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Abstract
Aim: The aim of the present study was to evaluate soft and hard tissue alterations 
around implants with a modified marginal portion placed in a healed, sloped ridge over 
3 years of follow-up.
Material and Methods: 65 patients with a single recipient implant site in an alveolar 
ridge with a lingual-buccal sloped configuration were recruited. Implants with a modi-
fied geometry in the marginal portion were installed in such a way that the sloped 
part of the device was located at the buccal and most apical position of the osteotomy 
preparation. Crowns were placed 21 weeks after implant placement. Radiologic ex-
aminations were performed at implant installation and at 1 and 3 years of follow-up. 
Bleeding on probing (BoP), probing pocket depth (PPD), and clinical attachment level 
(CAL; from the crown margin) were recorded at the insertion of the prosthesis and 
after 1 and 3 years.
Results: 57 patients with 57 implant-supported restorations attended the 3 years 
follow-up examination. The radiographic analysis revealed a mean marginal bone loss 
of 0.57 mm during the 3 years period. While the average bone loss between 1 and 
3 years amounted to 0.30 mm, approximately 50% of the implants showed no bone 
loss during this period. The results from the clinical examinations showed a CAL gain 
of 0.11 ± 0.85 mm between baseline and 3 years of follow-up. About 65% of the im-
plants showed no loss of attachment between 1 and 3 years. BoP and PPD ≥5 mm 
were identified at <10% of implants at the 3 years examination.
Conclusion: Hard and soft tissues formed around dental implants that were designed 
to match the morphology of an alveolar ridge with a lingual-buccal sloped configura-
tion remained stable over 3 years.
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1  |  INTRODUC TION

Bone remodeling following tooth extraction frequently results in re-
duced horizontal dimensions of the alveolar ridge. While data from 
clinical studies indicated that the bone resorption that occurred 
following tooth extraction was more pronounced at the buccal 
than at the lingual part of the ridge (Pietrokovsky & Massler, 1967, 
Schropp et al.,  2003, Huynh-Ba et al.,  2010), the resulting ridge 
defect often also included a vertical component with a height dis-
crepancy between the buccal and the lingual side of the ridge. The 
defect morphology in such sites may influence implant installation 
with the option of reducing the lingual bone component of the de-
fect to achieve a flat contour of the ridge (Carmagnola et al., 1999; 
Welander et al.,  2009). The alternative of preserving the lingual 
bone component as the crestal bone reference during implant in-
stallation, however, will result in an incomplete osseous embrace-
ment of the buccal aspect of the marginal portion of the implant. In 
addition, the lingual part of the ridge may become reduced during 
healing. The enhanced risk for esthetic complications following 
such procedures has called for alternative strategies including the 
use of implants with a modified geometry in the marginal portion, 
aiming at matching the sloped configuration of the ridge. Data 
from a preclinical study revealed that healing around such implants 
placed in a ridge with a sloped lingual-buccal configuration resulted 
in the preservation of a vertical discrepancy between the buccal 
and lingual marginal bone levels (Abrahamsson et al., 2014). In other 
words, instead of changing the morphology of the recipient site of 
the alveolar ridge prior to implant installation, the design of the im-
plant may be tailored to match the ridge dimensions. The clinical 
validity of this concept was evaluated in different prospective mul-
ticenter studies over 12–21 months (Noelken et al., 2014; Schiegnitz 
et al.,  2017) and in a study of 13 cases followed for 123 months 
(Noelken et al., 2021).

The aim of the present clinical study was to evaluate soft and 
hard tissue alterations around implants with a modified marginal 
portion placed in a healed, sloped ridge at 3 years of follow-up.

2  |  MATERIAL AND METHODS

This prospective multicenter study included 5 centers. The study 
was registered at Clini​calTr​ials.gov (NCT00807456) and approved 
by the 5 local ethics committees. A written informed consent was 
obtained from all subjects. The study sample comprised 65 subjects 
between 20 and 74 years of age (mean, 49.1 ± 14.0) with a need for 
single tooth replacement in a healed ridge with a sloped configura-
tion. Details regarding case selection, surgical and prosthetic pro-
cedures were reported previously (Noelken et al.,  2014). In brief, 
patients presenting with a recipient implant site demonstrating a 
lingual-buccal bone height discrepancy ranging from 2.0 to 5.0 mm, 
as assessed by computed tomography (CT) or cone beam computed 
tomography (CBCT), and with a periodontally healthy adjacent 
tooth on its mesial aspect were recruited. Implants (OsseoSpeed 

Profile; Dentsply Sirona Implants, Mölndal, Sweden) with diam-
eters of 4.5 and 5.0 mm and with lengths varying between 9 and 
15 mm were installed in such a way that the sloped part of the de-
vice was located at the buccal position of the osteotomy prepara-
tion. Immediately after implant placement, clinical measurements 
were performed to evaluate the bone level at the buccal and lingual 
aspects in relation to the fixed landmark of the implant. The meas-
urements were repeated during a re-entry surgical procedure after 
16 weeks. The prosthetic treatment was completed and the final 
metal/porcelain prosthetic crown was cemented about 21 weeks 
after implant placement.

2.1  |  Clinical and radiologic examination

Clinical parameters such as bleeding on probing (BoP), probing pocket 
depth (PPD) and clinical attachment level (CAL; from the crown mar-
gin) were measured at four aspects of each implant (mesial, buccal, 
distal, and lingual) at baseline (i.e., prosthesis delivery) and at the 
1- and 3 years follow-up. Standardized intra-oral radiographs were 
obtained using a parallel technique at baseline (i.e., implant instal-
lation), 1 year, and 3 years of follow-up. The radiographs were ana-
lyzed by one experienced radiologist. The borderline between the 
micro- and macro-threaded portions of the implant was used as a 
reference point to assess interproximal bone levels. Previous assess-
ments from baseline and 1-year examinations were re-calculated to 
be coherent with 3 years measurements using the current reference 
point. Examinations were performed with the use of a magnifying 
lens (x7). All measurements were made to the nearest 0.1 mm. The 

TA B L E  1  Number of patients/implants at the various 
examination intervals

No. of 
patients/
implants

Reason for loss of 
implants to follow-up

Explanted Drop-out

Implant placement 65

Crown placement 65

1 years 64 1

2 years 59 5

3 years 57 2

TA B L E  2  Mean bone level changes (SD) at implant level from 
baseline to 1 and 3 years based on radiographs available at each 
follow-up

n
Bone level 
change

Baseline—1 year 55 −0.29 (±1.10)

Baseline—3 years 52 −0.57 (±1.60)

1–3 years 53 −0.30 (±1.28)

Abbreviations: Baseline, implant placement; Negative value, bone loss.

http://clinicaltrials.gov
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error inherent in the radiographic assessments was determined and 
the mean intra-examiner difference between repeated readings was 
0.04 ± 0.33 mm.

2.2  |  Data analysis

The mesial and distal radiologic bone level assessments were aver-
aged for each implant. Mean values, standard deviations, and fre-
quencies were calculated for data description for each variable at 
the implant level. Primary outcomes were implant loss and marginal 
bone level change. A p-value <.05 was considered to represent a 
statistical significance. Data were presented in cumulative graphs to 
illustrate the distribution of observations for each implant/patient 
regarding clinical and radiological assessments.

3  |  RESULTS

Of the 65 subjects originally enrolled in the study, 64 attended the 
1-year follow-up examination. Seven subjects, for unknown reasons, 
did not attend the 3 years follow-up examination. Hence, 57 subjects 
with 57 single implant-born restorations were available for evalua-
tion after 3 years in function (Table 1). During the period between 
the 1 year and 3 years follow-up examinations, two crowns and one 
abutment lost retention. No implants were lost during the course of 
the study.

3.1  |  Radiologic bone level change

The results from bone level measurements are presented in Table 2. 
The mean bone loss from baseline to 1 year and from 1 to 3 years of 
follow-up amounted to 0.29 ± 1.10 mm and 0.30 ± 1.28 mm, respec-
tively. The total amount of bone loss from baseline to the 3 years 
examination was 0.57 ± 1.60 mm. Figure 1 describes the cumulative 
percentage of implants according to bone level changes from base-
line to 1 and 3 years. For both periods about 80% of the implants 
showed ≤1 mm of bone loss, and almost 35% of the implants showed 
no bone loss. Three implants (5.2%) experienced bone loss between 
4.4 and 4.8 mm during the 3 years period. The cumulative graph in 
Figure 2 illustrates bone level changes that occurred between 1 and 
3 years of follow-up. Approximately 50% of the implants showed no 
bone loss after the 1 year follow-up, while about 80% of the sample 
showed ≤0.5 mm of bone loss during the same period.

3.2  |  Clinical assessments

The results from the clinical measurements are reported in Table 3. 
The mean changes in the clinical attachment level (CAL) from 
baseline to 1 year and from 1 to 3 years of follow-up amounted to 
0.02 ± 0.54 mm and 0.08 ± 0.69 mm, respectively. Thus, a CAL gain 
of 0.11 ± 0.85 mm was observed between baseline and 3 years of 
follow-up. Table 4 describes the CAL changes grouped according 
to the four implant aspects (i.e., mesial, buccal, distal, and lingual). 

F I G U R E  1  Cumulative graph 
illustrating radiographic interproximal 
bone level changes between implant 
placement and 1 years follow-up and 
3 years follow-up
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Small changes occurred during the two periods (baseline/1-year 
and 1-year/3-year). Figure 3 describes the cumulative percentage 
of implants with CAL gain or loss from baseline to 1 and 3 years. 
About 65% of the implants showed no loss of attachment dur-
ing the 3 years of follow-up. Figure  4 illustrates the cumulative 
frequency of the CAL change that occurred between 1 year and 
3 years of follow-up. About 30% of the cases demonstrated <1 mm 
CAL loss while 2 cases (3.5%) presented 2 mm CAL loss. Clinical 
conditions of the peri-implant mucosa observed at the 3 years fol-
low-up examination are reported in Table 5. The peri-implant mu-
cosa at the majority of the implants at 3 years showed an absence 
of bleeding on probing (BoP) and had a probing pocket depth (PPD) 
of ≤4 mm. Five implants (8.8%) exhibited BoP and PPD ≥5 mm. 
Figure 5 and Figure 6

4  |  DISCUSSION

In the present multicenter prospective observational study soft and 
hard tissue alterations around implants placed in a healed, sloped ridge 
was evaluated over 3 years. It was demonstrated that a mean marginal 
bone loss of 0.57 mm occurred during the 3 years period. While the 
average bone loss between 1 and 3 years amounted to 0.30 mm, about 
50% of the implants showed no bone loss during this period. The results 
from the clinical examinations showed a CAL gain of 0.11 ± 0.85 mm 
between baseline and 3 years of follow-up. About 65% of the implants 
showed no loss of attachment between 1 and 3 years. BoP and PPD 
≥5 mm were identified at <10% of implants at the 3 years examination.

Few studies have reported data on implants designed to match a 
sloped contour of the alveolar ridge. Schiegnitz et al. (2017) in a study 
on 238 implants placed in the posterior mandible of 184 patients, 
reported that bone loss of 0.30 mm occurred during a follow-up pe-
riod of about 21 months. This finding is partly in accordance with 
data reported in the present study. Although a similar type of im-
plant was used in the study by Schiegnitz et al. (2017) as in the pres-
ent study, the follow-up time in the study referred to was shorter. 
Furthermore, in about 30% of the cases in the study by Schiegnitz 
et al. (2017) a grafting procedure was performed concomitant with 
implant installation. No grafting procedures were carried out in the 
present investigation. Noelken et al.  (2016), who also used simi-
lar types of implants as in the present investigation, evaluated the 
healing following immediate installation and immediate restorative 

F I G U R E  2  Cumulative graph 
illustrating radiographic interproximal 
bone level changes between 1 years 
follow-up and 3 years follow-up

TA B L E  3  Mean clinical attachment level changes (SD) of all 
implants evaluated from baseline (i.e., prosthesis delivery) to 1- and 
3 years and between 1- and 3 years follow-up

n
Clinical 
attachment level

Baseline—1 year 63 0.02 ± 0.54 (0.0)

Baseline—3 years 57 0.11 ± 0.85 (0.0)

1–3-year 56 0.08 ± 0.69 (0.0)

Note: Mean ± SD, median.
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procedures in 16 patients. Autogenous bone grafts were used to fill 
the gap between the implants and the inner walls of the sockets. It 
was reported that the mean marginal bone loss after 1 and 3 years of 
function was 0.1 mm and 0.2 mm, respectively. Similar results were 
reported in a 2 years observational study by Lee and Siu (2016).

The limited scientific evidence on the long-term follow-up of 
implants designed to match a sloped contour of the alveolar ridge 
justifies comparisons with results from evaluations of regular im-
plants with a flat marginal portion. Thus, in a prospective study on 
implants used for single tooth replacement, an average bone loss of 
0.30 mm after 1 year of follow-up was reported (Donati et al., 2015). 
In addition, between 1 and 5 years of follow-up, 90% of the implants 

demonstrated no or bone loss ≤0.5 mm bone loss. This observation 
is in line with data reported in the present investigation. Thus, in 
the period between 1 and 3 years of follow-up, 80% of the implants 
showed no bone loss or ≤0.5 mm bone loss. High proportions of 
cases showing bone loss <1 mm around implants used in single tooth 
replacement after 3–5 years of follow-up were also reported in ob-
servational studies by De Bruyn et al. (2013) and Cooper et al. (2021).

In addition to marginal bone level changes, alterations in the clini-
cal attachment level (CAL) were reported in the present study. While 
an average gain of 0.11 mm was observed for the entire follow-up pe-
riod between baseline and 3 years, the largest portion of CAL gain 
occurred between 1 and 3 years. Indeed, 65% of the cases showed no 

Mesial Buccal Distal Lingual

Baseline—1 year 
(n = 63)

0.0 ± 0.9 (0.0) −0.1 ± 0.8 (0.0) 0.1 ± 0.7 (0.0) 0.1 ± 0.5 (0.0)

1 year to 3 years 
(n = 56)

0.0 ± 0.9 (0.0) 0.1 ± 0.7 (0.0) 0.0 ± 0.9 (0.0) 0.3 ± 1.0 (0.0)

Note: Mean values ± standard deviation (median).
Negative values are loss of attachment.

TA B L E  4  Mean clinical attachment 
level changes calculated for each implant 
aspect (i.e., mesial, buccal, distal, and 
lingual) from baseline (i.e., prosthesis 
delivery) to 1 year and from 1- to 3 years 
follow-up

F I G U R E  3  Cumulative graph 
illustrating the average clinical attachment 
level changes between prosthesis 
delivery and 1 years follow-up and 3 years 
follow-up
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loss of attachment and 30% of the cases presented with CAL gain in 
the period between 1 and 3 years of follow-up. These observations 
indicate the presence of a stable soft tissue seal around implants 

that were designed to match a buccal-lingual sloped configuration of 
the alveolar ridge. Although no data on CAL changes were reported 
in studies on similar types of implants (Lee & Siu,  2016; Noelken 
et al., 2021; Schiegnitz et al., 2017), an increase in the width of the 
keratinized peri-implant mucosa was observed during follow-up. The 
observations on stable soft tissue conditions over time are in agree-
ment with results reported in long-term studies on implants with a 
regular geometry (Cooper et al., 2010; De Bruyn et al., 2013; Donati 
et al., 2015). The present study also demonstrated that healthy peri-
implant tissues were preserved around >90% of the implants over 
the 3 years period. The prerequisites for the successful outcome in 
disease prevention are attributed to appropriately designed single 
crowns on the implants that allowed access to oral hygiene proce-
dures in combination with a sufficient compliance level by the patient.

F I G U R E  4  Cumulative graph 
illustrating the average clinical attachment 
level changes between 1 year follow-up 
and 3 years follow-up

TA B L E  5  Clinical conditions of the peri-implant mucosa of the 
implants at 1 and 3 years (implant level); number (frequency %) 
distribution

n BoP+
PPD 
≥5 mm*

BoP-positive 
+ PPD ≥5 mm

1 year 63 20 (31.7%) 4 (6.3%) 4 (6.3%)

3 years 57 21 (36.8%) 6 (10.5%) 5 (8.8%)

Note: The number indicates that at least 1 side had a PPD ≥5 mm.
PPD values measured as 4.5 mm were round off to 5 mm.
*PPD was measured on 4 sides: mesial, distal, buccal, and lingual.

F I G U R E  5  Clinical illustration of case n. 0410 at 1 year follow-up

F I G U R E  6  Clinical illustration of case n. 0410 at 3 years follow-up
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In the interpretation of results from the present study, some lim-
itations need to be considered. The study was designed as a mul-
ticenter prospective observational study without a well-defined 
control group. As indicated above, however, a control group may be 
considered difficult due to ethical reasons. Thus, placing implants 
with a regular geometry in a ridge with a lingual-buccal sloped 
configuration would require decisions on additional procedures, 
including ridge augmentation, resection of bony walls, and an api-
cally positioned implant, as shown in preclinical studies (Carmagnola 
et al., 1999; Welander et al., 2009).

5  |  CONCLUSION

The present multicenter prospective observational study demon-
strated that hard and soft tissues formed around dental implants 
designed to match the morphology of an alveolar ridge with a 
lingual-buccal sloped configuration remained stable over 3 years.
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