingival
recessiont and
papillary
indext. Trend
towards a
decrease in
pocket depth.

41+37%
reduction of
interdental
papilla losst

Reduction in
the black
triangle height
and width

reconstruct
papilla loss that
occurs solely
due to soft-
tissue damage

A significant
improvement
was observed in
the treated
sites in term of
reduction of the
area of the
black triangle
and CAL gain.
However,
complete
regeneration of
interdental
papilla was not
achieved.

This technique
showed
promised
results for
papillary
reconstruction

Use of
hyaluronic acid
gel to treat
interdental
papilla loss
resulted in
significant
improvement at
6 months

Injectable
hyaluronic acid
gel may be a
promising
treatment for
enhancing
papillary
esthetics
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Hyaluronic acid Spano et al. Case 3/4/6 months
dermal filler 2019 % series
H I
Platelet-rich fibrin ila et al. Case 25/25/6
18%° series months
: gachalam Case 1/1/6 months
2012 | b
Cultured and cGuireand RCT 20/20/4
expanded autol er months

fibroblast injections 200

{

AU

Horizontal incisions at
the level of the
alveolar mucosa, a
subperiosteal tunnel
was created.
Hyaluronic acid
dermal filler
administered with a
needle into the
papilla. Cyanoacrylate
used to seal the soft
tissue surrounding
the papilla

Semilunar buccal
incision, detachment
of the soft tissue with
the Orban knife,
platelet-rich fibrin
was inserted in the
interproximal void.

Semilunar incision in
the alveolar mucosa,
split-thickness flap
preparation to create
a pouch in the
interdental area.
Gingivopapillary unit
coronally displaced.
Platelet-rich fibrin
inserted into the
pouch and pushed
coronally.

Autogenous
fibroblasts were
collected with punch
biopsies from the
maxillary tuberosity
and cultured and
expanded in the
laboratory. Five to
seven days before the
injection of the
fibroblasts or
placebo, the papilla
received a controlled
surgical insult aimed
at inducing an acute
inflammatory

This article is protected by copyright. All rights reserved.

Mean papilla
fill of 1.75 mm.

Patients’
perception of
papilla fill
(VAS): 59.76-
62.46%

Baseline
distance from
the contact
point to the tip
of the papilla:
4.38 +£0.36
mm, while at
6-month
follow-up it
was 0.36 £
0.64 mmt.

The
interdental
papilla filled
the
interproximal
embrasure to
the same level
asinthe
proximal teeth

A significant
increase in
papillary
height was
observed in
the test group
after 2 months
(compared to

placebo), while

no significant
differences
were noted
between the
two groups at
3-and 4-

The
augmentation
of the papilla
using platelet-
rich fibrin in the
new position
was stable
when reviewed
at3and6
months
postoperatively

Use of platelet-
rich fibrin may
be a valid
option for
interdental
papilla
augmentation

This technique
is safe and may
be effective for
treating
papillary
insufficiency
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ript

USC

Tissue-engineered ada et
papilla injections

Photobiomodulatio
therapy with diode 2018 %Y
laser

hor Man

Legend. :

f

line angles
junction. PD: poc

component of

margin.

etal.

.+ p<0.001

Case
series

Case
report

5/5/69 months

3/3/5 years

response. The first
injection occurred 5
to 7 days after the
papilla priming
procedure, the
second treatment 7
to 14 days later and
the third treatment 7
to 14 days after the
second injection.

Injectable tissue-
engineered papilla
(hyaluronic acid as
scaffold, stem cells,
platelet rich plasma
as growth factor)

Gingival bleeding
caused by gently
stimulating the
gingival sulcus with a
probe.
Photobiomodulation
therapy with 660 nm
diode laser, punctual,
contact mode before
bleeding and also
immediately after
bleeding. The same
procedures were
performed after 1
week.
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months.

Professional
and patient
esthetic
evaluation
showed
statistically
significant
improvement
in the test sites
(fibroblasts
injections)

Improved
black triangle:
2.26£0.7 mm

All three
patients
showed
improvement
in the size of
the papilla

This technique
was able to
provide esthetic
improvement of
black triangles

This approach
seems to be an
innovative a
noninvasive
therapy to fill in
black spaces,
improving
esthetics and
restoring the
function of
papillain
patients with
black spaces

iniddl attachment level. HC: horizontal component of the black triangle. Measured at
nt teeth at the gingival margin. KT: keratinized tissue. MGJ: mucogingival
depth. REC red: recession reduction. VAS: visual analogue scale. VC: vertical

lack triangle. Distance from the apical point of the contact area to the gingival
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Table 2. Evolution of surgical technique and biomaterials for the regeneration of intrabony defects,

categorized according to the type of periodontal regenerative procedures: i) papilla preservation

techniq gingival flaps and iii) mucogingival flaps + connective tissue grafts.

{

Technique  [Rublicationm Study Patient/Sites/ Flap design Bone graft/  CAL PD REC

design biomaterials gain red change
follow-up

(mean (mean (mean
+SD) +SD)  *SD)
(mm) (mm) (mm)

PPT Case NR Semilunar incision With or NR NR NR
series perpendicular to without bone

the outer surface graft

198

at palatal aspect.
Incision must be at
least 3 mm away
from the margin of
interproximal bony
defect

NUSCr

MPPT Co Case 15/15/6 weeks Horizontal incision  Titanium- NR NR NR

series at the base of the reinforced

L
-

r M

papilla on the teflon

facial aspect. The membranes
papilla is reflected

towards palatal

aspect

SPPT Cortellinj et Case 18/18/ 12 Oblique incision Bioresorbable 4.9+ 5.8+ 0.8+
al. series months from line angle to barrier 1.8 2.5 1.6
midpoint of the membrane

O

adjacent tooth, the
blade angulation is
kept parallel to the
long axis of the
tooth

th

Case 3/3/12-18 Intrasulcular EMD NR NR NR
technique al. 1999 * report months incisions, PPT in
with EMD the interproximal

Surgical Ras

U

area, beveled
vertical releasing
incisions mesial
and distal to the
surgical sites

A

Microsurgical ~ Wachtel et RCT 11/11/12 Buccal and lingual EMD 3.6+ 3.9+ 03+
flap al. 2003 > months sulcular incisions 1.6 1.4 0.8

This article is protected by copyright. All rights reserved. 25



Regenerative
approach
with rhPDGF-
BB

MIST

M-MIST

SFA

MPPT/SPPT +
rhFGF-2

Zt
)
=,

RCT

N
o

[l

Co ini Case

QU
>
o =
—
o

200,

dNuUS

Case

Y

2009 *?

[

Trombelliet B Case
g

al. 20 series
Saito et al. RCT

2019°°

1 series

series

11/11/12
months

177/177/6
months

13/13/12
months

15/15/12
months

10/10/10
months

16/22/6
months

with microsurgical
blades, MPPT in
the interproximal
area

Full thickness
buccal and lingual
flaps reflection

MPPT or SPPT
based on the
dimension of the

interproximal area.

Reflection of the
defect-associated
interdental papilla
only.

Full-thickness flap
elevation just to
expose 1-2 mm
bone crest, no
extension beyond
mucogingival
junction

Same as described
MIST, but the
incisions and flap
elevation are
performed only on
the buccal aspect

Flap elevation only
on one side (either
buccal or palatal).
Intrasulcular
incision with
limited mesio-
distal extension of
the envelop flap.
Horizontal or
oblique
interproximal
incision based on
the defect profile.

MPPT or SPPT
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None 1.7%
14
0.3mg/mL 38+

rhPDGF-BB + 0.4
pTCP

1mg/mL 3.7+
rhPDGF-BB + 0.4
pTCP

EMD 4.8+
1.9
EMD 45+
1.4
Collagen 48+
membrane + 2.7
HA bone graft
rhFGF-2 2.78 =
NR
rhFGF-2 + 3.16 =
DBBM

21+
11

NR

NR

4.8+
1.8

4.6+
1.5

52+
2.6

3.29+
NR

3.55+

0.4+
0.9

NR

NR

-0.1+

0.9

0.07 =

0.3

0.4+
1.5

0.16 +

NR

039+
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NR NR NR

eCAF + EMD Zucchelli Case 15/15/12 eCAF as described EMD 59+ 6+0.8 0.1z%1
and.De series months in mucogingival 14
surgery for the

{

w

treatment of
multiple gingival
recessions. Flaps
extended to the
neighboring teeth
in both facial and

uscrip

lingual/palatal
aspects. SPPT in
the interproximal
areas. Buccal flap
raised split-full-
split. Anatomical
papillae de-
epithelialized and
the flap was
coronally
advanced

1

Soft tissue Rasperini e Case 9/9/12 months ~ PPT combined EMD 71+1 63+f2 -1+04
series with the

trapezoidal CAF

and sling suture to

stabilize it

wall al.
technique

d

coronally and an
internal mattress
suture to close the
papilla for primary
intention

EPP

]

Case 12/12/12 Tunnel-like DBBM + EMD 6.8+ 7+28 0.2+
series months approach to the 2.5 0.4
defect-associated

N
S &
=
~
o)
)

interdental
papillae with a
buccal sulcular

O

incision and a
vertical releasing
incision made in
the facial aspect of
the neighboring
interdental space

Auth

RCT 30/30/12 Same as described DBBM+EMD 6.3+ 6.5+ 0.2+
months above 2.5 2.7 0.3
None 58+ 6.2+ 04+
1.1 1.3 0.5
M-VISTA Najafi et al. Case 2/2/18 months  Two vertical DFDBA+EMD NR NR NR
2018 % report incisions in the

alveolar mucosa,
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{

NIPSA Mo e 20/20/12
W series months
al. §9
CTG wall Zucm Case-
technique + al. 2 control
: 2 )
SFA + CTG Trombelli Case-
al. control
study

Auth

30/30/6months

30/30/6months

gentle
subperiosteal
tunnel elevation,
degranulation and
biomaterials
insertion.

Apical oblique or DBBM+EMD 59+ 56+
horizontal incision 2.38 2.48
in the buccal

aspect of the

alveolar mucosa

placed on cortical

healthy bone.

After

debridement, the

papillary structure

was pulled

coronally with a

micro-papillae

elevator.

Biomaterials were

then applied, and

flap sutured.

Palatal/lingual flap  EMD 3.8+ 275+
not elevated. CTG 2.4 2.8
sutured below a

coronally

advanced flap

acting as a buccal

soft tissue wall.

EMD applied into

the bony defect.

DBBM + EMD 3.2+ 43+
with an oblique or 1.5 1.8

Sulcular incision

horizontal butt-
joint incision at the
level of the
interdental papilla.
A buccal
mucoperiosteal
envelope flap was
elevated, leaving
the interdental
supracrestal soft
tissue undetached.
CTG was fixed to
the envelope flap
or to the inner
portion of the
connective tissue
of the interdental
papillae. CTG was
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-03+

0.44

-1+0.8

0.4+
1.2
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NIPSA + CTG Mofe

completely
covered by the
flap or slightly

I ' exposed in its
coronel aspect.

Case 4/4/12 months  NIPSA technique DBBM + EMD 5.8+ 53+ -0.8%
port with the only 1.3 0.5 0.5
ﬂ. 2%72 difference that the

supra-alveolar soft

tissue was pushed

coronally before

using EMD, bovine

bone and CTG

Modified CTG  Zucghellj Case 2/2/12 months  Palatal incision to EMD 6.5+ 57+ -1.7+
wall al. report gain access to the 1.4 1.6 1.2
technique + bony defect. eCAF

EMD in the buccal side.

CTG stabilized and
sutured on the
buccal side. EMD
applied in the
bony defect. Flap
coronally
advanced and

dNUSCr

sutured.

Legend positive value for REC change means an increasing of recession depth, while a

negative value a recession reduction.
BTCP: betahﬂ phosphate. CTG: connective tissue graft. eCAF: envelope coronally advanced

EMD: enamé

flap. DBB einized bovine bone matrix. DFDBA: demineralized freeze-dried bone allograft.

ix derivative. EPP: entire papilla preservation. HA: hydroxyapatite. MIST:
minimally ifivasive surgical technique. M-MIST: modified minimally invasive surgical technique.
MPPT: illa preservation technique. M-VISTA: modified vestibular incision subperiosteal
tunnel a . A: Nonincised Papillae Surgical Approach. NR: not reported. PPT: papilla
preservatiorjtemque. RCT: randomized controlled trial. rhFGF-2: recombinant human fibroblast
growth facto*2™FhPDGF-BB: recombinant human platelet-derived growth factor-BB. SFA: single flap

approaQPIiﬁed papilla preservation technique.
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