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1  |  INTRODUC TION

There is a growing tendency to place single-tooth implants in the 
aesthetic zone immediately after extracting a failing tooth, prefera-
bly combined with immediate provisionalization (Tonetti et al., 2019; 
Slagter et al., 2014). Slagter et al. (2014) published a systematic 

review with a pooled analysis and demonstrated that immediate 
placement and provisionalization of dental implants in the aesthetic 
zone resulted in slightly less peri-implant bone loss compared with 
immediate placement and delayed provisionalization, probably due 
to the extra surgical procedure. Other systematic reviews report-
ing short-term results indicate that there is a slightly higher risk of 
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Abstract
Aim: To compare marginal bone level changes around immediately placed and imme-
diately provisionalized implants with immediately placed and delayed provisionalized 
implants in the aesthetic region after five years of function.
Materials and Methods: Forty patients with a failing tooth in the maxillary anterior 
region were randomly assigned immediate implant placement with immediate (Group 
A: n = 20) or delayed (Group B: n = 20) provisionalization. Definitive crown placement 
occurred three months after provisionalization. The primary outcomes were changes 
in marginal bone level. In addition, survival rates, buccal bone thickness, soft peri-
implant tissues, aesthetics and patient-reported outcomes were assessed.
Results: After 5 years, the mean mesial and distal marginal bone level changes were 
0.71 ± 0.68 mm and 0.71 ± 0.71 mm, respectively, in group A and 0.49 ± 0.52 mm and 
0.54 ± 0.64 mm, respectively, in group B; the difference between the groups was not 
significant (p = .305 and p = .477, respectively). Implant and restoration survivals were 
100%. No clinically relevant differences in buccal bone thickness or in mid-facial peri-
implant mucosal level, aesthetic and patient outcomes were observed.
Conclusions: The mean marginal bone level changes following immediate implant 
placement and provisionalization were comparable with immediate implant place-
ment and delayed provisionalization. (www.isrctn.com: ISRCTN57251089 and www.
trial​regis​ter.nl: NL8255).
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implant loss with immediate placement in post-extraction sockets 
compared with delayed placement in healed sites (Cosyn et al., 2019; 
Gallucci et al., 2018; Mello et al., 2017). However, one systematic 
review noted that immediately placed implants were accompanied 
by a better preservation of peri-implant bone levels (Canellas et al., 
2019). Furthermore, immediate implant placement seems to be well 
appreciated by patients (Huynh-Ba et al., 2018) probably because 
the accompanying minimal invasive flapless surgery has less an 
impact on the hard and soft tissues than with delayed procedures 
(Weigl & Strangio, 2016). The common factor of these systematic re-
views is that the patients for immediate implant placement, whether 
or not in combination with immediate provisionalization, should 
be carefully selected to minimize risks. They also mention that the 
data are still very limited, with too short evaluation periods and lack 
full-scale evaluation parameters, including the stability of the labial 
mucosa and bone levels in the aesthetic region (Buser et al., 2017; 
Cosyn et al., 2019; Gallucci et al., 2018; Huynh-Ba et al., 2018; Mello 
et al., 2017; Weigl & Strangio, 2016). This statement was also con-
firmed in a Consensus report and clinical recommendations of the 
XV European Workshop in Periodontology (Tonetti et al., 2019).

It has been shown that immediate provisionalization of implants 
in healed sites in the maxillary aesthetic region has a comparable 
5-year outcome with delayed provisionalization of implants (Cooper 
et al., 2014a; Den Hartog et al., 2016; Donos et al., 2019).

Prospective studies with a follow-up of at least 5  years on im-
mediate dental implant placement in the maxillary aesthetic region, 
in combination with immediate provisionalization studies are scarce 
and limited to Cooper et al., (2014b), Cosyn et al., (2016), Noelken 
et al. (2018), Raes, Cosyn, et al. (2018) and Raes, Eghbali, et al. (2018). 
Stability of buccal bone and mid-facial mucosa level are critical out-
come parameters in this field and should be part of follow-up studies 
with a baseline pre-operative status (Cosyn et al., 2019). Only Noelken 
et al. (2018) and Raes, Eghbali, et al. (2018) used both cone beam com-
puted tomography (CBCT) to analyse buccal bone thickness and linear 
mid-facial mucosa level measurements as part of the evaluation.

It can be concluded that full-scale evaluation of immediate im-
plant placement combined with immediate or delayed provisional-
ization with a follow-up of at least 5 years is underreported in this 
field of implant dentistry. Therefore, the aim of this 5-year com-
parative study was to compare peri-implant bone changes, buccal 
bone thickness, mucosa levels, aesthetic ratings by professionals 
and patient-reported satisfaction with the maxillary aesthetic region 
following immediate implant placement and provisionalization with 
immediate implant placement and delayed provisionalization.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

The study was designed as a comparative study with a follow-up of 
5 years. Recruitment of patients, implant treatment and follow-up 
took place at the Department of Oral and Maxillofacial Surgery of 

the University Medical Center Groningen (UMCG), the Netherlands. 
The study was approved by the local medical ethical committee 
(NL32240.042.10) and registered in a trial register (www.isrctn.com: 
ISRCTN57251089 and www.trial​regis​ter.nl: NL8255). The follow-
up study, since it took part at regular routine control visits, without 
collection of extra data, is not a clinical research with test subjects 
as meant in the Medical Research Involving Human Subjects Act 
(WMO). Patients, however, gave oral informed consent for using 
their research data. This study was conducted in accordance with 
the requirements of the Helsinki Declaration of 1975 and revised 
in 2008 and CONSORT Guidelines. Written informed consent was 
obtained from all eligible patients before enrolment.

Eligible patients, aged >18 years, presented with a failing tooth 
in the maxillary aesthetic zone (incisor, canine or first pre-molar) 
referred for single-tooth implant treatment were asked to join this 
randomized clinical trial. Pre-operatively, cone beam computed to-
mography (CBCT) was used to assess whether there was sufficient 
bone on the palatal side to place an implant, since for primary sta-
bility of the implant, sufficient palatal bone is necessary. Patients 
were excluded from participation in this study if they met ≥1 of 
the following criteria: (a) inadequate oral hygiene, (b) insufficient 
mesiodistal width for implant placement, (c) periodontal disease, 
(d) smoking, (e) general health does not permit a surgical procedure 
or (f) a vertical bony defect of ≥5 mm of the labial socket wall after 
removal of the tooth. The size of the bone defect was assessed 
after extraction of the failing tooth. The size was checked by a bone 
sounding technique with a periodontal probe at the labial side of 
the socket.

Details of the study design, sample size calculation and results 
of the one-year follow-up were described by Slagter et al. (2015). 
Informed consent was obtained from patients before surgical treat-
ment was scheduled. A computerized random number generator 

Clinical Relevance

Scientific rationale for the study: No 5-year comparative 
studies, assessing the complete panel of outcome meas-
ures including changes in the hard- and soft-tissue di-
mensions, buccal bone thickness, implant and restoration 
survival, aesthetic evaluation and patient-reported out-
come of immediate placement and provisionalization of 
dental implants in the maxillary aesthetic zone, have been 
published thus far.
Principal findings: There were no significant differences in 
marginal bone levels between immediate implant place-
ment with immediate provisionalization and immediate 
placement with delayed provisionalization at the 5-year 
follow-up.
Practical implications: Immediate provisionalization of 
dental implants in post-extraction sites in the maxil-
lary aesthetic zone is a reliable alternative for delayed 
provisionalization.
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(without specific criteria for randomization) was used for allocating 
patients to:

1.	 Group A: immediate implant placement (NobelActive, Nobel 
Biocare AB, Goteborg, Sweden) and immediate provisionalization

2.	 Group B: immediate implant placement (NobelActive, Nobel 
Biocare AB, Goteborg, Sweden) and delayed provisionalization

2.2  |  Surgical and prosthetic protocol

Pre-operatively, patients started prophylactic antibiotic therapy 
(amoxicillin 500  mg t.i.d. for 7  days or clindamycin 300  mg q.i.d. 
in case of amoxicillin allergy). All surgeries were performed under 
local anaesthesia. The failing tooth was removed atraumatically, 
without raising a mucoperiosteal flap. The implant site was pre-
pared on the palatal side of the alveolus using a surgical template 
based on the ideal position of the prospective restoration. The last 
used implant drill was placed as a space maintainer for the implant 
to be placed and to prevent that augmentation material fills the im-
plant site. Subsequently, autogenous bone was gathered as graft-
ing material from the retromolar–ramus area using a bonescraper 
(Bonescraper, Biomet 3i, Warsaw, Indiana, USA) and mixed 1:1 with 
anorganic bone (Geistlich Bio-Oss, Geistlich Pharma AG, Wolhusen, 
Switzerland). After this, the gap between the drill and the alveolar 
walls was augmented with the mixture of autogenous bone and bone 
substitute. Subsequently, the implant drill was removed and the im-
plant (NobelActive) was placed at a depth of 3 mm apical to the most 
apical aspect of the prospective clinical crown, guided by the surgi-
cal template. To facilitate positioning the depth of the implant, the 
surgical template was provided with an example of the prospective 
clinical crown in an ideal position as would going to be seen above 
the mucosal margin. The insertion torque of the implants in both 
groups was at least 45 Ncm, achieving primary stability.

In group A, an implant-level impression was made immediately 
after implant placement and a screw-retained provisional resto-
ration was fabricated in the dental laboratory. The provisional res-
toration was screwed directly onto the implant with 20 Ncm by a 
manual torque wrench (Manual Torque Wrench Prosthetic; Nobel 
Biocare AB), within 24 hours after implant placement.

In group B, a corresponding cover screw was placed immedi-
ately after implant placement. To facilitate closure and healing of the 
grafted area, a free oval soft-tissue graft, harvested from the palatal 
mucosa, was sutured on top of the reconstructed socket. The diame-
ter of the punch was 2 mm larger than the socket access. That 2 mm 
of epithelium was removed from soft-tissue graft. The 2 mm zone of 
the soft-tissue graft denuded from epithelium was located beneath 
the mucosa at the recipient site. The graft was sutured with Ethilon 
5-0 (Johnson & Johnson, Amersfoort, the Netherlands) on top of 
the reconstructed socket. After three months, the implant was un-
covered by a small incision at the cover screw site, followed by an 
implant-level impression and placement of a provisional restoration, 
according to the procedure described for group A.

After a provisional phase of 3 months, a definitive zirconia-based 
and porcelain-veneered restoration was placed in both groups. 
Depending on the location of the screw access hole, the final crown 
was either a cemented-retained or screw-retained zirconia crown 
(Procera, NobelBiocare AB). Abutment screws were torqued with 
32 Ncm. Cement-retained crowns were cemented with glass iono-
mer cement (Fuji Plus, GC Europe, Leuven, Belgium).

2.3  |  Outcome measures

The primary outcome measure of this study was the change in mar-
ginal peri-implant bone level (MBL) proximal to the implant, 5 years 
after placing the definitive crown.

Secondary outcome measures included implant and resto-
ration survival and changes in interproximal peri-implant mucosa 
(IML), mid-facial peri-implant mucosal level (MML) and buccal bone 
thickness (BBT). Furthermore, papilla volume, peri-implant mucosa 
health, amount of plaque, amount of bleeding and pocket probing 
depth were assessed. Aesthetic outcome was assessed by means of 
an objective index, and patients' satisfaction was measured using a 
visual analogue scale (VAS).

2.4  |  Survival rate

The implants' survival rate was defined as the percentage of func-
tional implants five years after definitive crown placement in both 
groups, following the Smith and Zarb (1989) criteria for successful 
osseointegration. The definitive restorations' survival rate was de-
fined as the percentage of functional initial restorations still in situ.

2.5  |  Radiographic assessments

Standardized digital peri-apical radiographs were taken with a cus-
tom-made aiming device, with extensions for stability on the oc-
clusal and palatal surface of neighbouring teeth (Meijndert et al., 
2004), immediately after implant placement (baseline = T0), and one 
(T1), and sixty (T60) months after definitive crown placement. The 
vertical distance from the shoulder of the implant to the first-bone-
to-implant contact was measured at the distal and mesial site of the 
implant. Changes in MBL, in relation to peri-implant bone level at 
baseline, were calculated at T1 and T60.

To define the presence and thickness of buccal bone at the 
time of tooth extraction and to measure changes in the BBT over 
time, CBCTs (iCAT 3D exam scanner, KaVo Dental GmbH, Biberach, 
Germany) were made before extraction and 1  month and 5  years 
after placing the final restoration. First, the CBCT Digital Imaging 
and Communications in Medicine (DICOM) files were imported into 
a medical image computing program (Maxilim, version 2.3, Medicim, 
Sint-Niklaas, Belgium). Second, the exact position of the implant 
was then determined with Multimodality Image Registration using 
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Information Theory (Maes et al., 1997) and a Maxilim file with the 
exact coordinates of the implant in the particular patient was cre-
ated. Third, the planning software used these coordinates to align a 
planning implant onto the exact same position (NobelClinician, ver-
sion 2.1, Nobel Biocare-Guided Surgery Center, Mechelen, Belgium). 
Fourth, measurements of the buccal bone (in mm) could be done. 
The area of interest was the upper 5  mm section of the implant 
starting at the implant neck towards the apical point (location M1, 
M2, M3, M4, M5). The distance of the buccal bone outline to the 
centre of the implant was measured for each location. The radius 
of the interior contour of the implant, as provided by the manufac-
turer for each location, was then subtracted from this measurement 
to determine the distance of the outline of the implant to the buc-
cal bone outline. This measuring method prevented measurements 
at the interface between implant and bone which are disturbed by 
scattering. The method applied results in measurements made at the 
most outer buccal contour of the implant relative to the dental arch.

Due to this method, the actual thickness of the bone wall buc-
cally of the failing tooth is not measured, but the distance from the 
future implant to the outer contour of the buccal bone wall. These 
values can be used for comparison with the after implant placement 
follow-up period.

More details of the methods for measuring buccal bone thick-
ness and the results of the one-year follow-up were described by 
Slagter, Raghoebar, et al. (2015), Slagter et al. (2017) and Meijer et al. 
(2019).

Radiographs are made routinely to monitor peri-implant bone 
levels at start of loading and at least at 1-year follow-up and thereaf-
ter at 5 years, 10 years, etc. This is done with intra-oral radiographs 
for approximal bone levels. In case of anterior implants, additional 
CBCT scans are advised for monitoring the buccal bone level.

2.6  |  Photographic assessments

Standardized digital photographs (Nikon D300 s, Nikon Corporation, 
Yurakucho, Tokyo, Japan) were taken before implant placement 
(Tpre) and after definitive crown placement, at T1 and T60, using 
the technique described earlier (Meijndert et al., 2004). The IML and 
MML changes were compared with the original gingival level of the 
failing tooth.

2.7  |  Clinical assessments

The following clinical variables were assessed at Tpre, T1 and T60:

1.	 Papilla volume: assessing the mesial and distal papilla adjacent 
to the implant using the papilla index (Jemt, 1997)

2.	 Amount of plaque: assessed at four sites per implant/adjacent 
tooth (mesial, buccal, distal and palatal) using the modified plaque 
index (Mombelli, van Oosten, Schurch Jr, & Land, 1987)

3.	 Amount of bleeding: using the modified sulcus bleeding index 
(Mombelli et al., 1987)

4.	 Gingiva: using the Gingival Index (Löe & Silness, 1963)
5.	 Probing pocket depth: assessed at four sites per implant/adjacent 

tooth (mesial, buccal, distal and palatal), measured to the nearest 
1 mm

2.8  |  Peri-implant mucositis and peri-implantitis

Incidence of peri-implant mucositis and peri-implantitis was cal-
culated. As definition for peri-implant mucositis and peri-implan-
titis, the consensus reached at the 2017 World Workshop on 
the Classification of Periodontal and Peri-Implant Diseases and 
Conditions (Berglundh et al., 2018) has been used, being:

1.	 peri-implant mucositis (radiographic bone loss <2  mm): BoP+ 
and/or suppuration and

2.	 peri-implantitis: BoP+ and/or suppuration in combination with in-
creased probing depth compared with previous examinations and 
in combination with marginal bone loss beyond crestal bone level 
changes resulting from initial bone remodelling (≥2 mm)

2.9  |  Aesthetic assessment

The aesthetic outcome was assessed from standardized digital pho-
tographs (Nikon D300s, Nikon Corporation) taken at Tpre, T1 and 
T60 in both groups. Peri-implant mucosa and implant restoration 
aesthetic outcomes were determined using the Pink Esthetic score/ 
White Esthetic Score (PES/WES) (Belser et al., 2009).

2.10  |  Patients' satisfaction

Overall patient satisfaction was assessed at T1 and T60 with a VAS 
and scores ranging from 0 to 10 (0  =  completely dissatisfied to 
10 = completely satisfied).

2.11  |  Statistical analysis

Group differences were evaluated by one-way analyses of variance 
(ANOVA) for continuous data and by Fisher's exact test for categori-
cal data. The Mann–Whitney U test was used to calculate possible 
significant differences between the groups' BBT medians. The nor-
mal distributed data, shown by means  ±  standard deviation (SD), 
were analysed using ANCOVA to test the effect of the pre-operative 
bone defect on change in BBT. A p-value of .05 was considered to 
indicate statistical significance. All analyses were performed using 
SPSS (PASW Statistics 20.0, SPSS Inc.; IBM Corporation, Chicago, 
IL, USA).
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3  |  RESULTS

3.1  |  Patients

Twenty patients (male/female: 5/15) were included in group A with 
a mean age of 39 ± 16.9 years and with either central incisor (n = 7), 
lateral incisor (n = 8) and cuspid (n = 5) failing teeth. Twenty patients 
(male/female: 8/12) were included in group B with a mean age of 
42 ± 14.2 years and with either central incisor (n = 13), lateral incisor 
(n = 6) and cuspid (n = 1) failing teeth. The division of 4.3 mm diam-
eter implants with a regular platform and 3.5 mm diameter implants 
with a narrow platform was 12/8 and 15/5 in, respectively, group A 
and group B. All patients had bony defects of the socket wall in the 
vertical direction after removing the failing tooth, but always <5 mm. 

The mean size of the defect was 3.4 ± 1.2 mm and 4.2 ± 1.1 mm in, 
respectively, group A and group B.

All the patients received their assigned treatment. The 5-year 
follow-up analysis consisted of 18 group A patients (1 patient moved 
abroad and 1 patient moved without leaving an address) and 17 
group B patients (1 patient died, 1 patient moved too far to partici-
pate and 1 patient moved without leaving an address; Figure 1).

3.2  |  Survival rate

No implants were lost during the study resulting in an implant sur-
vival rate of 100% in both groups five years after definitive res-
toration placement. Restoration survival was 88.9% in group A (2 

F I G U R E  1  Consort flow diagram

Assessed for eligibility (n = 40) 

Excluded  (n = 0) 
♦ Not meeting inclusion criteria (n = 0) 
♦ Declined to participate (n = 0) 
♦ Other reasons (n = 0) 

Analysed  (n = 18) 
♦ Excluded from analysis (n = 0)

♦ Lost to follow-up (n = 2) 

♦ 1 patient moved abroad 

♦ 1 patient moved without leaving address 

♦ Discontinued intervention (n = 0) 

Allocated to Group A (n = 20) 
♦ Received allocated intervention (n = 20)
♦ Did not receive allocated intervention (n = 0)

♦ Lost to follow-up (n = 3) 

♦ 1 patient died 

♦ 1 patient moved too far to participate 

♦ 1 patient moved without leaving address 

♦ Discontinued intervention (n = 0)

Allocated to Group B (n = 20) 
♦ Received allocated intervention (n = 20)
♦ Did not receive allocated intervention (n = 0)

Analysed  (n = 17) 
♦ Excluded from analysis (n = 0)

Allocation

Analysis

Follow-Up 5 years

Randomized (n = 40) 

Enrollment
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patients needed new restorations due to porcelain chipping) and 
88.2% in group B (1 patient needed 2 new restorations due to a zir-
conia abutment fracture).

3.3  |  Marginal bone level and buccal bone 
thickness changes

Table 1 shows the mean MBL changes at the mesial and distal site 
after 1 month and 60 months in relation to the condition at implant 
placement. The greatest MBL change was observed from implant 
placement until T1 in both groups. Thereafter, only minor changes 
were observed in both groups until T60, without a significant differ-
ence (Group A: 0.71 ± 0.68 mm mesially and 0.71 ± 0.71 mm distally vs. 
group B: 0.49 ± 0.52 mm mesially and 0.54 ± 0.64 mm distally; p = .305 
and p = .477 for the mesial and distal sides, respectively, Figure 2).

Table 2 depicts the BBT medians and interquartile ranges for the 
various levels (M0 to M5) at Tpre, T1 and T60. Analysing pre-opera-
tive CBCT scans, there are no significant differences in the distance 
from the future implant to the outer contour of the buccal bone wall 
between the groups at all 6 positions. At the 5-year evaluation, there 
was significantly less BBT in group B in 4 out of 6 positions along the 
implant axis (Figure 2). In both groups, the pre-operative bone defect 
showed no significant correlation with the change in BBT between 
Tpre and T60 (p = .63).

3.4  |  Interproximal and mid-facial peri-implant 
mucosal level changes

Table 1 shows the soft-tissue level changes from the pre-operative 
situation up to 60 months after placing the definitive restorations at 
the mesial, distal and mid-facial sites. The 5-year mid-facial follow-
up soft-tissue level change was 1.44 ± 0.98 mm and 0.81 ± 1.01 mm 
in group A and group B, respectively, without a significant difference 
(p = .082).

3.5  |  Clinical outcome

A healthy mucosa and low plaque and bleeding indexes could be 
seen at all evaluation periods for both groups, without significant 
differences (Table 3). Pocket probing depth remained stable for both 
groups in all four measured sites, without significant differences be-
tween the groups (Table 3).

3.6  |  Peri-implant mucositis and peri-implantitis

Incidence of peri-implant mucositis was 22.4% and 17.6%, and of 
peri-implantitis 5.6% and 0% in group A and group B, respectively.

3.7  |  Aesthetic assessment

Both groups' PES/WES scores were acceptable after five years, as 
shown in Table 4. The total aesthetic outcome was 15.44 ± 2.64 in 
group A and 15.73 ± 2.15 in group B (p = .736) (Figure 3).

3.8  |  Patients' satisfaction

The overall patient satisfaction was high in both groups, whereby 
the 5-year follow-up VAS-scores were 8.4 ± 1.1 and 8.7 ± 1.8 for 
groups A and B, respectively (p = .654).

4  |  DISCUSSION

Both immediate implant placement with immediate provisionaliza-
tion and immediate implant placement with delayed provisionali-
zation were accompanied by minor peri-implant bone loss. At the 
5-year evaluation, the only significant, although clinically irrelevant, 
difference between both procedures was that the implants of the 

TA B L E  1  Changes in marginal bone level from implant placement (baseline) to 1 month (T1) and to 60 months (T60) and changes in 
marginal soft-tissue level from pre-operative (Tpre) to 1 month (T1) and to 60 months (T60) after definitive crown placement

Variable

Mean (SD) Mean (SD)

p-value*

Mean (SD) Mean (SD)
p-
value*Group A Group B Group A Group B

Marginal bone level changes in 
mm (±SD)

Baseline-T1 Baseline-T1 Baseline-T60 Baseline-T60

Mesial of implant −0.70 (0.67) −0.68 (0.64) .921 −0.71 (0.68) −0.49 (0.52) .305

Distal of implant −0.69 (0.71) −0.64 (0.63) .802 −0.71 (0.71) −0.54 (0.64) .477

Marginal soft-tissue level 
changes in mm (±SD)

Tpre-T1 Tpre-T1 Tpre-T60 Tpre-T60

Mesial of implant −0.90 (0.45) −0.44 (0.45) .003 −1.19 (0.93) −0.65 (0.66) .066

Distal of implant −0.44 (0.45) −0.78 (0.67) .543 −1.18 (0.84) −1.20 (0.95) .935

Mid-facial of implant −1.15 (0.81) −0.78 (0.86) .184 −1.44 (0.98) −0.81 (1.01) .082

*One-way analysis of variance (ANOVA). 
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immediate provisionalization group were buccally covered with a 
slightly thicker layer of bone.

Buser et al., (2017) recommended that immediate implant place-
ment can be used in ideal clinical situations, being a fully intact facial 
bone wall with a thick wall phenotype (>1 mm) and a thick gingival 
biotype). At the same time, they mention that a thick wall pheno-
type is rarely present in the anterior maxilla. Possible risks would be 

recession of the facial mucosa and orofacial flattening of the soft-tis-
sue profile. The results of the present study do not support these 
recommendations. In the present study, there was not always an in-
tact facial wall, patients were not selected having a thick facial bone 
wall and also thin gingival biotypes were present. Notwithstanding 
the presence of those risk factors, results after a midterm follow-up 
period were good.

F I G U R E  2  Intra-oral radiograph and cone beam computed tomography of implant of group A (immediate implant placement/immediate 
provisionalization) in position 22 after 5 years in function

Group A Group B

Significance* 
(p)

Median (interquartile 
range) in mm

Median (interquartile 
range) in mm

Buccal bone thickness pre-extraction

M0 (at neck) 2.23 [1.84;2.74] 2.14 [1.64;2.59] .639

M1 2.26 [1.56;2.56] 2.16 [1.74;2.54] 1.000

M2 2.43 [2.08;2.78] 2.23 [1.60;2.48] .175

M3 2.33 [1.93;2.45] 2.23 [1.54;2.34] .165

M4 2.15 [1.65;2.35] 1.95 [1.54;2.35] .415

M5 1.64 [1.36;2.15] 1.94 [1.50;2.45] .552

Buccal bone thickness 1 month

M0 (at neck) 2.04 [0.73;2.54] 0.94 [0.54;1.98] .125

M1 2.26 [1.73;2.46] 1.06 [0.51;2.36] .071

M2 2.23 [1.78;2.73] 1.48 [0.60;2.25] .026

M3 2.23 [1.75;2.45] 1.34 [0.57;2.01] .009

M4 1.93 [1.63;2.25] 1.45 [0.45;1.91] .022

M5 1.54 [1.26;2.04] 1.21 [0.38;1.62] .088

Buccal bone thickness 5 years

M0 (at neck) 1.24 [0.73;2.34] 0.88 [0.64;2.13] .381

M1 2.05 [1.23;2.44] 1.53 [0.66;2.16] .145

M2 2.11 [1.64;2.48] 1.48 [0.98;2.08] .027

M3 2.19 [1.82;2.38] 1.43 [0.85;1.65] <.001

M4 1.94 [1.43;2.14] 1.05 [0.65;1.45] .001

M5 1.65 [1.13;1.91] 1.06 [0.56;1.36] .001

*Mann–Whitney U test for significant differences between medians of groups at three time points. 

TA B L E  2  Buccal bone thickness 
pre-extraction, 1 month and 5 years 
after dental implant surgery in group 
A (immediate placement/immediate 
provisionalization) and group B (immediate 
placement/delayed provisionalization), 
expressed as medians and significant 
differences between the groups
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Prospective studies with a follow-up of at least 5  years after 
immediate dental implant placement in the maxillary aesthetic re-
gion, in combination with immediate provisionalization, are limited 
to Cooper et al. (2014b), Cosyn et al. (2016), Noelken et al. (2018) 

and Raes, Cosyn, et al. (2018), Raes, Eghbali, et al. (2018). The two 
Raes, Cosyn, et al. (2018) manuscripts evaluated the same study 
group over a period of 8 years. However, a comparative study with 
immediate implant placement and delayed provisionalization has not 
been done before.

4.1  |  Survival rate

The implant survival rate in the above-mentioned studies varied 
from 93.8% to 100%, which is comparable with the present study's 
survival rate of 100%. The same holds on comparing the 5-year 
results in a systematic review on the survival rate of implant-sup-
ported single-tooth replacement in general where the calculated 
percentage was high at 97.2 (Jung et al., 2012). Of the immediate 
placement and immediate provisionalization studies with a 5-year 
follow-up, only Cosyn et al. (2016) mentioned a restoration survival 

TA B L E  3  Clinical outcome measures (papilla index, gingival index, plaque index, bleeding index and pocket probing depth) in means (with 
standard deviations) at pre-operative and 1 month (T1) and 60 months (T60) after definitive crown placement

Variable

Tpre
p-
value*

T1
p-
value*

T60
p-
value*Group A Group B Group A Group B Group A Group B

Papilla volume (papilla index)

Mesial 1.95 (1.10) 1.95 (0.85) .99 2.16 (0.83) 2.37 (0.60) .38 2.56 (0.78) 2.60 (0.74) 1.000

Distal 2.05 (0.99) 1.68 (0.67) .19 2.37 (0.76) 2.00 (0.67) .12 2.50 (0.79) 2.40 (0.64) .239

Health of gingiva (gingival 
index)

0.00 (0.00) 0.00 (0.00) NA 0.90 (0.31) 0.79 (0.42) .35 0.00 (0.00) 0.00 (0.00) NA

Amount of plaque 
(plaque index)

0.10 (0.31) 0.05 (0.23) .59 0.00 (0.00) 0.05 (0.23) .31 0.00 (0.00) 0.00 (0.00) NA

Bleeding after probing 
(bleeding index)

0.75 (0.55) 0.68 (0.58) .71 0.60 (0.60) 0.47 (0.61) .52 0.39 (0.70) 0.20 (0.41) .678

Pocket probing depth (mm)

Mesial 2.70 (0.80) 2.44 (0.71) .31 3.50 (0.83) 3.21 (0.71) .25 3.61 (1.24) 3.00 (0.38) .077

Distal 2.85 (1.09) 2.61 (0.70) .43 3.15 (0.49) 3.21 (0.92) .80 3.06 (0.94) 3.13 (0.83) .805

Buccal 1.60 (0.75) 1.89 (0.96) .31 2.65 (1.42) 2.79 (0.86) .72 2.44 (1.04) 2.80 (0.68) .265

Palatal 1.65 (0.81) 2.06 (0.80) .13 2.30 (0.66) 2.79 (0.42) .18 2.72 (0.58) 2.67 (0.49) .769

Abbreviation: NA, not applicable.
*Fisher's exact test for the indices of papilla, gingiva, plaque and bleeding; one-way analysis of variance (ANOVA) for pocket probing depth. 

TA B L E  4  Mean values (SD) of aesthetic evaluation and overall patient satisfaction at pre-operative (Tpre) and 1 month (T1) and 
60 months (T60) after definitive crown placement

Variable

Tpre
p-
value*

T1
p-
value*

T60
p-
value*Group A Group B Group A Group B Group A Group B

PES 7.00 (2.05) 6.90 (1.32) .631 7.80 (1.66) 7.40 (1.59) .711 7.83 (1.69) 7.07 (1.79) .216

WES 5.00 (2.33) 5.40 (1.65) .702 7.99 (1.73) 7.60 (1.09) .682 7.50 (2.12) 8.27 (1.53) .252

PES/WES 11.60 (3.33) 11.10 (3.46) .433 16.20 (2.20) 15.10 (1.71) .383 15.44 (2.64) 15.73 (2.15) .736

Overall patient 
satisfaction 
(score 0–10)

7.9 (1.8) 8.1 (1.7) .634 8.4 (1.1) 8.7 (1.8) .654

PES, Pink Esthetic score; WES, White Esthetic Score.
*One-way analysis of variance (ANOVA). 

F I G U R E  3  Photograph of implant restoration of patient of group 
A (immediate implant placement/immediate provisionalization) in 
position 22 after 5 years in function (same patient as in Figure 2)
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rate, being 94.1%. A 96.3% survival rate was calculated for implant-
supported restorations in general (Jung et al., 2012). The present 
study found 88.9% in group A and 88.2% in group B. This lower res-
toration survival rate could have been due to the use of porcelain as 
veneering material and zirconia as abutment material, which materi-
als are known for their higher complication rates (Pjetursson et al., 
2018; Rabel et al., 2018).

4.2  |  Peri-implant hard tissue dimensions

Cosyn et al. (2016) mentioned an approximal bone loss of 0.12 mm 
after 1 year and 0.19 mm after 5 years. Raes, Cosyn, et al. (2018) 
reported a bone gain of 1.01 mm 1 year and 0.98 mm 8 years after 
implant placement. In our study, group A received the same treat-
ment as the aforementioned studies and had an approximal bone 
loss of 0.70  mm and 0.71  mm after 1 and 5  years, respectively. 
These numbers differ among the three studies. This could be be-
cause of different surgical procedures, for instance in the study 
of Raes, Cosyn, et al. (2018) no bone grafts were used. But prob-
ably also because of the difficulty in interpreting bone-to-implant 
contact at baseline, the implant does not fit exactly in the extrac-
tion socket and therefore measurements are difficult and might 
differ among studies. Nevertheless, it is striking that the changes 
are minimal between 1 and 5 years in all three studies, meaning 
that peri-implant bone levels remain rather stable after healing and 
maturation. In all three studies, an implant design with an implant-
abutment conical connection with platform-switching was used. 
In the review of Romanos and Javed (2014), control of micromo-
tion between implant and abutment is stated to be an important 
factor that influences stability of crestal bone levels. Also in the 
clinical study of Romanos et al. (2015), it appeared that conical 
connections, probably because of its stability, results in limited 
peri-implant bone loss during a long-term follow-up period. Next 
to this, also the feature of platform-switching contributes to pres-
ervation of peri-implant bone levels (De Medeiros et al., 2016). A 
stable connection between abutment and implant, together with 
platform-switching, indisputable contributes to less peri-implant 
bone level changes, but it must be said that good oral hygiene and 
a strict maintenance protocol is absolutely mandatory for these 
stable bone levels.

Only the Noelken et al. (2018) and Raes, Eghbali, et al. (2018) 
studies used cone beam computed tomography (CBCT) to analyse 
buccal bone thickness. Noelken et al. (2018) had a BBT of 1.18, 1.28 
and 1.11 mm, respectively, at 1, 3 and 6 mm along the implant axis 
measured from the neck of the implant. Raes, Eghbali, et al. (2018) 
calculated a BBT of 1.12, 1.32 and 0.95  mm, respectively, at 1, 3 
and 5 mm along the implant axis. The BBT of group A of the present 
study varied from 1.24 to 2.19 mm in the first 5 mm along the im-
plant axis, starting at the neck of the implant. The thickness of the 
buccal bone was also 1–2 mm at the end of the other three studies' 
evaluation periods. Group B's BBTs varied, in this study, along the 
implant axis at T1 and were significantly less at T60. Pre-existent 

bone volume can be excluded as a possible reason, because there 
were no significant differences with the buccal bone thickness 
before extracting the failing tooth. It seems that immediate provi-
sionalization preserves the buccal bone layer better than delayed 
provisionalization. Perhaps the presence of a provisional restoration 
appears to trigger, together with some oral function, the conserva-
tion of newly augmented buccal bone. In both groups, there is small 
buccal bone thickness gain between T1 and T60 at some positions, 
but also at some positions there is a small loss in thickness. One 
could say that buccal bone thickness is more or less stable at most 
positions between T1 and T60.

4.3  |  Interproximal and mid-facial peri-implant 
mucosal level changes

A systematic review reported that immediate implant placement is 
associated with an increased risk of peri-implant soft-tissue recession 
(Cosyn et al., 2012). This study's soft-tissue level change mid-facially, 
compared with the pre-operative situation, was −1.44  ±  0.98  mm 
and −0.81 ± 1.01 mm in group A and group B, respectively. It must 
be mentioned that most of recession occurred in the first follow-up 
period and remained more or less stable thereafter. A comparison of 
mid-facial soft tissues after 5 years is only possible with the Cosyn 
et al. (2016) study. They reported a recession of 0.53 mm, which is 
less than in the present study. Prosthetic procedures, as well as the 
implant system, appear to be similar, but it must be mentioned that 
in a number of cases in the study of Cosyn et al. (2016) connective 
tissue grafts were applied to compensate for recession. Other stud-
ies did not take the pre-operative soft-tissue level as a starting point, 
thus missing the possible effect in the first months after extraction, 
or did not mention soft-tissue changes at all. Nevertheless, it must 
be mentioned that mid-facial soft-tissue recession takes place and 
must be considered before treatment.

In group A, the surgical site with the implant and augmented 
bone was closed with the provisional restoration. In group B, this 
surgical site was closed with a free soft-tissue graft. This is a dif-
ference in treatment and could have had an impact of soft-tissue 
outcome. Although not significantly different, there is a trend of less 
recession of mid-facial soft tissue in group B, which might be caused 
by the extra surgery with a soft-tissue graft. Further research with a 
sufficient group size should be carried out to unveil this.

4.4  |  Clinical outcome

A healthy peri-implant situation existed at the 5-year evaluation. 
Papilla volume, pocket probing depths and the health of the peri-
implant soft tissues remained stable throughout the study period, 
while the plaque and bleeding indexes remained low in both groups. 
Other studies with a follow-up of at least 5 years also mentioned 
positive clinical outcomes (Cooper et al., 2014b; Cosyn et al., 2016; 
Noelken et al., 2018 and Raes, Cosyn, et al., 2018).
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4.5  |  Peri-implant mucositis and peri-implantitis

Derks and Tomasi (2015) reported in a systematic review with 
meta-analysis a prevalence of 43% for peri-implant mucositis and 
22% for peri-implantitis. In the present study, much lower values 
were reported, but it must be kept in mind that the systematic re-
view included groups with a high heterogeneity in population and 
treatment.

4.6  |  Aesthetic assessments

The high PES/WES scores did not differ statistically between both 
groups and are comparable with the aesthetic results published in 
the literature regarding single-tooth implants in the aesthetic zone 
of healed sites (Meijndert et al., 2020). However, none of the other 
5-year studies of immediate placement used the modified PES/WES 
scoring.

4.7  |  Patients' satisfaction

Immediate placement and provisionalization are known to be asso-
ciated with high subjective satisfaction rates (Hartlev et al., 2014). 
This is in line with the satisfaction perceived by the patients in our 
study. Only Raes, Cosyn, et al. (2018) reported high patient satisfac-
tion scores for a number of parameters.

4.8  |  Limitations

Some limitations have to be addressed. First, when determining the 
group size at the start of the study, it was calculated that 19 patients 
would be needed per group to detect a possible difference in mar-
ginal bone level change (Slagter, Meijer, et al., 2015). After 5 years, 
18 patients could be analysed in group A and 17 patients in group B, 
meaning that the conclusions on marginal bone level change have 
lost some power. Second, this was a university-based study with ex-
perienced professionals and dedicated patients to a strict hygiene 
protocol, consisting of information, checking and reinstruction of 
dental hygiene procedures at every visit. The patients were carefully 
selected to fit in the research protocol. Thus, the results of the pre-
sent study may deviate from those achieved by a general practice.

The gap between the labial bony plate and the implant was in the 
present study augmented with a mixture of autologous bone and a bone 
substitute. At the time of defining the study protocol, it was thought to 
have the best predictable result. Being aware that this also induces an 
extra surgical site, with extra morbidity in the retromolar–ramus area, 
one could argue that perhaps only using a bone substitute would give 
the same result. Further research is needed to explore this idea.

In both groups, implant placement was taken as baseline mea-
surement for intraoral radiographs. However, there is a different sit-
uation at start in both groups: in case of immediate provisionalization 

changes in peri-implant bone level can be caused by healing and 
maturation after implant placement together with changes caused 
by loading and exposure to the oral cavity, whereas in the delayed 
provisionalization group changes in peri-implant bone level can only 
be caused by healing and maturation after implant placement. This 
could lead to differences in interpretation of outcomes.

Another limitation is that the level of smile line was not included 
in the study. Smile line could have influenced the patient's opin-
ion on the final result as expressed in the outcome Overall patient 
satisfaction.

Here, the bony defect should not have been larger than 5 mm. 
Given this study's seemingly favourable immediate placement out-
comes, immediate placement in a larger bony defect should certainly 
be considered.

5  |  CONCLUSION

Within the limitations of this study, one can conclude that mean 
marginal bone level changes following immediate implant placement 
and provisionalization were comparable with immediate implant 
placement and delayed provisionalization. Hard- and soft-tissue out-
comes were favourable and professionals and patients were satis-
fied with the aesthetic result.
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