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Bone loss resulting from vertical 
root fracture1–3 poses a challenging 
problem in dental implant dentist-
ry. Since the microbiotic and me-
chanical sequelae of vertical root 
fractures typically induce the loss 
of alveolar bone, and rather often 
complete resorption of the facial 
bony lamella,4 typical requirements 
for immediate implant placement 
and especially immediate loading 
most often will not be fulfilled.5,6 

For these reasons, implant res-
toration is often performed as a 
two- or three-stage procedure.7–10 
Staged approaches, however, imply 
major drawbacks with regard to the 
preservation of the residual bone 
level11,12 and the marginal gingival 
contour.13,14 The respective invol-
untary changes have been dem-
onstrated clearly to compromise 
the long-term esthetic results.15–17 
Immediate implant placement and 
immediate provisionalization sub-
stantially add to the preservation 
of the marginal structure.18–21 It was 
the remarkable esthetic outcome 
achieved in a recently published se-
ries on NobelPerfect implants22 that 
prompted the authors to transfer 

The aim of this research was to explore the performance of a flapless surgical 
approach for immediate implant placement, simultaneous alveolar ridge 
augmentation, and immediate provisionalization in patients with complete loss of 
the facial bony lamella resulting from long-axis root fracture. Eighteen NobelPerfect 
implants were placed in 16 patients (follow-up, 13 to 36 months) who had sustained 
complete loss of the facial bony lamellae. Implants were inserted simultaneous 
to subperiostal bone augmentation with autogenous bone chips and underwent 
immediate provisionalization. Outcome variables included implant success, marginal 
bone levels, and pink esthetic score (PES). All implants achieved excellent primary 
stability. There were no implant losses. On average, interproximal marginal bone 
levels stabilized at 1.0 to 1.3 mm above the first thread. Postoperative cone beam 
computed tomography scans were available for 16 implant sites and confirmed 
restoration of the facial lamella in the vast majority of patients. Marginal esthetics, as 
assessed by the PES, was by and large preserved (mean postoperative PES, 12.5). 
Oral hygiene was highly predictive for the esthetic result. Survival rates, marginal 
bone levels, and esthetic results suggest a proof-of-principle for the new flapless 
immediate implant placement technique in patients with complete loss of the facial 
bony lamella. Oral hygiene status may be considered as a negative prognostic factor 
for the esthetic outcome. (Int J Periodontics Restorative Dent 2011;31:175–183.)
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the concept of immediate implant 
placement and provisionalization to 
the challenging situation of longi-
tudinal root fractures. The rationale 
emerged from the observation that 
a layer of autologous bone chips 
placed in the gap between the im-
plant and the facial soft tissues re-
sulted in the restoration of a stable 
facial bone layer regardless of the 
dimension of a preexisting facial 
bony defect.

Thus, the aim of this study was 
to systematically explore the perfor-
mance of a new flapless immediate 
implant placement technique when 
applied in patients with complete 
loss of the facial bony lamella. Spe-
cifically, this communication reports 
implant success rates and focuses 
on the clinical, radiographic, and 
esthetic outcomes within a follow-
up period of 13 to 36 months. 

Method and materials 

From April 2004 to December 
2006, 16 patients (5 men, 11 wom-
en; mean age, 43 years; range, 25 
to 64 years) were enrolled in this 
study. Inclusion criteria were as fol-
lows: tooth loss in the esthetic zone 
following a long-axis root fracture, 
complete loss of the facial bony la-
mella, high primary stability expect-
ed, and request for an immediate 
provisional prosthetic restoration. 
Exclusion criteria included previous 
radiation therapy, systemic bone 
diseases, and permanent immuno-
suppressive medication.

Overall, 18 implants were in-
serted. In the initial phase of the 
study, patients received NobelPer-
fect implants (Nobel Biocare) with 
a 1.5-mm machined scalloped col-
lar (n = 3). Beginning in Novem-
ber 2005, NobelPerfect Groovy 
implants (Nobel Biocare) with a 
TiUnite-surfaced scalloped collar 
were inserted (n = 15). Thirteen im-
plants replaced maxillary incisors, 
and 5 implants were inserted in the 
maxillary first premolar region. 

Surgical technique

All surgical interventions were per-
formed using a flapless protocol. 
The condemned teeth were ex-
tracted, with care taken to maintain 
the lateral and oral alveolar socket 
walls and the gingival architecture. 
Hereafter, implant sites were pre-
pared according to the manufactur-
er’s instructions. The implants were 
placed in contact with the oral la-
mella of the socket. The scalloped 
implant neck was placed approxi-
mately 2 mm apical to the circum-
ferential soft tissue margin. All 
implant sites allowed for a 16-mm-
long implant to be placed. Implant 
diameters were 3.5 mm in four im-
plants, 4.3 mm in seven implants, 
and 5.0 mm in seven implants. To 
restore the facial bony contour, si-
multaneous bone grafting was per-
formed by condensing bone chips 
to the bottom of the facial defect 
with a plugger. All autogenous 
bone grafts were harvested at the 
mandibular ramus. Additional soft 
tissue grafts were not used.
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Immediate restoration

In patients undergoing single-tooth 
replacement, manufactured acrylic 
teeth were adjusted on top of titani-
um abutments. For multiple tooth re-
placements, provisional restorations 
were fabricated by a lab technician. 
All provisional restorations were free 
of occlusal contacts. For further sta-
bilization, all implants were splinted. 
Patients received clindamycin (start-
ing 2 days preoperatively for 1 week) 
for perioperative bacterial control. 

After a minimum of 3 months, 
the definitive crowns were fabricated 
using porcelain-fused-to-metal or 
Procera zirconia technology (Nobel 
Biocare) and were cemented using a 
long-lasting temporary cement (Im-
prov, Alvelogro) or a glass-ionomer 
cement (Ketac-Cem, 3M ESPE).

Follow-up and definition of 
outcome variables

Patients were examined at the time 
of implant placement and at least 
13 months later. The primary out-
come variables were as follows:

•	 Implant success according to the 
criteria established by Buser et al.23 

•	 Peri-implant probing depth, 
registered at six sites around 
the implants (mesiofacial, facial, 
distofacial, mesiolingual, lingual, 
distolingual). 

•	 Status of the interproximal mar-
ginal bone level, determined 
using digital radiographs with 
a commercial Rinn holder. Spe-
cifically, the vertical distance 

between the mesial and distal 
bone level and the prominence 
of the first thread was mea-
sured. Attachment levels crestal 
to the first thread were desig-
nated as positive values.

•	 Status of the facial bone level, 
determined using cone bean 
computed tomography (CBCT) 
data. Specifically, the bone level 
was determined by the recon-
struction according to the long 
axis of the implants. 

•	 The Sulcular Bleeding Index (SBI) 
according to Mühlemann and 
Son,24 measured prior to surgery 
and at each follow-up visit.

•	 The pink esthetic score (PES) 
according to Fürhauser et al,25 

measured prior to surgery and 
at each follow-up visit. 

Statistical analysis

Survival probabilities were estimat-
ed using the Kaplan-Meier method. 
The endpoint of interest was im-
plant failure according to the crite-
ria established by Buser et al.23 The 
analysis exploring the link between 
marginal bone level and the PES was 
completed using Spearman rank-
based correlations. Subpopulations 
within the study group (improved 
vs decreased PES) were compared 
using nonparametric U tests. Paired 
observations (oral vs facial probing 
depth, pre- vs postoperative PES) 
were compared using the Wilcoxon 
matched pairs test. The reported  
P values were two-sided. All calcu-
lations were completed using SPSS 
for Windows (version 12, IBM).
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Fig 1a  Initial clinical aspect of the right 
central incisor. The marginal tissues showed 
slight swelling.

Fig 1b  After extraction of the affected 
tooth, a long-axis root fracture was visible.

Fig 1c  Intraoperative view after removal 
of the tooth. The entire facial lamella under-
went resorption. 

Fig 1  Typical treatment protocol for single-tooth replacement.

Fig 1d (left)  Intraoperative aspect after 
reconstruction of the facial lamella with au-
togenous bone chips from the ramus. Note 
the slight overextension of the bone graft 
to achieve a favorable marginal contour 
after the consolidation phase.

Fig 1e (right)  CBCT image 5 months after 
implant placement. Three-dimensional 
imaging in the sagittal view shows the 
complete reconstitution of the facial bony 
lamella.

Figs 1f and 1g  (left) Clinical and (right) 
radiographic outcomes 19 months after 
immediate implant placement, immediate 
provisionalization, and definitive restoration 
delivery. Complete osseointegration of the 
implant and favorable marginal bone level 
at approximately 1.5 mm coronal to the first 
thread was noticed.
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Results

All patients fully attended the follow-
up. Although the facial bony lamella 
was completely absent, all implants 
yielded sufficient primary stability for 
immediate placement of the provi-
sional restoration. Figure 1 illustrates 
the typical treatment protocol for a 
single-tooth replacement. Figure 2 
presents the preoperative aspects 
and final outcome of the patient with 
the worst clinical outcome in terms 
of marginal bone level. This implant 
was classified as a failure because of 
excessive bone loss. 

Implant success

Within the follow-up period (13 to 
36 months; median, 22 months), 
no implant had to be removed. No 
major loss of marginal bone was 
observed except for in one patient 
(Fig 2). On retrospective analysis, 
this excessive bone loss occurred 
because of an initially unrecognized 
cement overextrusion to the sulcus 
at the time of delivering the defini-
tive crown. Four months later, this 
patient presented with purulent 
sulcular outflow. Although the ce-
ment was removed and secondary 

augmentation was performed, the 
defect did not recover. The implant 
did not show an unfavorable esthet-
ic outcome or renewed suppuration 
through the final examination (Fig 
2c). Nevertheless, this implant was 
considered a failure. Thus, the suc-
cess rate, according to the criteria 
of Buser et al,23 was 94% (mean sur-
vival, 34 months; 95% confidence 
interval, 31 to 38 months) (Fig 3).

Fig 2a (right)  Initial clinical aspect show-
ing a long-axis root fracture with complete 
loss of the facial lamella, a fistula, and a 
recession-type defect.

Fig 2b (left)  Radiographic outcome 15 
months after immediate implant placement 
showing excessive bone loss following 
overextrusion of cement. 

Fig 2c (right)  Clinical aspect at final 
examination. There was a lack of inflamma-
tion despite severe bone resorption. The 
marginal soft tissue level improved, but the 
overall PES score was unchanged.  

Fig 2  Patient with the worst outcome in the case series.
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Probing depth

Mean peri-implant probing depth 
ranged from 3.7 mm (facial) to 4.6 mm 
(disto-oral). Probing depths indicat-
ed no inferior bone level on the fa-
cial aspect (mean, 3.7 mm) when 
compared to the oral aspect (mean, 
3.9 mm). By contrast, the disto-
lingual probing depth was slightly 
higher than the distobuccal (4.6 vs 
4.2 mm), reflected in a moderate 
trend toward a difference (P = .073, 
Wicoxon matched pairs analysis). 
Thus, the data suggest no relevant 
differences between marginal tissue 
levels at the preserved oral and re-
constructed facial aspects of the 
implants. In the “complication case” 
(Fig 2), probing depths of up to 9 mm 
were observed.

Marginal bone level

Referring to the contour of the first 
thread, the average interproximal 
marginal bone level was 1.3 mm 
(range, –2.6 to 2.7 mm) at the me-
sial aspect and 1.0 mm (range, –3.9 
to 3.1 mm) at the distal aspect. The 
respective values in the “complica-
tion case” were –2.6 and –3.9 mm. 
Excluding the complication case, 
the average interproximal marginal 
bone level was 1.6 mm (range, 0.0 
to 2.7 mm) at the mesial aspect and 
1.3 mm (range, 0.0 to 3.1 mm) at 
the distal aspect.

When the interproximal marginal 
bone level was considered as a func-
tion of time, there was no correlation 
between the marginal bone status 
and the length of the follow-up peri-
od (r = –0.368, P = .133; Spearman 
rank correlation coefficient). 

Follow-up CBCTs were available 
for 16 patients. The reconstruction 
of up to 10 slices within the long axis 
of the implants confirmed gross re-
constitution of the facial bony lamel-
la in all patients (Fig 1e). However, in 
4 patients, single slices suggested 
small longitudinal zones of incom-
plete bone coverage in the midline 
at the facial prominence measuring 
0.5 to 1.0 mm in width. 

PES

Improvement of the PES was noticed 
in 8 implant sites. In 5 sites, the es-
thetic status was unchanged, while 5 
sites sustained a slight to moderate 
decrease (Fig 4). Thus, overall, the 
PES remained unchanged by the 
inter vention (P = .646, Wilcoxon 
matched pairs test). At the final  
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Fig 3  Kaplan-Meier estimate for implant survival. Fig 4  Pre- and postoperative PES ratings. In approximately 70% of 
implants, the esthetic status was improved or preserved compared 
with the initial situation.
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examination, the mean PES amount-
ed to 12.5 (range, 10.0 to 14.0), while 
the preoperative PES averaged 12.2 
(range, 8.0 to 14.0). The detailed val-
ues of the PES are given in Table 1. 
Thus, the integrity of the gingival ar-
chitecture could be largely main-
tained with this flapless approach. 
The most critical single PES item in 
this cohort was the alveolar process 
contour. In 12 implant sites, the natu-
ral appearance of this zone was pre-
served, but another 6 sites showed a 
slight to moderate loss of the bony 
contour. 

When looking at potential deter-
minants of the PES, neither demo-
graphic or anamnestic data nor the 
interproximal marginal bone level 
were predictive for the postopera-
tive esthetic outcome. However, the 
SBI was strongly associated with the 
esthetic outcome, with an increased 

SBI score suggesting an improved 
likelihood of a decrease in the es-
thetic score and vice versa (P = .002, 
U test) (Fig 5). 

Discussion

This analysis addressed the clini-
cal performance of a new flapless 
immediate implant placement and 
augmentation technique in patients 
with complete loss of the facial bony 
lamella because of vertical root frac-
tures. Clinical reports on this issue 
are rare. Evian et al26 reported the 
therapeutic management for im-
mediate implant placement in sites 
with periapical deficiencies where 
the marginal bone was preserved. 
They raised a flap in the apical re-
gion without compromising the 
integrity of the coronal bone and 

gingiva. However, this technique 
is not suitable for complete facial 
bony defects.  

To get one step further, a flap-
less approach was combined with a 
subperiostal ridge augmentation via 
bone chips for reconstruction of the 
entire facial alveolar wall. This treat-
ment concept provides continuous 
bony support of the marginal gin-
giva and promises prevention of the 
collapse of the marginal contour. 

Since primary stability is the cor-
nerstone of immediate provisional-
ization, 16-mm-long implants were 
used and splinted to the neighbor-
ing teeth or other implants to assure 
maximum anchorage and to distrib-
ute stress to the surrounding bone.27 

It remains open whether the 
specific implant design and surface 
or the surgical concept is the key to 
the support of the marginal contour 

100

80

60

40

20

0

SB
I (

%
)

Reduced PES
(n = 5)

Improved or
equal PES
(n = 13)

Fig 5  SBI according to esthetic outcome. When comparing the 
implants with reduced postoperative PES scores to those with 
improved or equal scores, the preoperative SBI emerged as a simple 
predictive parameter.

Table 1 Mean pre- and postoperative PES 
values

Variable Preoperative Postoperative

Mesial papilla 1.7 1.6

Distal papilla 1.6 1.7

Level of soft tissue 
margin

1.7 1.7

Soft tissue contour 1.8 2.0

Alveolar process 
contour

1.9 1.6

Soft tissue color 1.8 1.9

Soft tissue texture 1.7 2.0

Total 12.2 12.5
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and the reconstitution of the bony 
lamella. However, although all pa-
tients had extended defects of the 
facial alveolar bone lamella, the 
clinical outcome parameters were 
in line with the results reported 
for immediate loading of standard 
platform5,6,18–21 or scalloped im-
plants28–32 in favorable bone condi-
tions. Thus, success rates, marginal 
bone levels, and esthetic results 
suggest a proof-of-principle for this 
flapless immediate implant place-
ment and augmentation technique. 

It is remarkable that the results 
are in striking contrast to several pre-
vious reports33–35 suggesting that soft 
tissue compromise and gingival re-
cession could hardly be avoided, re-
gardless of immediate35 or delayed33 
provisionalization. However, there are 
fundamental differences between 
these studies and the current case 
series. In this study, the gingival ar-
chitecture was preserved, implants 
were placed at the oral aspect of the 
alveolar contour allowing for bony 
reconstruction within the envelope, 
and allografts were avoided. Taken 
together, these details might explain 
the rather stable esthetic outcome, 
since they all contribute to minimal 
inflammatory reactions, which other-
wise might promote renewed bone 
resorption and consecutive soft tis-
sue collapse.

Due to the restriction of the 
case series to longitudinal root 
fractures, only a limited number 
of patients were included in this 
cohort. However, even with the 
small patient sample, oral hygiene 
emerged as a relevant predictive 
factor for esthetic outcome. 

In spite of the promising results, 
implant-supported tooth replace-
ment in the esthetic zone remains 
a critical issue, especially when the 
alveolar bone is lost because of in-
flammatory resorption. Although, 
on average, a favorable interproxi-
mal bone level was maintained 
and comparable PES ratings were 
obtained at pre- and postoperative 
evaluations, the data presented in 
Fig 4 indicate that a relevant pro-
portion of the patients experienced 
some esthetic compromise. It re-
mains to be explored whether these 
drawbacks may be avoided by a 
strict patient selection based on 
oral hygiene parameters such as the 
SBI or by further refinements of the 
surgical approach. However, by ap-
plying the protocol specified above, 
preservation or improvement of the 
esthetic status was achieved in two 
thirds of the patients. 

Conclusion

Survival rates, marginal bone lev-
els, and esthetic results suggest a 
proof-of-principle for a flapless im-
mediate implant placement tech-
nique in patients with complete 
loss of the facial bony lamella. Oral 
hygiene status may be considered 
as a negative prognostic factor for 
the esthetic outcome.  
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