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The concept of immediate implant placement and 
provisionalization (IIPP) for the replacement of fail-

ing maxillary anterior teeth was introduced by Wohrle 
in 1998.1 Although IIPP procedures have demonstrated 
high success rates, an average of 1.0 mm of facial gingi-
val recession has been reported following the first year 
of function.2–5 Recent studies have advocated the use 
of the subepithelial connective tissue graft (SCTG) to 
increase the thickness and overall resistance of the im-
plant facial gingiva to recession.5–11 However, studies 
evaluating the efficacy of SCTG at the time of the IIPP 
procedure have been limited.5,9,12,13

The purpose of this 1-year randomized controlled 
prospective study was to compare the facial gingival 
level (FGL) changes following single IIPP procedures 
in patients with and without SCTG in the maxillary es-
thetic zone. The implant success rate and peri-implant 
tissue response were also evaluated. 
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Purpose: This 1-year randomized controlled prospective study evaluated the implant success rate and peri-

implant tissue response following single immediate implant placement and provisionalization (IIPP) with and 

without subepithelial connective tissue graft (SCTG) in the esthetic zone. Materials and Methods: Implants 

were placed either IIPP with SCTG (test group) or IIPP without SCTG (control group). The implants were 

evaluated both clinically and radiographically before surgery, immediately after implant placement, and 3, 

6, and 12 months after implant placement. Data were analyzed using Friedman, Wilcoxon signed-rank, and 

Mann-Whitney U tests at the significance level of α = .05. Results: Twenty implants (10 test, 10 control) 

were placed in 20 patients (7 men, 13 women) between the ages of 27 and 87 (mean age, 52.6 years). At 

1 year, all implants remained osseointegrated, with overall mean marginal bone changes of –0.01 mm and 

–0.14 mm for the test and control groups, respectively. Mean facial gingival level change was significantly 

more pronounced in the control group (–0.70 mm) than in the test group (–0.25 mm). The modified Plaque 

Index scores showed that patients were able to maintain a good level of hygiene throughout the study. At 1 

year, the Papilla Index indicated that more than 50% papilla fill was observed in 75% of the test sites and 

80% of the control sites. Conclusions: Within the limitations of this study, SCTG was shown to be beneficial 

in maintaining facial gingival level when performed in conjunction with IIPP procedures. Int J Oral MaxIllOfac 
IMplants 2014;29:432–440. doi: 10.11607/jomi.3379
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MATERIALS AND METHODS

Patient Selection
This study was approved by the Institutional Review 
Board of Loma Linda University and was conducted in 
the Center for Implant Dentistry, Loma Linda Univer-
sity School of Dentistry. To be included in this study, 
all patients had to: (1) be at least 18 years or older with 
good hygiene, (2) have a single failing maxillary tooth 
in the esthetic zone (between and including the first 
premolars) with the presence of adjacent and oppos-
ing natural dentition and without active infection, 
and (3) have sufficient bone volume to accommodate 
placement of a single implant with minimum dimen-
sions of 3.3 × 12.0 mm. Any patients (1) with a history 
of smoking,14 head and neck radiation treatment,15–17 
bruxism,18 and/or parafunction; (2) with a lack of sta-
ble posterior occlusion; and/or (3) in whom primary 
implant stability could not be achieved were excluded 
from this study. 

The patients were randomly assigned (QuickCalc 
software, GraphPad) to two groups: IIPP without SCTG 
(control) and IIPP with SCTG (test).

Clinical Procedures

All patients underwent standardized diagnostic and 
treatment planning procedures prior to consenting to 
treatment (Figs 1 and 2). A provisional restoration was 
fabricated prior to implant placement surgery. 

The failing tooth was removed, and an implant 
(Bone Level, Straumann USA) was placed 3 mm api-
cal to the predetermined facial gingival margin and 
at the center of the mesiodistal width of the definitive 
restoration, with a minimum of 2 mm left between 
the implant and the roots of the adjacent teeth. From 
a faciopalatal aspect, the implant was placed along 
the palatal wall of the extraction socket for primary 
stability, leaving a gap of at least 1.5 mm between the 
implant and the facial bone (Fig 3). Primary implant sta-
bility was achieved with a minimum insertion torque 
of 25 Ncm,19 and xenograft bone graft material (Bio-
Oss, Osteohealth) was used to fill the implant-socket 
gap (Fig 4).20 A prefabricated abutment (NC anatomic 
abutment, RC anatomic abutment, Straumann USA) 
was modified and hand-tightened onto the implant. 
Composite resin (Perma Flo, Ultradent Products) was 
used to reline the prefabricated provisional shell and 

Fig 1  Preoperative facial view of the failing maxillary right cen-
tral incisor.

Fig 2  Preoperative periapical radiograph of the maxillary right 
central incisor, which was failing as a result of crown fracture 
and had insufficient tooth structure for restoration.

Fig 3  Implant placement. Fig 4  Occlusal view of the bone graft in the gap between facial 
bone and implant.
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to re-create the emergence profile of the extracted 
tooth. The provisional restoration was adjusted to clear 
all centric/eccentric contacts and then cemented (IRM, 
Dentsply International).

For the test group, an SCTG with a minimum thick-
ness of 1.5 mm was harvested from the palate.21 Fol-
lowing the IIPP procedure, a full-thickness envelope 
flap was created between the facial bone plate and 
the overlying gingiva.8 The SCTG was inserted into the 
prepared envelope and secured with resorbable su-
ture material (6-0 chromic gut blue, Ethicon Johnson 
& Johnson) (Figs 5 and 6). A periapical radiograph was 
obtained to confirm the fit of the provisional restora-
tion (Fig 7).

Antibiotics and analgesics were prescribed, and 
patients were instructed to rinse with 0.12% chlorhexi-
dine gluconate solution (Peridex, Zila Pharmaceuticals), 
twice a day, for 2 weeks. A liquid diet was suggested 
for 1 week following surgery, with a transition to a soft 
diet for the next 3 months. The patients were advised 
to refrain from function at the surgical site. 

The final implant-level impression was made (Aqua-
sil Monophase, Dentsply) at 6 months. A customized 
zirconia abutment (NC CADCAM Abutment, ZrO2 or RC 
CADCAM Abutment, ZrO2, Straumann) was fabricated 
and torqued to 35 Ncm according to the manufactur-
er’s recommendation. The definitive all-ceramic resto-
ration (Vita VM 13, Vita Zahnfabrik) was then cemented 
(Rely-X Unicem, 3M ESPE) (Figs 8 and 9).

Data Collection and Analysis
All examinations and corresponding data collection 
were performed by one examiner (SY). The data, when 
indicated, were collected and compared between each 
follow-up time interval: before surgery (T0), immedi-
ately after implant placement (T1), and at 3 months 
(T2), 6 months (T3), and 12 months (T4) after surgery. 
The implant success/failure and marginal bone level 
(MBL) changes were evaluated and compared at T1, T2, 
T3, and T4; facial gingival level changes were measured 
at T0, T2, T3, and T4; implant stability (via resonance 
frequency analysis [RFA]) was assessed at T1 and T3; 

Fig 5  The SCTG is drawn into the prepared envelope with the 
aid of resorbable sutures about 6 mm from the free gingival 
margin.

Fig 6  Facial view of the provisional restoration immediately af-
ter the surgery.

Fig 7  Periapical radiograph 
immediately after implant  
surgery. 

Fig 8  Labial view of the definitive restoration after 1 year of 
function.

Fig 9  Periapical radiograph 
1 year after implant surgery.
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modified Plaque Index and modified Bleeding Index 
were recorded at T2, T3, and T4; and Papilla Index was 
recorded at T1, T2, T3, and T4.

• Gingival biotype: The gingival biotype of each failing 
tooth was evaluated during bone sounding at the 
midfacial aspect of the failing tooth (T0).22,23 The 
gingival biotype was categorized as thin or thick ac-
cording to the visibility of an underlying periodon-
tal probe (SE Probe SD12 Yellow, American Eagle 
Instruments) through the gingival tissue (visible = 
thin; not visible = thick).

• Implant success rate: The implants were evaluated 
according to the criteria proposed by Smith and 
Zarb24 where applicable.

• Marginal bone level: The MBLs were measured on 
the mesial and distal aspects of each implant with 
the use of sequential periapical radiographs and the 
long-cone paralleling technique with a commer-
cial Rinn XCP holder (XCP post bite blocks 54-0862, 
Dentsply).25 An occlusal jig made of vinyl siloxane 
(Exabite II, GC America) was used to standardize 
the position and angulation of the film to the x-ray 
beam. The implant platform was used as the refer-
ence line (RL) (Fig 10). The distance between the RL 
and the first bone-implant contact was measured. 
A measured value of zero was given when the MBL 
was coronal to the RL. A negative value was given 
when the MBL was apical to the RL. The overall MBL 
of each implant was the average value of mesial and 
distal measurements. The overall MBLs were com-
pared between each follow-up time interval (T1, 
T2, T3, T4) and the changes in MBL calculated. The 
intraexaminer reliability of the measurements was 
determined through duplicate assessments of MBL 
measured 3 months apart by one examiner and ex-
pressed as the intraclass correlation coefficient (ICC).

• Facial gingival level: Impressions were made (Jel-
trate, Dentsply International) at different time in-
tervals (T0, T2, T3, T4). These casts were used to 
evaluate the changes in FGL. A customized template 
fabricated from the preoperative cast was used to 
standardize the measurement points and the direc-
tion of the measuring device (15 UNC Color-Coded 
Probe, Hu-Friedy). A perpendicular slot was created 
at the most apical part of the midfacial gingival lev-
el, and the lower border of the customized template 
was used as a reference line.12,13 The FGL was evalu-
ated at each time interval using a periodontal probe 
(15 UNC Color-Coded Probe, Hu-Friedy) and the FGL 
change calculated. All measurements were made to 
the nearest 0.5 mm. The intraexaminer reliability of 
the measurements was determined with duplicate 
assessments of FGL measured 3 months apart by 
one examiner and expressed as the ICC.

• Implant mobility: An RFA instrument (Ostell) was 
used to evaluate implant stability at T1 and T3.26,27 
Measurements were registered and recorded as im-
plant stability quotients (ISQs).

• Plaque and bleeding indices: The presence of plaque 
and the incidence of bleeding were assessed at the 
mesiolabial, labial, distolabial, mesiolingual, lingual, 
and distolingual surfaces of the implant provisional 
and definitive restorations according to the modi-
fied Plaque Index (mPI) and modified Bleeding In-
dex (mBI) at T2, T3, and T4.28 Only the highest score 
for each implant was used for statistical analyses.

• Papilla Index Score: The interproximal soft tissue was 
evaluated using the Papilla Index Score (PIS).29 Me-
sial and distal PIS were analyzed individually.

• Surgical complications: Surgical complications were 
documented and included but were not limited to 
connective tissue graft necrosis, infection, and/or 
inability to establish adequate primary stability.

• Prosthetic complications: Prosthetic complications 
were documented as any repairs or modifications of 
the provisional restoration or definitive prosthesis. 
These included but were not limited to debonding/
fracture of the provisional restoration, and/or abut-
ment screw loosening.

The data were analyzed using Friedman, Wilcoxon 
signed-rank, and Mann-Whitney U tests at a signifi-
cance level of α = .05.

RESULTS

A total of 7 men and 13 women between the ages of 27 
and 87 years (mean age, 52.6 years) participated in this 
study. Ten patients underwent IIPP procedures with 
SCTG (test group) and 10 patients received IIPP with-
out SCTG (control group). Of the 20 implants placed, 
13 were located in the maxillary central incisor region, 

Fig 10  Reference line (red) used to determine changes in MBL.
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2 in the maxillary lateral incisor area, 3 in the maxillary 
canine area, and 2 in the maxillary first premolar area. 
The dimensions of the implants used were 3.3 × 14 
mm (5 implants), 4.1 × 14 mm (14 implants), and 4.8 × 
14 mm (1 implant). A thick gingival biotype was identi-
fied at all test group sites (10/10 = 100%) and 7 of 10 
control sites (70%). 

After 1 year in function, all implants in the test 
(10/10) and the control (10/10) groups were stable and 
osseointegrated, which corresponded to an overall im-
plant success rate of 100%.

Clinical Indices
The ICC for MBL measurements was 0.99. In the test 
group, 19 of 20 sites (95%) showed a MBL at or coro-
nal to the RL (MBL = 0 mm) at T1; at T4, this was seen 
at 17 of 20 sites (85%). In the control group, 15 of 20 
sites (75%) showed MBL at or coronal to RL (MBL = 0) 
at T1; at T4 this had fallen to 12 of 20 sites (60%). The 
overall MBL and MBL changes for each implant at dif-
ferent time intervals are presented in Tables 1 and 2. 
The mean MBL changes from T1 to T4 were –0.01 ± 
0.27 mm for the test group and –0.14 ± 0.53 mm for 
the control group (Table 2). There were no significant 

differences in MBL and MBL change at or between any 
time intervals between the test and control groups 
(P > .05; Tables 1 and 2).

The ICC for FGL measurements was 0.99. Statistical 
values for the changes in FGL are presented in Table 
3. The mean FGL change from T0 to T4 was statisti-
cally significantly greater in the control group (–0.7 
± 0.48 mm) than in the test group (–0.25 ± 0.35 mm) 
(P = .049; Table 3). 

The mean ISQs at T3 were statistically significantly 
higher than those at T1 for both the test (75.2 ± 6.1 
vs 61.7 ± 2.8; P = .005) and control (76.6 ± 4.9 vs 65.6 
± 5.6; P = .005) groups. No statistically significant dif-
ference was observed between the test and control 
groups (P > .05; Table 4). 

With the exception of one test group site with an 
mPI score of 2 recorded at T2, mPI scores of 0 and 1 
were consistently recorded throughout the study in 
both groups (Table 5). Statistically significant differ-
ences in mPI scores were observed among different 
time intervals in both test and control groups (P < .05; 
Table 5). There were no statistically significant differ-
ences in the mPI scores at any time intervals between 
the test and control groups (P > .05; Table 5).

Table 1    Comparison of MBL at Different 
Time Intervals and Between Test and 
Control Groups 

MBL (mm)

Time Test (n = 10) Control (n = 10) P†

 0 mo –0.06 ± 0.19 –0.17 ± 0.25 .31

 3 mo –0.07 ± 0.17 –0.30 ± 0.32 .12

 6 mo –0.15 ± 0.21 –0.29 ± 0.35 .52

12 mo –0.07 ± 0.16 –0.31 ± 0.41 .10

P‡ .38 .78

†Mann-Whitney U test (.05). ‡Friedman test (.05).

Table 2   Comparison of MBL Change at 
Different Time Intervals and Between 
Test and Control Groups 

MBL change (mm)

Time Test (n = 10) Control (n = 10) P†

0 to 3 mo –0.01 ± 0.06 –0.13 ± 0.29 .49

0 to 6 mo –0.09 ± 0.12 –0.12 ± 0.40 .91

0 to 12 mo –0.01± 0.27 –0.14 ± 0.53 .76

3 to 6 mo –0.08 ± 0.11 0.01 ± 0.17 .33

3 to 12 mo 0.00 ± 0.26 –0.02± 0.31 .85

6 to 12 mo 0.09 ± 0.24 –0.02 ± 0.28 .31

†Mann-Whitney U test (α .05).

Table 3   Comparison of FGL Change at 
Different Time Intervals and Between 
Test and Control Groups 

FGL change (mm)

Time Test (n = 10) Control (n = 10) P†

0 to 3 mo –0.4 ± 0.46 –0.8 ± 0.59 .15

0 to 6 mo –0.4 ± 0.52 –0.75 ± 0.54 .16

0 to 12 mo –0.25 ± 0.35 –0.7 ± 0.48 .049*

3 to 6 mo 0.0 ± 0.24 0.05 ± 0.28 .76

3 to 12 mo 0.15 ± 0.24 0.1 ± 0.39 .91

6 to 12 mo 0.15 ± 0.24 0.05 ± 0.28 .55

*Statistically significant. †Mann-Whitney U test (α .05).

Table 4   Comparison of Distribution of ISQs at 
Different Time Intervals and Between 
Test and Control Groups

ISQ

Time Test (n = 10) Control (n = 10) P†

0 mo 61.7 ± 2.8 65.6 ± 5.6 .10

6 mo 75.2 ± 6.1 76.6 ± 4.9 .73

P§ .005* .005*

*Statistically significant. †Mann-Whitney U test (α .05)
§Wilcoxon signed-rank test (α .05).
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With the exception of two sites with an mBI score 
of 2 recorded at T2, mBI scores of 0 and 1 were consis-
tently recorded throughout the study (Table 6). There 
were no statistically significant differences in the mBI 
scores among the different time intervals and between 
the test and control groups (P > .05; Table 6).

The PIS ranged from 0 to 3 at all time intervals in this 
study (Tables 7 and 8). No statistically significant dif-
ferences were noted for either mesial or distal papilla 
levels among the different time intervals and between 
the test and control groups (P > .05; Tables 7 and 8). At 
T4, more than 50% papilla fill (PIS 2 to 4) was observed 
in 75% of the test sites and 80% of the control sites.

Surgical and Prosthetic Complications
Rotational instability was observed with one implant 
at the time of placement for the test group and was 
resolved by placing a larger-diameter implant. An 
episode of provisional restoration debonding was 
observed at 3 and 6 months for one implant. This ap-
peared to be a result of inadequate resistance and 
retention form of the provisional abutment. One pro-
visional restoration fractured near the cervical aspect 
during removal at the time of final impression mak-
ing. A fistula tract was noted at 3 months during the 
provisional phase, 2 mm apical to the facial gingival 
margin of one implant, as a result of the residual flow-
able composite resin. After the composite resin was 

removed, the fistula healed uneventfully. Exudate was 
noted around the gingival margin of one implant at 6 
months. Because both clinical and radiographic evalu-
ations were within normal limits, the area was simply 
irrigated with 0.12% chlorhexidine gluconate.

DISCUSSION

The cumulative implant success rates for single IIPP 
procedures with and without SCTG in this study were 
100% (10/10) and 100% (10/10), respectively, after a 
follow-up period of 1 year. This is comparable to im-
plant success rates reported with single IIPP proce-
dures (90% to 100%).1–4,12,13,30–46

The implant-abutment junction of the implant used 
in this study featured a conical “platform-switched” 
interface, which could be beneficial in maintaining 
peri-implant MBL biologically and mechanically.47–51 
Studies evaluating IIPP procedures using “platform-
switched” implants reported MBL changes rang-
ing from +1.30 to –0.85 mm.12,13,36,37,40,43,44,46 This 
response is less negative compared to the peri-im-
plant MBL changes reported for IIPP procedures us-
ing non–platform-switched implants (–0.22 to –1.02 
mm).2,3,9,38,41 In this study, comparable peri-implant 
MBL changes after 12 months were noted in both 
the test group (–0.01 ± 0.27 mm) and in the control 

Table 5   Comparison of Distribution of mPI scores at Different Time 
Intervals and Between Test and Control Groups

mPI scores

Test (n = 10) Control (n = 10)

Time 0 1 2 3 0 1 2 3 P†

3 mo 4 5 1 0 4 6 0 0 .85

6 mo 5 5 0 0 8 2 0 0 .27

12 mo 8 2 0 0 8 2 0 0 .97

P‡ .037* .041*

*Statistically significant. †Mann-Whitney U test (α .05) ‡Friedman test (α .05).

Table 6   Comparison of Distribution of mBI Scores at Different Time 
Intervals and Between Test and Control Groups

mBI scores

Test (n = 10) Control (n = 10)

Time 0 1 2 3 0 1 2 3 P†

3 mo 4 4 2 0 9 1 0 0 .054

6 mo 6 4 0 0 10 0 0 0 .14

12 mo 7 3 0 0 10 0 0 0 .27

P‡ .28 .37

†Mann-Whitney U test (α .05) ‡Friedman test (α .05).
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group (–0.14 ± 0.53 mm) (P = .76; Table 2). Further-
more, high percentages of proximal sites where the 
MBL remained at or coronal to the implant platform 
were observed in both the test (17/20 = 85%) and 
control (15/20 = 75%) groups at T4, indicating that 
the peri-implant bone response of platform-switched 
implants is favorable. The absence of statistically sig-
nificant differences in MBL and MBL changes at all 
time intervals between the test and control groups 
(P > .05; Tables 1 and 2) suggests that adding an SCTG 
to IIPP does not adversely affect the peri-implant mar-
ginal bone response.

FGL tissue changes of –0.3 to –1.1 mm have been 
reported following IIPP procedures.2–4,12,13,35,52 Be-
cause a thin gingival biotype has been associated with 
gingival recession following surgical procedures,53 
Kan et al demonstrated the potential benefit of tissue 
biotype conversion by incorporating the SCTG during 
IIPP procedures.8 Minimal FGL change after IIPP proce-
dures with SCTG has since been reported.5,9,12,13 In this 
study, the FGL changes observed in the control group 
(–0.70 mm) were more pronounced than those seen 
in the test group (–0.25 mm). This suggests that, with 
proper 3-dimensional implant positioning and bone 
grafting of the socket gap between implant and facial 

bone, SCTG in conjunction with IIPP procedures in the 
esthetic zone might minimize facial recession. 

The use of RFA to assess implant stability has been 
advocated because of its accuracy and noninvasive 
nature.26 An ISQ > 60 has been suggested to be an 
objective parameter for implants prior to immediate 
loading.54,55 The mean ISQs at T1 with and without 
SCTG were 61.7 ± 2.8 and 65.6 ± 5.6 (range, 60 to 68) in 
this study, indicating that implants in both groups were 
sufficiently stable for IIPP procedures. The increase in 
mean ISQ seen at 6 months in the test (75.2 ± 6.1) and 
control (76.6 ± 4.9) groups indicated that osseointe-
gration is an ongoing process from immediate implant 
placement to 6 months.4,38 Barone et al38 and Palattella 
et al4 also reported similar ISQ values of 74.0 ± 6.0 at 12 
months and 72.0 ± 3.0 at the time of definitive restora-
tion placement, respectively, with IIPP procedures.

While plaque accumulation can potentially induce 
a negative mucosal response,2 the relationship be-
tween compromised oral hygiene and implant failure 
remains controversial.56–61 Most of the mPI and mBI 
scores recorded throughout the duration of this study 
were either 0 or 1, implying that patients had been 
able to maintain a good level of oral hygiene (Tables 5 
and 6). Statistically significant differences in mPI scores 

Table 7  Comparison of Distribution of Mesial PIS at Different 
Time Intervals and Between Test and Control Groups 

Time 

Mesial PIS

Test (n = 10) Control (n = 10)

0 1 2 3 4 0 1 2 3 4 P†

0 mo 4 1 2 3 0 2 3 1 4 0 .60

3 mo 1 2 7 0 0 0 2 6 2 0 .35

6 mo 1 2 4 3 0 0 2 5 3 0 .76

12 mo 1 2 3 4 0 0 1 4 5 0 .47

P‡ .51 .43

†Mann-Whitney U test (α .05) ‡Friedman test (α .05).

Table 8   Comparison of Distribution of Distal PIS at Different 
Time Intervals and Between Test and Control Groups

Time 

Distal PIS

Test (n = 10) Control (n = 10)

0 1 2 3 4 0 1 2 3 4 P†

0 mo 3 2 2 3 0 2 4 1 3 0 > .99

3 mo 2 2 4 2 0 1 3 6 0 0 .79

6 mo 1 2 2 5 0 1 2 7 0 0 .20

12 mo 1 1 3 5 0 0 3 5 2 0 .35

P‡ .32 .63

†Mann-Whitney U test (α .05) ‡Friedman test (α .05).

© 2014 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. 



Yoshino et al

The International Journal of Oral & Maxillofacial Implants 439

were observed among different time intervals in both 
test and control groups (P < .05; Table 5), also indicat-
ing an improvement in the patients’ oral hygiene at the 
end of the study. 

The PIS in the present study ranged from 0 to 3 at 
all time intervals. There were no statistically significant 
differences in the PIS among different time intervals 
and between the test and control groups (P > .05; Ta-
bles 7 and 8). This confirms that, while the implant pa-
pilla level is dictated by the proximal bone level of the 
adjacent teeth,22,62 it can be maintained by providing 
immediate papilla support after tooth removal.2,63–65

CONCLUSIONS

Within the limitations of this 1-year randomized con-
trolled prospective study, it appears that immediate 
implant placement and provisionalization and bone 
graft in the socket can be considered to be a valuable 
treatment option for the failing tooth in the esthetic 
area. Subjects who underwent immediate implant 
placement and provisionalization with a subepithelial 
connective tissue graft experienced less facial gingival 
level change than those who did not receive a sub-
epithelial connective tissue graft. Although favorable 
results were achieved in this short-term follow-up, fur-
ther studies are needed to properly evaluate the long-
term efficacy of such procedures.

ACKNOWLEDGMENTS

The authors thank Straumann USA for partially funding this re-
search. The authors have no financial interests in any of the 
products mentioned in this publication.

REFERENCES

 1. Wohrle PS. Single-tooth replacement in the aesthetic zone with 
immediate provisionalization: Fourteen consecutive cases reports. 
Prac Periodontics Aesthet Dent 1998;10:1107–1114.

 2. Kan JY, Rungcharassaeng K, Lozada JL. Immediate placement and 
provisionalization of maxillary anterior single implants: 1-year 
prospective study. Int J Oral Maxillofac Implants 2003;18:31–39.

 3. 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 Periodontol 2008;35:649–657. 

 4. Palattella P, Torsello F, Cordarro L. Two-year prospective clinical 
comparison of immediate replacement vs. immediate restora-
tion of single tooth in the esthetic zone. Clin Oral Implants Res 
2008;19:1148–1153.

 5. Cornelini R, Barone A, Covani U. Connective tissue grafts in postex-
traction implants with immediate restoration: A prospective con-
trolled clinical study. Pract Proced Aesthet Dent 2008;20:337–343.

 6. Grunder U. Stability of the mucosal topography around single-
tooth implants and adjacent teeth: 1-year results. Int J Periodontics 
Restorative Dent 2000;20:11–17.

 7. Bianchi AE, Sanfilippo F. Single-tooth replacement by immediate 
implant and connective tissue graft: A 1-9-year clinical evaluation. 
Clin Oral Implants Res 2004;15:269–277.

 8. Kan JY, Rungcharassaeng K, Lozada JL. Bilaminar subepithe-
lial connective tissue grafts for immediate implant placement 
and provisionalization in the esthetic zone. J Calif Dent Assoc 
2005;33:865–871.

 9. Kan JY, Rungcharassaeng K, Morimoto T, Lozada J. Facial gingival 
tissue stability following connective tissue graft with single im-
mediate tooth replacement in the esthetic zone: Consecutive case 
report. J Oral Maxillofac Surg 2009;67:40–48. 

10. Grunder U. Crestal ridge width changes when placing implants at 
the time of tooth extraction with and without soft tissue augmen-
tation after a healing period of 6 months: Report of 24 consecutive 
cases. Int J Periodontics Restorative Dent 2011;31:9–17.

11. Rungcharassaeng K, Kan JY, Yoshino S, Morimoto T, Zimmerman 
G. Immediate implant placement and provisionalization with and 
without a connective tissue graft: An analysis of facial gingival 
thickness. Int J Periodontics Restorative Dent 2012;32:657–663.

12. Chung S, Rungcharassaeng K, Kan JY, Roe P, Lozada JL. Immediate 
single tooth replacement with subepithelial connective tissue graft 
using platform switching implants: A case series. J Oral Implantol 
2011;37:559–569. 

13. Tsuda H, Rungcharassaeng K, Kan JY, Roe P, Lozada JL, Zimmer-
man G. Peri-implant tissue response following connective tissue 
and bone grafting in conjunction with immediate single-tooth 
replacement in the esthetic zone: A case series. Int J Oral Maxillofac 
Implants 2011;26:427–436.

14. Bain CA. Smoking and implant failure-benefits of a smoking cessa-
tion protocol. Int J Oral Maxillofac Implants 1996;11:756–759.

15. Granstrom G. Osseointegration in irradiated cancer patients: An 
analysis with respect to implant failures. J Oral Maxillofac Surg 
2005;63:579–585. 

16. Granstrom G. Placement of dental implants in irradiated bone: 
The case for using hyperbaric oxygen. J Oral Maxillofac Surg 
2006;64:812–818.

17. Esposito M, Grusovin MG, Patel S, Worthington HV, Coulthard P. In-
terventions for replacing missing teeth: Hyperbaric oxygen therapy 
for irradiated patients who require dental implants. Cochrane 
Database Syst Rev 2008:CD003603.

18. Lobbezoo F, Brouwers JE, Cune MS, Naeije M. Dental implants in 
patients with bruxing habits. J Oral Rehabil 2006;33:152–159.

19. Norton MR. The influence of insertion torque on the survival of 
immediately placed and restored single-tooth implants. Int J Oral 
Maxillofac Implants 2011 Nov;26:1333–1343.

20. Roe P, Kan JY, Rungcharassaeng K, Caruso JM, Zimmerman G, 
Mesquida J. Horizontal and vertical dimensional changes of peri-
implant facial bone following immediate placement and provi-
sionalization of maxillary anterior single implants: A 1-year cone 
beam computed tomography study. Int J Oral Maxillofac Implants 
2012;27:393–400.

21. Lorenzana ER, Allen EP. The single-incision palatal harvest tech-
nique: A strategy for esthetics and patient comfort. Int J Periodon-
tics Restorative Dent 2000;20:297–305.

22. Kan JY, Rungcharassaeng K, Umezu K, Kois J. Dimensions of peri-
implant mucosa: An evaluation of maxillary anterior single implants 
in humans. J Periodontol 2003;74:557–562.

23. Kan JY, Morimoto T, Rungcharassaeng K, Roe P, Smith DH. Gingival 
biotype assessment in the esthetic zone: Visual versus direct mea-
surement. Int J Periodontics Restorative Dent 2010;30:237–243.

24. Smith DE, Zarb GA. Criteria for success of osseointegrated endosse-
ous implants. J Prosthet Dent 1989;62:567–572.

25. Strid KG. Radiographic results. In: Brånemark PI, Zarb GA, Albrekts-
son T (eds). Tissue -Integrated Prostheses. Osseointegration in 
Clinical Dentistry. Chicago: Quintessence, 1985:187–193.

26. Meredith N, Alleyne D, Cawley P. Quantitative determination of the 
stability of the implant-tissue interface using resonance frequency 
analysis. Clin Oral Implant Res 1996;7:261–267.

27. Sennerby L, Meredith N. Resonance frequency analysis: Measuring 
implant stability and osseointegration. Compend Contin Educ Dent 
1998;19:493–498.

© 2014 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. 



Yoshino et al

440 Volume 29, Number 2, 2014

28. Mombelli A, van Oosten MA, Schurch E Jr, Land NP. The microbiota 
associated with successful or failing osseointegrated titanium 
implants. Oral Microbiol Immunol 1987;2:145–151.

29. Jemt T. Regeneration of gingival papillae after single-implant treat-
ment. Int J Periodontics Restorative Dent 1997;17:326–333.

30. Goodacre CJ, Kan JY, Rungcharassaeng K. Clinical complications of 
osseointegrated implants. J Prosthet Dent 1999;81:537–552. 

31. Chaushu G, Chaushu S, Tzohar A, Dayan D. Immediate load-
ing of single-tooth implants: Immediate versus non-immediate 
implantation. A clinical report. Int J Oral Maxillofac Implants 
2001;16:267–272.

32. Hui E, Chow J, Li D, Liu J, Wat P, Law H. Immediate provisional for 
single-tooth implant replacement with Brånemark System: Prelimi-
nary report. Clin Implant Dent Relat Res 2001;3:79–86.

33. Lorenzoni M, Pertl C, Zhang K, Wimmer G, Wegscheider WA. 
Immediate loading of single-tooth implants in the anterior 
maxilla. Preliminary results after one year. Clin Oral Implants Res 
2003;14:180–187.

34. Kan JY, Rungcharassaeng K, Liddelow G, Henry P, Goodacre CJ. 
Periimplant tissue response following immediate provisional resto-
ration of scalloped implants in the esthetic zone: A one-year pilot 
prospective multicenter study. J Prosthet Dent 2007;97:S109–S118.

35. Kan JY, Rungcharassaeng K, Sclar A, Lozada J. Effects of the facial 
osseous defect morphology on gingival dynamics after immediate 
tooth replacement and guided bone regeneration: 1-year results. J 
Oral Maxillofac Surg 2007;65:13–19.

36. Norton MR. A short-term clinical evaluation of immediately 
restored maxillary TiOblast single-tooth implants. Int J Oral Maxil-
lofac Implants 2004;19:274–281.

37. De Kok IJ, Chang SS, Moriarty JD, Cooper LF. A retrospective 
analysis of peri-implant tissue responses at immediate load/provi-
sionalized microthreaded implants. Int J Oral Maxillofac Implants 
2006;21:405–412.

38. Barone A, Rispoli L, Vozza I, Quaranta A, Covani U. Immediate resto-
ration of single implants placed immediately after tooth extraction. 
J Periodontol 2006;77:1914–1920.

39. Canullo L, Rasperini G. Preservation of peri-implant soft and hard 
tissues using platform switching of implants placed in immediate 
extraction sockets: A proof-of-concept study with 12- to 26-months 
follow-up. Int J Oral Maxillofac Implants 2007;22:995–1000.

40. Calvo-Guirado JL, Ortiz-Ruiz AJ, López-Marí L, Delgado-Ruiz R, 
Maté-Sánchez J, Bravo Gonzalez LA. Immediate maxillary restora-
tion of single-tooth implants using platform switching for crestal 
bone preservation: A 12-month study. Int J Oral Maxillofac Implants 
2009;24:275–281.

41. Crespi R, Cappare P, Gherlone E, Romanos G. Immediate versus de-
layed loading of dental implants placed in fresh extraction sockets 
in the maxillary esthetic zone: A clinical comparative study. Int J 
Oral Maxillofac Implants 2008;23:753–758.

42. Mijiritsky E, Mardinger O, Mazor Z, Chaushu G. Immediate provi-
sionalization of single-tooth implants in fresh-extraction sites at 
the maxillary esthetic zone: Up to 6 years of follow-up. Implant 
Dent 2009 Aug;18:326–333.

43. Cooper LF, Raes F, Reside GJ, et al. Comparison of radiographic and 
clinical outcomes following immediate provisionalization of single-
tooth dental implants placed in healed alveolar ridges and extrac-
tion sockets. Int J Oral Maxillofac Implants 2010;25:1222–1232.

44. Raes F, Cosyn J, Crommelinck E, Coessens P, de Bruyn H. Immediate 
and conventional single implant treatment in the anterior maxilla: 
1-year results of a case series on hard and soft tissue response and 
aesthetics. J Clin Periodontol 2011;38:385–394.

45. Cosyn J, Eghbali A, De Bruyn H, Collys K, Cleymaet R, De Rouck T. 
Immediate single-tooth implants in the anterior maxilla: 3-year 
results of a case series on hard and soft tissue response and aes-
thetics. J Clin Periodontol 2011;38:746–753.

46. Grandi T, Garuti G, Samarani R, Guazzi P, Forabosco A. Immediate 
loading of single post-extractive implants in the anterior maxilla: 
12-month results from a multicenter clinical study. J Oral Implantol 
2012;38:477–484. 

47. Lazzara RJ, Porter SS. Platform switching: A new concept in implant 
dentistry for controlling postrestorative crestal bone levels. Int J 
Periodontics Restorative Dent 2006;26:9–17.

48. Maeda Y, Miura J, Taki I, Sogo M. Biomechanical analysis on 
platform switching: Is there any biomechanical rationale? Clin Oral 
Implants Res 2007;18:581–584.

49. Luongo R, Traini T, Guidone PC, Bianco G, Cocchetto R, Celletti R. 
Hard and soft tissue responses to the platform-switching tech-
nique. Int J Periodontics Restorative Dent 2008;28:551–557.

50. Schrotenboer J, Tsao YP, Kinariwala V, Wang HL. Effect of platform 
switching on implant crest bone stress: A finite element analysis. 
Implant Dent 2009;18:260–269.

51. Chang CL, Chen CS, Hsu ML. Biomechanical effect of platform 
switching in implant dentistry: A three-dimensional finite element 
analysis. Int J Oral Maxillofac Implants 2010;25:295–304.

52. Kan JY, Rungcharassaeng K, Lozada JL. 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;26:179–187.

53. Kois JC. Predictable single-tooth peri-implant esthetics: Five diag-
nostic keys. Compend Contin Educ Dent 2004;25:895–905.

54. Glauser R, Sennerby L, Meredith N, et al. Resonance frequency 
analysis of implants subjected to immediate or early functional oc-
clusal loading: Successful vs failing implants. Clin Oral Implants Res 
2004;15:428–434.

55. Aparicio C, Lang NP, Rangert B. Validity and clinical significance of 
biomechanical testing of implant/bone interface. Clin Oral Implants 
Res 2006;17:2–7.

56. Adell R, Lekholm U, Rockler B, et al. Marginal tissue reactions at 
osseointegrated titanium fixtures (I). A 3-year longitudinal prospec-
tive study. Int J Oral Maxillofac Surg 1986;15:39–52.

57. Apse P, Zarb GA, Schmitt A, Lewis DW. The longitudinal effective-
ness of osseointegrated dental implants. The Toronto Study: 
Peri-implant mucosal response. Int J Periodontics Restorative Dent 
1991;11:94–111.

58. Berglundh T, Lindhe J, Marinello C, Ericsson I, Liljenberg B. Soft 
tissue reaction to de novo plaque formation on implants and 
teeth. An experimental study in the dog. Clin Oral Implants Res 
1992;3:1–8.

59. van Steenberghe D, Klinge B, Linden U, Quirynen M, Herrmann 
I, Garpland C. Periodontal indices around natural and titanium 
abutments: A longitudinal multicenter study. J Periodontol 
1993;64:538–541.

60. Block MS, Kent JN. Long-term follow-up on hydroxylapatite-coated 
cylindrical dental implants: A comparison between developmental 
and recent periods. J Oral Maxillofac Surg 1994;52:937–943.

61. Teixeira ER, Sato Y, Akagawa Y, Kimoto T. Correlation between mu-
cosal inflammation and marginal bone loss around hydroxyapatite-
coated implants: A 3-year cross-sectional study. Int J Oral Maxillofac 
Implants 1997;12:74–81.

62. Choquet V, Hermans M, Adriaenssens P, Daelemans P, Tarnow DP, 
Malevez C. Clinical and radiographic evaluation of the papilla level 
adjacent to single-tooth dental implants. A retrospective study in 
the maxillary anterior region. J Periodontol 2001;72:1364–1371.

63. Spear F. Maintenance of the interdental papilla following anterior 
tooth replacement. Pract Periodontics Aesthet Dent 1999;11:21–28.

64. Kan JY, Rungcharassaeng K. Immediate placement and provisional-
ization of maxillary anterior single implant: A surgical and prosth-
odontic rationale. Pract Proced Aesthet Dent 2000;12:817–824.

65. Kois JC, Kan JY. Predictable peri-implant gingival esthetics: Surgi-
cal and prosthodontic rationales. Pract Proced Aesthet Dent 
2001;13:711–715.

© 2014 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. 




