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To improve the adaptation to bone level discrepancies of sloped alveolar crests, 
an implant with a sloped implant-abutment interface has been developed. In a 
previously reported international multicenter study, 65 sloped implants replaced 
single teeth with a buccolingual bone level discrepancy at least 3 months after 
tooth loss. The present study reports the long-term outcomes of one study center 
and also evaluates marginal bone and keratinized mucosa alterations around 
sloped implants in healed, sloped crests in a long-term follow-up. Implant survival, 
marginal bone levels, and buccal bone dimensions in relation to the implant 
shoulder level (assessed by periapical radiographs and CBCT), width of keratinized 
mucosa, and probing depths were observed. Two patients did not present 
for follow-up examinations. No implants were lost. The remaining 13 implants 
were followed for a mean period of 123 months. Mean marginal bone levels 
were maintained slightly coronal to implant shoulder level at the interproximal 
(0.13 mm) and the buccal aspects (0.57 mm). The width of keratinized mucosa 
improved significantly from delivery (1.85 mm) to the 1-year follow-up (3.39 mm) 
and was thereafter unchanged. Placing implants with a sloped shoulder in a 
healed crest with lingual-buccal bone level discrepancy resulted in circumferential 
marginal bone maintenance and improved width of the keratinized mucosa. 
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The dimensions of the alveolar pro-
cess are dependent on the eruption 
and presence of teeth. Therefore, 
tooth removal will lead to volume 
reduction of the alveolar process. 
Several studies in animals1 and hu-
mans2,3 showed that tooth extrac-
tion resulted in width and height 
reductions of the alveolar process, 
particularly at the buccal aspect. 
The width reduction within 12 
months was approximately 50%, but 
major volume loss happened within 
the first 3 months.3 After 6 months, 
horizontal reduction was more pro-
nounced than vertical.4 The main 
results of those studies showed 
that resorption following extraction 
resulted in a sloped alveolar ridge 
with a buccal bone wall approxi-
mately 2 mm lower than the lingual 
bone wall.1–4 One alternative treat-
ment method for rehabilitating such 
sloped crests is to choose an implant 
with a sloped configuration of the 
implant-abutment interface (such as 
the OsseoSpeed Profile, Astra Tech 
Implant System, Dentsply Sirona), 
which adapts to the contour of the 
crest. In a preclinical study in dogs, 
the healing around sloped implants 
inserted in alveolar ridges with a 
lingual-buccal height difference led 
to a remaining discrepancy in bone 
levels.5 A prospective multicenter 
study evaluated implant survival, 
marginal bone levels, and changes 
of the keratinized mucosa around 
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sloped implants that were placed 
in healed sloped crests in mandibu-
lar molar sites.6 High survival rates, 
maintained bone levels, and an im-
proved keratinized mucosa width 
were reported in sites with com-
promised peri-implant soft tissues. 
The published data at the 1-year 
reexamination of the present pro-
spective multicenter study reported 
only minor changes in the lingual 
and buccal bone levels between 
placement and reentry at 4 months, 
as well as minor interproximal bone 
level changes at 1 year.7 These re-
sults showed that placement of a 
sloped implant resulted in preserva-
tion of circumferential bone. Howev-
er, no data are available on the long-
term effect. The aim of the present 
retrospective study was to observe 
implant survival as well as hard and 
soft tissue changes around sloped 
implants placed in healed, sloped 
alveolar crests after a follow-up pe-
riod of 10 years.

Materials and Methods

In a prospective multicenter clinical 
study conducted at five internation-
al centers, 65 implants with a sloped 
implant shoulder (OsseoSpeed Pro-
file) were placed in 65 patients for 
single tooth replacement in any lo-
cation of either arch.7 The implants 
were aligned in the sloping topog-
raphy of healed, sloped ridges with 
a severe lingual-buccal bone level 
discrepancy, which was analyzed by 
a CBCT scan recorded at a preop-
erative examination. Healing abut-
ments were connected for transmu-
cosal healing. Following reentry at 4 

months, TiDesign abutments (Astra 
Tech Implant System, Dentsply Siro-
na) were connected to the implants. 
Porcelain-fused-to-metal crowns 
were delivered 21 weeks after im-
plant placement for the final resto-
ration. The present data report the 
long-term outcomes of one study 
center (R.N.) that placed 15 implants 
in 15 patients (8 men and 7 women; 
12 nonsmokers and 3 smokers) with 
a mean age of 50 years (range: 31 
to 70 years). Implant placement took 
place from November 2008 to June 
2009. The patients did not suffer 
from intraoral pathologic processes 
nor systemic or local diseases, and 
they did not take medication that 
could have an impact on healing. 
Time range after tooth extraction 
varied between 3 months and 20 
years.

Ethical Approval

The initial prospective 3-year clini-
cal trial was approved by the Inter-
national Ethics committee Freiburg. 
The present retrospective 10-year 
study was approved by the Ethics 
committee of Rhineland-Palatinate, 
Germany (file no. 2020-15042) and 
conducted according to the recom-
mendations of good clinical prac-
tice. 

Implants

Implants in the present study sub-
group were sloped implants (Fig 1) 
with diameters of 4.5 and 5.0 mm 
and lengths between 11 and 15 mm. 
The implant shoulders were sloped 

by 30 degrees. Two implants were 
placed in the maxilla, and 13 were 
placed in the mandible. The most 
common tooth replacement sites 
were mandibular first molar loca-
tions. The conical implant with a  
4.5-mm diameter was used in 8 
sites, the conical implant with a  
5.0-mm diameter was used in 4 
sites, and the straight implant with a  
5.0-mm diameter was used in 3 
sites. To prevent lingual perforation 
in mandibular molar sites, the coni-
cal (and thereby apically slimmer) 
implant design was chosen more 
frequently.

Surgical Procedures

Implant placement was performed 
according to the implant system’s 
manual, as previously described.7 
The sloped aspect of the implant 
was aligned flush with the buccal 
marginal bone contour. No addi-
tional bone grafting was performed. 
At 4 months, reentry was performed 
to measure peri-implant marginal 
bone levels. 

Follow-up Examinations and 
Outcome Variables

Patients were evaluated preopera-
tively, at implant insertion, at pros-
thesis delivery, and at follow-up 
visits 1, 2, 3, 5, and 10 years after 
implant placement. The primary 
outcome was implant survival at 
least 100 months after placement. 
Secondary outcome variables were 
as follows.
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Interproximal marginal bone levels
Interproximal marginal bone levels 
were evaluated by digital periapi-
cal radiographs with the paralleling 
technique. The vertical distances 
between the mesial and distal bone 
levels and the first microthread (ref-
erence level) were measured. The 
interproximal bone levels at this 
sloped implant design highlight the 
relationship between the lingual in-
terproximal marginal bone and the 
coronal and lingual aspects of the 
implant design. Bone levels coro-
nal to implant shoulder were docu-
mented as positive values, and vice 
versa.

Lingual and buccal bone levels
The lingual and buccal bone levels 
were evaluated in relation to the 
implant shoulder using a calibrated 
probe at implant placement and at 
reentry 4 months later. In the follow-
up period, buccal and lingual bone 
levels were determined by CBCT 
data, which were recorded for rea-
sons unrelated to the study. Buccal 
bone thickness was measured 1, 
3, and 6 mm apical to the implant 
shoulder (Fig 1).

Keratinized mucosa width
The width of the keratinized mucosa 
was measured at the midfacial as-
pect of the implants by a 1-mm cali-
brated periodontal probe. 

Pocket probing depths
Pocket probing depths were record-
ed at six sites around the implant us-
ing a plastic probe with yellow and 
black color-coding and high flexibil-
ity (PCVUNC12PT, Hu-Friedy).

Statistical Analysis

To explore the influence of the ke-
ratinized mucosa width on bone 
level and thickness, Spearman rank-
based correlations were utilized.8 
Changes in bone levels and kera-
tinized mucosa width between the 
different follow-up times were ana-
lyzed using paired Wilcoxon signed-
rank tests. Subgroups (smokers vs 
nonsmokers) were compared us-
ing nonparametric U test on a per- 
patient basis. The reported P values 
are two-sided and were considered 
significant when < .05. For statistical 
analysis, SPSS 25 (IBM) was used. 

Results

Implant Survival

The previously published 1-year re-
sults of the initial multicenter study 
observing the sloped implant de-
sign showed minor resorption of the 
circumferential marginal bone and 
no implant loss.7 Fifteen patients 
were followed for long-term obser-
vation. Two patients dropped out 
of the study after the 1- and 3-year 
follow-up examinations. Implant sur-
vival was 100% with a mean follow-
up of 122.7 ± 8.9 months (range: 
106 to 135 months). Representative 
cases are shown in Figs 2 to 4.

Peri-implant Marginal Bone 
Level and Buccal Bone Wall 
Thickness

Appendix Table 1 reports the 
mean marginal bone levels of 13 

Reference 
level

1 mm

3 mm

6 mm

implants in relation to the im-
plant shoulder and buccal bone 
wall thickness (all appendix tables 
can be found in the online version 
of the article at quintpub.com/ 
journals). Interproximal bone lev-
els changed from 0.50 ± 0.21 mm 
at insertion to 0.07 ± 0.25 mm 
at the 3-year follow-up, to 0.13 ±  
0.58 mm at the 10-year follow-up. 
One patient presented at 10 years 
with abutment screw loosening and 
subsequent marginal bone loss of  
1.3 mm. The abutment was recon-
nected with a torque of 25 Ncm. 
Further follow-up did not reveal 
any signs of infection. Intraopera-
tive examination at implant inser-
tion revealed a bone level of 0.12 ±  

Fig 1  Method of measurement of the buc-
cal bone wall level and thickness at 1, 3, 
and 6 mm apical to the reference level.
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Fig 2  (a) Edentulous mandibular left first molar site with significant resorption of the alveolar crest and reduced width of the keratinized 
attached mucosa. (b) An occlusal view of the site shows the significantly reduced attached mucosa width and the buccal bone volume 
deficiency. (c) Placement of a sloped implant (4.5-mm diameter) in a severely sloped alveolar crest, positioned to be flush with the buccal 
bone and just 1 mm below the highest point of the lingual crest. (d) The width of the maintained keratinized mucosa at final prosthesis 
delivery was approximately 1 mm. (e) Clinical situation at the 5-year follow-up showed increased width and thickness of the peri-implant 
keratinized mucosa. (f) At the 10-year follow-up, an unchanged and stable peri-implant soft tissue situation was observed.

a

d

b

e

c

f

Fig 3  Radiographs of the clinical situation 
shown in Fig 2. (a) A periapical radiograph 
taken at implant insertion showed an 
interproximal bone level slightly coronal 
to implant shoulder. mbl = mesial bone 
level; dbl = distal bone level; isl = implant 
shoulder level. (b) At prosthesis delivery, 
the marginal bone at the distal aspect 
decreased slightly below implant shoulder 
level. (c) A periapical radiograph taken at 
the 10-year follow-up showed a marginal 
bone level at the implant shoulder for 
both the mesial and distal aspects. (d) A 
preoperative CBCT scan shows the severe 
buccal bone resorption and the sloped 
crest topography. (e) A CBCT scan taken 
at the 5-year follow-up showed maintained 
lingual and buccal bone levels at the level 
of the implant shoulder with an increased 
thickness of the cortical bone layer at-
tached to the microthreads. lbl = lingual 
bone level; bbl = buccal bone level.

a b

d

c

e

mbl mbl
isl isl isl

dbl
dbl dblmbl

lbl
bbl
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0.71 mm coronal to implant shoul-
der (range: –2.0 to 1.0 mm) at the 
buccal aspect, which was slightly 
reduced to –0.27 ± 0.83 mm at re-
entry (range: –2.0 to 1.0 mm; P = 
.164). The lingual bone level was 
–0.12 ± 0.62 mm (range: –1.5 to  
1.0 mm) apical to shoulder at inser-
tion, and –0.27 ± 0.70 mm (range: 
–2.0 to 1.0 mm) at reentry (P = .490). 
CBCTs recorded within the follow-up 
period (n = 13; mean: 97 ± 23 months  
postinsertion) presented a signifi-

cantly increased buccal bone level 
of 0.57 ± 1.12 mm coronal to the 
shoulder (range: –2.11 to 2.61 mm; 
P = .007), and a maintained lingual 
bone level (–0.13 ± 0.24 mm; range: 
–0.64 to 0.24 mm; P = .514). Buccal 
bone thickness was 1.40 ± 0.89 mm 
at 1 mm, 2.29 ± 0.96 mm at 3 mm, 
and 3.29 ± 1.63 mm at 6 mm apical 
to the reference level.

Width of the Keratinized and 
Attached Mucosa

The width of the keratinized mucosa 
is specified in Appendix Table 2. The 
mean width significantly improved 
from 1.85 ± 1.33 mm at delivery 
(range: 0.0 to 3.5 mm) to 3.39 ±  
1.14 mm at 1 year (range: 2.0 to  
5.5 mm; P = .001), and was un-
changed until the 10-year follow-
up (3.23 ± 1.27 mm; range: 1.5 to  
6.0 mm; P = .491).

a

d

b

e

c

f
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1 mm
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Fig 4  (a) Edentulous maxillary left canine site with slight resorption of the alveolar crest and a sufficient width of the keratinized attached 
mucosa. (b) At prosthesis delivery 5 months after implant placement, the facial soft tissue level was maintained but the interproximal papil-
lae were lost. (c) At the 10-year follow-up, both the facial soft tissue and the interproximal papillae levels were increased. (d) A periapical 
radiograph taken at the 10-year follow-up showed a marginal bone level coronal to the implant shoulder level, especially at the distal 
aspect. (e) A preoperative CBCT scan shows a slight oral and buccal bone resorption and a sloped crest at the buccal aspect. (f) A CBCT 
scan taken at the 10-year follow-up showed lingual and buccal bone levels coronal to the implant shoulder level.
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Pocket Probing Depths

The mean pocket probing depths 
measured at six sites at the final ex-
amination are displayed in Appen-
dix Table 3. No difference between 
lingual and buccal pocket probing 
depths was seen.

Correlation Results

No significant correlation between 
width of keratinized mucosa and 
interproximal marginal bone level 
(r = 0.436; P = .137) and the buccal 
bone level (r = 0.471; P = .104) was 
found. However, there was a signifi-
cant correlation between  keratin-
ized mucosa width and buccal bone 
thickness 1 mm apical to the refer-
ence level (r = 0.722; P = .005; Fig 
5). Marginal bone levels were not 
related to smoking habits (P = .51).

Discussion

This study observed circumferential 
bone alterations and peri-implant 
mucosa changes around sloped 
implants placed into sloped crests 
after a mean follow-up period of 
10 years. Interproximal marginal 
bone was unchanged at implant 
shoulder level, whereas the buccal 
bone height increased coronally to 
the sloped implant shoulder. Be-
cause the lingual bone height was 
maintained at the implant shoul-
der level, the natural topography 
of the sloped crest was preserved. 
A significant increase in keratinized 
mucosa width at the buccal aspect 
was seen from prosthesis delivery 
to the 1-year follow-up and was un-
changed thereafter. This improve-
ment in keratinized mucosa width 
is a unique phenomenon and is not 
described in the dental literature, as 
far as the present authors are aware. 
The reasons for this phenomenon 
are not fully elucidated but may 
be influenced by several factors. 

The present authors’ histologically 
unverified theory is based on the 
reconstruction of a fiber complex 
around teeth, described by Feneis.9 
An important element for soft tissue 
stability around teeth is complex 
bundles of collagenous fiber, which 
connects gingiva, periosteum, and 
cementum. As implants lack cemen-
tum for anchorage, fiber bundles in 
the peri-implant mucosa often run 
close and parallel to the implant 
surface.10–14 The sloped shoulder 
configuration, which adapts to the 
topography of the sloped crest, 
may facilitate the 3D reorientation 
of this fiber complex following inser-
tion and abutment connection (Fig 
6). According to this theory, the ra-
diographically proven maintenance 
of the lingual bone level close to 
the implant shoulder may serve as a 
matrix for fiber anchorage and may 
support the increase in keratinized 
mucosa dimensions (Fig 7). 

The present findings of main-
tained lingual bone height are in 
line with the histologic results of a 

Fig 5  A significant correlation was seen 
between the keratinized mucosa width and 
the buccal bone wall thickness at 1 mm 
apical to reference level.
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study in dogs that observed mar-
ginal bone changes after place-
ment of sloped implants in healed 
ridges with a lingual to buccal 
sloped topography.5 The sloped 
implant shoulder design leads to an 
increased buccal width in platform-
switching (due to the 30-degree 
sloped design, the implant shoul-
der platform switch is wider at the 
buccal aspect than at the lingual as-
pect). The platform-switching idea 
is based on connecting a narrow- 
diameter abutment to a wider im-
plant to create space for tissue in-
tegration and to protect bone from 
resorption15,16 by an increased dis-
tance between the microgap and 
bone.17 A clinical trial reported that 
better bone maintenance was seen 
as the measured mismatch between 
implant and abutment increased in 
width.18 The present study results re-
vealed an increased bone and soft 
tissue regeneration at the buccal 
aspect of sloped implants. However, 
the influence of platform-switching 
on regeneration of keratinized mu-
cosa is not described so far. The 
proposed virtue of this implant de-
sign is that it fits into sloped ridges, 

negating the need for bone graft-
ing or placing the implant deeper 
to avoid buccal dehiscences. Even 
though the buccal bone was rather 
thin in several cases, a mucoperios-
tal flap was raised twice, and no 
bone grafting was performed, the 
mean vertical buccal bone level in-
creased significantly within the ob-
servation period. 

A positive effect of a micro-
threaded implant design on corti-
cal bone regeneration was shown 
earlier in a dog study.19 The present 
results are the proof-of-principle for 
avoiding additional augmentation in 
healed sites with a sloped but suf-
ficient residual bone. In extraction 
sites with and without facial bone 
defects, regeneration of the facial 
bone plate at sloped implants has 
been seen following immediate im-
plant placement, provisionalization, 
and autogenous bone grafting in a 
prospective study.20 In that study,20 
the soft tissue level was unchanged, 
but bone height and thickness in-
creased within a 3-year observation. 
In the present study, a significant 
correlation was found between buc-
cal bone thickness and keratinized 

Fig 7  Cross-sectional view of the fiber 
reconstruction at a sloped implant in a 
sloped alveolar crest, according to Feneis.9 

The hypothetic lingual anchorage of the 
peri-implant fibers is illustrated. 

Fig 6  Illustration of the hypothesis of the 
peri-implant fiber reconstruction, according 
to Feneis.9 

mucosa width. The need for a suf-
ficient zone of keratinized mucosa 
around implants as protection from 
bone resorption was documented 
in other studies.21,22 A dog study in-
vestigated the impact of keratinized 
mucosa presence on peri-implant 
marginal bone levels and thickness.8 

Insertion
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Vertical buccal bone resorption 
was increased when no keratinized 
mucosa was present at insertion, 
whereas horizontal resorption was 
similar in both groups. Those results 
are in contrast to the present find-
ings. Although controversies exist 
in the literature about the impact 
of peri-implant keratinized muco-
sa,23 its presence protects against 
plaque accumulation, inflammation, 
and trauma, and it allows for suf-
ficient oral hygiene.24,25 However, 
in spite of the promising results for 
this sloped implant design, some 
questions could not be answered, 
such as the influence of the surgeon 
or initial soft tissue thickness, in this 
observation due to a limited num-
ber of implants.

Conclusions

This long-term observation of peri-
implant hard and soft tissue stability 
showed that placement of sloped 
implants in healed alveolar crests 
with a sloped topography for single-
tooth replacement resulted in an 
increase in peri-implant keratinized 
mucosa width. Further, bone heal-
ing around sloped implants resulted 
in a stable circumferential marginal 
bone at the level of the implant 
shoulder. In particular, the physi-
ologic sloping topography of the 
alveolar process was maintained.
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Appendix Table 1 � Interproximal Marginal, Buccal, and Lingual Bone Levels in Relation to Implant                                                   Shoulder Level, and Buccal Bone Plate Thickness 1, 3, and 6 mm Apical to the Implant Shoulder Level

Interproximal marginal bone level, mm Buccal bone level, mm Lingual bone level, mm

Thickness of buccal bone plate, mm

1 mm 3mm 6mm

Insertion Delivery 1 y 2 y 3 y 5 y 10 y Insertion Reentry Final Insertion Reentry Final Final Final Final

Case no.

  1 0.46 0.24 –0.21 0.51 0.36 0.30 –0.56 0.5 0.0 0.00 0.0 0.0 –0.29 0.78 1.73 3.03

  3 0.38 0.00 0.60 0.18 0.31 0.00 0.98 0.0 –1.5 1.47 0.0 0.0 0.24 2.9 4.54 6.95

  4 0.64 0.32 0.38 0.00 0.30 0.56 0.63 0.5 1.0 1.22 –1.0 –0.5 –0.36 3.42 2.64 2.23

  5 0.52 0.00 0.16 0.24 0.00 0.00 0.38 0.5 0.5 2.61 –0.5 0.0 0.00 0.78 1.88 2.69

  6 0.34 –0.68 –0.76 0.00 0.00 –0.23 –1.30 0.0 –2.0 –2.11 0.0 0.0 –0.64 1.02 3.78 6.09

  7 0.61 –0.94 –0.25 0.00 0.00 0.00 0.45 0.0 –0.5 0.56 –1.5 –2.0 0.00 0.87 1.73 3.39

  8 0.83 –0.36 0.00 0.00 0.00 0.00 –0.09 –2.0 0.0 0.00 0.0 0.0 0.00 0.25 0.84 1.42

  9 0.20 –0.09 –0.10 –0.22 –0.28 –0.32 –0.20 0.0 –0.5 0.00 0.0 0.0 0.00 1.03 2.52 4.39

  10 0.66 0.00 –0.21 –0.34 –0.15 0.58 0.5 0.0 0.00 0.5 –1.0 –0.35 1.22 1.67 1.85

  11 0.87 0.20 0.27 0.39 0.48 0.07 1.0 –1.0 1.14 0.0 1.0 0.29 1.86 2.35 2.64

  12 0.41 0.00 0.07 0.21 0.26 0.64 0.29 0.5 0.5 0.68 0.0 –0.5 0.00 1.76 2.36 2.9

  13 0.31 0.00 –0.12 –0.88 0.00 0.25 0.34 0.0 0.0 1.42 0.0 0.0 0.00 1.31 1.87 2.05

  14 0.25 –0.23 –0.60 –0.62 –0.83 0.14 0.0 0.0 0.43 1.0 –0.5 0.00 1.03 1.8 3.1

Mean 0.50 –0.12 –0.06 –0.03 0.07 0.12 0.13 0.12 –0.27 0.57 –0.12 –0.27 –0.13 1.40 2.29 3.29

SD 0.21 0.36 0.37 0.23 0.25 0.31 0.58 0.71 0.83 1.12 0.62 0.70 0.24 0.89 0.96 1,63

Median 0.46 0.00 –0.10 0.00 0.10 0.00 0.29 0.00 0.00 0.56 0.00 0.00 0.00 1.03 1,88 2.90

Minimum 0.20 –0.94 –0.76 –0.44 –0.42 –0.32 –1.30 –2.0 –2.0 –2.11 –1.5 –2.0 –0.64 0.25 0.84 1.42

Maximum 0.87 0.32 0.60 0.31 0.53 0.64 0.98 1.0 1.0 2.61 1.0 1.0 0.24 3.42 4.54 6.95

Total  
implants, n 13 13 13 13 13 10 13 13 13 13 13 13 13 13 13 13

Pa .001* .753 .906 .047* .859 .838 .164 .007* .490 .514

Two patients (case 2 and case 15) dropped out of the study after the 1- and 3-year follow-ups and are excluded from this table. 
aResults compared to previous observation. 
*Statistically significant. 
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Appendix Table 1 � Interproximal Marginal, Buccal, and Lingual Bone Levels in Relation to Implant                                                   Shoulder Level, and Buccal Bone Plate Thickness 1, 3, and 6 mm Apical to the Implant Shoulder Level

Interproximal marginal bone level, mm Buccal bone level, mm Lingual bone level, mm

Thickness of buccal bone plate, mm

1 mm 3mm 6mm

Insertion Delivery 1 y 2 y 3 y 5 y 10 y Insertion Reentry Final Insertion Reentry Final Final Final Final

Case no.

  1 0.46 0.24 –0.21 0.51 0.36 0.30 –0.56 0.5 0.0 0.00 0.0 0.0 –0.29 0.78 1.73 3.03

  3 0.38 0.00 0.60 0.18 0.31 0.00 0.98 0.0 –1.5 1.47 0.0 0.0 0.24 2.9 4.54 6.95

  4 0.64 0.32 0.38 0.00 0.30 0.56 0.63 0.5 1.0 1.22 –1.0 –0.5 –0.36 3.42 2.64 2.23

  5 0.52 0.00 0.16 0.24 0.00 0.00 0.38 0.5 0.5 2.61 –0.5 0.0 0.00 0.78 1.88 2.69

  6 0.34 –0.68 –0.76 0.00 0.00 –0.23 –1.30 0.0 –2.0 –2.11 0.0 0.0 –0.64 1.02 3.78 6.09

  7 0.61 –0.94 –0.25 0.00 0.00 0.00 0.45 0.0 –0.5 0.56 –1.5 –2.0 0.00 0.87 1.73 3.39

  8 0.83 –0.36 0.00 0.00 0.00 0.00 –0.09 –2.0 0.0 0.00 0.0 0.0 0.00 0.25 0.84 1.42

  9 0.20 –0.09 –0.10 –0.22 –0.28 –0.32 –0.20 0.0 –0.5 0.00 0.0 0.0 0.00 1.03 2.52 4.39

  10 0.66 0.00 –0.21 –0.34 –0.15 0.58 0.5 0.0 0.00 0.5 –1.0 –0.35 1.22 1.67 1.85

  11 0.87 0.20 0.27 0.39 0.48 0.07 1.0 –1.0 1.14 0.0 1.0 0.29 1.86 2.35 2.64

  12 0.41 0.00 0.07 0.21 0.26 0.64 0.29 0.5 0.5 0.68 0.0 –0.5 0.00 1.76 2.36 2.9

  13 0.31 0.00 –0.12 –0.88 0.00 0.25 0.34 0.0 0.0 1.42 0.0 0.0 0.00 1.31 1.87 2.05

  14 0.25 –0.23 –0.60 –0.62 –0.83 0.14 0.0 0.0 0.43 1.0 –0.5 0.00 1.03 1.8 3.1

Mean 0.50 –0.12 –0.06 –0.03 0.07 0.12 0.13 0.12 –0.27 0.57 –0.12 –0.27 –0.13 1.40 2.29 3.29

SD 0.21 0.36 0.37 0.23 0.25 0.31 0.58 0.71 0.83 1.12 0.62 0.70 0.24 0.89 0.96 1,63

Median 0.46 0.00 –0.10 0.00 0.10 0.00 0.29 0.00 0.00 0.56 0.00 0.00 0.00 1.03 1,88 2.90

Minimum 0.20 –0.94 –0.76 –0.44 –0.42 –0.32 –1.30 –2.0 –2.0 –2.11 –1.5 –2.0 –0.64 0.25 0.84 1.42

Maximum 0.87 0.32 0.60 0.31 0.53 0.64 0.98 1.0 1.0 2.61 1.0 1.0 0.24 3.42 4.54 6.95

Total  
implants, n 13 13 13 13 13 10 13 13 13 13 13 13 13 13 13 13

Pa .001* .753 .906 .047* .859 .838 .164 .007* .490 .514

Two patients (case 2 and case 15) dropped out of the study after the 1- and 3-year follow-ups and are excluded from this table. 
aResults compared to previous observation. 
*Statistically significant. 
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Appendix Table 2  Improvements in Peri-implant Keratinized Mucosa Width over 10 Years

Keratinized mucosa width, mm

Delivery 1 y 2 y 3 y 5 y 10 y

Case no.

  1 0.0 2.0 2.5 2.5 2.5 3.0

  3 2.5 4.5 5.0 4.5 4.0 4.0

  4 2.0 5.5 5.5 5.5 5.5 6.0

  5 0.0 2.0 2.0 2.5 2.0 2.0

  6 0.0 2.0 1.8 1.5 1.5 1.5

  7 2.5 3.0 3.5 3.5 3.0 2.5

  8 3.5 4.5 4.5 4.0 3.0 3.0

  9 1.0 2.5 2.5 2.5 2.5 2.5

  10 2.5 3.5 3.5 3.5 N/A 3.0

  11 3.5 4.0 4.0 4.0 N/A 5.0

  12 3.5 4.0 4.0 3.5 3.5 3.5

  13 2.0 4.0 4.0 4.0 4.5 4.0

  14 1.0 2.5 2.5 2.5 2.5 2.0

Mean 1.85 3.39 3.49 3.39 3.14 3.23

SD 1.33 1.14 1.16 1.06 1.16 1.27

Median 2.00 3.50 3.50 3.50 3.00 3.00

Minimum 0.00 2.0 1.8 1.5 1.5 1.5

Maximum 3.5 5.5 5.5 5.5 5.5 6.0

Total  
implants, n

13 13 13 13 11 13

Pa .001* .131 .258 .157 .655

N/A = not available. 
aResults compared to previous observation. 
*Statistically significant. 
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Appendix Table 3  Peri-implant Probing Depths at the 10-Year Follow-up

Probing depth, mm

Facial mesial Facial Facial distal Lingual mesial Lingual Lingual distal

Case no.

  1 2.0 4.0 4.0 3.0 3.0 5.0

  3 3.0 2.5 4.0 3.0 2.0 2.0

  4 2.5 2.0 2.5 2.0 2.0 2.5

  5 4,0 2.0 1.0 4.0 2.5 2.0

  6 3,0 2.5 2.5 3.0 1.5 1.5

  7 3,0 2.5 3.0 2.5 2.5 2.0

  8 3.5 3.,0 3.0 3.0 2.0 3.0

  9 3.0 3.0 2.0 3.5 3.5 4.0

  10 3.0 2.5 4.0 3.0 2.5 4.0

  11 3.0 4.0 4.0 4.0 4.0 4.0

  12 2.0 2.0 4.0 2.0 2.0 4.0

  13 3.5 3.0 4.0 3.0 1.5 3.0

  14 2.0 2.0 2.0 1.0 2,0 2.0

Mean 2.89 2.69 3.08 2.85 2.39 3.00

SD 0.62 0.69 1.02 0.83 0.74 1.10

Minimum 2.0 2.0 1.0 1.0 1.5 1.5

Maximum 4.0 4.0 4.0 4.0 4.0 5.0

Total  
implants, n

13 13 13 13 13 13
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