
Clin Oral Impl Res. 2020;00:1–11.	﻿�    |  1wileyonlinelibrary.com/journal/clr

 

Received: 11 April 2020  |  Revised: 29 July 2020  |  Accepted: 13 August 2020

DOI: 10.1111/clr.13660  

O R I G I N A L  R E S E A R C H

Peri-implant defect grafting with autogenous bone or 
bone graft material in immediate implant placement in 
molar extraction sites—1- to 3-year results of a prospective 
randomized study

Robert Noelken1,2  |   Tobias Pausch3  |   Wilfried Wagner2 |   Bilal Al-Nawas2

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

1Private Practice for Oral Surgery, Lindau/
Lake Constance, Germany
2Department of Oral and Maxillofacial 
Surgery – Plastic Surgery, University 
Medical Center, Johannes Gutenberg 
University of Mainz, Mainz, Germany
3Private Practice for Oral Surgery, Weiden in 
the Upper Palatinate, Weiden, Germany

Correspondence
Robert Noelken, Augustusplatz 2, D - 55131 
Mainz (clinic) & Paradiesplatz 7-13, D - 
88131 Lindau/Lake Constance (practice), 
Germany.
Email: rnoelken@me.com

Funding information
The study was supported financially and 
with dental material from Dentsply Sirona, 
Mölndal, Sweden.

Abstract
Objectives: To evaluate the survival rate, the orobuccal bone resorption and sta-
bility of peri-implant hard and soft tissues following immediate implant placement 
of wide diameter implants in molar extraction sites and peri-implant defect grafting 
with autogenous bone (AB) or biphasic bone graft material (BBGM) with 1- to 3-year 
follow-up examinations.
Material and Methods: Fifty wide diameter implants were placed in 50 patients im-
mediately into molar extraction sockets by a flapless approach. Peri-implant defect 
augmentation was performed randomized with either AB or BBGM. Primary out-
come variable was implant survival. Marginal bone level changes, orobuccal width of 
the alveolar crest, probing depths, and implant success were considered as secondary 
parameters.
Results: One implant of the BBGM group was lost, 1 patient withdrew from the study 
(drop-out). The remaining 48 patients were still in function at a follow-up period up to 
31 months after implant insertion. Interproximal marginal bone level regenerated from 
−7.5 mm to the level of the implant shoulder (AB + 0.38 mm, BBGM + 0.1 mm) at final 
follow-up. The width of the alveolar crest changed by −0.08 mm (AB) and +0.72 mm 
(BBGM) at 1 mm, −0.36 mm (AB) and +0.27 mm (BBGM) at 3 mm, −0.36 mm (AB) and 
+0.31 mm (BBGM) at 6 mm apical to implant shoulder level. Success rate was 87.5% 
in the AB and 56.3% in the BBGM group (p = .058).
Conclusions: Medium-term results prove a high survival rate, a favorable amount of 
bone generation in both groups and a low amount of orobuccal resorption in immedi-
ate molar implant insertion.
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1  | INTRODUC TION

Today, the greatest concern in oral implantology is to maintain and 
support peri-implant osseous and soft tissue structures to achieve 
long-term success with an esthetic and harmonious peri-implant 
mucosa and a natural emergence profile (Chen & Buser,  2014; 
Cooper et al., 2014; De Kok, Chang, Moriarty, & Cooper, 2006; Kan, 
Rungcharassaeng, & Lozada,  2003; Noelken, Moergel, Kunkel, & 
Wagner, 2018).

Numerous studies deal with bone resorption following tooth 
extraction and show consensual results (Barone et  al.,  2008; 
Pietrokovski & Massler, 1967). Tooth extraction is followed by loss 
of physiologic stimulation and irreversible resorption of the bun-
dle bone and volume reduction of the alveolar ridge (Hansson & 
Halldin, 2012). Within a period of 1 year following tooth extraction, 
the width of the alveolar crest is reduced by 50% and two-thirds of 
this reduction happen already within the first 3 months of healing 
(Schropp, Wenzel, Kostopoulos, & Karring, 2003). The major amount 
of resorption occurs on the buccal aspect. Since even in healthy pa-
tients dehiscence defects or fenestrations are often present, resorp-
tions following extractions can lead to severe volume deficiencies 
(Tan, Wong, Wong, & Lang, 2012).

In addition to staged treatment concepts, immediate implant 
placement became scientifically established within the last 40 years 
(Gelb,  1993; Lazzara,  1989; Schulte & Heimke,  1976). Substantial 
time saving, the reduced number of surgical procedures and the 
maintenance of soft tissue contour are the main advantages of this 
concept. Nevertheless, ridge preservation and peri-implant bone re-
sorption are still discussed controversially and depend on a variety 
of factors (Ferrus et al., 2010). Immediate implant insertion using a 
flap technique without grafting the facial defect between implant 
surface and facial bony lamella may lead to a significant bone resorp-
tion at the alveolar contour (Botticelli, Berglundh, & Lindhe, 2004; 
Ferrus et al., 2010; Paolantonio et al., 2001; Sanz et al., 2010).

Immediate placement with a flapless approach and simultaneous 
peri-implant bone grafting shows positive results in maintenance of 
hard and soft tissues in the region of single- or double-rooted teeth 
(Noelken et  al.,  2018). However, immediate implant placement in 
molar extraction sites is a less frequently described treatment op-
tion. The first study reported that immediate implant placement in 
molars is a predictable treatment modality with favorable success; 
however, the implants were not placed centrally into the site, but 
in one of the two or three sockets (Schwartz-Arad, Grossman, & 
Chaushu, 2000).

Subsequently, reviews by Atieh, Payne, Duncan, de Silva, and 
Cullinan (2010) and Ketabi, Deporter, and Atenafu (2016) described 
24 studies with high survival rates. The main advantages of immedi-
ate molar implant placement are a shorter treatment time, less surgi-
cal interventions and the increased likelihood of a better maintained 
peri-implant bone. Even if the surgical procedure to place an implant 
into the center of a molar extraction site is challenging, the success 
rate is comparable to classic surgical treatment concepts (Schropp & 
Isidor, 2008).

Grafting of the space between the implant body and extraction 
site is recommended to improve bone to implant contact and to 
prevent horizontal resorption and gingival recessions (Cardaropoli, 
Tamagnone, Roffredo, De Maria, & Gaveglio,  2019; Kan et al., 
2018; Sanz, Lindhe, Alcaraz, Sanz-Sanchez, & Cecchinato,  2017). 
Autogenous bone (AB) for bone defect grafting is well documented 
and is considered the gold standard material because of its osteo-
genic, osteoinductive, and osteoconductive characteristics (Kette, 
Pausch, Wagner, Al-Nawas, & Nölken, 2019; Noelken et al., 2018). 
To avoid additional surgical trauma by bone harvesting and to reduce 
treatment time, xenogenic bone graft materials (BGM) are an option 
(Santos et al., 2013). The use of a biphasic, resorbable inorganic BGM 
of plant origin derived from red marine algae (BBGM) is the objective 
of this study. The chemical composition of this interconnected po-
rous biological material is a composition of 20% hydroxyapatite and 
80% β- tricalcium phosphate. Its biologic compatibility, fast resorp-
tion, and osteoconductive characteristics seem to make this BBGM 
another option for peri-implant defect grafting. Histologic speci-
mens of augmented sockets show that two-thirds of the material are 
already resorbed after 8 months and replaced by new lamellar bone 
(Pausch, Wagner, & Nölken, 2018; Zerbo, Bronckers, de Lange, van 
Beek, & Burger, 2001).

The aim of this randomized prospective study was to analyze 
the implant survival, the maintenance of marginal bone support, the 
orobuccal width of the alveolar crest, peri-implant probing depths, 
and the implant success 1 to 3 years following immediate insertion 
of wide diameter implants in molar extraction sites using a flapless 
approach and peri-implant grafting with AB or BBGM.

2  | MATERIAL AND METHODS

The primary outcome parameter of this study was implant survival. 
The hypothesis was that the AB group would have a better implant 
survival compared to the BBGM group. The null hypothesis was that 
there would be no difference between the groups. The secondary 
outcome parameters were to evaluate the peri-implant marginal 
bone stability and the peri-implant probing depths and the overall 
implant success.

This communication describes a group of 50 patients treated 
within a prospective, randomized study who have received 50 wide 
diameter implants from November 2015 until October 2017. The im-
plants were inserted into molar extraction sockets of the maxilla and 
the mandible followed by flapless peri-implant grafting and transgin-
gival healing. The study was conducted according to the CONSORT 
guidelines for clinical trials (Appendix S1).

Inclusion criteria were as follows: teeth in the molar region of 
both jaws deemed to be extracted, immediate implant insertion into 
extraction sockets, single-tooth implant, flapless procedure, graft-
ing of jumping distance, and expectation of good primary stability 
(≥15 Ncm insertion torque).

Exclusion criteria were as follows: total loss of the buccal bone 
wall, known or suspected current malignancy, history of radiation 
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therapy in the head and neck region, chemotherapy within 5 years 
prior to surgery, uncontrolled diabetes mellitus, permanent immu-
nosuppressive medication, bone modifier (e.g., bisphosphonates or 
rank ligand inhibitors) medication, and present alcohol and/or drug 
abuse. Smoking was not regarded as an exclusion criteria.

2.1 | Sample size calculation

Due to the proof-of-principle character of the present prospective 
randomized study and a lack of comparable studies and data, no for-
mal sample size calculation was conducted. The number of patients 
was determined by the expected subjects to be treated within a 
2-year study inclusion period.

2.2 | Patients

This study population comprised 50 patients receiving 50 implants 
from November 2015 until October 2017 in molar extraction sites 
with simultaneous flapless peri-implant defect grafting at the Private 
Clinic for Oral Surgery of PD Dr. Robert Noelken, Lindau, Germany.

In order to have an equal distribution of participants in the AB 
and BBGM group, a randomized sequence was used. The random-
ization was performed immediately before surgery by the opening a 
sealed envelope containing the information about the grafting mate-
rial to be used at implant insertion. All participants were included in 
this intent-to-treat analysis.

2.3 | Ethical approval

This study was approved by the Ethics committee of the county 
Rhineland-Pfalz, Germany (file no. 837.178.15 (9946)) and con-
ducted according to the recommendations of good clinical practice. 
The study was supported by a grant from Dentsply IH AB, Moelndal, 
Sweden to the Department of Oral and Maxillofacial Surgery, 
University Medicine of Mainz, Germany. Written informed consent 
was obtained from all patients prior to any examination/treatment 
carried out for study purposes.

2.4 | Pre-treatment examination

At the time of the pre-treatment examination, patients with a hope-
less molar were informed about the possibility of placing an im-
mediate implant into the molar extraction socket and screened for 
eligibility to the study. A cone beam computed tomography (CB-CT, 
KaVo, Pan eXam Plus) was performed to evaluate the orobuccal di-
mensions of alveolar crest, the buccal bone wall prior to surgery, and 
the distance to the maxillary sinus or the alveolar nerve. Especially, 
the orobuccal width of the alveolar crest was measured in distances 
of 1, 3, and 6 mm apical to the healthy marginal bone level (Figure 1).

2.5 | Surgical technique

The OsseoSpeed™ EV 5.4S implants (Astra Tech Implant System, 
Dentsply Sirona) used in this study were screw-shaped and self-
tapping implants with a defined surface roughness achieved through 
grit blasting and followed by a process involving a treatment in di-
luted hydrofluoric acid. The external coronal portion of the implant 
has minute threading with a pitch of 0.22 mm (Micro-Thread™ de-
sign). The interface design is characterized by a conical implant-
abutment connection. The implant length ranged from 9 to 15 mm. 
The respective molars were atraumatically extracted following sepa-
ration of the roots using the periotome technique maintaining the 
alveolar socket walls and gingival architecture. The extraction sites 
were cleansed of granulation tissue using a chairside microscope 
(ProDent, Zeiss). All procedures were performed without raising a 
flap even when a buccal bone defect was observed. No buccal bone 
dehiscence (<1  mm) was present in 4 sites; small dehiscences be-
tween 1 and 3 mm in 12 sites; medium dehiscences between 3 and 
6 mm in 8 sites; and a severe dehiscence of more than 6 mm in 1 site 
in the AB group; whereas in the BBGM group the distribution was no 
dehiscence in 9 sites; small dehiscence in 8 sites; medium dehiscence 
in 6 sites; and severe dehiscences in 2 sites. Final site preparation 
in the center of the septum of the extraction socket was prepared 
following the standard drilling sequence. Implant insertion depth 
was determined by the buccal bone level. If a partial buccal bone 
defect was present, the implant shoulder was aligned 3 mm below 
the buccal soft tissue level. All implants achieved primary stability in 
local bone. Healing abutments (Healing Abutment Uni 5.4, Dentsply 

F I G U R E  1   Measurements levels for the orobuccal width of the 
alveolar crest 1, 3, and 6 mm apical to the reference level, which is 
defined by the healthy marginal bone and/or implant shoulder level
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Sirona) were used during the time of bone grafting to protect the 
inside of the implant.

For the AB group, autogenous bone grafts were harvested at the 
mandibular ramus by collecting bone particles by a disposable bone 
scraper (Micross, META). For the BBGM group, a resorbable, bipha-
sic, and anorganic graft material was used for augmentation (Symbios, 
Dentsply Sirona). Simultaneous grafting of the circumferential gap be-
tween implant surface and buccal and oral hard and soft tissues was per-
formed by condensing AB or BBGM chips to the bottom of the defect.

To cover the orifice of the molar extraction site and to protect the 
graft material, a wider healing abutment with a 6.5 mm diameter (Heal 
Design Abutment EV 5.4, Dentsply Sirona) was subsequently used. 
The graft was additionally covered by a platelet-rich fibrin (PRF) mem-
brane (Choukroun PRF™, Mectron) to bridge the gap between healing 
abutment and circumferential soft tissue for the initial healing. The 
wound margins were adapted by single or mattress sutures.

The patients were advised to keep a soft and liquid diet for 
3 weeks. The subjects received antibiotic prophylaxis (starting the 
day before surgery until 7 days post-operatively; amoxicillin clavula-
nate 875/125 mg or clindamycin 600 mg, twice a day). Chlorhexidine 
0.2% mouth rinse was prescribed for use after the third postopera-
tive day. The subjects returned for a follow-up visit after 7 to 10 days 
for suture removal.

2.6 | Final restoration

All implants healed transmucosally without provisional restorations. 
After a minimum of 3 months, an impression was made for fabrication 
of a master cast to design patient-specific abutments (Atlantis™ tita-
nium or zirconia, Dentsply Sirona) to support a cement-retained resto-
ration. The final zirconia crowns were cemented on top of the Atlantis 
abutments using a temporary cement (Temp Bond, Kerr Hawe SA).

2.7 | Follow-up and definition of outcome variables

The patients were examined pre-operatively, at the time of implant 
placement, at prosthetic delivery, and at 1-, 2-, and 3-year follow-up 
visits after implant insertion.

2.7.1 | Evaluation of primary outcome variable

Implant survival was evaluated as primary outcome variable using 
the Kaplan–Meier method (Kaplan & Meier, 1958).

2.7.2 | Evaluation of secondary outcome variables

•	 The status of the interproximal marginal bone level was measured 
on periapical radiographs with a paralleling technique using commer-
cially available film holders (Dentsply/Rinn) and a digital sensor (XIOS 

Plus, active field 20 × 30 mm, resolution 15 mm, Dentsply Sirona). 
The vertical distances between the mesial and distal bone level and 
the first micro-thread (reference level) were recorded to the nearest 
0.1 mm using 7 times magnification. Attachment levels crestal to ref-
erence level were designated as positive values and vice versa.

•	 The vertical relation between bone and implant shoulder level at 
the buccal aspect was calculated clinically at the time of implant 
placement by a 1-mm calibrated periodontal probe. The status of 
the buccal bone level in relation to implant shoulder level in the 
follow-up period was determined by CB-CT data, that is, by the 
reconstruction according to the long axis of the implants (KaVo 
Pan eXam Plus, field-of-view 61 × 41 mm or 61 × 78 mm, reso-
lution 0.2 mm voxel size, section thickness 0.5 mm), which were 
recorded for not to the study-related reasons.

•	 The orobuccal dimensions of the alveolar crest were measured 
at 1, 3, and 6 mm apical to the reference level (Figure 1), which 
was defined as the plane connecting the healthy buccal and 
oral bone level or similarly perpendicular to the long axis of the 
implant at the first micro-thread of the implant. In case of an 
initial buccal bone dehiscence defect, the level of the healthy 
bone level was estimated for the determination of the reference 
level. If buccal bone loss was present, the outer dimension of 
the tooth or implant was used for measurements. Dimensional 
changes of the alveolar crest were calculated by the difference 
between the final and the pre-operative measurements of the 
orobuccal width.

All radiographic evaluations were performed by the first author 
(RN) and additionally by one investigator (TP) with radiographic ex-
pertise who was not involved in the primary treatment of the pa-
tients and was blinded to the clinical and initial radiographic data. In 
case of an inhomogeneous assessment, both observers reevaluated 
their measurements in order to reach a consensus.

•	 Pocket probing depths were recorded at all follow-up examina-
tions and measured by a 1-mm calibrated periodontal probe at six 
sites around the implant.

•	 Implant success was rated according to the criteria established by 
Buser (Buser, Weber, & Lang, 1990). Additionally, implant success 
was estimated combining the criteria established by Buser with 
the criterion of bone loss <1 mm and no more than 5 mm probing 
depth at any sites of the implant.

•	 To evaluate patient's oral hygiene and inflammation of the gin-
giva, the interproximal plaque index (API) (Lange, Plagmann, 
Eenboom, & Promesberger, 1977) and the sulcus bleeding index 
(SBI) (Muhlemann & Son, 1971) were recorded at pre-operative 
and follow-up examinations.

2.8 | Statistical analysis

Survival and success probabilities were estimated by the Kaplan–
Meier method on a per-implant basis. To descriptively evaluate 
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changes of the width of the alveolar crest and the buccal bone 
height, the paired sample Wilcoxon sign rank test was applied. The 
analysis exploring the linkage between the marginal bone level, the 
orobuccal resorption of the crest, and the hygiene parameters uti-
lized the Spearman's rank-based correlations. Subpopulations within 
the study group (AB versus BBGM group, smokers versus non-smok-
ers, patient with API or SBI of more or <25%) were compared using 
the non-parametric Mann–Whitney U test. To compare success be-
tween the AB and BBGM group by factoring in the diverse follow-up 
times, the log-rank test was used.

The reported p-values are two-sided. Results were considered 
statistically significant at p ≤  .05. Due to the descriptive character 
of the analysis of secondary parameters, no adjusting for multiple 
testing was done. For graphic description, boxplots are given. All cal-
culations were carried out using SPSS 25 (SPSS Inc.).

3  | RESULTS

3.1 | Study population

The average age of this study population (32 women, 18 men) was 
47 years (range, 23–73 years). Forty-two patients were non-smok-
ers, 5 occasional smokers (1–5 cigarettes per day), 2 moderate smok-
ers (6–10 cigarettes per day), and one heavy smoker (more than 15 
cigarettes per day). The reasons for tooth removal were an endodon-
tic failure in 22 sites (44%), a vertical root fracture in 7 sites (14%), 

periodontitis in 3 sites (6%), and external root resorption in 2 sites 
(4%). In 12 cases an extended and non-restorable decay of the teeth 
was observed (24%). Four teeth were lost by trauma (8%). Thirty-
four implants were inserted in the mandibular and 16 in the maxillary 
molar region. At the time of implant placement, 6 teeth (12%) did not 
show any sign of infection, 41 teeth (82%) showed chronical infec-
tion, and 3 cases (6%) presented acute infection.

3.2 | Implant survival

One patient with 1 implant resigned from the study after final de-
livery of the prosthesis at 4 months. He moved to a foreign country 
and was not able to visit follow-up examinations (drop-out). One im-
plant loss was noticed at 4 weeks after insertion in the BBGM group. 
The female patient was a smoker with high SBI scores. Three months 
later, a new implant was inserted for replacement; subsequent heal-
ing and prosthetic restoration were uneventful. All other patients 
attended the 1-year (n = 8 implants), 2-year (n = 16 implants), and 
3-year follow-up examinations (n = 24 implants). The mean follow-
up period was 30.6 ± 7.5 months (range 20–44 months) after implant 
insertion (Figure 2). The cumulative survival rate within the observa-
tional period for all 50 implants was 98%: more specifically, 100% for 
the AB group and 96% for the BBGM group without significant dif-
ferences (p = .327). Therefore, the data do not support the rejection 
of the null hypothesis. Representative cases of both study groups 
are illustrated in Figures 3 and 4.

F I G U R E  2   Consort flow diagram 
showing the progress of patients 
throughout the randomized trial
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3.3 | Interproximal marginal bone level

Marginal bone level changes in relation to reference level are pre-
sented in Table  1 and in Figure  5. The mean interproximal bone 
level changed from −7.5 ± 2.63 mm at insertion (range from −13.2 
to −2.19 mm) to 0.24 ± 0.79 mm at final follow-up (range from −1.83 
to 1.93  mm). Mean change in marginal bone levels in the AB and 
BBGM group was 7.73 mm in both groups without statistical differ-
ence (p  =  .829). The interproximal bone level at final examination 
was 0.38 ± 0.78 mm in the AB group and 0.1 ± 0.78 mm in the BBGM 
group without significant difference between the groups (p = .231).

3.4 | Buccal bone height

The mean vertical distance from implant shoulder to the bottom 
of the buccal bone defect changed in the AB group changed from 
−7.18  ±  3.43  mm at the clinical intra-operative examination to an 
implant shoulder-to-bone level of −0.64 ± 2.76 mm at the final radio-
graphic evaluation (p < .001) and, respectively, in the BBGM group 
from −6.59 ± 2.65 mm to −0.19 ± 0.64 mm (p < .001). The amount of 
bone generation did not differ significantly (p = .806).

3.5 | Orobuccal width of alveolar crest

In the AB group, the orobuccal width of the alveolar crest changed from 
9.65 to 9.56 mm (−0.08 mm (−0.9%)) at 1 mm, from 11 mm to 10.64 mm 
(−0.36 mm (−3.4%)) at 3 mm, and from 11.98 to 11.62 mm (−0.36 mm 
(−3%)) at 6 mm below reference level. In the BBGM group, the orobuc-
cal width changed from 9.91 to 10.63 mm (+0.72 mm (+7.3%)) at 1 mm, 
from 11.33 to 11.6 mm (+0.27 mm (+2.4%)) at 3 mm, and from 12.05 
to 12.36 mm (+0.31 mm (+2.6%)) at 6 mm, respectively (Table 2). While 
there was a mild but not significant resorption in the observational pe-
riod in the AB group (1 mm: p = .251, 3 mm: p = .344, 6 mm: p = .355), 
the BBGM group showed a small gain in orobuccal width without any 
significance (1 mm: p = .063, 3 mm: p = .326, 6 mm: p = .438). The dif-
ference of change in orobuccal width of the crest in the AB and BBGM 
group was significant at the level 1 mm apical to reference level (1 mm: 
p = .026; 3 mm: p = .172; 6 mm: p = .243).

3.6 | Pocket probing depths

The mean pocket probing depths around the teeth at the pre-oper-
ative examination and around the implants at the final examination 
at six sites are displayed in Table 3 and reveal no significant changes.

3.7 | Hygiene indices

The SBI score changed from 19.6% at pre-operative examination to 
16.1% at final examination (p = .145), and the API score from 31.9% 

to 28% (p =  .321), respectively. In the AB group, the SBI score de-
creased from 16.4% to 11.2% (p =  .091) while it was unchanged in 
the BBGM group (from 22.9% to 20.1%; p = .768).

3.8 | Implant success

Within the follow-up period of 30.6 months, one implant had to be 
removed (patient no. 18, BBGM group). Another lower molar implant 
presented a substantial marginal bone loss in the buccal midline on 
the CB-CT at the 1-year follow-up visit (patient no. 20, AB group). 
The distance between the remaining bone support and the implant 
shoulder at this site was 6.9 mm. Surprisingly, there were no clinical 
symptoms and only minor buccal probing depth of 3 mm. Another 
implant showed at the 1-year follow-up a vertical bone loss on the 
periapical radiograph as well as on CB-CT of 9.5 mm and increased 
pocket probing depths up to 7  mm. Without additional surgical 
treatment, the defect recovered by improved oral hygiene and the 
probing depths were at most 4 mm at the 3-year follow-up examina-
tion (patient no. 23, AB group). One patient at prosthetic delivery 
presented an interproximal bone loss of 4.5 mm and an increased 
probing depth of 7 mm (patient no. 42, BBGM group). After a treat-
ment with the Er:YAG laser and an autogenous bone grafting, the de-
fect recovered and the implant does not show renewed suppuration.

Eight more implants showed a decrease of the interproximal or 
buccal bone level of more than 1 mm or probing depths of more than 
5 mm within the observation period (7 implants of BBGM; 1 implant 
of AB group). According to the endpoint definition combining the 
success criteria established by Buser with the criterion of a bone 
loss smaller or equal than 1  mm and pocket probing depths of at 
least 5 mm, the cumulative success rate was 72.2%. In total, 3 events 
were documented for the AB group (success probability 87.5%) and 
9 events for the BBGM group (56.3%) (Figure 6). The results failed to 
reach the level of significance (p = .058).

Three sites revealed an acute purulent infection at the time of 
implant insertion. None of those implants was lost. Mean interprox-
imal marginal bone level was −0.44  ±  0.68  mm, and buccal bone 
level was at implant shoulder level at final examination. One implant 
(belonging to the BBGM group) presented an interproximal marginal 
bone loss of −1.22 mm. Peri-implant probing depths ranged between 
2 and 4 mm.

3.9 | Correlation results

Marginal bone levels in relation to implant shoulder were in patients 
with an API score of less or equal than 25% 0.34 ± 0.77 mm, with an 
API of more than 25% 0.09 ± 0.8 mm without reaching the level of 
significance (p = .054). Patients with an SBI score of less or equal to 
25% revealed a marginal bone level of 0.34 ± 0.75 mm, with an SBI 
score of more than 25% −0.06 ± 0.38 mm (p = .288). No difference 
in bone levels was found for smokers (0.23  ±  0.95  mm) and non-
smokers (0.24 ± 0.77 mm) (p = .984).
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4  | DISCUSSION

This randomized prospective study evaluates the 1- to 3-year re-
sults of immediately inserted Astra Tech OsseoSpeed 5.4S implants 
in molar extraction sites and investigates implant survival and suc-
cess probability and the generation of bone following defect grafting 
with autologous bone or a biphasic bone graft material. High survival 
and success probabilities, favorable bone generation of the initially 
severe peri-implant bone defect up to the level of the implant shoul-
der and a minor orobuccal resorption of the alveolar crest compared 
to baseline were documented. Implant survival rate was 98% for this 
study population, which is in line with immediate implant placement 

in sites of single- or double-rooted teeth (De Bruyn et  al.,  2013; 
Noelken et al., 2018).

The one and only implant failure occurred in BBGM group. A 
few weeks later the same patient received an immediate implant in a 
premolar extraction site with peri-implant grafting with autogenous 
bone, but this implant also failed. Thus, we assume that the bone 
graft material was irrelevant in that case and general health condi-
tions such as smoking, bad oral hygiene, and obesity were causal. 
Diabetes was assumed but not verified by internistic examination.

The survival rate of 98% in our study is in line with the systematic 
review and meta-analysis of Ketabi et al. (2016), who observed the 
survival rate for immediate implant placement in molar extraction 

F I G U R E  3   Immediate implant insertion in molar extraction site with peri-implant defect grafting with autogenous bone and PRF 
membrane. (a) Initial situation of left mandibular molar showing soft tissue swelling, slight recession, and 10 mm pocket probing depth 
following a vertical root fracture. (b) The CB-CT at pre-operative examination is showing the severe buccal bone defect following a vertical 
root fracture. (c) Immediate implant insertion in the center of a mandibular molar extraction site without flap elevation. (d) Peri-implant 
grafting with autogenous bone chips from the mandibular ramus and gap closure by a PRF membrane. (e) Clinical situation at 3-year follow-
up examination shows favorable soft tissue level and contour as well as a natural emergence profile. (f) A periapical radiograph at 3-year 
follow-up examination shows the interproximal bone close to the level of the implant shoulder. (g) The CB-CT at 3-year follow-up visit is 
presenting the buccal bone reconstruction to the level of the implant shoulder

(a) (b) (c) (d)

(e) (f) (g)

F I G U R E  4   Immediate implant insertion in molar extraction site with peri-implant defect grafting with biphasic bone graft material 
and PRF membrane. (a) Clinical situation at 3-year follow-up examination shows favorable hard and soft tissue volume and a wide 
zone of keratinized mucosa. (b) A periapical radiograph at 3-year follow-up examination shows an interproximal bone level coronal to 
implant shoulder. (c) The CB-CT at 1-year follow-up examination is showing the maintenance of the orobuccal bone volume and a bone 
reconstruction to the level of the implant shoulder

(a) (b) (c)
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sockets. This systematic review analyzed the relevant literature pub-
lished from November 2008 to May 2015. Data on survival were 
based on a total of 768 immediate molar implants inserted in 757 
patients. The analysis of the data showed an implant survival rate of 
98% with no difference between maxilla and mandible. A prospec-
tive and randomized study using three different approaches for gen-
eration of bone with autogenous bone and/or collagen membrane 
following immediate implant insertion in molar extraction sites re-
ported a survival rate of 84% (15 failures in 92 implants) following 
re-entry surgery (Urban, Kostopoulos, & Wenzel, 2012).

The documented results reveal a mean vertical bone generation 
of more than 7  mm compared to baseline examination. In the AB 
group, the interproximal bone level was 0.38 mm and in the BBGM 
group 0.1 mm coronal to implant shoulder without statistical differ-
ence. These results appeared more favorable than the results re-
ported by Urban et  al. (2012) for immediate implant placement in 
molar extraction sites using different approaches for peri-implant 
bone. Their results also indicated a mean bone loss of −0.48 mm in 
76 patients without significant differences between the bone regen-
erative techniques.

Since all patients in this study had a peri-implant graft covered 
by a PRF membrane, a positive effect of this procedure could not 

be proven. In a recent report of our study group that reported on 
the immediate implant placement in molar extraction sites with an 
autogenous bone grafting but without PRF membrane coverage, an 
interproximal bone level at the implant shoulder was documented 
(Nölken et  al.,  2019). These results are in line with the present 
study. However, strong evidence for a positive effect of this pro-
cedure on bone regeneration or osseointegration is missing (Castro 
et al., 2017).

Following tooth extraction, a severe resorption of the alve-
olar ridge takes place (Pietrokovski & Massler,  1967; Schropp 
et al., 2003). Immediate implant placement into the extraction site 
is not able to prevent the horizontal resorption significantly when a 
full-thickness flap is elevated, and the peri-implant gap is not grafted 
(Botticelli et al., 2004; Sanz et al., 2010). The grafting of this peri-im-
plant defect with autogenous bone and a flapless approach seems to 
reduce the amount of resorption (Noelken et al., 2018). In the pres-
ent clinical randomized trial, no flap was raised and the peri-implant 
gaps were grafted with AB or a BBGM covered by a PRF membrane. 
The horizontal resorption in AB group was <4% and slightly favor-
able to the previously reported data in a retrospective study with 
59 implants and mean follow-up of 24 months and a horizontal re-
sorption of up to 7.5%. The BBGM group did not even reveal any 

TA B L E  1   Mean interproximal marginal bone level [mm] in relation to the reference level during the observation period for the AB group 
and the BBGM group, and for all implants

AB group BBGM group All implants

n= Min Max Mean SD n= Min Max Mean SD n= Min Max Mean SD

Insertion 24 −13.20 −2.19 −7.36 3.06 24 −11.86 −3.80 −7.64 2.19 48 −13.2 −2.19 −7.5 2.63

Delivery 20 −2.28 1.20 −0.01 0.88 19 −3.36 1.48 −0.19 1.01 39 −3.36 1.48 −0.1 0.94

1-year 22 −1.25 1.60 0,12 0.8 21 −4.86 1.35 −0.21 1.17 43 −4.86 1.60 −0.04 1.0

2-year 21 −0.60 1.85 0.33 0.71 24 −1.83 1.93 0.08 0.8 45 −1.83 1.93 0.2 0.76

3-year 14 −0.87 1.71 0.12 0.67 8 −1.22 0.91 −0.03 0.62 22 −1.22 1.71 0.06 0.64

Final 24 −0.87 1.85 0.38 0.78 24 −1.83 1.93 0.1 0.78 48 −1.83 1.93 0.24 0.79

F I G U R E  5   Marginal bone level 
changes over the course of the 3-year 
follow-up in relation to the reference level 
(implant shoulder)
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resorption; however, we observed 9 cases with unfavorable events 
like increased pocket probing depths or marginal bone resorption. 
The increased width of the orobuccal dimensions of the crest can 
be explained by the presence of initial buccal bone defects or de-
hiscences and the subsequent generation of bone even in defect 
regions and the maintenance of the crestal dimensions without vol-
umetric resorption.

The main advantages of immediate implant placement in molar 
extraction sites are the reduction of treatment time and surgical 
interventions as well as a significant reduction of horizontal bone 
resorption. On the other hand, the higher level of difficulty placing 
implants in a septum of the socket is a major disadvantage.

We are aware of the limitations of our study due to number of 
participants and the short mean follow-up period of 2.5 years. The 
small sample size leads to an insufficient power of the analysis, which 

may be the reason for some insignificant results. A major problem of 
BGM grafting in general is an increased complication rate in the fol-
low-up period (Urban, Montero, Monje, & Sanz-Sanchez, 2019). Since 
this study used for defect grafting a BGM which consist by 80% of 
β-TCP, the resorption and replacement of the majority of the material 
have already happened at 12 months, which reduces the risk of long-
term complications. Compared with DBBM and α-TCP/HA, the β-TCP 
BGM demonstrated a relatively greater volume of new bone forma-
tion and less residual material volume (Sawada et al., 2018).

An additional study limitation was the limited reproducibility of 
the periapical radiographs, which occurred even though commer-
cially available film holders were used. To reduce biased assess-
ments, the radiographic evaluation was based on the measurements 
of two investigators. Although the validity of CB-CT for measure-
ments of peri-implant bone is limited by metal artifacts (Schulze, 

TA B L E  2   Mean orobuccal width [mm] of the alveolar crest at 1, 3, and 6 mm apical to reference level at pre-operative and final 
examination as well as the mean change for the AB group and the BBGM group (mean + SD)

Pre-op Final Change

1 mm 3 mm 6 mm 1 mm 3 mm 6 mm 1 mm 3 mm 6 mm

AB group
n = 19

9.65 ± 2.01 11.0 ± 1.42 11.98 ± 1.96 9.56 ± 1.49 10.64 ± 1.64 11.62 ± 2.01 −0.08 ± 1.95
(−0.9%)

−0.36 ± 1.3
(−3.3%)

−0.36 ± 1.42
(−3%)

BBGM group
n = 16

9.91 ± 1.98 11.33 ± 1.75 12.05 ± 1.87 10.63 ± 2.03 11.6 ± 2.01 12.36 ± 1.98 0.72 ± 1.46
(+7.3%)

0.27 ± 1.2
(+2.4%)

0.31 ± 1.16
(+2.6%)

AB group
n = 24

BBGM group
n = 24

Pre-op Final Pre-op Final

Buccomesial 3.22 ± 1.30 3.25 ± 0.85 2.58 ± 0.64 2.85 ± 0.83

Buccal 3.63 ± 2.34 2.46 ± 0.79 2.46 ± 1.01 2.29 ± 0.62

Buccodistal 3.83 ± 2.20 2.83 ± 0.92 3.27 ± 2.22 2.56 ± 0.85

Oromesial 3.17 ± 1.20 3.10 ± 0.82 3.44 ± 1.89 2.96 ± 0.98

Oral 2.77 ± 1.82 2.52 ± 0.70 3.00 ± 1.13 2.88 ± 1.14

Orodistal 3.27 ± 1.64 3.00 ± 0.77 3.42 ± 1.19 3.00 ± 1.25

TA B L E  3   Mean pocket probing depths 
around teeth and implants [mm] at pre-
operative and final examination in the AB 
and BBGM group (mean + SD)

F I G U R E  6   Success rates in both study 
groups according to criteria <1 mm bone 
loss and less or equal than 5 mm probing 
depths
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Berndt, & d'Hoedt, 2010, Schulze et al., 2011), CB-CT has evolved 
as the method of choice for the assessment of peri-implant bone 
dimensions (Miyamoto & Obama, 2011). Fortuitously, the nature of 
metal artifacts leads to an underestimation of the peri-implant bone 
dimensions and allows us to rely on CB-CT data to show the mini-
mum bone volume which is clinically present.

We nonetheless conclude that the following key factors may ex-
plain the rather stable and constant results:

•	 The flapless procedure may preserve the blood supply of the buc-
cal bone, and

•	 the primarily use of autologous bone or membranes may prevent 
resorption due to foreign body reactions.

In conclusion, all these factors contribute to a minimum of in-
flammatory reactions, which otherwise might promote renewed 
bone resorption and consecutive soft tissue collapse.

5  | CONCLUSION

Within the limitations of this 1- to 3-year follow-up study, immedi-
ate implant placement in molar extraction sockets show high sur-
vival rates, favorable peri-implant generation of bone and only slight 
horizontal resorption of the alveolar ridge. The biphasic bone graft 
material shows in comparison to autogenous bone less horizontal 
resorption. Even autogenous bone revealed higher success rates 
when implant survival, marginal bone levels, and peri-implant prob-
ing depths were evaluated, no statistically significant difference was 
found. The concept of immediate implant insertion in molar extrac-
tion sockets may result in favorable clinical and radiological results 
if a careful case selection and a postoperative maintenance program 
are performed.
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