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Contour changes of peri-implant tissues are minimal
and similar for a one- and a two-piece implant system over 12 years
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Abstract
Objectives To assess contour changes of peri-implant tissues comparing a one- and a two-piece dental implant system over 12
years.
Materials and methods Patients seeking implant therapy were enrolled and randomly allocated to receive implants (a one-piece
(STM) or a two-piece (BRA) system). Impressions were taken at the time of insertion of the final reconstruction (BL), after 1 year
(FU-1), 5 years (FU-5), and at 12 years (FU-12). Thirty patients were included in the analysis (STM, 16; BRA, 14). Digital scans
of casts were superimposed and analyzed in an image analysis program. Measurements included changes of the crown height,
contour changes on the buccal side of the implants and the contralateral teeth (control).
Results Contour changes at implant sites revealed a loss of − 0.29 mm (STM) and − 0.46 mm (BRA) during an observation
period of 12 years. Contour changes at the corresponding tooth sites amounted to − 0.06 mm (STM) and − 0.12 mm (BRA)
during the same time period. The implant crown gained 0.25 mm (STM) and 0.08 mm (BRA) in height due to recession of the
marginal mucosa. The corresponding gain in crown height at the contralateral tooth sites amounted to 0.36 mm (STM) and
0.10mm (BRA). Interproximal marginal bone level changes measured − 0.28mm (STM) and − 1.11mm (BRA). The mean BOP
amounted to 38.8% (STM) and 48.7% (BRA) at the 12-year follow-up (FU-12).
Conclusion Minimal changes of the peri-implant soft tissue contour were observed at implant sites over the period of 12 years
irrespective of the use of a one- or a two-piece implant system. The differences between the implant sites and corresponding teeth
were clinically negligible.
Clinical relevance Peri-implant soft tissue stability is of high clinical relevance when monitoring dental implant sites on the long
run. Clinical data on the extent of soft tissue changes around different implant systems are scarce. The present RCTs demonstrate
minimal changes of the peri-implant soft tissue contour 12 years after implant insertion independent of the use of a one- or a two-
piece implant system.
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Introduction

Implant therapy is considered a dental treatment option with
high predictability and survival rates of implants and corre-
sponding reconstructions [1–3]. Due to the lack of clinically
relevant parameters, survival rates are not sufficient from a
clinicians’ perspective. Therefore, success criteria were de-
fined adding technical, biological, and esthetic outcomes to
the simple survival rates [1, 4].

Among these implant success parameters, the stability of
the peri-implant hard and soft tissues appears to be relevant
not only from an esthetic point of view but also from a bio-
logical point of view. Peri-implant tissue stability at the buccal
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aspect can be assessed applying various methods, tools, and
outcome measures [5]. In the past, peri-apical X-rays and,
more recently, cone-beam computed tomography were used
to evaluate changes of the peri-implant tissues on the level of
the bone [6, 7]. These data are limited by the fact that the
clinical relevance of having a sufficient buccal hard tissue is
still questionable. In fact, data based on immediate implants
demonstrated that even in the case of missing buccal bone, the
peri-implant soft tissues remained stable to a great extent [8,
9]. In addition, monitoring patients/implants with three-
dimensional X-rays may not be ethical, as there is no “safe”
dose of radiation [6]. In radiation protection, ALARA (i.e.,
“As Low As Reasonably Achievable”) is a fundamental prin-
ciple for diagnostic radiology in medicine and dentistry [10,
11]. For selection and justification of the optimal imaging
modality, ALARA was adapted to ALADA (i.e., “As Low
As Diagnostically Acceptable”) [6, 12]. In order to overcome
these limitations, noninvasive methods were developed to
monitor implant sites over time.

Contour changes of the dentition and the implant sites can
be assessed based on conventional or digital impressions.
Scans of various time points are superimposed and contour
changes of the peri-implant tissues calculated [13–16].

Among the confounding factors, potentially influencing
the maintenance of peri-implant tissues are the design and
type of the implant [17, 18]. Historically, one- and two-piece
dental implant systems can be differentiated. Two-piece den-
tal implants were designed to be placed in a two-stage proce-
dure [19]. In contrast, the one-piece implant system consists of
an endosseous and a transmucosal part emerging through the
mucosa [20]. These implants are typically placed in non-
submerged manner. In the literature, survival rates and mar-
ginal bone level changes are well documented for both im-
plant types. Clinical studies evaluating the longer-term perfor-
mance of dental implants compared to natural tooth sites
assessed by contour changes are scarce though [21].

The aim of this study was, therefore, to assess contour
changes of peri-implant tissues comparing a one- and two-
piece dental implant systems over 12 years.

Materials and methods

Study design

This study was designed as a randomized controlled clini-
cal trial and approved by the local ethics committee (KEK-
ZH-Nr. 2014-0201). Sixty patients seeking dental implant
therapy at the Clinic of Reconstructive Dentistry, Center of
Dental Medicine, University of Zurich, Switzerland, were
consecutively included. Patients were randomly allocated
to either a one-piece (Straumann tissue level, Institute
Straumann, Basel, Switzerland; STM) or a two-piece

(Branemark MkIII or MkIV, Nobel Biocare, Zurich,
Switzerland; BRA) dental implant system. The specific
protocol, inclusion, and exclusion criteria were described
in a previous publication [22].

In brief, all implant surgeries were performed according to
the manufacturer’s guidelines. BRA dental implants were
placed with the flat top at the bone crest and STM dental
implants with the transition between the rough and smooth
surface at the bone crest. Some implants were placed with
increased sink depth due to prosthetic reasons. Where neces-
sary, guided bone regeneration (GBR) procedures were per-
formed either prior to or at implant placement. For ridge pres-
ervation procedures and primary and simultaneous sinus ele-
vation procedures, xenogeneic materials were used. For hori-
zontal bone regeneration prior to dental implant placement,
autogenous bone blocks in combination with xenogeneic bone
grafting materials were used. These materials were covered
with xenogeneic or synthetic membranes.

The prosthetic procedures were performed according to the
guidelines for each implant system. The decision between
screw-retained or cemented final reconstructions was made
based on the clinical situation and the clinician’s preference.

Baseline and follow-up examinations

The insertion of the final reconstruction was chosen as base-
line (BL), and patients were subsequently enrolled in an indi-
vidually designed maintenance program with periodic visits at
the dental hygienists.

All patients were recalled at 1 year (FU-1), at 5 years (FU-
5), and at 12 years (FU-12) after delivery of the final recon-
struction for follow-up examinations. The following biologi-
cal, technical, and esthetic parameters were assessed at the BL
and FU appointments:

– Probing depth (PD)
– Clinical attachment level (CAL)
– Plaque control record (PCR) [23]
– Bleeding on probing (BOP) [24]

Model fabrication

Alginate impressions (Hydrogum 5 Zhermack, Padoua,
Italy) were taken at BL and at all FU appointments.
Dental stone type IV (GC, Fujirock EP, GC Europe,
Leuven, Belgium) casts were fabricated and evaluated
for irregularities such as porous areas, undefined gingi-
val margins, broken cusps, or undefined vestibulum.
Only suitable casts without irregularities were included
in the analyses.
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Stereolithography image acquisition and matching of
data

Cast models were scanned with a 3D scanner (Imetric 3D,
Courgenay, Switzerland). STL (stereolithography) files from
BL, FU-1, FU-5, and FU-12 were uploaded to an image anal-
ysis software (Swissmeda Software; Swissmeda AG, Zurich,
Switzerland). Digital casts were superimposed automatically
by the software and manually adjusted with the implant crown
serving as the reference.

Profilometric and image analysis

In case patients received more than one dental implant, one
implant was randomly chosen for the analysis. The contralat-
eral or adjacent natural tooth was included in the analysis
serving as a control. Measurements were performed by a cal-
ibrated, blinded evaluator, with access to the STL files only.
The following measurements were performed at BL, FU-1,
FU-5, and FU-12:

1. Linear measurements: A longitudinal slice was selected
dividing the crown mesiodistally into two equal parts. A
line coinciding with the tooth axis was then drawn in the
transversal images of the sections. Clinical crown height
(CH) changes in an apico-coronal direction were assessed
measuring the distance between the incisal edge and the
mucosal/gingival margin axis. A line perpendicular to the
tooth/implant axis was drawn to determine the changes of
the estimated soft tissue thickness (eTT). The distance
between this line and the buccal soft tissue contour was
assessed at three different levels (1, 3, and 5 mm) apical to
the mucosal/gingival margin.

2. Profilometric measurements: Contour changes (PC) were
calculated by the software, measured in millimeters and
corresponded to the mean distance between two surfaces.
The region of interest was bordered by the mucosal/
gingival margin at the analyzed site, the mesial, and distal
line angles and extended 3–6 mm apically.

For details, see Fig. 1.

Radiographic measurements

Intraoral radiographs of all implants were taken at baseline
(BL) and all follow-up examinations (FU) using a paralleling
technique with Rinn holders. Analog films (Kodak
Ekstaspeed Plus; Eastman Kodak Co., Rochester, NY, USA)
were used at BL and FU-1 and were then digitized. Digital
radiographs were taken at FU-5 and FU-12. Marginal bone
level changes over time were calculated using an open-source
software (Image J; National Institutes of Health, Bethesda,
MD, USA). For calibration purposes, the known distance

between two implant threads served as a reference to define
the exact magnification of the images. The marginal bone
level was assessed at the mesial and distal implant surfaces
by measuring the distance from the reference point at the
implant to the bone crest (distance implant bone, DIB). The
most coronal point of the flat top of the implant (BRA) or the
implant shoulder (STM) served as reference points for these
measurements.

All analyses were performed by a calibrated examiner, who
was not involved in the clinical procedures.

Statistical analysis

Means and standard deviations as well as medians with
quartiles were used to describe continuous variables;
counts and percentages were used for categorical vari-
ables. Chi-square test was used for all categorical vari-
ables; Wilcoxon signed-rank test and Wilcoxon-Mann-
Whitney test were applied on continuous variables for
dependent or independent data. P-values ≤ 0.05 were
considered statistically significant. All statistical analy-
ses were performed with SAS 9.4 (SAS Corp., Cary
NC. USA).

Results

A total number of 60 patients (in both groups: 10male patients
and 20 female patients) were enrolled in the study. The mean
age of the patients at BL was 55.7 years (SD ± 14) (BRA) and
47.8 years (SD ± 15) (STM).

At 5 years (FU-5), 33 dental casts were suitable for the
profilometric analyses [25]. Out of those, 3 patients dropped
out. Thirty patients (STM, 16 patients; BRA, 14 patients) were
therefore included in the analyses for contour and linear
changes at FU-12, with a mean follow-up time of 12.07 ±
0.73 years. The mean age of the patients at the FU-12 was
63.6 years (SD ± 15). The location of sites is summarized in
Table 1.

In 24 out of 30 patients, guided bone regeneration (GBR)
procedures were performed (STM, 14 patients; BRA, 10 pa-
tients). The defect configurations consisted of dehiscences
ranging from 1 to 5 mm. All these defects were treated with
guided bone regenerative procedures. A total of six patients
with six implants did not receive any bone regenerative
procedure.

The mean BOP at the implant sites was 38.8% (0; 83%) in
group STM and 48.7% (17%; 83%) in group BRA at the 12-
year follow-up (FU-12). The mean plaque control record
(PCR) amounted to 12.3% (0; 67%) in group STM and to
12.7% (0; 83%) in group BRA at the same time point.
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Contour changes, linear measurements between
baseline, and the 12-year follow-up examination

The contour changes on the buccal side of the implants (IPC
BL/FU-12) revealed a difference of − 0.29 mm (− 0.52; −
0.11) (STM) and of − 0.46mm (− 0.68; − 0.05) (BRA) (within
group comparison p = 0.0106, p = 0.0029; intergroup com-
parison p = 0.787). The corresponding contour changes on the
buccal side of the control teeth (TPC BL/FU-12) revealed a

change of − 0.06 mm (− 0.19; 0.19) (STM) and of − 0.12 mm
(− 0.28; 0.17) (BRA) (within group comparison p = 0.5534, p
= 0.5016; intergroup comparison p = 0.755) (Figs. 2 and 3).

The differences in contour changes between implant sites
and contralateral control teeth (IPC FU-12/TPC FU-12)
amounted to − 0.36 mm (− 0.57, 0.03) (STM) and −

Fig. 2 Graph representing contour changes from baseline to FU-5 and to
FU-12 for implant and contralateral tooth sites

Fig. 1 (a) Superimposed STL models. Baseline (yellow), 1-year follow-
up (gray), 5-year follow-up (green), and follow-up at 12 years (orange).
Red line is indicating a longitudinal slice dividing the crown
mesiodistally into two equal parts. (b) Superimposed STL models with
colored area (red) representing the analyzed area at the implant site. (c)
Superimposed STL models with colored area (pink) representing the

analyzed area at the contralateral tooth site. (d) Outline of the models
and linear measurements performed in central section. CH, clinical crown
height; eTT1 estimated tissue thickness at 1 mm below the gingival mar-
gin; eTT3 estimated tissue thickness at 3 mm below the gingival margin;
eTT5 estimated tissue thickness at 5 mm below the gingival margin

Table 1 Location of the analyzed implant sites

Location Front Premolars Molars

Upper jaw 6 10 2

Lower jaw 6 6

Total 6 16 8
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0.28 mm (− 0.87, 0) (BRA) (within group comparison p =
0.022, p = 0.017; intergroup comparison p = 0.755).

The median height of the implant crowns increased by
0.25 mm (− 0.05; 0.50) (STM) and 0.08 mm (− 0.54; 0.45)
(BRA) from baseline to FU-12 (within group comparison p =
0.126, p = 0.670; intergroup comparison p = 0.244). For the
corresponding control teeth, the crown height increased (TCH
BL/FU-12) by 0.36 mm (0.04; 0.48) (STM) and 0.10 mm (−
0.19; 0.44) (BRA) (within group comparison p = 0.006, p =
0.334; intergroup comparison p = 0.244).

The difference between implants and the teeth showed the
following values: the median height at FU-12 measured
0.29 mm (− 0.35, 1.11) (STM) and − 0.90 mm (− 1.39,

0.63) (BRA) (within group comparison p = 0.389, p =
0.268; intergroup comparison p = 0.1661).

Changes for the estimated soft tissue thickness (eTT) at
implant and tooth sites are depicted in Table 2.

Contour changes and linear measurements between
the 5-year and the 12-year follow-up examination

The contour changes on the buccal side of the implants (IPC
FU-5/FU-12) revealed a change of − 0.04 mm (− 0.37, 0.12)
(STM) and of − 0.11 mm (− 0.20, − 0.05) (BRA) (within
group comparison p = 0.487, p = 0.076; intergroup compari-
son p = 0.662). The corresponding contour changes on the

Fig. 3 Clinical images and X-rays at different follow-up appointments:
(a) right lateral incisor at 1-year follow-up, (b) X-ray at 1-year follow-up,
(c) left lateral incisor at 1-year follow-up, (d) X-ray at 1-year follow-up,

(e) right lateral incisor at 12-year follow-up, (f) X-ray at 12-year follow-
up, (g) left lateral incisor at 12-year follow-up, (h) X-ray at 12-year fol-
low-up, and (i) superimposition of the models
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buccal side of the control teeth (TPC FU-5/FU-12) revealed a
change of − 0.08 mm (− 0.32, 0.14) (STM) and of − 0.04 mm
(− 0.24, 0.09) (BRA) (within group comparison p = 0.257, p =
0.492; intergroup comparison p = 0.868) (Fig. 2).

The differences in contour changes on the buccal side be-
tween the implant and contralateral control teeth (IPC FU-5/
FU-12) were of 0.05mm (− 0.44, 0.30) (STM) and − 0.03mm
(− 0.17, 0.16) (BRA) (within group comparison p = 0.910, p =
1.000; intergroup comparison p = 1.000).

The crown height (ICH FU-5/FU-12) for implant recon-
structions increased by 0.38 mm (− 0.08; 0.98) (STM) and
0.05 mm (− 0.07; 0.21) (BRA) (within group comparison p
= 0.039, p = 0.261; intergroup comparison p = 0.135), thereby
revealing slight recessions. For the corresponding control
teeth, the crown height changes (TCH FU-5/FU-12)
amounted to 0.32 mm (− 0.15; 0.73) (STM) and 0.05 mm (−
0.13; 0.35) (BRA) (within group comparison p = 0.159, p =
0.340; intergroup comparison p = 0.299).

The change for the eTT at implant and tooth sites can be
found in Table 3.

Radiographic parameters

The median radiographic bone level at the 12-year follow-up
(FU-12) amounted to − 0.28 mm (− 0.75; 0.05) (STM) and −
1.11 mm (− 1.56; − 0.59) (BRA) (within group comparison
with median 0: p = 0.0386, p = 0.002; intergroup comparison
p = 0.0138) (Table 2).

The median radiographic bone level changes between the
baseline (BL) and the 12-year follow-up (FU-12) amounted to
− 0.30 mm (− 1.13; − 0.01) (STM) and − 0.45 mm (− 0.68; −
0.15) (BRA) (within group comparison p = 0.0136, p = 0.003;
intergroup comparison p = 0.908) (Table 3).

The median changes between FU-5 and FU-12 amounted
to − 0.20 mm (− 0.84, − 0.05) (STM) and − 0.28 mm (− 0.41,

− 0.03) (BRA) (within group comparison p = 0.002, p =
0.020; intergroup comparison p = 0.728).

Discussion

The present RCT following patient over 12 years predomi-
nantly revealed: (i) minimal changes of the peri-implant tissue
contour irrespective of the implant system; (ii) stable tissue
dimensions at contralateral tooth sites; (iii) minimal recessions
at both, implant and tooth sites; and (iv) minimal marginal
bone loss for both implant systems, not affecting peri-
implant buccal tissue dimensions.

High implant survival rates have been reported in a pleth-
ora of clinical studies resulting in confidence for this treatment
modality [1, 2, 26]. Monitoring patients with dental implants
is considered to be of key importance. This is predominantly
due to the fact that a certain number of technical and biological
complications occur over time. Apart from clinical radio-
graphic examinations, noninvasive methods have been pro-
posed (conventional and digital impression techniques).
Among those, impressions taken at various time points during
the follow-up allow assessing implant sites for changes of the
peri-implant tissues. In the present study, profilometric mea-
surements were performed over a 10- to 12-year period. The
data demonstrated minimal changes of the peri-implant tissue
dimension amounting to less than 0.5 mm. This is in line with
the scientific literature demonstrating that the majority of the
contour changes around implants occur at the early stage after
placement of the final reconstructions and remain stable there-
after [27–30]. The implant site as well as the location is a
factor to be considered when analyzing outcomes following
implant therapy. The currently available literature reporting
long-term changes of the peri-implant tissues is limited and
unfortunately only reports on changes of the peri-implant tis-
sues in the esthetic zone [31, 32]. In these regions of the jaw,

Table 2 Changes of contour, linear, and radiographic parameters between baseline and FU-12

Variables in mm (median and quartile) BRA STM

Implant crown height (ICH BL/FU-12) 0.08 (− 0.54; 0.45) 0.25 (− 0.05; 0.50)

Implant contour changes (IPC BL/FU-12) − 0.29 (− 0.52;− 0.11) − 0.46 (− 0.68; − 0.05)

Implant estimated soft tissue thickness at 1-mm IeTT1 BL/FU-12) 0.52 (0.09; 0.69) 0.60 (0.41; 1.26)

Implant estimated soft tissue thickness at 3-mm IeTT3 BL/FU-12) 0.43 (0.14; 0.74) 0.96 (0.38; 1.12)

Implant estimated soft tissue thickness at 5-mm IeTT5 BL/FU-12) 0.43 (0.09; 0.68) 0.83 (0.37; 0.98)

Distance from implant shoulder to marginal bone level (DIB BL/FU-12) − 1.11 (− 1.56; − 0.59) − 0.28 (− 0.75; 0.05)

Tooth crown height (TCH BL/FU-12) 0.10 (− 0.19; 0.44) 0.36 (0.04; 0.48)

Tooth contour changes (TPC BL/FU-12) − 0.12 (− 0.28; 0.17) − 0.06 (− 0.19; 0.19)

Tooth estimated soft tissue thickness at 1-mm TeTT1 BL/FU-12) 0.06 (− 0.19; 0.23) 0.43 (0.25; 0.60)

Tooth estimated soft tissue thickness at 3-mm TeTT3 BL/FU-12) 0.01 (− 0.32; 0.13) 0.43 (0.25; 0.55)

Tooth estimated soft tissue thickness at 5-mm TeTT5 BL/FU-12) − 0.23 (− 0.41; − 0.14) 0.28 (0.20; 0.57)
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changes of the peri-implant tissue remained, however, mini-
mal, once final reconstructions were inserted [31, 32].

The true extent of peri-implant tissue changes observed can
only be realized when comparisons to natural teeth are made. In
the past, periodontal health has been assessed and reported at
tooth sites on the long run [33, 34]. However, scientific evi-
dence on three-dimensional changes of the periodontal tissues
is limited as measurements predominantly included probing
depth values, attachment loss, and the level of the margo gin-
givae. The present study demonstrated stable soft tissue dimen-
sions on the buccal side of control teeth over 12 years. The
comparison between the tooth and implant sites revealed slight-
ly more stable tissue dimensions at tooth sites. The changes
ranged between − 0.28 and 0.19 mm, whereas the correspond-
ing values at implant sites ranged between − 0.68 and − 0.05
mm. This is in line with previous studies reporting a higher loss
of soft tissues at implant compared to tooth sites [35, 36].

From an esthetic point of view, measurements of the implant
crown height at different time points allow assessing recessions.
In the present study, the observed recessions ranged between
0.08 mm (two-piece implant system) and 0.25 mm (one-piece
implant system). This translates into a loss of 0.01 mm per year
and 0.02 mm per year. These numbers compare well with pre-
viously reported clinical data with reported recessions ranging
between 0.17 mm [32] and 0.38 mm [37]. The figures obtained
at the control teeth were in the same range as at the implant sites
and ranged between 0.1 mm (0.01 mm per year) and 0.36 mm
(0.03 mm per year). The calculated extent of the recessions was
slightly lower than in previous clinical studies [33, 34]. In these
studies, the annual attachment loss ranged between 0.04 mm
[33] and 0.14 mm [34].

The traditional method of monitoring dental implants and
serving as one of the parameters to define between peri-
implant health and disease includes the assessment of margin-
al bone level changes. In the present study, a one-piece and a
two-piece were compared. Based on long-term clinical stud-
ies, tissue remodeling should lead to marginal bone levels

located at 0.39–1.8 mm (one-piece implants) and 0.56–
1.6 mm (two-piece implants) [38] below the implant shoulder.
Data obtained in the present study revealed marginal bone
levels being located at 1.11 mm (BRA) and 0.28 mm (STM)
below the implant shoulder, thereby being well in line with the
abovementioned systematic review.

There has been some speculation on the relation between the
level of the interdental bone adjacent to an implant and whether
this affects the stability of the buccal peri-implant tissues. When
analyzing the data of the buccal tissue volumes, the majority of
the loss (0.39 mm (BRA and 0.40 mm (STM)) occurred within
the first 5 years after insertion of final reconstructions. The same
applies to marginal bone levels that underwent a major remodel-
ing during the same period [25]. Thereafter, between 5 years and
the 12-year follow-up, changes were minimal and similar to pre-
viously published data [27, 28].

From a scientific point of view, the stability of the buccal
tissues depends on the stability of the underlying hard and soft
tissues. Limited by the lack of CBCT data that would reveal
the full extent of the buccal bone and its relative changes over
time, contour changes cannot explain the relationship between
hard and soft tissues. Based on recent scientific evidence, soft
tissues appear to be more stable than hard tissues at single
implant sites [8, 9, 39, 40]. This is underlined by an increasing
soft tissue thickness but stable peri-implant tissue dimensions
[40] and soft tissues that might compensate for missing buccal
bone [9]. There can, though, only be speculation what hap-
pened between the implant surface and the buccal tissue con-
tour in the present study since no CBCT data were obtained.

Conclusions

Minimal changes of the peri-implant soft tissue contour were
observed at implant sites over the observation period of 12
years and irrespective of the implant system. The differences
between the implant sites and the corresponding natural tooth

Table 3 Changes of contour, linear, and radiographic parameters between FU-5 and FU-12

Variables in mm (median and quartile) BRA STM

Implant crown height (ICH FU-5/FU-12) 0.05 (− 0.07; 0.21) 0.38 (− 0.08; 0.98)

Implant contour changes (IPC FU-5/FU-12) − 0.11 (− 0.20, − 0.05) − 0.04 (− 0.37, 0.12)

Implant estimated soft tissue thickness at 1-mm IeTT1 FU-5/FU-12) − 0.21 (− 0.47; 0.20) 0.17 (0.03; 0.58)

Implant estimated soft tissue thickness at 3-mm IeTT3 FU-5/FU-12) − 0.09 (− 0.34; 0.23) 0.29 (0.12; 0.67)

Implant estimated soft tissue thickness at 5-mm IeTT5 FU-5/FU-12) 0.00 (− 0.39; 0.27) 0.17 (0.09; 0.54)

Tooth crown height (TCH FU-5/FU-12) 0.05 (− 0.13; 0.35) 0.32 (− 0.15; 0.73)

Tooth contour changes (TPC FU-5/FU-12) − 0.04 (− 0.24, 0.09) − 0.08 (− 0.32, 0.14)

Tooth estimated soft tissue thickness at 1-mm TeTT1 FU-5/FU-12) − 0.14 (− 0.31; 0.00) 0.18 (0.06; 0.62)

Tooth estimated soft tissue thickness at 3-mm TeTT3 FU-5/FU-12) − 0.11 (− 0.37; 0.09) 0.40 (0.13; 0.57)

Tooth estimated soft tissue thickness at 5-mm TeTT5 FU-5/FU-12) − 0.22 (− 0.60; 0.02) 0.30 (0.03; 0.46)
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sites were negligible and without clinical relevance. Marginal
bone levels revealed a slightly higher loss for two-piece im-
plants compared to one-piece implants without affecting the
peri-implant contour.

Acknowledgments Authors would like to acknowledge Franz J. Strauss
for the preparation of the graph. M. Pirc would like to acknowledge
Osteology Foundation for the support during his scholarship year.

Funding Open access funding provided by University of Zurich. This
study was fully funded by the Clinic of Reconstructive Dentistry,
Center of Dental Medicine, University of Zurich, Switzerland.

Compliance with ethical standards

This study was designed as a randomized controlled clinical trial and
approved by the local ethics committee (KEK-ZH-Nr. 2014-0201).

Conflict of interest Dr. Miha Pirc declares that he received a scholarship
from the Osteology Foundation.

Oliver Harbeck declares that he has no conflict of interest.
Dr. Vitor M Sapata declares that he has no conflict of interest.
Prof. Jurg Husler declares that he has no conflict of interest.
Prof. Dr. Ronald E. Jung declares that he received support for research

and lectures from Institute Straumann, Basel, Switzerland, and Nobel
Biocare, Zurich, Switzerland, in the past.

Prof. Dr. Christoph H.F. Hammerle declares that he received support
for research and lectures from Institute Straumann, Basel, Switzerland,
and Nobel Biocare, Zurich, Switzerland, in the past.

Prof. Dr. Daniel S. Thoma declares that he received support for re-
search and lectures from Institute Straumann, Basel, Switzerland, in the
past

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional research committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Jung RE, Zembic A, Pjetursson BE, ZwahlenM, Thoma DS (2012)
Systematic review of the survival rate and the incidence of biolog-
ical, technical, and aesthetic complications of single crowns on
implants reported in longitudinal studies with a mean follow-up

of 5 years. Clin Oral Implants Res 23(Suppl 6):2–21. https://doi.
org/10.1111/j.1600-0501.2012.02547.x

2. Pjetursson BE, Thoma D, Jung R, ZwahlenM, Zembic A (2012) A
systematic review of the survival and complication rates of implant-
supported fixed dental prostheses (FDPs) after a mean observation
period of at least 5 years. Clin Oral Implants Res 23(Suppl 6):22–
38. https://doi.org/10.1111/j.1600-0501.2012.02546.x

3. Chappuis V, Buser R, Bragger U, Bornstein MM, Salvi GE, Buser
D (2013) Long-term outcomes of dental implants with a titanium
plasma-sprayed surface: a 20-year prospective case series study in
partially edentulous patients. Clin Implant Dent Relat Res 15(6):
780–790. https://doi.org/10.1111/cid.12056

4. Papaspyridakos P, Chen CJ, Singh M, Weber HP, Gallucci GO
(2012) Success criteria in implant dentistry: a systematic review. J
Den t Res 91 (3 ) :242–248 . h t t p s : / / do i . o rg /10 .1177 /
0022034511431252

5. Benic GI, Wolleb K, Sancho-Puchades M, Hammerle CH (2012)
Systematic review of parameters and methods for the professional
assessment of aesthetics in dental implant research. J Clin
Periodontol 39(Suppl 12):160–192. https://doi.org/10.1111/j.
1600-051X.2011.01840.x

6. Bornstein MM, Horner K, Jacobs R (2017) Use of cone beam
computed tomography in implant dentistry: current concepts, indi-
cations and limitations for clinical practice and research.
Periodontol 73(1):51–72. https://doi.org/10.1111/prd.12161

7. Jung RE, Benic GI, Scherrer D, Hammerle CH (2015) Cone beam
computed tomography evaluation of regenerated buccal bone 5
years after simultaneous implant placement and guided bone regen-
eration procedures–a randomized, controlled clinical trial. Clin Oral
Implants Res 26(1):28–34. https://doi.org/10.1111/clr.12296

8. Kuchler U, Chappuis V, Gruber R, Lang NP, Salvi GE (2016)
Immediate implant placement with simultaneous guided bone re-
generation in the esthetic zone: 10-year clinical and radiographic
outcomes. Clin Oral Implants Res 27(2):253–257. https://doi.org/
10.1111/clr.12586

9. Benic GI, Mokti M, Chen CJ, Weber HP, Hammerle CH, Gallucci
GO (2012) Dimensions of buccal bone and mucosa at immediately
placed implants after 7 years: a clinical and cone beam computed
tomography study. Clin Oral Implants Res 23(5):560–566. https://
doi.org/10.1111/j.1600-0501.2011.02253.x

10. Farman AG (2005) ALARA still applies. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 100(4):395–397. https://doi.org/10.1016/
j.tripleo.2005.05.055

11. Hendee WR, Edwards FM (1986) ALARA and an integrated ap-
proach to radiation protection. Semin Nucl Med 16(2):142–150.
https://doi.org/10.1016/s0001-2998(86)80027-7

12. Jaju PP, Jaju SP (2015) Cone-beam computed tomography: time to
move fromALARA to ALADA. Imaging Sci Dent 45(4):263–265.
https://doi.org/10.5624/isd.2015.45.4.263

13. Sanz Martin I, Benic GI, Hammerle CH, Thoma DS (2016)
Prospective randomized controlled clinical study comparing two
dental implant types: volumetric soft tissue changes at 1 year of
loading. Clin Oral Implants Res 27(4):406–411. https://doi.org/10.
1111/clr.12579

14. Schneider D, Grunder U, Ender A, Hammerle CH, Jung RE (2011)
Volume gain and stability of peri-implant tissue following bone and
soft tissue augmentation: 1-year results from a prospective cohort
study. Clin Oral Implants Res 22(1):28–37. https://doi.org/10.1111/
j.1600-0501.2010.01987.x

15. Thoma DS, Jung RE, Schneider D, Cochran DL, Ender A, Jones
AA, Gorlach C, Uebersax L, Graf-Hausner U, Hammerle CH
(2010) Soft tissue volume augmentation by the use of collagen-
based matrices: a volumetric analysis. J Clin Periodontol 37(7):
659–666. https://doi.org/10.1111/j.1600-051X.2010.01581.x

16. Windisch SI, Jung RE, Sailer I, Studer SP, Ender A, Hammerle CH
(2007) A new optical method to evaluate three-dimensional volume

726 Clin Oral Invest (2021) 25:719–727

https://doi.org/
https://doi.org/10.1111/j.1600-0501.2012.02547.x
https://doi.org/10.1111/j.1600-0501.2012.02547.x
https://doi.org/10.1111/j.1600-0501.2012.02546.x
https://doi.org/10.1111/cid.12056
https://doi.org/10.1177/0022034511431252
https://doi.org/10.1177/0022034511431252
https://doi.org/10.1111/j.1600-051X.2011.01840.x
https://doi.org/10.1111/j.1600-051X.2011.01840.x
https://doi.org/10.1111/prd.12161
https://doi.org/10.1111/clr.12296
https://doi.org/10.1111/clr.12586
https://doi.org/10.1111/clr.12586
https://doi.org/10.1111/j.16002011.02253.x
https://doi.org/10.1111/j.16002011.02253.x
https://doi.org/10.1016/j.tripleo.2005.05.055
https://doi.org/10.1016/j.tripleo.2005.05.055
https://doi.org/10.1016/s0001-2998(86)80027-7
https://doi.org/10.5624/isd.2015.45.4.263
https://doi.org/10.1111/clr.12579
https://doi.org/10.1111/clr.12579
https://doi.org/10.1111/j.1600-0501.2010.01987.x
https://doi.org/10.1111/j.1600-0501.2010.01987.x
https://doi.org/10.1111/j.1600-051X.2010.01581.x


changes of alveolar contours: a methodological in vitro study. Clin
Oral Implants Res 18(5):545–551. https://doi.org/10.1111/j.1600-
0501.2007.01382.x

17. Laurell L, Lundgren D (2011) Marginal bone level changes at den-
tal implants after 5 years in function: a meta-analysis. Clin Implant
Dent Relat Res 13(1):19–28. https://doi.org/10.1111/j.1708-8208.
2009.00182.x

18. Bateli M, Att W, Strub JR (2011) Implant neck configurations for
preservation of marginal bone level: a systematic review. Int J Oral
Maxillofac Implants 26(2):290–303

19. Branemark PI, Hansson BO, Adell R, Breine U, Lindstrom J,
Hallen O, Ohman A (1977) Osseointegrated implants in the treat-
ment of the edentulous jaw. Experience from a 10-year period.
Scand J Plast Reconstr Surg Suppl 16:1–132

20. Schroeder A, Pohler O, Sutter F (1976) Tissue reaction to an im-
plant of a titanium hollow cylinder with a titanium surface spray
layer. SSO Schweiz Monatsschr Zahnheilkd 86(7):713–727

21. Messias A, Nicolau P, Guerra F (2019) Titanium dental implants
with different collar design and surface modifications: a systematic
review on survival rates and marginal bone levels. Clin Oral
Implants Res 30(1):20–48. https://doi.org/10.1111/clr.13389

22. Thoma DS, Sanz Martin I, Benic GI, Roos M, Hammerle CH
(2014) Prospective randomized controlled clinical study comparing
two dental implant systems: demographic and radiographic results
at one year of loading. Clin Oral Implants Res 25(2):142–149.
https://doi.org/10.1111/clr.12120

23. O'Leary TJ, Drake RB,Naylor JE (1972) The plaque control record.
J Periodontol 43(1):38. https://doi.org/10.1902/jop.1972.43.1.38

24. Ainamo J, Bay I (1975) Problems and proposals for recording gin-
givitis and plaque. Int Dent J 25(4):229–235

25. Sapata VM, Sanz-Martin I, Hammerle CHF, Cesar Neto JB, Jung
RE, Thoma DS (2018) Profilometric changes of peri-implant tis-
sues over 5 years: a randomized controlled trial comparing a one-
and two-piece implant system. Clin Oral Implants Res 29(8):864–
872. https://doi.org/10.1111/clr.13308

26. Derks J, Hakansson J, Wennstrom JL, Tomasi C, Larsson M,
Berglundh T (2015) Effectiveness of implant therapy analyzed in
a Swedish population: early and late implant loss. J Dent Res 94(3
Suppl):44S–51S. https://doi.org/10.1177/0022034514563077

27. Jemt T (1997) Regeneration of gingival papillae after single-
implant treatment. Int J Periodontics Restorative Dent 17(4):326–
333

28. D'Elia C, Baldini N, Cagidiaco EF, Nofri G, Goracci C, de Sanctis
M (2017) Peri-implant soft tissue stability after single implant res-
torations using either guided bone regeneration or a connective
tissue graft: a randomized clinical trial. Int J Periodontics
Restorative Dent 37(3):413–421. https://doi.org/10.11607/prd.
2747

29. Gallucci GO, Grutter L, Chuang SK, Belser UC (2011)
Dimensional changes of peri-implant soft tissue over 2 years with
single-implant crowns in the anterior maxilla. J Clin Periodontol
38(3):293–299. https://doi.org/10.1111/j.1600-051X.2010.01686.
x

30. Blanes RJ, Bernard JP, Blanes ZM, Belser UC (2007) A 10-year
prospective study of ITI dental implants placed in the posterior
region. I: clinical and radiographic results. Clin Oral Implants Res
18(6):699–706. https://doi.org/10.1111/j.1600-0501.2006.01306.x

31. Seyssens L, Eghbali A, Cosyn J (2020) A 10-year prospective study
on single immediate implants. J Clin Periodontol 47:1248–1258.
https://doi.org/10.1111/jcpe.13352

32. Chappuis V, Rahman L, Buser R, Janner SFM, Belser UC, Buser D
(2018) Effectiveness of contour augmentation with guided bone
regeneration: 10-year results. J Dent Res 97(3):266–274. https://
doi.org/10.1177/0022034517737755

33. Rosling B, Serino G, Hellstrom MK, Socransky SS, Lindhe J
(2001) Longitudinal periodontal tissue alterations during support-
ive therapy. Findings from subjects with normal and high suscep-
tibility to periodontal disease. J Clin Periodontol 28(3):241–249.
https://doi.org/10.1034/j.1600-051x.2001.028003241.x

34. Loe H, AnerudA, BoysenH, SmithM (1978) The natural history of
periodontal disease in man. The rate of periodontal destruction be-
fore 40 years of age. J Periodontol 49(12):607–620. https://doi.org/
10.1902/jop.1978.49.12.607

35. Rasperini G, Siciliano VI, Cafiero C, Salvi GE, Blasi A, Aglietta M
(2014) Crestal bone changes at teeth and implants in periodontally
healthy and periodontally compromised patients. A 10-year com-
parative case-series study. J Periodontol 85(6):e152–e159. https://
doi.org/10.1902/jop.2013.130415

36. Mengel R, Flores-de-Jacoby L (2005) Implants in patients treated
for generalized aggressive and chronic periodontitis: a 3-year pro-
spective longitudinal study. J Periodontol 76(4):534–543. https://
doi.org/10.1902/jop.2005.76.4.534

37. Thoma DS, Maggetti I, Waller T, Hammerle CHF, Jung RE (2019)
Clinical and patient-reported outcomes of implants placed in autog-
enous bone grafts and implants placed in native bone: a case-control
study with a follow-up of 5-16 years. Clin Oral Implants Res 30(3):
242–251. https://doi.org/10.1111/clr.13410

38. de Oliveira Limirio JPJ, Lemos CAA, de Luna Gomes JM, Minatel
L, Alves Rezende MCR, Pellizzer EP (2019) A clinical comparison
of 1-piece versus 2-piece implants: a systematic review and meta-
analysis. J Prosthet Dent 124:439–445. https://doi.org/10.1016/j.
prosdent.2019.08.002

39. Basler T, Naenni N, Schneider D, Hammerle CHF, Jung RE,
Thoma DS (2018) Randomized controlled clinical study assessing
two membranes for guided bone regeneration of peri-implant bone
defects: 3-year results. Clin Oral Implants Res 29(5):499–507.
https://doi.org/10.1111/clr.13147

40. Thoma DS, Gasser TJW, Jung RE, Hammerle CHF (2020)
Randomized controlled clinical trial comparing implant sites aug-
mented with a volume-stable collagen matrix or an autogenous
connective tissue graft: 3-year data after insertion of reconstruc-
tions. J Clin Periodontol 47:630–639. https://doi.org/10.1111/
jcpe.13271

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

727Clin Oral Invest (2021) 25:719–727

https://doi.org/10.1111/j.1600-0501.2007.01382.x
https://doi.org/10.1111/j.1600-0501.2007.01382.x
https://doi.org/10.1111/j.1708-8208.2009.00182.x
https://doi.org/10.1111/j.1708-8208.2009.00182.x
https://doi.org/10.1111/clr.13389
https://doi.org/10.1111/clr.12120
https://doi.org/10.1902/jop.1972.43.1.38
https://doi.org/10.1111/clr.13308
https://doi.org/10.1177/0022034514563077
https://doi.org/10.11607/prd.2747
https://doi.org/10.11607/prd.2747
https://doi.org/10.1111/j.1600-051X.2010.01686.x
https://doi.org/10.1111/j.1600-051X.2010.01686.x
https://doi.org/10.1111/j.1600-0501.2006.01306.x
https://doi.org/10.1111/jcpe.13352
https://doi.org/10.1177/0022034517737755
https://doi.org/10.1177/0022034517737755
https://doi.org/10.1034/j.1600-051x.2001.028003241.x
https://doi.org/10.1902/jop.1978.49.12.607
https://doi.org/10.1902/jop.1978.49.12.607
https://doi.org/10.1902/jop.2013.130415
https://doi.org/10.1902/jop.2013.130415
https://doi.org/10.1902/jop.2005.76.4.534
https://doi.org/10.1902/jop.2005.76.4.534
https://doi.org/10.1111/clr.13410
https://doi.org/10.1016/j.prosdent.2019.08.002
https://doi.org/10.1016/j.prosdent.2019.08.002
https://doi.org/10.1111/clr.13147
https://doi.org/10.1111/jcpe.13271
https://doi.org/10.1111/jcpe.13271

	Contour changes of peri-implant tissues are minimal and similar for a one- and a two-piece implant system over 12 years
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study design
	Baseline and follow-up examinations
	Model fabrication
	Stereolithography image acquisition and matching of data
	Profilometric and image analysis
	Radiographic measurements
	Statistical analysis

	Results
	Contour changes, linear measurements between baseline, and the 12-year follow-up examination
	Contour changes and linear measurements between the 5-year and the 12-year follow-up examination
	Radiographic parameters

	Discussion
	Conclusions
	References


