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Abstract

Aim: Clinical studies evaluating the influence of the implant design on the preservation of peri-

implant keratinized mucosa are rare. The aim of this prospective multicenter study was to

investigate the survival, and soft and hard tissue maintenance of an implant with a sloped

shoulder configuration, when placed in the posterior mandible.

Material and Methods: In this study, 24 centers participated and 184 patients receiving 238

implants (OsseoSpeedTM Profile TX implants) were included. Clinical assessments of soft tissue

parameters were performed before implant placement, immediately after implant placement, at

prosthetic delivery and at 6, 12 and 24 months after implant placement and marginal bone

adaptation was examined.

Results: After an average time in situ of 28.7 � 4.7 months (2.4 � 0.4 years), the survival rate was

99.2%. Analysis of the peri-implant soft tissues during follow-up showed a slight but significant

increase in peri-implant keratinized mucosa width after 2 years (P < 0.001). All patients with

reduced peri-implant keratinized mucosa width of ≤ 2 mm at postoperative examination (n = 95)

showed a pronounced and statistically significant increase in the peri-implant keratinized mucosa

width over time (P < 0.001). After a mean follow-up of 20.7 � 8 months (1.7 � 0.7 years), mean

inter-proximal marginal bone loss was 0.30 � 0.6 mm, indicating high bone stability around the

sloped implant neck.

Conclusion: These results indicate that sloped configurated implants have a high survival rate after

2 years in function. The sloped implant shoulder configuration helps to support the hard and soft tissue

around the implant neck and supports the regain of a physiological peri-implant keratinized mucosa in

patients with compromised peri-implant soft tissue conditions (Clinicaltrials.gov: NCT01400321).

Adequate alveolar bone volume and favorable

morphology of the alveolar ridge are both

fundamental to achieve optimal, functional

and esthetic rehabilitation after dental

implant placement. Prior to tooth extraction,

alveolar bone loss may develop as a result of

trauma, periapical pathology or periodontal

disease. After tooth extraction, atrophy of the

periodontium with the complete remodeling

of the attachment apparatus including

cementum, periodontal ligament fibers and

bundle bone occur (Schropp et al. 2003; Ara-

ujo & Lindhe 2009; Tan et al. 2012). Notice-

able regressions of hard and soft tissues have

been shown in several studies (Pietrokovski

& Massler 1967; Johnson 1969; Camargo

et al. 2000; Araujo & Lindhe 2005). These

horizontal and vertical tissue alterations

following tooth extraction were more pro-

nounced on the buccal than on the lingual

side (Pietrokovski & Massler 1967; Schropp

et al. 2003; Araujo & Lindhe 2005). This

remodeling process resulted in a discrepancy

in bone height of around 2 mm in the premo-

lar area between the buccal and lingual

aspects of the ridge (Araujo & Lindhe 2005).

When inserting a flat-top implant in such a

sloped healed ridge, the implant shoulder can

be placed either in level with the lingual

marginal bone or in level with the buccal

marginal bone. The use of the buccal bone as

reference for implant placement will result

in a subcrestal position of the implant at the

lingual aspect with subsequent bone resorp-

tion (Carmagnola et al. 1999; Welander et al.

2009). Alternatively, using the lingual bone
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as reference for the implant alignment will

implicate a risk of esthetic complications or

the need of bone augmentation procedures

(Welander et al. 2009).

Instead of a flat-top implant, there is the

possibility to insert an implant with a sloped

configuration that matches the vertical dis-

crepancy of the alveolar ridge and follows the

bony anatomy. The healing pattern around

such implants with a sloped configuration

was investigated in buccal bone defects in

the mandible of Labrador dogs (Abrahamsson

et al. 2014). Histological examination of the

4 months later obtained biopsies showed that

healing around implants inserted in an alveo-

lar ridge with a sloped lingual–buccal config-

uration led to the preservation of a vertical

discrepancy between the lingual and buccal

marginal bone levels in control and test

implants. The marginal buccal portion of the

control implants with a regular design

showed no bone support. Therefore, to avoid

bone augmentation procedures or the risk of

esthetic complications, implants with a mod-

ified marginal portion may be preferred in

recipient sites with a sloped lingual–buccal

configuration (Abrahamsson et al. 2014).

Besides this animal study, the sloped configu-

rated implant showed promising clinical

results in two prospective multicenter stud-

ies (Noelken et al. 2014; Noelken et al.

2015). However, clinical studies regarding the

influence of the sloped implant design on the

preservation or gain in peri-implant kera-

tinized mucosa are very rare.

Therefore, the aim of this study was to

examine the influence of a sloped configu-

rated implant on the survival, soft tissue

maintenance and marginal bone level preser-

vation in a prospective multicenter approach.

Material and methods

Study design

A prospective multicenter study involving 24

national centers was planned and included

the Department of Oral and Maxillofacial

Surgery at the University Medical Centre of

the Johannes Gutenberg-University Mainz,

Germany, and 23 private practices. The par-

ticipating centers were all trained and cali-

brated in workshops before the study was

launched. The purpose of this trial was to

examine the survival, success and soft tissue

maintenance of an implant with a sloped

shoulder configuration (OsseoSpeedTM TX

Profile implants; DENTSPLY Implants IH

AB, ASTRA TECH Implant System, M€olndal,

Sweden), placed in the premolar and molar

region of the atrophied mandible by experi-

enced surgeons. The study was conducted in

accordance with the Helsinki Declaration of

1975 as revised in 2000. The protocol was

approved by local ethics committee (No.

837.135.11(7677)), and the study was regis-

tered at clinicaltrials.gov (NCT01400321). All

patients gave informed consent at time of

inclusion. The first patient surgery was

conducted on February 27, 2012, and the last

surgery on July 31, 2013.

Inclusion criteria were as follows:

• 18 years of age and over;

• loss of tooth in the posterior mandible

(distal to the canine);

• presence of sloped alveolar ridge profile

(clinically or radiologically assessed); and

• antagonists are natural teeth or fixed

prosthesis.

Exclusion criteria were as follows:

• history of edentulism in the area of

implant placement of less than three

months;

• any systemic or local disease or condition

that would compromise postoperative

healing and/or osseointegration, for exam-

ple, diabetes mellitus;

• medical history of tumor or irradiation

within the head and neck region;

• need for systemic corticosteroids or bis-

phosphonates or any other medication

that would compromise postoperative

healing and/or osseointegration;

• presence of alcohol or drug abuse;

• acute mucosal infections or inflammatory

illness (periodontitis, Lichen, Pemphigus);

and

• unable or unwilling to return for follow-

up visits for a period of at least 2 years.

Implant

The investigated OsseoSpeedTM TX Profile

implant is a screw-shaped and self-tapping

implant (Fig. 1). MicrothreadsTM characterized

the coronal aspect of the implant. The

implant surface was modified by a TiO2-

blasting procedure creating a rough surface.

The implant design showed a sloped shoulder

configuration with the aim to adapt to the

discrepancy in recipient alveolar ridge areas.

The implant was placed in line with the buc-

cal bone level to provide support of the mar-

ginal bone. For correct vertical positioning, a

full 360° turn of the implant is equal to a

0.6-mm change in vertical position.

Surgical procedure

The screening procedure included a clinical

and radiographic assessment. One h prior to

surgery, patients received a single shot of

antibiotic prophylaxis. The prophylactic

antibiotic treatment regimen was based on

amoxicillin (500 mg) or if allergic to amoxi-

cillin, clindamycin (600 mg). Implant place-

ment was performed following the guidelines

described by the manufacturer. After local

anesthesia, full thickness flaps were elevated

to expose the bone ridge and osteotomy

preparations were performed according to the

protocol with respect to the maintenance of

the height of the lingual bone wall. Consider-

ing the sloped alveolar ridge atrophy, the

sloped part of the implant was placed at the

buccal and most apical position of the osteot-

omy preparation. Bone grafting procedures

were allowed up to a defect size of 2 mm.

The peri-implant mucosa was sutured and

closely adapted to the abutments for a trans-

gingival healing. Sutures were removed 7 to

14 days postoperatively. Permanent pros-

thetic restorations were delivered 3 months

postoperatively (maximum 6 months). Fol-

low-up visits took place at 6, 12 and

24 months postoperatively.

Soft tissue and bone evaluation

The peri-implant soft tissue status was evalu-

ated by monitoring probing depth in millime-

ter (mesial, distal, buccal and lingual), by

assessing the plaque index and by probing

the peri-implant sulcus to determine possible

bleeding at four points around each crown

Fig. 1. The investigated OsseoSpeedTM TX Profile

implant with a sloped shoulder configuration (diameter

5 mm).
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(mesial, distal, buccal and lingual) by the

responsible physician. Furthermore, the

width of the keratinized mucosa and

the crown lengths were measured around the

implant site as well at the neighboring teeth

using a periodontal probe. In preliminary

studies, the sloped configurated implant

design helped to regain a physiological peri-

implant keratinized mucosa in patients with

compromised peri-implant soft tissue condi-

tions. Therefore, a subgroup with compro-

mised peri-implant soft tissue conditions

postoperatively was examined in the recent

multicenter study as well. In few cases, the

width of the keratinized mucosa was evalu-

ated using photographs. Measured keratinized

mucosa widths > 5 mm were excluded for

statistical assessment as keratinized mucosa

widths > 5 mm represent not physiological

values (n = 28). Marginal bone level was

examined using panoramic X-ray or intraoral

radiographs. To ensure reproducibility

between the examinations, intraoral radio-

graphs were taken with paralleling technique

using commercially available film holders

whenever possible. The postoperative exami-

nation and the radiograph at final examina-

tion were examined regarding interproximal

marginal bone level changes in relation to

implant shoulder. Within limitations, this

method has shown to be reliable for this pur-

pose (Zechner et al. 2003; Schiegnitz et al.

2015).

Statistics

P-values <0.05 are described as “statistically

significant,” although no adjustment for

multiple tests has been applied. The Kaplan–

Meier survival function was used for the

description of survival rates using implant-

related data. To examine the statistical dif-

ference between survival rates, a log-rank

test was applied using patient-related data.

For evaluation of soft tissue parameters, a

linear mixed model was calculated using

implant-related data. This linear mixed

model contains both fixed and random

effects. When interpreting our statistical

results, the reader has to keep in mind that a

control group in our study is missing and

that there is no normal distribution of our

parameters. Interpreting the results of our

subgroup of patients with compromised peri-

implant mucosa width implies the risk of

the effect regression to the mean (Stigler

1997). Therefore, drawing definite conclu-

sions out of this study should be done with

caution. The analyses were conducted using

SPSS version 20.0 (IBM Corp., Armonk, NY,

USA).

Results

Summary of patient data

One hundred and eighty-four patients

between 21 and 83 years of age (mean,

52 � 13) were recruited for the study. The

gender distribution was 95 women (51.6%)

and 89 men (48.4%). The majority of patients

were non-smokers (76%), while 10% were

current smokers with < 10 cigarettes/day and

6% were current smokers with > 10 cigar-

ettes/day (8% unknown smoking status). In

these 184 patients, 238 implants with a

sloped shoulder were inserted. Reasons of

tooth loss were periodontitis in 24 of the

cases (10%), endodontic reasons in 106 of the

cases (45%), prosthodontics reasons in 37 of

the cases (15%), trauma in 4 of the cases

(2%) and unknown reasons in 67 of the cases

(28%). In 70 of the cases (29.4%), an addi-

tional grafting procedure was performed at

implant insertion, using autologous bone

(87.3%), bone substitute materials (4.2%) or

autologous bone mixed with bone substitute

materials (8.5%). Implant diameters used

were 4.5, 5.0 and 5.0S mm and implant

lengths used were 9, 11, 13 and 15 mm.

Twelve implants were placed in first premo-

lar (5%), 42 implants in second premolar

(17%), 142 implants in first molar (60%) and

42 implants in second molar region (18%).

Implant survival

Survival analysis refers to 184 patients with

238 OsseoSpeedTM TX Profile Implant

implants. Two implants in 2 patients were

lost, indicating a survival rate of 99.2% after a

mean follow-up period of 28.7 � 4.7 months

(2.4 � 0.4 years) (Fig. 2). The implants were

lost at 7 and 21 months. Smoking had a signif-

icant negative influence on implant survival

(P = 0.002). However, the small number of

events might bias these results. A bone graft-

ing procedure (P = 0.323), the implant diame-

ter (P = 0.912), the implant length (P = 0.623)

and the gender (P = 0.329) showed no signifi-

cant influence on implant survival.

Analysis of peri-implant soft tissue

Analysis of the peri-implant soft tissues during

follow-up visits showed a slight but statistically

significant increase in the width of the peri-

implant keratinized mucosa (post-op: 2.23 �
1.3 mm (n = 157; mean: 2.0 mm); delivery:

2.25 � 1.1 mm (n = 167; mean: 2.0 mm);

6 months: 2.21 � 1.0 mm (n = 155; mean:

2.0 mm); 1 year: 2.38 � 1.1 mm (n = 170;

mean: 2.0 mm); 2 years: 2.52 � 1.1 mm (n =

144; mean: 2.0 mm); P-values: 2 years vs. post-

op: P < 0.001, 2 years vs. delivery: P = 0.001;

2 years vs. 6 months: P = 0.007; 2 years vs.

1 year: P = 0.18; Figs. 3 and 4). All patients with

compromised width of peri-implant keratinized

mucosa of ≤ 2 mm at postoperative examina-

tion showed a considerably increased width of

peri-implant keratinized mucosa (post-op:

1.33 � 0.7 mm (n = 95; mean: 1.5 mm); deliv-

ery: 1.89 � 1.0 mm (n = 74; mean: 2.0 mm);

6 months: 1.86 � 0.9 mm (n = 70; mean:

2.0 mm); 1 year: 1.96 � 0.8 mm (n = 74; mean:

2.0 mm); 2 years: 2.17 � 1.0 mm (n = 66;

mean: 2.0 mm); P -values: 2 years vs. post-op:

P < 0.001, 2 years vs. delivery: P = 0.056;

2 years vs. 6 months: P = 0.039; 2 years vs.

1 year: P = 0.16).

Marginal bone level changes

After a mean follow-up of 20.7 � 8 months

(1.7 � 0.7 years), the assessment of the

marginal bone level showed very stable

interproximal marginal bone around the

sloped implant. The averaged mean bone loss

was 0.30 � 0.6 mm (n = 185; mesial

Fig. 2. Cumulative survival rate according to Kaplan–

Meier for the investigated OsseoSpeedTM TX Profile

implant.

Fig. 3. Width of peri-implant keratinized mucosa at

postoperative examination, at prosthetic delivery, at

6-month, 1-year and 2-year follow-up. Figure as error

bars representing 95% confidence interval (post-op:

n = 157; delivery: n = 167; 6 months: n = 155; 1 year:

n = 170; 2 years: n = 144).
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0.29 � 0.6 mm, distal 0.30 � 0.7 mm) in

relation to the implant shoulder.

Discussion

The remodeling process following tooth

removal with changes in the bony architec-

ture and overlying soft tissue results in a

more pronounced resorption of the buccal

than of the lingual/palatal aspects of the

ridge (Schropp et al. 2003; Araujo & Lindhe

2005; Tan et al. 2012). The resulting discrep-

ancy in bone height between the buccal and

lingual side is found to be 2 mm on average.

A possible clinical approach to counteract

this remodeling phenomenon is to use an

implant with a sloped shoulder configuration

to avoid bone resorption on the oral or graft-

ing procedures on the buccal aspect.

In the present prospective multicenter

study, 238 sloped configurated implants were

placed in 184 patients. The cumulative sur-

vival rate in this study was 99.2% after a

mean follow-up time of 28.7 months. Com-

pared with other recently published prospec-

tive multicenter studies, the presented

results indicated a high survival rate for the

investigated sloped configurated implant

(Finne et al. 2012; Guerra et al. 2014; Luongo

et al. 2014; Schlee et al. 2014). Twenty-four

different centers were contributing to our

study. Multicenter studies with such high

numbers of participants and study centers are

very rare, as they imply enormous financial

and organizational expenses. However, the

applied multicenter approach increased con-

siderably the validity and objectivity of our

study and confirmed this dental implant’s

clinical applicability in daily practice. In a

study by Noelken et al. (Noelken et al. 2014),

65 patients with a need for a single tooth

replacement, presenting a lingual–buccal

bone height discrepancy of 2.0–5.0 mm, were

included. In these patients, sloped configu-

rated implants using a non-submerged

installation procedure were inserted. Clinical

assessments and radiographs were received

immediately after implant placement, at 16

and 21 weeks and at the 1-year re-examination.

In this study, no implant was lost at the

1-year follow-up, indicating a high survival

rate of 100%. In a further prospective study

by Noelken et al. (Noelken et al. 2015), 21

sloped configurated implants were inserted in

16 patients with immediate insertion and

provisionalization in the esthetic zone. Facial

bony defects were grafted with autogenous

bone chips without raising a flap. After a

mean follow-up of 43 months, one patient

with 1 implant resigned from the study (drop-

out) and one implant was lost, indicating a

survival rate according to Kaplan–Meier of

95.0%. A case report showed a successful

healed sloped configurated implant in the

upper left canine area 2 years after placement

(Noelken et al. 2011). Regarding implant

diameter and implant length, no significant

influence of these parameters on implant sur-

vival was shown in our study. These results

are in accordance with three recently pub-

lished meta-analyses (Monje et al. 2013;

Klein et al. 2014; Lee et al. 2014). In our

study, smokers had a significant lower

implant survival. In addition, two recent

meta-analyses indicated that smoking was

associated with an increased risk of dental

implant failure (Chen et al. 2013; Chrcanovic

et al. 2015a).

Our results showed a slight but significant

increase in the width of the peri-implant ker-

atinized mucosa following insertion of sloped

implants and a follow-up of 2 years. In addi-

tion, in patients with a compromised width

of the peri-implant keratinized mucosa at

postoperative examination, the sloped

implant configuration led to a significant

increased keratinized mucosa width at the 2-

year follow-up. Consequently, this is the first

prospective multicenter study that showed

an influence of the implant design on the

gain of keratinized mucosa. However, this

result may be biased because of the effect of

regression toward the mean (Stigler 1997). In

addition, these results must be interpreted

with care due to the missing control group.

We resigned using a control group due to the

complexity of the multicenter design of our

study. The involved mechanisms behind

these positive effects on the keratinized

mucosa are so far not fully elucidated. How-

ever, multifactorial concepts seem to play a

role. On principle, collagenous fiber bundles

form the complex architecture of the

supracrestal fiber apparatus and are essential

for the stability of the gingiva around natural

teeth and dental implants (Feneis 1952). The

subepithelial connective tissue presents on

the one hand a poorly vascularized inner

zone, composed of numerous dense collagen

fibers, running close to the implant surface

in a parallel direction and on the other hand

a cell-rich, well-vascularized outer zone with

fibers running in different directions (Buser

et al. 1992; Abrahamsson et al. 1996;

Cochran et al. 1997; Schwarz et al. 2009).

The sloped design may improve the develop-

ment and reconstruction of this fiber com-

plex after implant insertion. In addition, this

implant design may facilitate the mainte-

nance of the lingual marginal matrix for

anchorage of the peri-implant fiber complex.

The distinct and pronounced buccal/facial

width of the platform shift at the implant

shoulder may also be an explanation for the

significant increase in width of peri-implant

keratinized mucosa. Chrcanovic et al.

showed in a recent meta-analysis less peri-

implant bone loss at implants with platform

switching than at implants with platform

matching (Chrcanovic et al. 2015b). An

examination of the influence of platform

switching on preservation of keratinized

mucosa was due to missing data in the litera-

ture not possible.

Preservation of peri-implant bone levels

mainly influences the long-term prognosis

and success of dental implants (Schiegnitz

et al. 2015). In the present study, an average

peri-implant bone resorption of 0.30 �
0.6 mm after mean follow-up of 20.7 � 8

months for the sloped configurated implant

was shown. To evaluate the marginal bone

level, interproximal marginal bone level

changes in relation to implant shoulder were

analyzed. This two-dimensional approach is,

with some with some limitations, a reliable

and well-described method and is applied in

numerous clinical studies (Zechner et al.

2003; Schiegnitz et al. 2015). Regarding the

investigated sloped implant design, a three-

dimensional approach with a CT scan would

be more accurate. However, due to ethical

reasons regarding radiation reduction, this

three-dimensional was rejected. Therefore,

results regarding marginal bone level should

be interpreted with caution. Noelken et al.

presented an overall mean bone loss of

0.38 � 0.82 mm between implant placement

and the surgical reentry procedure at

16 weeks for the investigated implant. At

1-year examination, bone loss amounted

0.54 � 1.29 mm in relation to implant

Fig. 4. Analysis of the width of the peri-implant kera-

tinized mucosa in patients with a compromised width

smaller or equal than 2 mm at postoperative examination.

Figure as error bars representing 95% confidence interval

(postoperative: n = 95; prosthetic delivery: n = 74;

6 months: n = 70; 1 year: n = 74; 2 years: n = 66).
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shoulder. In a further prospective study, the

marginal bone loss at sloped configurated

implants averaged 0.2 � 0.4 mm following

immediate insertion and provisionalization at

3-year follow-up examination (Noelken et al.

2015). These results indicate stable marginal

bone levels for implants with a sloped config-

uration.

Conclusion

In conclusion, our prospective multicenter

study showed high survival rates for an

implant with a sloped shoulder configuration

placed in the healed sloped crest in the

posterior mandible. In addition, this implant

design revealed stable hard and soft tissues

around the implant neck. Patients with com-

promised peri-implant soft tissue conditions

benefited from a regain of a physiological

peri-implant keratinized mucosa but not of a

mobile keratinized mucosa. Consequently,

this implant design is a promising approach

for circumferential bone maintenance and

satisfactory peri-implant keratinized mucosa

conditions.
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