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Abstract
The new classification of periodontal diseases recognizes the key role of the inter-
dental clinical attachment for defining the periodontal status and the extent of
disease severity. Regenerating interdental clinical attachment not only improves
the prognosis of the tooth, but it also lessens the severity of the disease condi-
tion. This manuscript provides a state-of-the-art review on surgical reconstruc-
tive approaches for treating papillary deficiency associated with soft and hard
tissue interproximal defects. Combination therapy of papilla preservation, con-
nective tissue grafting, and coronally advanced flaps may result in regeneration
of the intrabony defect coupled with root coverage. Future research highlighted
here may have the potential, especially in combination approaches, to repair
challenging interproximal soft and hard tissue deficiencies.
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1 INTRODUCTION

Success is a dynamic concept in periodontology.1 It has
been suggested that it should be defined as an effort
toward preservation of natural dentition associated with
patients’ well-being.1 In particular, the new classifica-
tion of periodontal diseases recognizes the key role of
interdental clinical attachment level (CAL) for defining
the periodontal status of and the severity (stage) of the
periodontal disease.2 It is therefore reasonable to assume
that the prognosis (and the stage) of periodontal disease
can be improved by gaining interdental clinical attach-
ment. The interdental attachment is composed of the

supracrestal attachment, which is measured from the
cemento-enamel junction (CEJ) to the base of the pocket
in the interproximal area. Interproximal bone loss can
occur horizontally and/or vertically, with the interdental
soft tissue receding apically. This pattern of interdental
bone and attachment loss has a major esthetic impact
and also influences the outcomes of regenerating the lost
periodontium. In addition, patients’ esthetic demands
have increased to a point that even a shallow midfacial
or interproximal recession following periodontal surgery
may be considered unacceptable.3–5 The presence of open
interproximal spaces/black triangles has been considered
one of the most troubling dilemmas in dentistry due to
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the negative impact on esthetics, phonetics, and food
impaction.6–8 Although several attempts have been made
for treating these conditions, limited evidence is currently
available regarding the techniques and materials that
should be recommended for regenerating the lost inter-
proximal attachment. With this concept in mind, this
review presents the available evidence on interproximal
attachment gain in healthy and diseased dentitions.

1.1 Factors associated with presence
of papilla and clinical implications

Papilla height around teeth is dictated by several factors,
such as the distance from the bone crest to the interproxi-
mal CEJ, interproximal soft tissue thickness, the degree of
inflammation, probing depth of the adjacent teeth, fibrous
or edematous nature of the tissue, tooth location, and his-
tory of previous non-surgical/surgical therapy, to name a
few.9–12 Nordland and Tarnow described a classification
system for the loss of papillary height based on the inter-
dental contact point, facial apical extent of the CEJ, and
the interproximal coronal extent of the CEJ.13 Tarnow et al.
found that when the distance between the bone crest and
the contact point was ≤5 mm, the papilla was present in
98% of the cases; this incidence dropped to 56% and 27%
when the distance from the bone crest and the contact
point became 6 and 7 mm, respectively.12 In particular, the
distance from the bone crest to the contact points (≤5mm),
and the interproximal thickness of the gingiva (≥1.5 mm),
strongly influence the presentation of an interdental
papilla (requirements of an ideal case).14 However, increas-
ing 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).14 This study is consistent with the
report of Billings et al. that found interproximal sites to be
increasingly affected by recessions as age increased, while
probing depths remained relatively stable.15 In addition, it
has been shown that tooth form/shape and the curvature
of the marginal gingiva (“gingival angle”) can also play a
significant role in the presence or the form of papilla.16
The patient’s desire for a full papilla is one of the main

indications for the treatment of papillae loss or deficient
papillae.When this condition is combinedwith amidfacial
gingival recession, the potential of achieving complete root
coverage are significantly reduced.17,18 In a recent com-
mentary, Zucchelli et al. identified four different clinical
scenarios in relation to the presence of the papilla and
the supporting periodontium: 1) partially missing papilla
without clinical attachment/bone loss, 2) partially missing
papilla associated with interdental attachment/bone loss,
3) intact papilla with clinical attachment/bone loss, and 4)
intact papilla without clinical attachment/bone loss.18

1.2 Treatment of papillary deficiency
in healthy dentition

It is crucial to distinguish papilla deficiency between
healthy versus diseased periodontia. In the case of a
healthy periodontium, deficient papillae may be surgi-
cally reconstructed using soft tissue grafts, may be regen-
erated with orthodontic treatment, or may be improved
by modifying the restoration(s) with longer contact
points.14,19
The techniques that have been described for attempting

reconstructing of the interproximal attachment loss have
merely focused on the soft tissue component. Papilla
reconstruction has been described with the use of soft
tissue grafts or substitutes (connective tissue graft [CTG]
or acellular dermal matrix),6,20,21 hyaluronic acid,22,23
platelet-rich fibrin,24,25 cultured and expanded auto-
genous fibroblast injections,8 stem cell therapy,26 and
photobiomodulation therapy (Fig. 1).27 While some
authors have reported promising results for papilla gain
and reduction of the open interproximal spaces, these
studies are largely case reports or case series with a
limited number of patients (Table 1). The only randomized
clinical trial to treat interdental papilla insufficiency was
conducted by McGuire and Scheyer who evaluated the
efficacy and safety of autologous fibroblast injections
versus placebo in combination with a minimally invasive
papilla augmentation technique.8 In the study, each
patient contributed two sites that were randomized to
either receive injections of fibroblasts or placebo. Autoge-
nous fibroblasts were collected with punch biopsies from
the maxillary tuberosity and cultured and expanded in
the laboratory. At 5 to 7 days before the injection of the
fibroblasts or placebo, the papilla received a controlled
surgical injury aimed at inducing an acute inflammatory
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 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 3 or 4 months. Interestingly, in some cases following the
completion of the study, the authors observed a continu-
ing improvement overtime after the last administration.8
Esthetic evaluation (visual analogue scale) administered
by the masked investigator and the subjects showed
statistically significant improvements in the test sites, cor-
roborating the efficacy of autologous fibroblast injections
in treating papilla insufficiency. In addition, the treat-
ment was found to be safe with no infections, rejections,
granuloma formation, or other complications. Further-
more, the histological analysis showing the delivered
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F IGURE 1 A through F) Papilla 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 phenotype. This tissue will later be advanced into the papillary region. C)
Partial thickness flap advanced over the GTG. D) Six weeks healing following CTG. E) Interpositional CTG harvested from tuberosity and
placed interproximal to central incisors. A partial thickness flap released and elevated over the interpositional graft. F) One-year post-op
demonstrating the reconstructed interproximal papilla. G through I) Expanded autologous fibroblasts injections for the treatment of
interdental papillary insufficiency. G) Baseline. H) Four months after autologous fibroblasts injections. I) 5-year recall

fibroblasts incorporated into the dermal architecture.8
Nevertheless, more studies with long-term follow-up
are encouraged to further evaluate the efficacy of this
approach.
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 reactions out of the 11
treated patients.28,29 Both patients presented with swelling
and extreme tenderness with a burning sensation on the
lip next to the treated side. In one patient, a skin discol-
oration was also observed.29 The symptoms lasted for up
to 7 days, with no permanent consequences. The authors
speculated that the signs and symptomswere likely sugges-
tive of water attraction by the hyaluronan with progressive
vascular compression rather than an infection or allergic
reaction.29
The treatment approaches that have been proposed

for reconstruction of insufficient interproximal attach-
ment/papillae have been summarized in Table 1.

1.3 Interproximal attachment gain in
the presence of periodontal disease

Periodontal disease is a multifactorial condition character-
ized by bacterial biofilm dysbiosis in a susceptible host.2
The first phase of periodontal treatment involves the iden-
tification of risk and contributing factors that led to the
condition. Periodontal non-surgical therapy including oral
hygiene instruction, patient motivation, and mechanical
therapy aims at removing etiological and contributing fac-
tors such as biofilm, calculus, and inflammation while

improving patient compliance.1,30,31 The importance of a
strict oral hygiene regimen on tooth retention has been
largely demonstrated.32,33 In particular, minimally inva-
sive non-surgical therapy has been shown to be effective
in removing the biofilm and reducing the probing depth
without causing a significant shrinkage of the soft tissues
in periodontal intrabony defects34,35 (see Supplementary
Figure 1 in online Journal of Periodontology). It has been
suggested that soft tissue healing andmaturationmay take
up to 9 to 12 months after the non-surgical procedure.36,37
Therefore, it is recommended to allow for an adequate time
period following non-surgical therapy before performing a
periodontal regenerative surgery.
Clinical and histological evidence supports the efficacy

of periodontal regenerative procedures in regenerat-
ing the lost periodontium over previously diseased
sites, with a significant CAL) gain and probing depth
reduction that can change the prognosis of a hopeless
tooth.38–40
Starting from the first report demonstrating periodontal

regeneration in humans,41 there is no doubt that the
progressive evolution of the surgical techniques and
biomaterials have highly contributed to the success and
predictability of this procedure.42–44 The introduction of
papilla preservation techniques45–47 has had a positive
impact on the stability of the wound and on the possi-
bilities of achieving healing by primary intention,42,43,48
which has been shown to be crucial for the outcomes of
guided tissue regeneration.49,50 Later on, with the con-
comitant evolution of biomaterials, minimally invasive
and microsurgical approaches have been described.42,43,48
These techniques involved a reduction in flap extensions
and the use of bone grafts and/or biologics, such as enamel
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matrix derivative (EMD), platelet-derived growth factor
(PDGF), or fibroblast growth factor-2 (FGF-2) instead
of using barrier membranes51–57 (Table 2). Microsurgical
approaches have been advocated due to their ability for
improving illumination and magnification of the surgical
field, atraumatically manipulating the flap, carrying out
high precision debridement, and precise placement of
the biomaterials and securing the flap.42,51 Nonetheless,
the occurrence of gingival recessions or the increase in
recession depth following periodontal regeneration is not
a rare finding5,58–60 In a meta-analysis of randomized con-
trolled trials, Graziani et al. reported that an increase in
recession depth of 1.15 mm at 12months and of 1.78 mm for
longer follow-ups should be expected after flap surgeries
for the treatment of intrabony defects.60 In particular,
bone defects with non-supporting anatomy and thin soft
tissue phenotypes were found to be risk factors for an
increased recession depth.61 Gingival recessions may also
negatively impair patients’ esthetics and satisfaction of the
treatment, especially if the treated tooth is in the anterior
area.3–5,62
Therefore, it is not surprising that some authors

have proposed the use of periodontal plastic surgery
techniques when treating intrabony defects to main-
tain, or coronally advanced the level of the gingival
margin.3,4,62–64
Zucchelli and De Sanctis proposed a modified approach

for the treatment of intrabony defects (with EMD), that
involved the use of an envelope coronally advanced flap,3
as described previously in root coverage procedures.65
The buccal flap was released, coronally advanced, and
anchored to the defect’s de-epithelialized adjacent
papillae. The authors claimed that this approach could
reduce the risk for supracrestal soft tissue collapse inside
the intrabony component, and also increase the space
for regeneration.3 Rasperini et al. proposed the “soft
tissue wall technique” for the regenerative treatment
of non-contained intrabony defects in which the papilla
preservation techniquewas combinedwith the trapezoidal
coronally advanced flap followed by sling sutures for its
coronal stabilization, and an internal mattress suture for
achieving primary intention healing and closure of the
papilla.4 After 12 months, the authors observed a signifi-
cant improvement in interdental CAL gain (7.1 ± 1 mm),
with a mean recession reduction of 1 ± 0.4 mm.4
Based on the claimed advantages of the tunnel tech-

nique for root coverage (high esthetic outcomes, blood
supply, graft nutrition, and quick healing66,67), the “entire
papilla preservation” technique was introduced for treat-
ing intrabony defect by combining the tunnel approach
with the papilla preservation to avoid any opening on
the papillae.68 This approach can limit the risk of wound
sloughing or papillae exposure during early healing,

securing the biomaterials and enhancing the esthetic
outcomes.63,68 Indeed, in a recent randomized controlled
trial, the authors showed that the entire papilla preserva-
tion technique resulted in a 100% primary wound closure,
with a significant CAL gain and a negligible increase in
recession depth (0.2‒0.36 mm).69
Other approaches avoiding incisions at the level of

the papilla have been described, such as the modi-
fied vestibular incision subperiosteal tunnel access (M-
VISTA)64 and the “non-incised papillae surgical approach”
(NIPSA).70 According to Moreno Rodriguez et al., the
NIPSA achieved similar outcomes to a traditional mini-
mally invasive papilla preservation technique, with a sig-
nificantly lower recession at the tip of the interdental
papilla (increased recession depth 0.2 versus 0.73 mm
1 year after, respectively).70 In the following study, the
same authors found that NIPSA was able to provide not
only a significant improvement in CAL but also a signif-
icant recession reduction (0.25 ± 0.44 mm) and a coro-
nal advancement of the tip of the papillae after 1 year
(0.4 ± 0.5 mm).71
In an attempt to further enhance the amount of root

coverage when treating intrabony defects, connective tis-
sue graft (CTG)-based techniques have been proposed5,62,72
(Fig. 2). Indeed, CTG can act as a biological filler enhanc-
ing flap stability and wound strength.73–75 The firm adap-
tation of CTG to the root surface can also promote a
stable coagulation cascade and protect the maturing fib-
rin clot.73 In addition, CTG results in a significant gin-
gival tissue thickness gain, which has been positively
related to an improved likelihood for achieving complete
root coverage.74,76 The increase in soft tissue volume and
creeping attachment associated with CTG,75,76 also posi-
tively influence the esthetic outcomes following periodon-
tal regenerative therapy.
In a comparative clinical study, Trombelli et al. observed

that the addition of CTG to the single flap approach
resulted in reduced recession depth, reduced residual
defects with a clinically detectable apical displacement
of the gingival margin, and an increase in gingival tis-
sue volume.5 Similarly, the addition of CTG has been
described for the NIPSA as well, with an improvement
in the marginal soft tissue and a significant CAL gain
observed in all the treated cases.72
Additionally, CTG can also be used as a mechanical

barrier in clinical scenarios with intrabony defects, a nar-
row soft tissue isthmus, buccal and interproximal reces-
sions and a lack of a buccal bone wall.62 The “connec-
tive tissue graft wall” technique was introduced by Zuc-
chelli et al. for improving root coverage and CAL in RT3
gingival recessions77 and was adapted for the treatment
of intrabony defects.62 The technique uses a palatal inci-
sion to gain access to the bone defect, with a split-full-split
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e. envelope coronally advanced flap performed on the buc-

cal side. CTG obtained from the de-epithelialization of a
free gingival graft is sutured coronally at the base of the
de-epithelialized papillae of the adjacent teeth neighboring
the bony defect, while apically it is secured at the perios-
teum apical to the bone defect. The technique includes the
application of EMD into the intrabony defect. According
to the authors, this approach may enhance the complete
resolution of deep intrabony defects while improving the
buccal and interproximal soft tissue.62 Interestingly, the
above-mentioned techniques used the CTG obtained from
the de-epithelialization of a free gingival graft, used as a
barrier for the treatment of intrabony defects. Indeed, it
has been suggested that the quality and the handling of a
CTG obtaining from the most superficial lamina propria
of the palate is superior to the properties of a subepithelial
CTG harvested from the deep palate,75,78 which may also
have an impact on the regenerative outcomes. In particu-
lar, in the presence of defects lacking buccal bone, with a
high suprabony component and thin phenotype, using a
dense CTG sutured at the level of the CEJ promotes the
stabilization of the blood clot in both infra and suprabony
components, allowing periodontal regeneration and new
connective tissue formation in the suprabony component
(Fig. 3).
Shallow intrabony defects or horizontal bone loss in

the labial area represent another challenging clinical sce-
nario. The lack of a 3 mm infrabony component lim-
its the predictability of periodontal regeneration and the
need to preserve esthetics is a contraindication for osseous
resective surgery. A conservative approach, 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
defects, in particular at sites with a thin phenotype (Fig. 4)
(Table 2).

1.4 Future directions

Interproximal attachment gain and papilla reconstruc-
tion are considered one of the major challenges in
periodontics. The applications of protein and peptide
therapy, cell-based therapy, gene therapy, or scaffolds
are emerging tissue-engineering approaches79,80 that
may improve the predictability of current techniques in
improving/regenerating the interproximal attachment.
The possibility of customizing bioresorbable scaffolds
to the desired size, configuration, and architecture in
combination with a controlled growth factors delivery81–83
may represent the future direction for simultaneous
hard and soft tissue regeneration of interproximal
defects.
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F IGURE 2 A and B) A 42-year-old female patient was referred after multiple attempts of periodontal treatment between the two central
incisors that resulted in interproximal attachment loss. The teeth were vital, with interproximal composite added the close the diastema. C)
Considering the horizontal bone loss and the distance between the bone and the contact point12 and the distance between the roots, a
titanium-reinforced membrane was adapted with a palatal and buccal pin to provide support to the graft and the flap. D) Emdogain
(Straumann, Switzerland) and xenogeneic bone graft (BioOss, Geistlich, Switzerland) were mixed and positioned inside the defect. A collagen
membrane (BioGide, Geistlich, Switzerland) was adapted to the site and positioned above the graft. The flap was coronally advanced and
sutured with a crossed internal mattress suture, as described for the modified papilla preservation technique.45 E) After de-epithelialization of
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 removed 2 months later. A significant interproximal and buccal clinical attachment level
gain was observed after 6 months, but the interproximal soft tissue was still missing. G) The VISTA technique84 in combination with CTG
harvested from the maxillary tuberosity was performed to augment the papilla. The graft was stabilized with a palatal mattress suture under
the papilla. EMD was added from the sulcus.H) Removal of the composite after 4 months, with the diastema that was closed with
orthodontic treatment. I and J) Outcomes at the 24-month recall, with the patient showing her natural vital teeth with complete interdental
clinical attachment level gain

F IGURE 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 suprabony component. C) Palatal incision to preserve the supracrestal
soft tissue and buccal flap elevation. D) CTG extended in apico-coronal direction from the CEJ of the canine up to the buccal bone. E) The
CTG replaced the missing buccal bone creating a contained defect in which EMD can be applied. F) Palatal flap closure. G) Soft tissue healing
with interproximal tissue regrowth and papilla reconstruction.H) X-rays showing the healing of the intrabony component at 5 years
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F IGURE 4 Novel conservative approach for the treatment of intrabony defect associated with papilla loss. A) Baseline clinical situation
with loss of interproximal clinical attachment loss. B) X-rays showing horizontal bony defects with shallow infrabony components. C) Palatal
incisions at the level of the interproximal 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 application and suturing. F) Flap closure aiming at promoting healing by
primary intention. G) Soft tissue healing with interproximal tissue regrowth.H) X-rays demonstrating the healing of the shallow intrabony
components and the increased radiopacity of the bone crest 12 months

2 CONCLUSIONS

Several techniques and biomaterials have shown promis-
ing results for papilla reconstruction in healthy dentitions
in terms of reduction of black triangles and esthetic
improvements. The combination of papilla preservation
techniques with connective tissue grafts and coronal
advancement of the flap can result in regeneration of
the intrabony defect with simultaneous interproximal
root coverage and papillae reconstruction. Neverthe-
less, most of the evidence available in the literature
is based on case series or case reports, mainly with
short-term data. Randomized clinical trials are needed
to validate the efficacy of these approaches in regen-
erating the supracrestal attachment in healthy and
diseased natural dentitions. Future directions for inter-
proximal attachment regeneration may involve the
application of tissue-engineering approaches with cus-
tomizing bioresorbable scaffolds delivering growth
factors or cell-based therapies via minimally-invasive
techniques.
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