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Implant-related esthetic demands have increased tremendously in recent years. 
The presence of shallow papillae or open interproximal spaces (black triangles) 
are some of the most troubling dilemmas in dentistry. Among the many factors 
associated with the presence of papilla or papilla height, the interproximal 
bone is one of the main factors dictating the presence of an adequate papilla 
between implants. The present case report describes a patient with severe 
hard and soft tissue deficiencies with a high smile line in the esthetic zone, 
requiring multiple implants. The step-by-step process of the utilized techniques 
for achieving inter-implant papilla reconstruction through a multidisciplinary 
approach using both hard and soft tissue augmentation procedures, as well 
as soft tissue conditioning with customized abutments, is delineated. Int J 
Periodontics Restorative Dent 2021;41:169–175. doi: 10.11607/prd.5280
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It has been well demonstrated that 
dental implants are a valid and 
predictable treatment for replac-
ing missing dentition. Nonetheless, 
implant-related complications are 
commonly observed clinical scenar-
ios. Among them, esthetic compli-
cations may be the most common, 
including peri-implant soft tissue 
dehiscence and/or papilla deficien-
cies.1–4 Recently, the demand for 
implant esthetics has increased tre-
mendously, and even a small defi-
ciency of the peri-implant papilla 
can be considered a compromised 
clinical outcome. The presence of 
shallow papillae and open interprox-
imal spaces/black triangles have 
been considered some of the most 
troubling dilemmas in dentistry. This 
is not only because of the technical 
difficulties in treating these condi-
tions but also because of the nega-
tive impact on esthetics, phonetics, 
and food impaction. In natural den-
tition, papillae are supported by in-
terproximal bone, connective tissue 
fibers, and a junctional epithelium. 
Many factors have been found to 
affect the papilla height, including 
but not limited to: the distance from 
the bone crest to the interproximal 
contact point, the distance between 
the cementoenamel junction and 
the alveolar crest, probing pocket 
depth of the adjacent teeth, soft tis-
sue thickness, fibrous or edematous 
nature of the tissues, tooth location, 
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and history of previous nonsurgical/
surgical therapy.5,6 When the peri-
odontal support of the teeth adja-
cent to the implant is compromised 
by bone and attachment loss, the 
implant papillae are usually miss-
ing.1,4 Indeed, interproximal bone 
height is one of the main factors dic-
tating the presence of an adequate 
papilla dimension at implant sites. 
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 was 6 mm and 7 mm, respec-
tively.6 

The presence of inter-implant 
papilla was found to be strongly 
associated with the presence of at 
least a 3-mm distance from the bone 
crest to the contact point.7 However, 
the bony architecture of multiple im-
plant sites is flat, and thus the papilla 
is not supported by a bony peak, 
making these cases more estheti-
cally challenging than single-implant 
sites with intact periodontium on 
the neighboring teeth. Several tech-
niques have been described for pa-
pilla reconstruction at implant sites, 
including rotated pedicle flaps,8,9 

connective tissue platform augmen-
tation,1 hyaluronic acid injections,10 
and a multidisciplinary approach in-
volving the combination of hard and 
soft tissue augmentation together 
with customized abutments for sup-
porting the surgically reconstructed 
papilla.3,4 These approaches mainly 
focus on single implant sites with ad-
jacent teeth, and reports on papilla 
reconstruction between multiple im-
plants are scarce.

Therefore, this case study 
aimed to describe a technique for 
inter-implant papilla reconstruc-
tion using a combination of guided 
bone regeneration (GBR) and soft 
tissue augmentation procedure. 

Case Presentation (Fig 1)

A healthy, 45-year-old man with a 
high smile presented with severe 
bone and soft tissue loss due to an 
accident and was referred to the 
Urban Regeneration Institute (Bu-
dapest, Hungary) for fixed implant-
supported restorations. Clinical 
examination revealed C-type ridge 
deficiencies,11 with the teeth adja-
cent to the edentulous area show-
ing a periodontium within normal 
limits (Figs 1a and 1b). 

Fig 1 Representative case of an inter-implant papilla reconstruction using bone and soft 
tissue reconstructive techniques. The patient presented with a high smile line and severe 
bone and soft tissue loss due to an accident. 

a b

Surgical Procedure

All surgical procedures were per-
formed by the same experienced 
operator (I.A.U). The first phase of 
the surgical intervention consisted 
of a GBR procedure. The patient 
was premedicated amoxicillin (2 g) 1 
hour before the procedure. A mid-
crestal incision was made on the oc-
clusal aspect of the edentulous area, 
followed by two divergent vertical 
incisions on the distal line angles of 
first premolars on each side. A full-
thickness flap was reflected beyond 
the mucogingival junction (MGJ; 
Fig 2a). Multiple decorticalization 
holes were made using a round bur 
to expose the medullary space. A 
particulate bone graft (1:1 ratio of 
autogenous mixed with a xenoge-
neic bone graft; Bio-Oss, Geistlich) 
was packed below an appropriately 
sized nonresorbable titanium-rein-
forced high-density polytetrafluo-
roethylene membrane (Cytoplast 
d-PTFE membrane, Osteogenics 
Biomedical). The membrane was 
trimmed and fixed using multiple 
titanium pins (Master-Pin-Control, 
Meisinger; Fig 2b). The buccal flap 
was then mobilized with a perios-
teal releasing incision, connecting 
the two vertical incisions to allow 
for tension-free primary closure. The 
flaps were then closed with horizon-
tal mattress sutures approximately 
4 to 5 mm from the incision line as 
well as single interrupted sutures in 
the most coronal aspect of the flap. 
Vertical incisions were closed with 
simple interrupted sutures. 

The postoperative regimen in-
cluded amoxicillin (500 mg) three 
times a day for 1 week and analge-
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sic medication (Voltaren-XR, Novar-
tis Pharmaceuticals) three times a 
day for 1 week, together with 0.12% 
chlorhexidine mouthrinse daily. Su-
ture removal was performed at 2 
weeks.

Implant Surgery

After 9 months of uneventful heal-
ing, reentry was performed for 
membrane retrieval and implant 
placement. Three implants were 
placed (NobelParallel CC, Nobel 
Biocare), each to receive a single 
crown at the final restoration and 
for the future provisional crown. The 
choice to place three implants in-
stead of only two implants was sup-
ported by the specific request of the 
patient, who desired single-teeth 
reconstruction, and also by the fact 
that the pontic site may undergo 
long-term hard and soft tissue atro-
phy. The surgical area was opened 
with the same flap design previously 
described. The membrane was 
removed, and the implants were 
placed in the regenerated bone in 
an optimal prosthetic position (Fig 
3a). A secondary bone graft proce-
dure was performed using the same 
bone augmentation technique in 
order to: (1) reconstruct the bone 
height in between the implants for 
papilla support, and (2) regenerate 
the small buccal bone dehiscence 
that was noted around the implants 
(Figs 3b and 3c). The nonresorb-
able membrane was removed after 
4 months of healing. Bone matura-
tion continued during healing of the 
subsequent additional soft tissue 
augmentations (Fig 3d). 

Soft Tissue Augmentation 
Procedures

Two months after membrane 
removal, a strip gingival graft 
technique was performed in order 
to realign the MGJ, reestablish the 
vestibule, and regenerate keratinized 
mucosa at the implant sites (Fig 4a), 

as previously reported.12,13 Following 
3 months of uneventful healing 
(Fig 4b), a papilla augmentation 
procedure was performed using 
soft tissue grafts harvested from 
the maxillary tuberosity. A partial-
thickness flap was elevated above 
the implants, and the grafts were 
positioned and stabilized with 

Fig 2 Occlusal view of (a) a particulate bone graft procedure using 1:1 ratio of autogenous 
bone mixed with a xenogenic bone graft and (b) a high-density polytetrafluoroethylene 
membrane.  

a

c

b

b

d

a

Fig 3 (a) Labial view of three implants placed into the regenerated bone in an optimal 
prosthetic position. Note that there is still a bone dehiscence around the implants. (b and 
c) Labial views of a secondary bone graft procedure around the implants. The goal was 
to reconstruct the labially missing bone as well as to reconstruct bone height in between 
the implants for papilla support. (d) Labial view demonstrating the result of the secondary 
bone graft. Note that there is bone growth above the implants, which was gently scraped 
off of the implants but remained between them.

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 
© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Periodontics & Restorative Dentistry

172

rebsorbable sutures to engage the 
periosteum, as were the adjacent 
soft tissues (6-0 Glycolon, Resorba). 
The flap was then advanced and 
sutured the same way as in the bone 
regenerative procedure to achieve 
primary closure above the soft tissue 
grafts (Figs 4c and 4d). A minimally 
invasive second-stage surgery was 
performed after 3 months to expose 
the implants (Fig 4e). 

Restorative Phase

Three undercontoured zirconia pro-
visional crowns were fabricated with 
interdentally convex abutments (Fig 

5a) and delivered applying pres-
sure to the soft tissue. Final zirco-
nium crowns were delivered after 6 
months (Fig 5b).

Results

The patient was followed up for 5 
years after final implant loading. 
The soft tissue architecture showed 
excellent esthetic results, with the 
inter-implant papillae completely 
filling the interproximal space, 
which was in harmony with the 
adjacent periodontal soft tissue 
(Fig 6a). Periapical radiographs 
demonstrated stable peri-implant 

bone and a bony peak supporting 
the papillae in between the 
implants (Fig 6b). The patient was 
highly satisfied with the esthetic 
outcomes of the treatment (Fig 6c). 
A timeline of the study and its steps 
is illustrated in Fig 7. 

Discussion

The present case describes an ap-
proach for reconstructing the pa-
pillae between multiple implants in 
the esthetic zone, using both hard 
and soft tissue augmentation proce-
dures as well as soft tissue condition-
ing with a customized abutment. It 

a

a

d

b

b

c

Fig 4 (a and b) Soft tissue graft procedure 
performed for vestibular extension.  
(c) Occlusal and (d) labial views of soft tis-
sue grafts sutured above the implants.  
(e) Labial view after minimally invasive 
implant uncovering. 

e

Fig 5 (a) Three undercontoured zirconium 
provisional crowns were fabricated.  
(b) Labial view of the provisional crowns 
after 1 month in place. Note the inter-
implant papillae filling the space. 
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has been demonstrated that there is 
a biologic limit to papilla height.6,14 
Therefore, papilla reconstruction 
should involve both hard and soft 
tissue components.3,4 A previous 
case series demonstrated that this 
approach (combining soft and verti-
cal hard tissue augmentation) could 
maintain stable outcomes for up to 
7 years.15 

Several factors contributed to 
the success of this case. Bone re-
generation allowed the placement 
of the implants in the ideal pros-
thetic position, which was identified 

by Tarnow et al as a crucial factor for 
bone levels and the papilla height 
between multiple implants.7,16 In 
addition, inter-implant bone and 
soft tissue augmentation in com-
bination with prosthetic soft tissue 
conditioning promoted the natural 
appearance of the papillae. Previ-
ous reports mostly described tech-
niques for single-tooth papilla de-
fects. Urban et al demonstrated that 
a multidisciplinary approach involv-
ing hard and soft tissue augmen-
tation and the use of an abutment 
with modified subgingival contours 

was effective in reconstructing the 
papillae between a single implant 
and two natural teeth, with excel-
lent esthetic results maintained for 
up to 10 years.3 The combined hard 
and soft tissue surgical approach 
was further confirmed to be effec-
tive for the regeneration of inter-
proximal bone and papilla in the 
presence of adjacent periodontally 
compromised teeth.4 It has to be 
mentioned that limited evidence is 
available regarding simultaneous 
ridge augmentation and periodon-
tal regeneration.17 In the absence of 

a b c

Fig 6 (a) Five-year results of the regenerated papillae around the implants. (b) The periapical radiographic view shows stable peri-implant 
bone and a bony peak supporting the papillae in between the implants at 5 years after loading. (c) A complete fill of the inter-implant 
spaces is seen 5 years postloading. 

Fig 7 Timeline of the study from start to finish. It should be noted that the sequence of the soft tissue augmentation procedures of 
vestibular extension and papilla reconstruction steps could be exchanged by the discretion of the clinician. 

GBR

Reentry, implant 
placement, and 
additional bone 
augmentation

Minimally invasive 
second-stage 

procedure and 
placement of 

provisional crowns
Strip gingival  

graft
Papilla 

augmentation

Final crown 
placement

9 mo

2 mo after 
membrane 

removal

3 mo 3 mo 6 mo
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histologic evidence, it can only be 
speculated whether true periodon-
tal regeneration can occur after 
papilla augmentation techniques.1,4 
Stefanini et al suggested that the 
application of amelogenins during 
papilla reconstruction procedures 
may promote periodontal regen-
eration and contribute to the forma-
tion of new attachment.1 Similarly, it 
has been advocated that using re-
combinant human platelet-derived 
growth factor may also promote 
interproximal periodontal regen-
eration when bone augmentation is 
performed at sites adjacent to natu-
ral teeth.17,18 However, the present 
clinical case described a treatment 
option to reconstruct the papilla be-
tween multiple implants. No biolog-
ic agent was used, as the adjacent 
teeth were not severely periodon-
tally compromised. Additionally, 
bone and subsequent soft tissue 
augmentations were performed not 
only for positioning the implants in 
the ideal prosthetic position, but 
also to achieve a positive bone and 
soft tissue architecture. 

The severe translocation of the 
MGJ is often observed following 
major bone augmentation proce-
dures.12,19,20 Soft tissue grafting was 
therefore performed for vestibular 
extension, soft tissue enhancement, 
and keratinized mucosa augmenta-
tion.12,13,19 Indeed, the peri-implant 
soft tissue phenotype plays a key 
role not only in esthetics, but also 
in implant health and stability.21–23 
A connective tissue graft (CTG) har-
vested from the tuberosity was then 
used for papilla reconstruction. It 
has been suggested that the maxil-
lary tuberosity is an ideal donor site 

for soft tissue augmentation aiming 
to increase papillary dimensions or 
vertical soft tissue thickness.1,24 This 
is because the CTG harvested from 
the tuberosity is rich in connective 
tissue fibers with minimal presence 
of fatty/glandular tissues, and this 
composition may explain the ten-
dency for a hyperplastic response 
over time.24,25 This is particularly 
beneficial if the goal is to gain a sub-
stantial soft tissue volume.1,24,26 

Although conflicting results have 
been reported regarding the effect 
of immediate provisionalization 
on peri-implant soft tissue,27 the 
present authors believe that the 
customized provisional abutment 
modified to gradually apply 
pressure to the soft tissue played 
an important role in supporting 
the surgically reconstructed papilla 
in the present case. In line with 
this speculation, several authors 
advocated for the importance of 
submarginal prosthetic contour in 
promoting an ideal peri-implant soft 
tissue volume and contour.1,28,29 

When considering this treat-
ment approach, one should be ad-
vised that to achieve such results, 
as demonstrated, soft and hard tis-
sue augmentation with utilization 
of customized provisional crowns 
is indeed a time-consuming proce-
dure from start to finish, and thus 
it requires effort from both the cli-
nician and the patient to achieve 
optimum results. In particular, it 
should be noted that as a result 
of the augmentation procedures, 
deep soft tissue collars are formed 
around the implants. In a prospec-
tive case-control study, it was shown 
that deeper mucosal tunnels were 

associated with slower resolution 
of peri-implant mucositis.30 There-
fore, patients should be motivated 
toward meticulous at-home oral hy-
giene care and regular maintenance 
appointments. Furthermore, the 
present authors encourage future 
studies to utilize the proposed ap-
proach to further explore this prom-
ising technique. 

Conclusions

Within its limitations, the present 
case report describes a multidisci-
plinary approach for inter-implant 
papilla reconstruction using hard 
and soft tissue augmentation pro-
cedures as well as customized provi-
sional restoration with interdentally 
convex abutments. Although prom-
ising results were obtained, read-
ers should bear in mind that future 
studies are needed to validate the 
effectiveness of the described ap-
proach. 
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