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ABSTRACT

Aim The current study aimed to compare between immediate
dental implants alone versus combined immediate dental
implants with subepithelial connective tissue graft (SCTG)
in the esthetic zone, and also to assess whether soft tissues
augmentation could be an innovative option for reducing facial
soft tissue recession.

Materials and methods In this parallel-designed R(T, a total
of 18 participants were treated with single immediate post-
extraction implants with SCTG placed using tunnel technique in the
anterior and premolar areas (study group) and immediate implants
treated without raising a flap and without SCTG (control group).
Patients were observed with clinical parameters at baseline, 3- and
6-month follow-ups after implant placement. Data were analyzed
using the ANOVA test to test the mean differences of the data that
follow normal distribution and with repeated measures (between
groups, within groups and overall difference).

Results After 6 months, facial gingival level changes were 3.72 mm
+ 0.9 for the control group and 3.06 mm = 0.9 for the study group,
where the mean difference was 0.66 mm (95% (I, -0.53 to 1.85;
P= 0.245). Regarding overall percentage change from baseline to
6 months, statistically significant differences were found between
control group (25.17 + 8.2) and study group (4.93 = 0.2), mean
difference was 20.63 (95% (I, 0.40 to 40.86; P=0.054).
Conclusions With careful patient selection, the facial gingival
level can be maintained after connective tissue grafting with
single immediate implant placement.

KEYWORDS Immediate Implants; Subepithelial Connective
Tissue Graft; Tunnel Technique; Esthetic Zone.
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INTRODUCTION

Facial and interproximal peri-implant soft tissue stability
around single implants in the esthetic zone is a major
concern to optimize esthetic outcomes, as implant
prosthesis needs to replicate not only the missing teeth
but also to replace the associated soft tissue architecture
(1, 2). Despite the high success rates accomplished with
osseointegrated anterior single implants, up to 16% of
peri-implant mucosal recession has been reported (3, 4).
Extraction of a single tooth in a patient with healthy
periodontium initiates the remodeling processes that
produce a physiological resorption of the alveolar ridge.
This will lead to marked morphological alterations of the
surrounding soft and hard tissues in the edentulous site
mainly as a consequence of resorption of bundle bone
that lead to extensive remodeling not only in the bucco/
palatal horizontal dimension, but also in the height of
the buccal bone crest in particular (5, 6, 7).

Changes in peri-implant hard and soft tissue levels have
been reported following immediate implant placement
(IIP). Factors that influence hard tissue changes during
healing were the thickness of the buccal bony wall in the
extraction site and the vertical as well as the horizontal
positioning/bucco-palatal position of the implant
opposite the alveolar crest of the buccal ridge of the
socket (8). The factors that influence the level of facial
mucosal margin around immediately placed implants are
peri-implant gingival biotype, height and thickness of
the facial bone phenotype, and correct 3D position of
the implant shoulder (9, 10).

Thin facial tissue biotype is a major predisposing factor to
post-implant gingival recession and increased mid-facial
mucosal recession following IIP (11, 12). It was assumed
that a thick gingival biotype may enhance the collateral
blood supply to the underlying osseous structure. In
addition, the presence of lamina bone adjacent to
the outer cortical plate provides the foundation for
metabolic support of the cortical bone and hence its
stability and sustainability. In thin biotypes, the collateral
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blood supply may be compromised, lamina bone is
scarce or absent, and the cortical bone is subjected to
rapid resorption (13). Fully intact facial bone height
and a degree of crestal thickness are a prerequisite to
avoid vertical resorption of the facial bone wall and
maintain the stability of the buccal soft tissue following
restoration (14, 15, 16). Chappuis et al. (6, 17) claimed
that the risk zone prone to pronounced bone resorption
was thin-facial wall phenotypes characterized by =< 1
mm thickness which could negatively influence long
term esthetic outcomes (18, 19). Furthermore, Cosyn et
al. (20) in their prospective study on IIP revealed that the
mean midfacial recession increased after 1 year, which is
indicative of ongoing resorption of the buccal bone (21).
Soft tissue augmentation concomitantly with 1IP was
employed to augment buccal marginal soft tissues and
maintain stability of the implant within the hard and
soft tissue architecture (22, 23). Moreover, autogenous
soft tissue graft introduced regardless of the tissue
biotype, resulted in more favorable peri-implant health
as assessed by increased width of keratinized gingiva
(24), it also improved the facial soft tissue contours, to
protect against the risk of further peri-implant mucosal
recession and/or a buccopalatal collapse (25).

Cortellini et al. (26) reported that, after [IP concomitant
with augmentation by SCTGs, a 0.2 mm facial soft
tissue gain was obtained. In addition, Kan et al., (27) and
Gurnder (28) obtained after 1 year a facial soft tissue
gain on the buccal aspect of 0.13 mm and of 0.31 mm
respectively, whereas Gurnder (28) reported 1.063 mm
of labial volume loss without soft tissue graft.

A systematic review by Lee et al. (25) found that
placement of a soft tissue graft concurrent with
immediate implantation may contribute to the stability
of gingival margin level and the thickening of soft tissue
contour versus immediate implantation alone. However,
most studies did not have a control group to directly
demonstrate the benefit of this combined protocol, also
the heterogeneity of the studies may bias the outcomes,
resulting in an endorsement of the advantages of this
combination based on inconclusive evidence.

Minimally invasive surgical approaches were proposed,
such as the tunnel technique by Cortellini et al. for
thickening of soft tissues (26). The tunneling flap design
was utilized to ensure vascularization of the underlying
bone, preventing further alveolar resorption, and
enhance blood circulation and biomechanical properties
of soft tissue. It was incorporated with SCTG to preserve
papilla height, maintain adequate blood supply to the
underlying graft, provide excellent adaptation of the
graft to the recipient site, reduce treatment time and
surgical morbidity to enhance ideal esthetic results (29).
These are the premises for uneventful wound healing
that enhance flap and soft tissue stability as well as
stable primary wound closure (30, 28, 31).

Most studies evaluated the efficacy of implants placement
at the time of extraction, with and without placement

of a soft tissue graft for the overall resistance of the
implant facial gingiva to recession, were limited to case
series and only a few randomized controlled clinical
trials (RCTs) were available (25). Eventually, Akcali et al.
(32) conducted a systematic review, reporting that well-
designed controlled clinical studies should be conducted
to reach a sound conclusion as regard the validation of
soft tissue augmentation at implant site. Thus, based on
previous studies, the aim of this RCT is to compare between
immediate implants alone versus immediate implants
simultaneously with connective tissue grafts using tunnel
technique in the esthetic zone. The null hypothesis stated
that there is no difference between groups and any
differences between them are due to chance.

This study was designed as uni-center, parallel, double
blind, randomized controlled clinical trial. The study
protocol was approved by the Research Ethics Committee
of Faculty of Dentistry, Cairo University (Egypt) and
registered at ClinicalTrials.gov (NCT03334994).

Patients were recruited from the Postgraduate Clinic

of Periodontology at the Faculty of Dentistry, Cairo

University (Egypt), from among those in need of

immediate implants in the anterior and premolar

maxillary sextant for esthetic purposes. Inclusion criteria
were as follows.

1) Age older than 18 years.

2) Single non-restorable teeth in maxillary anterior or
premolar area indicated for extraction due to root
fracture, endodontic failure, and badly decayed tooth.

3) Adequate bone volume to achieve implant primary
stability. Adequate bone volume means at least 5.7
mm in a bucco-palatal direction, 6-7 mm in a mesio-
distal direction and away from the nasal floor and
the maxillary sinus by 2 mm in an apico-coronal
dimension confirmed by CBCT.

4) Thick buccal bone crest >1 mm.

5) Adequate interocclusal space to accommodate further
final restoration.

6) Good oral hygiene.

Exclusion criteria were as follows.

1) Any fenestration or dehiscence in the socket wall of
the non-restorable tooth.

2) Heavy smokers (more than 10 cigarettes per day).

3) Systemic disease that contraindicates implant
placement or surgical procedures.

4) Pathology at the site of intervention.

5)\Periodontal infected sites as periodontitis or acute
infection around the tooth being replaced.

6) Parafunction habits as bruxism and clenching.

7) Pregnancy.
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All subjects were finally recruited after all the expected
risks and benefits of the intervention were explained and
agreed to participate by signing an informed consent.

Randomization and masking

Recruited patients were randomly selected in equal
proportions (1:1) to the control group (immediate
implant placement; 1IP) or study group (subepithelial
connective tissue graft combined with immediate
implant placement; SCTG + IIP). Allocation “sequence
generation” had been done by using software program
to divide patient randomly. Due to the nature of the
interventions, surgeons and patients could not be
masked, but the clinical examiners evaluating the
outcomes were masked to the treatment allocation (AS
and NF).

Surgical interventions

Pre-surgical measures (both groups)

All patients were subjected to supragingival scaling,
and plaque control instructions including interdental
cleaning techniques, teeth brushing and chlorhexidine
HCL 0.12% mouthwash, twice daily.

Stent preparation was fabricated two weeks before
surgery (baseline) indirectly from casts. Reference points
(slot) were impressed on the stent to allow reproducible
periodontal probe positioning (Fig. 1).

An autopolymerized acrylic resin temporary shell was
fabricated prior to implant surgery for temporary tooth
replacement.

Radiographic examination

A CBCT scan was performed to record preoperative bone
measurements to confirm the absence of any pathology
in the bone and to determine implant diameter, length,
position.

Surgical phase for IIP group

The patient was advised to rinse with 0.2% chlorehexidine
mouth wash for 1 minute. Minimally invasive extraction
was performed using periotome to preserve alveolar
bone integrity without flap elevation, the socket was
irrigated with sterile saline solution and curetted to
remove any remnants of the periodontal ligament.
Intact socket walls were verified using osteotomy probe
and implants were inserted by flapless surgery. Tapered
self-drilling dental implant(s) (JD Evolution® 2-piece
implants) placement was performed under copious
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FIG. 1 FGL recorded with an acrylic
stent using 15 UNC periodontal
probes through showing holes
representing fixed reference
points (A); holes created were
perpendicular to midfacial peri-
implant mucosa level (B).

saline irrigation. From apicocoronal view, implants
were screwed till the implant's platform was about 2
mm apical to the crest of the palatal bone plate, with
a minimum of 2 mm left mesiodistally between the
implants and the roots of adjacent natural teeth (33).
From the buccopalatal aspect, implants were placed at
the level of the cingulum or engaged along the palatal
wall of the extraction socket for primary stability (34).
Interproximal papillae adjacent to the implant were
approximated with a 5-0 resorbable suture in a cross
over manner over the implant osteotomy under minimal
tension (Fig. 2).

Surgical phase for lIP+ SCTG group

Study group was treated with the tunnel technique and
SCTG at the time with implant placement.

Recipient site preparation

Intrasulcular incisions around involved implant were
performed using microsurgical blades. The incision was
extended one tooth mesial and distal to the implant.
Dissecting the entire buccal aspect was performed as
partial thickness flap. Attaching muscles and inserting
collagen fibers were separated from the inner aspect
of the alveolar mucosa creating pouches by means of
tunneling knives beyond the level of the mucogingival
junction at each implant site. Separate pouches were
subsequently interconnected, resulting in a tunnel
preparation leaving interdental papillae intact. To
achieve complete mobilization of the tunneled flap
without tension, buccal half of the interdental papillae
were gently undermined and detached from underlying
inter-proximal bone by means of a full-thickness
preparation using microsurgical elevators. Finally, a
continued tunnel was created extending in the buccal
aspect. The dimension of this created tunnel was
carefully evaluated to receive the SCTG (35).

Donor site (SCTG harvesting)

Block anesthesia was performed taking care not to
infiltrate inside the donor tissue. SCTG was harvested
from the sameside of the palate asrecipientarea, through
single incision approach leaving the periosteum on the
bone surface (36, 37). The length of the incision and the
apical extension of the flap elevation were determined
by the dimensions of the required graft. Care was taken
to avoid perforation of the superficial tissue leaving



Abdelsamie PM. et al

JO

an adequate flap thickness of keratinized mucosa (38).
Once the graft was harvested, it was maintained in a
moist environment with saline soaked gauze until it was
transferred to the recipient site. The SCTG length, width
and thickness were measured using periodontal probe
then trimmed to a uniform thickness of 1-1.5 mm with a
sharp surgical blade. The donor region was then sutured
using 5/0 resorbable suture (39).

Cross-Sectional

Finally, extensions of the augmented SCTG were tucked
into the previously created tunnel. SCTG was only
incorporated on the labial aspect of the labial bony plate.
After positioning, the graft was secured to the mesial and
distal aspect with cross over sutures in order to prevent
movement of the graft (40, 41). The flap was coronally
repositioned, secured and graft stabilized with a 5-0
resorbable suture in an cross over manner (35) (Fig. 3).

FIG. 2 Preoperative lateral and
occlusal view showing a non-
restorable upper right second
premolar (A, B).

Presurgical cross sectional (BCT of
the upper right second premolar
cut showing the available bone
width in a buccopalatal dimension
with intact buccal bone plate (C).
Occlusal view of the implant
fixture placed into the intact
osteotomy following removal of
the non-restorable tooth without
flap elevation and the suturing
over immediate implant (D).
Postoperative lateral and occlusal
view after six months' follow-up
(G, H). Postoperative lateral and
occlusal view after three months’
follow-up (E, F) Postoperative
lateral and occlusal view after six
months' follow-up (G, H).
Periapical x-ray at 6-month
follow-up showing new bone
apposition around the neck of the
implants (1). Postoperative clinical
photo after crown construction (J).

" leesslesieloaal
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Post-surgical care and follow-up
Patients were prescribed for cold pack immediately
after surgery. Antibiotic twice daily for 7 days, anti-

inflammatory and pain relief tablet 7 days and
chlorhexidine gluconate (0.12%) mouthwash twice daily
for 2 weeks were prescribed. Rinsing started 48 hours
after surgery (42).

© ARIESDUE  June 2022;14(2)

FIG. 3 Presurgical cross sectional
(BCT cut of upper left central
incisor showing the available bone
width in a buccopalatal dimension
with intact buccal bone plate (A).
Front view showing application

of periotome for atraumatic
extraction (B).

Frontal image showing the use

of tunneling knife in preparation
of buccal tunnel in the recipient
site (C). Single incision palatal
harvesting technique (D). SCTG
palatal harvesting (E).

Periapical x-ray after 6-month
follow-up (F). Postoperative
frontal view after 6-month
follow-up (G) and after crown
construction (H).

Patients were instructed in the first two weeks to avoid
any mechanical trauma, any brushing or flossing at the
gingival margin of the surgical site. Afterwards patients
were instructed to resume brushing with a soft tooth
brush using the roll technique. No chewing of hard food
on the surgical site. Oral hygiene was a must for the
other sites. Sutures were removed after 14 days.
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Follow-up visits were performed at 3 and 6 months' post-
surgery. After 6 months. implant exposure procedure
was performed with fixation of the healing collar for
1-2 weeks then replaced by permanent abutments.
Impressions were taken and fixed prostheses were
fabricated accordingly.

The following clinical parameters were recorded at three
different points: mesially, mid-facially and distally, at
baseline, re-evaluated at 3 and 6 months, except the
pink esthetic score, which was recorded after permanent
prosthetic replacement.

e Facial gingival level (FGL): A customized template
fabricated from the preoperative cast was used to
evaluate the changes in FGL. Perpendicular holes
were created at the most apical part of the FGL, and
the lower border of the customized template was
used as a reference line (43, 44).

e Tissue biotype: Thickness of the peri-implant mucosa
around the implant was measured by trans-gingival
probing perpendicularly to the implant (45). An
endodontic file with a silicon stop was inserted
perpendicularly into the soft tissue until it was felt
in contact with the underlying cortical bone. It was
assessed 2mm apical to the gingival margin on the
facial aspect of the implant, the length of the part of
the file penetrated was measured with an endodontic
longimetre, and approximated to the nearest 0.5 mm
(46, 47).

® Pink esthetic score (PES): It comprises the following
seven different variables: mesial papilla, distal papilla,
facial soft-tissue level, soft tissue contour, alveolar
process deficiency, soft-tissue color and texture
at the facial aspect of the implant site. Each single
implant was photographed and a score of 2, 1 or 0
was assigned to all seven PES parameters with 2 being
the best and 0 being the worst score. Therefore, the
highest possible PES was 14. All assessments except
the mesial and distal papillae were performed using
the contralateral tooth within the incisor and canine
region or the adjacent premolar within the premolar
region as a reference tooth (48).

e Width of keratinized mucosa (WKM): Distance from
the MGJ to the free gingival margin at the facial
aspect of each implant to the nearest 0.5 millimeter
using UNC periodontal probe guided through custom
acrylic stent as a reference point for probe position
and angulations in each evaluation. The MGJ was
identified by rolling technique where the mucosa was
rolled until the non-movable portion of the attached
keratinized tissue was seen (49, 50).

Sample size calculation
Sample size was 18 (9 for each group). The outcome
variable was facial gingival level measured by periodontal

probe (in mm). A total sample size of 12 (6 per group) was
sufficient to reach a power of 809%, and a significance
level of 5%. This sample was increased to a total of 14
(7 per group) to compensate for using a nonparametric
test. Further increase to 18 (9 in each of the two groups)
to compensate for possible dropouts during follow up.
Sample size was calculated using G*Power program
(University of Dusseldorf, Dusseldorf, Germany).
Statistical analysis

The collected data were verified, coded by the researcher
and analyzed using the Statistical Package for Social
Sciences (IBM-SPSS/PC/VER 21).

Descriptive statistics: Means, standard deviations, and
percentages were calculated.

Test of significances: For continuous variables with
more than two categories; Two-way ANOVA test was
calculated to test the mean differences of the data that
follow normal distribution and had repeated measures
(between groups, within groups and overall difference),
post-hoc test was calculated using Bonferroni corrections
for pairwise comparisons between the two study groups.
A p-value equals or less than 0.05 was considered
significant.

Between January 2017 to October 2019, 18 healthy
individuals were recruited in the study, their age ranged
from 20 to 50 years. All patients completed the follow-
up of the study without any post-surgical complications
(9 in the IIP group and 9 in the IIP + SCTG group). Table 1
displays the demographic characteristics of participants;
in 4 cases implants were placed at the central incisor site,
in 4 cases at the first bicuspid, in 4 cases at the second
bicuspid, in 3 cases at the lateral incisor and in 3 cases
at the canine. The majority of teeth were extracted due
to remaining roots (67%) followed by endodontic failure
(17%) and failed restoration (17%).

Clinical parameters at baseline and at the different
follow-up visits expressed as mean and standard
deviation (mean + SD) values in both groups are
presented in Table 2.

At baseline, no significant differences between groups
were observed in regard to FGL, tissue biotype or WKM.
In the IIP group there was a significant statistical change
in FGL between baseline and 3 months and an additional
significant change between 3 and 6 months. The change
in FGL in 1IP+SCTG over the study period was statistically
non-significant. Comparing both groups at 3 and 6
months there was a non-significant difference in FGL.

In the IIP +SCTG group, there was a significant increase
in tissue biotype between baseline and 3 months
and from baseline to 6 months, but non- significant
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Parameter n=18

Age (years) ® Mean + SD 32.00 + 5.5

Gender (n, %) ® Female 16(88.9%)
* Male 2 (11.1%)

Tooth Site (n, %) ¢ Canine 3 (16.7%)
e Central Incisor 4 (22.2%)
e Lateral Incisor 3(16.7%)
® 1st Premolar 4 (22.2%)
® 2" Premolar 4 (22.29%)

Reason for Tooth Extraction (n, %) | Endodontic Failure 3 (16.7%)
o Failed Restoration 3(16.7%)
® Remaining Root 12 (66.6%)

TABLE 1 Baseline demographic characteristics of study.

difference between 3 and 6 months. Tissue biotype was
significantly higher in the [IP+SCTG group at 3 months
compared to the IIP group (4.04 + 0.5 versus 1.81 + 0.4
mm, respectively; p = 0.002) and at 6 months (4.33 + 0.5
versus 1.83 + 0.4mm, respectively; p = 0.001).

Similarly, PES was significantly higher in the [IP +SCTG
group at 6 months compared to the IIP group (13.17 +
0.4 versus 10.50 + 2.1mm, respectively; p = 0.009).

Significant reduction in WKM between baseline and
3 months and from baseline to 6 months, without
significant changes occurring between 3 and 6 months
were observed in the [IP +SCTG group. In the 1IP group
there were no statistically significant differences in WKM
over the study period. The difference in WKM between
groups was non-significant at follow-up visits.

The differences in the percentage change of clinical

Immediate implant Placement lprlgTeeni:];fﬂngagt

Facial gingival level (mm)

M+£SD Mean Difference Pvalue*
Baseline 3.00+0.8 297 + 0.4 0.03 (-1.15,1.72) 0.951

3 months 344+ 08 % 305+ 10 039 (-0.80, 1.57) 0.482
6 months 372 £ 098 306+ 09 0.66 (-0.53, 1.85) 0.245
Tissue Biotype (mm)

Baseline 1.81+04 207 +0.6 -0.26 (-1.33,0.81) 0.600
3 months 181+ 04 404 +05% -2.52(-3.65, -1.48) 0.002**
6 months 183+04 433 £05% -2.21(-3.28,-1.13) 0.001*
Pink esthetic score (mm)

After 6 months 10.50 + 2.1 13.17 £ 0.4 (-4.59:-0.74) ‘ 0.009**
Width of keratinized mucosa (mm)

Baseline 6.67+15 6.31+£0.5 036 (-1.06, 1.78) 0.584
3 months 6.56+ 1.4 575+ 07t 0.81(-0.60, 2.21) 0.229
6 months 650+ 14 558+ 08t 0.92 (-0.55, 2.83) 0.194
M: Mean, SD: Standard Deviation, P: Probability level

#significant intra-group difference (p <0.05) when compared to baseline.

§Significant intra-group difference (p < 0.05) when compared to 3 months.

*significant inter-group difference (p < 0.05)

TABLE 2 Clinical parameters of the included participants expressed as means and standard deviations.

© ARIESDUE  June 2022;14(2)
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Baseline -3 months 14.77 + 2.6 421+0.2 10.56 (2.98, 18.14) 0.011*
Baseline-6 months 25.17 + 8.2 493 +0.2 20.63 (0.40, 40.86) 0.054**
Baseline -3 months 0.00 + 0.00 124.65 + 29.8 -124.56 (-191.04: -58.27) 0.002*
Baseline-6 months 0.93 + 0.1 109.11 + 26.9 -108.19 (39.04: 177.33) 0.001™
Baseline -3 months 1.43 + 0.07 9.00 + 1.1 -7.56 (-12.68: - 2.64) 0.008**
Baseline-6 months 227 £+ 05 11.79 + 3.1 -9.52 (-17.51: -1.54) 0.027**

M: Mean, SD: Standard Deviation, P: Probability level
*significant difference

The differences in percentage change of clinical parameters between the treatment groups presented as means and standard

deviations.

parameters are presented as means and standard
deviations in Table 3.

The percentage change of the FGL rendered lower values
in the IIP+SCTG group compared to IIP group from
baseline to 3 months, and from baseline to 6 months
with statistically significant differences.

The evaluation of the percentage increase in tissue
biotype rendered higher values in [IP+SCTG group from
baseline to 3 months, and baseline to 6 months with
statistically significant differences between groups.

The percentage change in WKM revealed a significant
difference from baseline to 3 months, and from baseline
to 6 months between both groups.

Immediate implant placement is an available treatment
modality with several advantages for the replacement of
non-restorable teeth, but potential risk of reduction in
the soft tissue height and thickness on the labial aspect
of the implant would be expected. In order to minimize
this loss, buccal augmentation of the soft tissue has
been advocated (51).

As soft tissue measurements are liable to variation, an
acrylic stent with fixed reference points was used intra-
orally in this study. This method proved to be highly
reproducible and was in agreement with Cabello et
al. (52). However, Kan et al., Chung et al., Tsuda et al.
and Yoshino et al. (27, 43, 44, 53), evaluated FGL using
customized stents on master casts made at different
time intervals with a periodontal probe. Other studies
measured FGL on the clinical pictures from a tangent line
connecting the incisor tooth plane of the contralateral

teeth or by evaluating the change in crown height. These
measurement methods are reliable and reproducible but
still liable to distortion (54, 55).

In this study, autogenous soft tissue augmentation was
carried out at the same time with IIP, to spare the patient
second surgical procedure, enabling simultaneous hard
and soft healing that results in a shorter healing time,
less pain, discomfort and stress, lower costs, and hence
in greater patient satisfaction (56). Covani et al. and
Jyothi et al. (57, 58) stated that, SCTG is considered the
gold standard procedure for soft tissue augmentation
and it prevents the complications induced by the use of
other synthetic barrier membranes.

In this study, SCTG was harvested from palatal donor site.
Palatal grafts exhibit advantages such as histological
similarity between the palatal mucosa and keratinized
attached mucosa of the alveolar ridge. Also, large
graft dimensions could be obtained due to the large
surface area of palate compared to other intraoral sites
as tuberosity (59). However, Amin et al. (60) reported
that SCTG from tuberosity, shows less morbidity and
postoperative pain, and more dense collagen fibers with
less fat and glandular tissue, but the procedure is limited
by the presence of the third molar.

The single incision technique was selected to harvest
SCTG from the palate rather than the conventional
trap-door techniques, because it is minimally invasive,
less traumatic, with no vertical incisions, so less
compromised blood supply, reduced number of sutures,
and healing occurred by primary intention. However, it
is technique sensitive due to the reduced accessibility
and visibility from the single incision (61). Autogenous
SCTG was raised with the underlying periosteum; this
improves the quality of the overlying soft tissue due
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to the inherent induction property of vital periosteum
involved in creating a cellular pool of osteoblasts that
may differentiate into new bone tissue (62).

Soft tissue augmentation in the present study was
implanted to achieve better quality of peri-implant
mucosa without any attempts to cover the implant.
SCTG was placed in a prepared tunnel without extension
over the placed implant occlusally. Thus tunneling
technique was the technique of choice rather than
coronally advanced flap (29). However it has a downside
that no significant coronal advancement is carried
out with the elevated tissues (23). Tavelli et al. (63)
in a meta-analysis evaluated the efficacy of tunnel
technique and demonstrated that it was highly effective.
However, coronally advanced flap has been associated
with higher percentage of complete recession coverage
than the tunnel technique when the same type of grafts
(connective tissue) was used.

FGL alteration is a common occurrence after immediate
tooth replacement and has gained increasing attention
(64, 65). The mean FGL within IIP group significantly
increased from baseline to 6 months, while within the
[IP+SCTG group there was a non-statistically significant
increase. This means that in each group ongoing changes
took place, but minimal FGL change has been reported
after [IP + SCTG procedure. Although there was a non-
statistically significant difference between the groups,
this did not necessarily affect the clinical significance
revealed throughout the study. The main advantage
noticed for patients with IIP + SCTG was evident with
less apical migration of FGL than the IIP group.

This is similar to Chung et al. (43), Tsuda et al. (44) and
Lee et al. (54), who showed that mean FGL change with
[IP+ SCTG was minimal at 6 months, suggesting that the
procedures used in the current study were efficient in
maintaining the gingival architecture including the facial
gingival margins. Similar results were reported in three
RCTs: Yoshino et al. (53), who observed that the overall
FGL changes was non-statistically significant between
[IP group which was still more than IIP + SCTG group.
This is in agreement with Migliorati et al. (55), who
demonstrated less change in FGL on applying SCTG than
non-grafted group and thus confirming the beneficial
effect of applying a SCTG on the FGL in patients with
a thin biotype. This also is comparable with Zuiderveld
et al. (66), who demonstrated that FGL loss significantly
differed between the non-augmented implants and SCTG
group with mean recession of 0.5 mm in the control
group compared to a mean gain of 0.1 mm in patients
receiving a SCTG. This suggests that placing a SCTG with
immediate implant leads to less amount of recession of
the facial mucosa and might at least maintain the FGL at
the same height as the baseline levels.

Tissue biotype is important for esthetically pleasing
restorations, since it determines the soft tissue's
ability to conceal the underlying restorative material.
Systematic reviews by Lin et al. (67) and Lee et al. (25)

proposed that tissue biotype is a predisposing factor
for FGL change and could limit the degree of recession.
In this study, tissue biotype results in the IIP group
revealed non-statistically significant difference from
the baseline to 6 months. While results in the IIP + SCTG
group, revealed that there was a statistically significant
increase in mean tissue biotype from the baseline to 6
months. Moreover, at 6 months the tissue biotype results
observed between groups were significantly higher in
the SCTG group (4.33 mm) than in the non-augmented
group (1.8 mm).

This was in line with Wiesner et al. (68), who noticed a
significant increase in the SCTG group more than in the
control group where the tissue biotype between baseline
and one year follow up was 1.3 mm. A prospective study
by Rungcharassaeng et al. (69) reported significantly
greater FGL changes in thin gingival biotype group
(-1.50 mm) compared with the thick gingival biotype
group (-0.56 mm). This means that thin gingival biotype
has been associated with gingival recession following
surgical procedures. However, Kan et al. (27) reported
that SCTG simultaneous with IIP showed non-significant
difference in the FGL change between the thick (0.23
mm) and thin (0.06 mm) gingival biotypes after a mean
follow-up period of 2 years. This suggests that biotype
conversion by increasing the quality and quantity of the
facial gingival tissue with SCTG might be beneficial for
facial gingival stability after [IP. This result was also similar
to the data reported by Cortellini et al. (26), in which a
mean facial gingival gain of 0.2 mm was observed 1 year
after IIP with SCTG. On the contrary, Levine et al. (70)
stated that the risk of advanced recession in patients
with a thin biotype might not be high. Furthermore,
this study results were in accordance with a systematic
review finding that SCTGs enhanced the soft tissue
thickness for an observation period of up to 48 months.
However, maximum tissue thickness was observed at 6
months which was after soft tissue augmentation and
maturation (71).

Pink esthetic score is an evaluation system commonly
used to assess esthetic outcomes of soft tissue following
implant placement (48, 72). Itis considered a reproducible
objective score to assess the esthetics of single implant-
supported restorations and adjacent soft tissues (73).
The mean PES in this study was higher in lIP + SCTG than
[IP and showed significant differences after prosthetic
replacement. Our results are comparable with those
reported by Wiesner et al. (68), that the mean PES was
statistically significant in the augmented group (11.32
+1.63) with respect to the non-augmented group (8.45
+1.46), this further confirmed that the augmentation
procedure was effective in increasing the thickness of
the peri-implant soft tissues which enhances esthetics.
Also, the results agreed with those of Migliorati et al.
(55), who reported that the esthetic outcomes were quite
favorable in patients receiving SCTG, and a statistically
significant difference as observed between control and
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study groups. These findings showed a direct correlation
between PES score and tissue biotype, highlighting the
importance of thickening soft tissues in order to result
in better PES and obtaining more predictable esthetic
results. This finding is in contrast Zuiderveld et al. (66),
who did not find a more favorable PES in the augmented
group even when the application of a SCTG resulted in a
gain of soft tissue thickness. They interpreted that there
was still a discrepancy in mucosal level because they
started with cases with gingival recession, thus SCTG
did not lead to a higher postoperative PES compared to
non-augmented group.

Width of keratinized mucosa was a critical factor
influencing mucosal recession, plaque accumulation and
peri-implant inflammation (74). Although the association
between WKM and maintenance of peri-implant tissue
health remained controversial, it was generally accepted
that adequate WKM might be essential in preventing the
apical migration of peri-implant mucosa (49).

This study results demonstrated little decrease in the
WKM in the study group, The possible explanation of
reduction in WKM may be due to the postoperative
shrinkage of the connective tissue graft together with
the complete coverage of the graft leaving no chance
for the epithelium to creep over the exposed graft to
increase the WKM (75).

In a systematic review by Lee et al. (25), significant
increase in the WKM following 1IP + SCTG was
demonstrated. However, multiple studies utilized SCTG
placed over the ridge and covered with flap provided no
information about flap retraction, and graft exposure.
Partial exposure of SCTG during surgery is a direct
technique to further increase of keratinized mucosa
around implants.

Within the limitations of this study, the following may
be concluded.

Soft tissue augmentation in conjunction with IIP was a
valid treatment modality to restore the expected soft
tissue deficiencies after tooth extraction. Patients who
received SCTG with IIP showed statistically significant
differences and better esthetic outcomes with less FGL
change, better soft tissue biotype, more pink esthetic
score than those who did not receive a SCTG.

The use of SCTG is not a predictable procedure to
increase the WKM at implant site when totally covered
by mucosal tissue.

The proposed SCTG using tunnel technique may give
better results with immediate implant placement and it
is recommended to be used with thin soft tissue biotype
especially if the esthetic demands are high.

The article is self-funded.

The authors declare no conflict of interest.

The authors would like to express their special thanks to
Prof Dr. Azza Ezz Elarab, she has always guided us in the
right direction and gave constructive opinions that were
essential to address this work. Prof Dr. Riham Omar for
her precise and meticulous supervision. Assist. Prof. Dr.
Ahmed Reda for facilitating all ways to accomplish the
practical part in this work. We would like to thank our
friends Abeer Sharafuddin, and Nada Farouk.

1. Cooper L, Felton DA, Kugelberg CF, Ellner S, Chaffee N, Molina AL, et al. A mul-
ticenter 12-month evaluation of single-tooth implants restored 3 weeks after
1-stage surgery. Int J Oral Maxillofac Implants 2001;16(2):182-92.

2. Kan JYK, Rungcharassaeng K. Immediate implant placement and provision-
alization of maxillary anterior single implants. In: Torabinejad M, Sabeti MA,
Goodacre (J, editors. Principles and practice of single implant and restoration.
Amsterdam: Elsevier Saunders; 2013. p 119-31.

3. Goodacre CJ, Kan JY, Rungcharassaeng K. Clinical complications of osseointe-
grated implants. J Prosthet Dent 1999;81(5):537-52.

4. Small PN, Tarnow DP. Gingival recession around implants: a 1-year longitudinal
prospective study. Int J Oral Maxillofac Implants.2000;15(4):527-32.

5. Schropp L, Wenzel A, Kostopoulos L, Karring T. Bone healing and soft tissue
contour changes following single-tooth extraction: a clinical and radiographic
12-month prospective study. Int J Periodontics Restorative Dent 2003;23:313-
2.

6. (Chappuis V, Aratjo MG, Buser D. Clinical relevance of dimensional bone and
soft tissue alterations post-extraction in esthetic sites. Periodontol 2000
2017;73(1):73-83.

7. Pagni G, Pellegrini G, Giannobile WV, Rasperini G. Postextraction alveolar ridge
preservation: biological basis and treatments. Int J Dent 2012;2012:151030.

8. Tomasi C, Sanz M, Cecchinato D, Pjetursson B, Ferrus J, Lang NP, et al. Bone di-
mensional variations at implants placed in fresh extraction sockets: a multilevel
multivariate analysis. Clin Oral Implants Res 2010;21(1):30-6.

9. Sorni-Broker M, Penarrocha-Diago M, M. P-D. Factors that influence the po-
sition of the peri-implant soft tissues: A review. Med Oral Patol Oral Cir Bucal
2009;14:e475-€9.

10. Tan WL, Wong TL, Wong MC, Lang NP. A systematic review of post-extractional
alveolar hard and soft tissue dimensional changes in humans. Clin Oral Implants
Res 2012;23 Suppl 5:1-21.

11. Kan JY, Rungcharassaeng K, Lozada JL, Zimmerman G. Facial gingival tissue
stability following immediate placement and provisionalization of maxillary
anterior single implants: a 2- to 8-year follow-up. Int J Oral Maxillofac Implants
2011;26(1):179-87.

12. Morton D, Chen ST, Martin WC, Levine RA, Buser D. Consensus statements and
recommended clinical procedures regarding optimizing esthetic outcomes in
implant dentistry. Int J Oral Maxillofac Implants 2014;29(Supplement 217):186-
215.

13. Abraham S, Deepak KT, Ambili R, Preeja C, Archana V. Gingival biotype and its
clinical significance — A review. Saudi ) Dent Res 2014;5(1):3-7.

14. Merheb J, Quirynen M, Teughels W. Critical buccal bone dimensions along im-
plants. Periodontol 2000 2014;66:97-105.

15. Spray JR, Black (G, Morris HF, Ochi S. The influence of hone thickness on facial
marginal bone response: stage 1 placement through stage 2 uncovering. Ann
Periodontol 2000;5:119-28.

16. Buser D, Martin W, Belser UC. Achieving optimal esthetic results. ITl treatment
guide: implant therapy in the esthetic zone: single tooth replacement. Batavia:
Quintessence publishing: 2007.



JO

Facial gingival level evaluation with and without connective tissue graft on single immediate implants in the esthetic zone

17.

18.

19.

20.

2.

22,

2.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

Chappuis V, Engel 0, Reyes M, Shahim K, Nolte LP, Buser D. Ridge alterations
post-extraction in the esthetic zone: a 3D analysis with CBCT. J Dent Res
2013;92(12 Suppl):195S-201S.

Aradjo MG, Lindhe J. Dimensional ridge alterations following tooth extraction.
an experimental study in the dog. J Clin Periodonto. 2005;32(2):212-8.

Araujo MG, Sukekava F, Wennstrom JL, Lindhe J. Ridge alterations following im-
plant placement in fresh extraction sockets: an experimental study in the dog. J
(lin Periodontol 2005;32:645-52

Cosyn J, Eghbali A, Hermans A, Vervaeke S, De Bruyn H, Cleymaet R. A 5-year
prospective study on single immediate implants in the aesthetic zone. J Clin
Periodontol 2016;43(8):702-9.

Burkhardt R, Joss A, Lang NP. Soft tissue dehiscence coverage around endosse-
ous implants: a prospective cohort study. Clin Oral Implants Res.2008;19(5):451-
7

Kolerman R, Nissan J, Rahmanov A, Zenziper E, Slutzkey S, Tal H. Radiological
and biological assessment of immediately restored anterior maxillary implants
combined with GBR and free connective tissue graft. Clin Implant Dent Relat Res
2016;18(6):1142-52.

Zuhr 0, Rebele SF, Cheung SL, Hiirzeler MB, Healing. RGoOSTBaW. Surgery with-
out papillaincision: tunneling flap procedures in plastic periodontal and implant
surgery. Periodontol 2000 2018;77(1):123-49.

Thoma DS, Naenni N, Figuero E, Himmerle CHF, Schwarz F, Jung RE, et al. Effects
of soft tissue augmentation procedures on peri-implant health or disease: A sys-
tematic review and meta-analysis. Clin Oral Implants Res 2018; Suppl 15:32-49.
Lee (T, Tao CY, Stoupel J. The effect of subepithelial connective tissue graft
placement on esthetic outcomes after immediate implant placement: system-
atic review. J Periodontol 2016;87(2):156-67.

Cornelini R, Barone A, Covani U. Connective tissue grafts in postextraction im-
plants with immediate restoration: a prospective controlled clinical study. Pract
Proced Aesthet Dent 2008;20(6):337-43.

Kan JY, Rungcharassaeng K, Morimoto T, Lozada J. Facial gingival tissue stability
after connective tissue graft with single immediate tooth replacement in the
esthetic zone: consecutive case report. J Oral Maxillofac Surg 2009;67(11 Sup-
pl):40-8.

Grunder U. Crestal ridge width changes when pacing implants at the time of
tooth extraction with and without soft tissue augmentation after a healing pe-
riod of 6 months: report of 24 consecutive cases. J Periodontics Restorative Dent
2011;31:9-17.

Butler B. Masking buccal plate remodeling in the esthetic zone with connective
tissue grafts: immediate implant concepts, techniques. Compend Contin Educ
Dent 2014;35(7):486-93.

Cortellini P, Tonetti MS. Improved wound stability with a modified minimally
invasive surgical technique in the regenerative treatment of isolated interdental
intrabony defects. J Clin Periodontol 2009;36(2):157-63.

Harrel SK, Wilson JTG. Minimally Invasive Periodontal Therapy: Clinical Tech-
niques and Visualization Technology. Hoboken (USA): Wiley Blackwell; 2015.
Akcali A, Trullenque-Eriksson A, Sun C, Petrie A, Nibali L, Donos N. What is the
effect of soft tissue thickness on crestal bone loss around dental implants? A
systematic review. Clin Oral Implants Res 2017,28(9):1046-53.

Lindhe J, Lang NP, Karring T. Clinical periodontology and implant dentistry. 5th
Edition. Oxford, UK: Blackwell Munksgaard books; 2009. pp 1448.

Hsu YT, Shieh CH, Wang HL. Using soft tissue graft to prevent mid-facial mu-
cosal recession following immediate implant placement. J Int Acad Periodontol
2012;14(3):76-82.

Sculean A, Cosgarea R, Stahli A, Katsaros C, Arweiler NB, Brecx M, et al. The mod-
ified coronally advanced tunnel combined with an enamel matrix derivative and
subepithelial connective tissue graft for the treatment of isolated mandibular
Miller Class | and Il gingival recessions: A report of 16 cases. Quintessence Int
2014;45(10):829-35.

Hiirzeler MB, Weng D. A single-incision technique to harvest subepithelial
connective tissue grafts from the palate. Int J Periodontics Restorative Dent
1999;19(3):279-87.

Lorenzana ER, Allen EP. The single-incision palatal harvest technique: a strate-
gy for esthetics and patient comfort. Int J Periodontics Restorative Dent 2000
20(3):297-305.

38.

39.

40.

a.

4.

4.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Del Pizzo M, Modica F, Bethaz N, Priotto P, Romagnoli R. The connective tissue
graft: a comparative clinical evaluation of wound healing at the palatal donor
site. A preliminary study. J Clin Periodontol 2002 29(9):848-54.

Khoury F, Happe A. The palatal subepithelial connective tissue flap method for
soft tissue management to cover maxillary defects: a clinical report. Int J Oral
Maxillofac Implants 2000 15(3):415-8.

Zuhr 0, Fickl S, Wachtel H, Bolz W, Hiirzeler MB. Covering of gingival recessions
with a modified microsurgical tunnel technique: case report. Int J Periodontics
Restorative Dent 2007 27(5):457-63.

Dani S, Dhage A, Gundannavar G. The pouch and tunnel technique for man-
agement of multiple gingival recession defects. J Indian Soc Periodontol
2014;18(6):776-80.

Zucchelli G. Mucogingival esthetic surgery. Rho-Milan (Italy); Quintessence
books;2013. pp 830.

Chung S, Rungcharassaeng K, Kan JY, Roe P, Lozada JL. Immediate single tooth
replacement with subepithelial connective tissue graft using platform switch-
ingimplants: a case series. J Oral Implantol 2011;37(5):559-69.

Tsuda H, Rungcharassaeng K, Kan JY, Roe P, Lozada JL, Zimmerman G. Peri-im-
plant tissue response following connective tissue and bone grafting in con-
junction with immediate single-tooth replacement in the esthetic zone: a case
series. Int J Oral Maxillofac Implants 2011 26(2):427-36.

Miiller HP, Heinecke A, Schaller N, Eger T. Masticatory mucosa in subjects with
different periodontal phenotypes. J Clin Periodontol 2000;27:621-6.

Wiesner G, Esposito M, Worthington H, Schlee M. Connective tissue grafts for
thickening peri-implant tissues at implant placement. One-year results from an
explanatory split-mouth randomised controlled clinical trial. Eur J Oral Implan-
t0l 2010 3(1):27-35.

FuJ, Lee A, Wang H. Influence of Tissue Biotype on Implant Esthetics. Int J Oral
Maxillofac Implants 2011;26:499-508.

Fiirhauser R, Florescu D, Benesch T, Haas R, Mailath G, Watzek G. Evaluation of
soft tissue around single-tooth implant crowns: the pink esthetic score. Clin Oral
Implants Res 2005 16(6):639-44.

Chung DM, Oh TJ, Shotwell JL, Misch CE, Wang HL. Significance of keratinized
mucosa in maintenance of dental implants with different surfaces. J Periodontol
2006;77(8):1410-20.

Chiu YW, Lee SY, Lin YC, Lai YL. Significance of the width of keratinized mucosa
on peri-implant health. J Chin Med Assoc 2015;78(7):389-94.

Cosyn J, Thoma DS, Himmerle CH, De Bruyn H. Esthetic assessments in implant
dentistry: objective and subjective criteria for clinicians and patients. Periodon-
tol 2000 2017;73(1):193-202.

(abello G, Rioboo M, Fabrega JG. Immediate placement and restoration of im-
plantsin the aesthetic zone with a trimodal approach: Soft tissue alterations and
its relation to gingival biotype. Clin Oral Implants Res 2013 Oct;24(10):1094-100.
Yoshino S, Kan JY, Rungcharassaeng K, Roe P, Lozada JL. Effects of connective
tissue grafting on the facial gingival level following single immediate implant
placement and provisionalization in the esthetic zone: a 1-year randomized con-
trolled prospective study. Int J Oral Maxillofac Implants 2014;29(2):432-40.

Lee YM, Kim DY, Kim JY, Kim SH, Koo KT, Kim T, et al. Peri-implant soft tissue level
secondary to a connective tissue graft in conjunction with immediate implant
placement: a 2-year follow-up report of 11 consecutive cases. Int J Periodontics
Restorative Dent 2012;32(2):213-22.

Migliorati M, Amorfini L, Signori A, Biavati AS, Benedicenti S. Clinical and
aesthetic outcome with post-extractive implants with or without soft tissue
augmentation: A 2-year randomized clinical trial. Clin Implant Dent Relat Res
2015;17(5):983-95.

Kadkhodazadeh M, Amid R, Kermani ME, Mirakhori M, Hosseinpour S. Timing
of soft tissue management around dental implants: a suggested protocol. Gen
Dent 2017;65(3):50-6.

Covani U, Marconcini S, Galassini G, Cornelini R, Santini S, Barone A. Connective
tissue graft used as a biologic barrier to cover animmediate implant. J Periodon-
tol 2007;78(8):1644-9.

Jyothi SG, Triveni MG, Mehta DS, Nandakumar K. Evaluation of single-tooth re-
placement by an immediate implant covered with connective tissue graft as a
biologic barrier. J Indian Soc Periodontol 2013;17(3):354-60.

Puri K, Kumar A, Khatri M, Bansal M, Rehan M, Siddeshappa ST. 44-year journey



60.

61.

62.

63.

64.

65.

66.

67.

68.

Abdelsamie P.M. et al

JO

of palatal connective tissue graft harvest: A narrative review. J Indian Soc Perio-
dontol 2019;23:395-408.

Amin PN, Bissada NF, Ricchetti PA, Silva APB, Demko CA. Tuberosity versus pala-
tal donor sites for soft tissue grafting: A split-mouth clinical study. Quintessence
Int 2018;49(7):589-98.

Hiirzeler MB, Weng D. Periimplant tissue management: optimal timing for an
aesthetic result. Pract Periodontics Aesthet Dent 1996;8(9):857-69; quiz 69.
Sclar AG. Esthetic implant therapy: A comprehensive approach. In: Soft tissue
and esthetic considerations in implant therapy. Chicago: Quintessence Publish-
ing Co.; 2003.

TavelliL, Barootchi S, Nguyen TVN, Tattan M, Ravida A, Wang HL. Efficacy of tun-
nel technique in the treatment of localized and multiple gingival recessions: A
systematic review and meta-analysis. J Periodontol 2018;89(9):1075-90.
Groisman M, Frossard WM, Ferreira HM, de Menezes Filho LM, Touati B. Sin-
gle-tooth implants in the maxillary incisor region with immediate provisional-
ization: 2-year prospective study. Pract Proced Aesthet Dent 2003;15(2):115-22,
24; quiz 26.

De Rouck T, Collys K, Cosyn J. Immediate single-tooth implants in the anterior
maxilla: a 1-year case cohort study on hard and soft tissue response. J Clin Perio-
dontol 2008;35(7):649-57.

Zuiderveld EG, Meijer HJA, Hartog Ld, Vissink A, Raghoebar GM. Effect of connec-
tive tissue grafting on peri- implant tissue in single immediate implant sites: A
RCT. J Clin Periodontol 2018;45:253 - 64.

Lin GH, Chan HL, Bashutski JD, Oh TJ, Wang HL. The effect of flapless surgery on
implant survival and marginal bone level: a systematic review and meta-analy-
sis. J Periodontol 2014;8:91-103.

Wiesner G, Esposito M, Worthington H, Schlee M. Connective tissue grafts for
thickening peri-implant tissues at implant placement. One-year results from an

69.

70.

7.

72.

73.

75.

explanatory split-mouth randomised controlled clinical trial. Eur J Oral Implan-
tol 2010;3(1):27-35.

Rungcharassaeng K, Kan JY, Yoshino S, Morimoto T, Zimmerman G. Inmediate
implant placement and provisionalization with and without a connective tissue
graft: ananalysis of facial gingival tissue thickness. Int J Periodontics Restorative
Dent 2012;32(6):657-63.

Levine RA, Huynh-Ba G, Cochran DL. Soft tissue augmentation procedures for
mucogingival defects in esthetic sites. Int J Oral Maxillofac Implants 2014;29
Suppl:155-85.

Poskevicius L, Sidlauskas A, Galindo-Moreno P, Juodzbalys G. Dimensional soft
tissue changes following soft tissue grafting in conjunction with implant place-
ment or around present dental implants: a systematic review. Clin Oral Implants
Res 2015;28(1):1-8.

Belser UG, Grutter L, Vailati F, Bornstein MM, Weber HP, Buser D. Outcome eval-
uation of early placed maxillary anterior single-tooth implants using objective
esthetic criteria: a cross-sectional, retrospective study in 45 patients with a
2- to 4-year follow-up using pink and white esthetic scores. J Periodontol
2009;80(1):140-51.

Cho H-L, Jae-Kwan L, Heung-Sik U, Beom-Seok C. Esthetic evaluation of max-
illary single-tooth implants in the esthetic zone. J Periodontal & Implant Sci
2010;40 (4):188-93.

. Crespi R, Cappare P, Gherlone E. A 4-year evaluation of the peri-implant param-

eters ofimmediately loaded implants placed in fresh extraction sockets. J Perio-
dontol 2010;81(11):1629-34.

Zuhr 0, Bdumer D, Hiirzeler M. The addition of soft tissue replacement grafts in
plastic periodontal and implant surgery: critical elements in design and execu-
tion. J Clin Periodontol 2014;41(Suppl 15):5123-542.



