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ABSTRACT
Introduction (basis and objectives). After 
tooth extraction, changes occur in the soft 
tissues associated with bone resorption 
in a vertical and horizontal direction. This 
collapse can be addressed through bone 
grafts and connective tissue grafts. The 
objective of this clinical case is to descri-
be the treatment sequence carried out 
from extraction to delivery of the definiti-
ve crown, combining regenerative, guided 
surgery, mucogingival and prosthetic con-
cepts. Furthermore, changes in vestibular 
mucosal thickness that occurred after the 
use of a connective tissue graft are des-
cribed and analyzed using digital analysis 
software.

Methods. The surgical sequence consisted 
of performing alveolar preservation. After 
4 months, a guided implant was planned 
and placed in position 1.2 with simulta-

neous connective tissue graft. After inte-
gration, the soft tissues were conditioned 
with a provisional crown and then the 
definitive screw-retained restoration was 
placed.

Results. The guided implant placement 
approach and application of a connective 
tissue graft showed aesthetic results and 
significant soft tissue volumetric gains. 

Conclusions. Careful management of 
hard and soft tissues, as well as planning 
through guided surgery, increases preci-
sion regarding the ideal position of the 
implant, which will impact the long-term 
stability of hard and soft tissues.
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INTRODUCTION
In the field of implantology, digital technology has 
emerged as an advancement to enhance surgical proce-
dures and achieve high-quality treatments with aesthe-
tic outcomes. In this context, guided surgery, introdu-
ced in the 1990s, is regarded as a contemporary dental 
practice based on digital planning and the utilisation of 
advanced imaging technologies1. Implant placement 
is performed using 3D-printed surgical guides and a 
specific kit designed for each system2. Compared with 
the conventional technique, guided implant placement 
has been demonstrated to significantly optimise safe-
ty, minimise injury to adjacent anatomical structures, 
and reduce surgical time as well as intra- and postope-
rative morbidity3–5. However, guided surgery requires a 
financial investment, more meticulous advance plan-
ning, and a professional with broader experience for its 
appropriate management2,6.

There is no doubt that the aesthetic outcome of treat-
ment with implants in the anterior maxillary region is 
of great importance. For this purpose, it is essential to 
have adequate peri-implant tissue support, encompas-
sing both hard and soft tissues. Each professional must 
assume responsibility for improving the phenotype of 
peri-implant soft tissues, focusing on three main com-
ponents: gingival thickness, width of keratinised muco-
sa, and supracrestal tissue height7,8. Current research 
recognises soft tissue augmentation procedures as es-
sential interventions. They not only enhance stability at 
the bone level but also control inflammatory signs and 
prevent future aesthetic complications7,9–11.

Over the past decade, the quantitative evaluation of 
augmented tissues has primarily relied on clinical me-
thods such as the periodontal probe and endodontic fi-
les. However, the analogue instruments employed lack 
three-dimensional accuracy for the precise assessment 
of volumetric changes12. Consequently, the utilisation 
of digital technologies such as computed tomogra-
phy, ultrasound, and three-dimensional analysis of STL 
(Standard Tessellation Language) files derived from the 
digitisation of plaster models or intraoral scanning is 
advantageous13–15. These digital and computerised tools 
offer significant advantages in dental diagnosis, plan-

ning, and treatment. Thus, they provide non-invasive 
and comfortable measurements for patients, greater 
accuracy in 2D and 3D evaluations (achieving a preci-
sion of 0.01 mm), and enable long-term monitoring by 
analysing changes occurring in the tissues16,17.

The objective of this clinical case is to present a treat-
ment sequence in a clinical scenario where anatomical 
and restorative conditions precluded the placement of 
an immediate implant in the aesthetic sector. Further-
more, to describe and evaluate, using a non-invasive 
technique and three-dimensional analysis software, the 
volumetric changes of the soft tissue following the pla-
cement of a connective tissue graft on the buccal and 
occlusal aspects of the implant.

PATIENTS AND METHODS
1.1 Diagnosis and Treatment Plan

A 29-year-old female patient presented to our dental 
clinic following trauma to the right maxillary lateral inci-
sor (1.2). The trauma resulted in a fracture of the entire 
anatomical crown; consequently, only a root remnant in 
a subgingival position remained. The root remnant was 
diagnosed as non-restorable, and the available thera-
peutic options were thoroughly discussed with the pa-
tient. It was decided to replace tooth 1.2 with a dental 
implant, and the following treatment plan and clinical 
sequence were established: Phase I: extraction of the 
root remnant 1.2 and reconstruction of the alveolar 
process using a minimally invasive alveolar preservation 
procedure. Immediate provisional restoration using a 
removable partial acrylic prosthesis. Phase II: guided 
placement of an implant and augmentation of muco-
sal thickness with a connective tissue graft. Phase III: 
shaping and modelling of the emergence profile using a 
direct implant provisional prosthesis and definitive ce-
ramic implant restoration.

1.2 Treatment

• Phase I: atraumatic extraction of the root remnant 
1.2 was performed, followed by curettage of the 
granulation tissue. Subsequently, the alveolus was 
filled with an inorganic bovine bone graft (0.25–1 
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mm) combined with autologous platelet- and leu-
kocyte-rich fibrin. Finally, the edges were approxi-
mated and sutured with four simple stitches from 
the vestibular mucosal margin to the palatal as-
pect. Subsequently, the patient continued using 
her removable partial denture as a provisional res-
toration (Figure 1).

• Phase II: healing proceeded without complica-
tions. After 5 months from the alveolar preserva-
tion surgery, guided implant surgery was planned 
at position 1.2 (Figure 2). For this purpose, a DI-
COM file from cone beam computed tomography 
(CBCT) and an STL file obtained from scanning with 

an intraoral optical scanner were used. Using this 
information, a dental support surgical guide was fa-
bricated (Figure 3). The surgical guide was ancho-
red onto the teeth and guided the preparation of 
the implant bed and the placement of the implant. 
The guided surgery technique consisted of flap 
surgery, preparing and inserting the implant (3.5 
x 11.5 mm) according to the standardised Nobel 
Active® guided surgery protocol (Nobel Biocare AB, 
Gothenburg, Sweden). Once implant 1.2 was pla-
ced, a gingival graft composed of epithelium and 
connective tissue from the palatal masticatory mu-
cosa was obtained. Subsequently, the superficial 
epithelial layer of this graft was deepithelialised 
extraorally using a 15C scalpel blade in order to ob-

tain a connective tissue graft from the underlying 
layer18. 

The de-epithelialised graft was inserted and po-
sitioned buccally and occlusally using horizontal 
mattress sutures with 5-0 non-resorbable suture 
(Figure 4)19.

Post-surgical medication included an antibiotic  
(1g of amoxicillin twice daily for 7 days) and an an-
tiinflammatory (25 mg of dexketoprofen three ti-
mes daily for 5 days). The sutures were removed 10 
days after the procedure.

Figure 1. Pre-surgical CBCT image and removable acrylic provisional pro-
sthesis. The lower images show healing at 2 weeks following alveolar 
preservation (xenograft + L-PRF).

Figure 2. Images from the software and guided implant planning.

Figure 3. Intraoperative images of the guided implant placement.

Figure 4. Placement of implant 1.2 and suturing of the connective tissue 
graft buccally and occlusally to implant 1.2, along with the placement of 
a customised healing abutment.
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• Phase III: three months after implant placement, 
the soft tissue condition was favourable (Figures 5 
and 6). A digital impression was obtained using an 
intraoral scanner for the fabrication of a screwre-
tained polymethyl methacrylate (PMMA) provisio-
nal restoration. Regarding the definitive implant 
crown, a cement-screw-retained restoration was 
fabricated with a titanium nitride interface, adap-

ting the design to the emergence profile already 
consolidated with the provisional prosthesis. The 
crown was produced by CAD-CAM in zirconia with 
full reduction and feldspathic ceramic veneering 
for zirconia (Figure 7)

1.3 Digital measurements of the augmented vestibu-
lar soft tissue.

The site where the surgery was performed (implant 
1.2), together with its complete arch, was scanned 
using an intraoral optical scanner at different time 
points; three weeks before the surgery (T0), immedia-
tely after the surgery (T1), and one and a half months 
post-surgery (T2). The generated digital models were 
exported and saved as STL files to be subsequently 
imported into image analysis software (Geomagic® 
Control X™; 3D Systems, Rockhill, SC). An analysis of 
preoperative (T0) versus postoperative (T1 and T2) 
thickness changes was conducted. These longitudinal 
thickness changes were analysed on the vestibular 
aspect of the implantsupported crown using the “3D 
Compare” function, which enabled the creation of a 
colour map following model superimposition to quan-
titatively assess the variations occurring in the inter-
vention areas. The colour map ranges from +3 mm to 
-3 mm, with a tolerance of ± 0.15 mm, and is interpre-
ted as follows: green areas correspond to perfect alig-
nment of the models; red, orange, and yellow colours 
are interpreted as volume again, while dark and light 
blue colours respectively represent volumetric loss (Fi-
gures 8 and 9). Subsequently, a rectangular region of 
interest was designed to study the intervention area, 
where linear changes of the peri-implant mucosa were 
evaluated (Figures 8 and 9). The horizontal extension 
of the region of interest encompassed both papillae 
(mesial and distal), covering the marginal contour of 
the implant crown up to the marginal surface of the 
adjacent teeth. To report the results of interest, points 
were identified on the horizontal plane previously de-
signed on the vestibular aspect of the implant, starting 
from the mesial and extending 0.5 mm distally. Positive 
values indicated that the peri-implant soft tissues were 
located more buccally (> thickness), whereas negative 
values indicated that the peri-implant soft tissues were 
located more palatally (< thickness).

Figure 5. Direct implant provisional. A milled polymethyl methacrylate 
(PMMA) restoration was placed.polimetilmetacrilato fresada (PMMA). 

Figure 6. Clinical and radiographic appearance with the provisional 
crown on implant 1.2.

Figure 7. Image taken on the same day as the delivery of the definitive 
crown.
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Figure 8. 3D evaluation during the follow-up period (T0–T1) shows an extensive gain marked in red and orange.

Figure 9. Three-dimensional evaluation during the follow-up periods (T0–T2) shows the gain marked in red and orange.
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RESULTS
The final clinical outcome was satisfactory, fulfilling the 
patient’s aesthetic requirements. The soft tissues were 
morphologically and dimensionally stable, with no sig-
ns of inflammation. However, changes in the peri-im-
plant soft tissue (vestibular volumetric thickness) were 
demonstrated both qualitatively and quantitatively (Fi-
gures 8 and 9). In the immediate postoperative period 
(T1), the mean gain obtained when comparing T0 to T1 
was 0.88 ± 0.15 mm, with a maximum increase of 1.1 
mm. When comparing T0–T2, a mean gain of 0.73 ± 
0.23 mm was observed. That is, a volume contraction 
of 0.16 mm occurred from the time of graft placement 
(T1) until one and a half months later (T2).

DISCUSSION
The loss of a tooth in the aesthetic sector represents 
a challenge for the clinician, as it requires a multidisci-
plinary and comprehensive approach to restore func-
tion and aesthetics. To optimise aesthetic outcomes 
and reduce the dimensional bone changes that occur 
following tooth extraction, the use of bone substitutes 
has demonstrated advantages compared to alveolar 
healing without bone grafts20,21. Regarding the use of 
autologous platelet-rich fibrin in platelets and leuko-
cytes, Pichotano et al. demonstrated that its applica-
tion, together with a xenograft in bone regeneration, 
accelerates the bone healing process, resulting in an 
increase in new bone formation22.

Conversely, the use of connective tissue grafts is con-
sidered the technique of choice to compensate for the 
contraction of peri-implant soft tissues, thereby favou-
ring pink aesthetics. Sharma et al. In their clinical study, 
gingival measurements were taken around the maxi-
llary and mandibular lateral incisors23. These authors 
found that mean gingival thickness ranged between 
0.56 and 1.02 mm. These mean values indicate or re-
commend increasing mucosal thickness over implants, 
as the patient’s own tissues are not sufficiently thick 
(<2 mm mucosal thickness)8.

In the present clinical case, a de-epithelialised connec-
tive tissue graft was placed on the buccal and occlusal 
aspects, resulting in greater mucosal thickness and in-
creased height of the supracrestal tissue. The literatu-
re describes the advantages of peri-implant soft tissue 
augmentation, which is beneficial not only to minimise 
recession of the buccal mucosa but also to support pe-
ri-implant bone stability9,23–25. The study by Thoma et 
al. With a follow-up period of up to 3 years, they obser-
ved minimal changes in peri-implant soft tissue thick-
ness at implant sites previously grafted with a xenoge-
neic membrane (-0.2 mm) compared to a subepithelial 
connective tissue graft (-0.1 mm)26. Furthermore, they 
found greater increases in mucosal thickness with the 
use of autologous connective tissue grafts compared to 
the xenogeneic substitute (on average 0.3 mm greater 
with autologous connective tissue grafts). However, 
the data obtained in our study regarding mucosal thic-
kness cannot be compared with that of Thoma et al., as 
our study has a short follow-up period (approximately 
one and a half months) and only analyses the changes 
occurring between T0–T1 and T0–T2, without asses-
sing the initial peri-implant mucosal tissue thickness26. 
In our study, it was observed that between T1 and T2 
the connective tissue graft undergoes contraction du-
ring its healing process (an average of 0.16 mm).

Furthermore, guided implant surgery has been des-
cribed in the literature as a promising technique that 
enhances accuracy both in pre-surgical planning and 
implant placement3. Additionally, tooth-supported 
surgical guides exhibit greater accuracy compared to 
bone-supported guides27. Similarly, the use of a too-
th-supported guide without raising extensive flaps may 
be the optimal choice for both the clinician and the 
patient28. Moreover, virtual planning enables optimisa-
tion of implant placement in areas with complex ana-
tomy and bone atrophy by allowing direct visualisation 
of the available bone volume29. Conversely, it provides 
the possibility of performing immediate loading proce-
dures in a safe and predictable manner28.

Among the limitations associated with this techni-
que are its higher cost compared to the conventional 
approach, potential fractures of the surgical guide 
during the intervention, and the requirement to be 
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conducted under favourable anatomical conditions, 
as it necessitates the use of specialised instruments 
that may be limited to cases without restricted mou-
th opening. Moreover, the fabrication of an immediate 
provisional restoration may be compromised by minor 
discrepancies between the actual and planned implant 
positions, potentially resulting in slight misfits3,29–32. An 
additional disadvantage concerning the various pha-
ses of the presented surgical protocol is the increased 
number of surgical procedures performed.

CONCLUSIONS
The presented case exemplifies a multidisciplinary 
approach to the loss of a tooth in the aesthetic sec-
tor. It is important to emphasise that meticulous ma-
nagement of hard and soft tissues, as well as planning 
via guided surgery, enhances precision concerning the 
ideal position from a prosthodontic standpoint, the-
reby influencing the long-term stability of hard and soft 
tissues. The present volumetric analysis suggests that 
following the execution of a connective tissue graft, 
there is an initial gain which diminishes after one and 
a half months.
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