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Abstract

Objective: To evaluate the volumetric changes occurring from prosthesis insertion to the 1-year

follow-up (FU) using one- and two-piece dental implants.

Methods: Sixty patients were randomly assigned to receive one-piece or two-piece implants. Casts

were obtained at baseline (insertion of final reconstruction) and at 1 year of loading. Finally, 33

pairs of casts (BRA = 18, STM = 15) were deemed appropriate for volumetric analysis of the peri-

implant tissues. If the patients had more than one implant, one was randomly selected for analysis.

Casts were scanned to obtain stereolithography (STL) files. Baseline and 1-year FU digital models

were superimposed with an image analysis program. Linear and volumetric measurements were

performed including (i) crown height changes (CHCs), (ii) volumetric changes, and (iii) changes in

tissue thickness at three levels below the mucosal margin on the buccal side of the implants (at 1,3,

and 5 mm). The Mann–Whitney U-test and the paired t-test were used to analyze the data

between the two groups using the patient as the unit of analysis.

Results: No significant baseline differences were observed between the one- and two-piece groups

for the linear measurements. The mean CHCs in the two-piece group amounted to 0.02 mm

(SD ! 0.32), whereas the one-piece group exhibited a change of "0.17 mm (!0.57). The mean

volume changes (VCs) were "0.12 mm (!0.27) (two-piece group) and "0.03 mm (!0.29) (one-piece

group). With regard to the changes in tissue thickness, the two-piece group presented a change of

"0.15 mm (!0.20) at 1 mm, "0.06 mm (!0.20) at 3 mm, and "0.2 mm (!0.51) at 5 mm. The

respective values for the one-piece group were "0.03 mm (!0.35), 0.01 mm (!0.28), and "0.01 mm

(!0.51) at the three levels. None of the differences in linear measurements between baseline and

the 1-year FU reached significance. Positive correlations were seen for tissue thickness changes at 1

and 3 mm for both groups (P < 0.05). Significant positive correlations were found for VCs and

tissue thickness at 1 mm for the two-piece group and for VCs and tissue thickness at 1,3, and 5 mm

for the one-piece group (P < 0.05).

Conclusion: Within the first year of loading, minimal changes occur with regard to tissue

thickness, crown height, and facial volume for both implant types.

The increased predictability of dental

implants has driven researchers and clini-

cians not only to focus on implant survival,

but also on additional outcome measures that

define a successful implant therapy. This

includes parameters such as technical, bio-

logical, and esthetic complications as well as

implant failures (Jung, et al. 2012, Papaspyri-

dakos et al. 2012).

Along these lines, more emphasis has

recently been given to the appearance of both

the peri-implant tissues and the prosthetic res-

torations. When evaluating the implant litera-

ture, the parameters most often reported are

the level of the mucosal margin, the appear-

ance of the interdental papillae, the color of

the mucosal, and the esthetics of the mucosa

and the reconstruction (Benic et al. 2012).

Together with other relevant parameters, such

as marginal bone levels, the assessment of the

changes in tissue contour by means of volu-

metric analysis can give further insights and

offer new prospectives in the analysis of the

behavior of the peri-implant soft tissues.

Two of the potential variables identified as

playing a major role in the preservation of

Date:
Accepted 29 January 2015

To cite this article:
Sanz Martin I, Benic GI, H!ammerle CHF, Thoma DS.
Prospective randomized controlled clinical study comparing
two dental implant types: volumetric soft tissue changes at
1 year of loading.
Clin. Oral Impl. Res. 00, 2015, 1–6
doi: 10.1111/clr.12579

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1



peri-implant tissues have been the implant

neck design and type (Bateli et al. 2011; Lau-

rell & Lundgren 2011). Although there is a

large variety of implant head and neck con-

figurations available on the market, implant

systems can generally be divided into one-

and two-piece dental implant types. One-

piece dental implants are characterized by

the fact that the anchorage unit and the con-

tiguous prosthetic/transmucosal component

are manufactured as one piece. Two-piece

dental implants have the anchorage compo-

nent and the element of the prosthetic/trans-

mucosal component manufactured as two

separate pieces (Hermann et al. 2001; Cehreli

et al. 2004).

The behavior of these two types of dental

implant systems has widely been studied.

The bulk of the information published

reports on clinical soft tissue parameters and

interproximal bone levels measured on peri-

apical radiographs (Astrand et al. 2002, 2004;

Cochran et al. 2009).

In the past, little attention has been given

to the quality and quantity of the peri-

implant tissues, which were reported to be

key parameters in implant esthetics (Cairo

et al. 2008; Cosyn et al. 2012a; Thoma et al.

2014a). The impact these two different treat-

ment concepts possibly have on the stability

of the peri-implant buccal soft tissues after

loading remains unknown.

The assessment of the volume of the peri-

implant tissues is challenging due to the pau-

city of tools suitable to evaluate not only

hard, but also soft tissue changes. Recently,

digital optical scanning and assessment

methods have been applied with the aim of

measuring volume changes (VCs) of oral tis-

sues over time. Calibration studies demon-

strated precision and reliability of these

methods to assess soft tissue VCs in a non-

invasive way (Windisch et al. 2007). This

method has successfully been used to assess

the VCs in the alveolar process in conjunc-

tion with soft and hard tissue augmentation

in preclinical and clinical studies (Thoma

et al. 2010; Schneider et al. 2011).

The aim of this study was therefore to

assess the volumetric changes of the buccal

soft tissues between baseline and 1 year of

loading comparing a one- and a two-piece

dental implant type.

Material and methods

Study design

The study was designed as a randomized con-

trolled clinical study. Following approval by

the local ethical committee, 60 consecutively

admitted patients seeking dental implant

therapy at the Clinic of Fixed and Removable

Prosthodontics and Dental Material Science,

Center of Dental Medicine, University of

Zurich, Switzerland were included in the

study. These patients were treated and ran-

domly assigned to receive dental implants of

either the one-piece type (Institut Straumann,

Basel, Switzerland; STM) or the two-piece

type (Br"anemark; Nobel Biocare, Zurich,

Switzerland; BRA). Randomization was per-

formed using a computer-generated list.

Details regarding inclusion and exclusion cri-

teria as well as the surgical, regenerative, and

prosthetic procedures can be found in an ear-

lier publication reporting on the demographic

data and the radiographic outcomes (Thoma

et al. 2014b).

Model fabrication

Alginate impressions were taken at the base-

line examination (BL) and at the 1-year fol-

low-up (FU). Dental stone casts were

fabricated immediately after the impressions

were obtained, resulting in 60 pairs of mod-

els. Models were evaluated for the presence

of irregularities such as porous areas, unde-

fined gingival margins, broken cusps, or

undefined vestibulum. Only casts obtained

from patients that received implant single

crowns (SCs) or fixed partial dentures (FDPs)

were included. After this examination, 33

pairs of casts (BL and FU) were deemed

appropriate for volumetric analysis (15 BRA,

18 STM).

Stereolithography image acquisition, matching
of data, and volumetric analysis

The cast models were optically scanned with

a desktop 3D scanner (Imetric 3D, Courge-

nay, Switzerland). Baseline and 1-year FU

STL files of the models of the 33 patients

were uploaded to an image analysis software

(Swissmeda Software; Swissmeda AG,

Z!urich, Switzerland). To match the STL files,

three clear and visible common reference

points were selected in both the baseline and

1-year FU casts. After the selection of these

references, the software automatically super-

imposed the models using a series of mathe-

matical algorithms (Fig. 1).

Image analysis

In case patients had receivedmore than one den-

tal implant, one of these was randomly chosen

for the linear and volumetric analysis in each

pair of casts. Measurements were performed

by a calibrated, blinded outside evaluator. The

followingmeasurements were performed:

(i) Linear measurements: A longitudinal slice

that divided the crown mesio-distally into

two equal parts was selected. A line coin-

ciding with the axis of the tooth was then

drawn in the transversal images of the

sections. At both baseline and the 1-year

FU, the apico-coronal dimension of the

clinical crown (CH) was assessed by mea-

suring the distance between two lines per-

pendicular to the axis of the tooth

coinciding with the most prominent cusp

and the gingival margin at baseline and 1-

year FU. In order to evaluate the esti-

mated soft tissue thickness (eTT), a line

parallel to the axis of the tooth was drawn

contacting the most coronal aspect of the

gingival margin. The distance between

this line and buccal soft outline was then

assessed at 1, 3, and 5 mm below the gin-

gival margin at both time points (Fig. 2).

(ii) Volumetric measurements: The area used

to evaluate the VCs was bordered by the

mucosal margin at the implant restora-

tion, by the mesial and distal line angles

and extended 5–6 mm apically (Fig. 3).

The software then calculated the VC mea-

sured in mm, which corresponds to the

Fig. 1. Stereolithography (STL) image superimposition

of baseline (yellow) and 1-year (green) follow-up models.

Fig. 2. Outline of baseline and one-year follow-up mod-

els and linear measurements performed in central sec-

tion. Baseline model (yellow) and one year follow-up

(green). CH, clinical crown height; eTT1, estimated tis-

sue thickness at 1 mm below the gingival margin,

eTT3, estimated tissue thickness at 3 mm below the

gingival margin, eTT5, tissue thickness at 5 mm below

the gingival margin.
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mean distance between the two surfaces

involved within the designed area.

Radiographic measurements

The radiographic analysis performed has been

described in detail in a previous publication

(Thoma et al. 2014a,b). In brief, intraoral

radiographs of all implants were taken at the

baseline and at the 1-year FU examination

using a paralleling technique with Rinn-hold-

ers and analog films (Kodak Ektaspeed plus;

Eastman Kodak CO, Rochester, NY, USA).

All radiographs were digitized, and marginal

bone level changes analyzed using an open-

source software (Image J; National Institutes

of Health, Bethesda, MD, USA). For this

study, only implants and sites with measur-

able casts were included.

Statistical analysis

Descriptive statistics (means, standard devia-

tions, medians, and IQRs) of continuous vari-

ables were computed for each system

separately using a statistical software program

(SPSS version 18.0; IBM corporation, New

York, NY, USA). One implant per patient was

randomly chosen as test implant rendering a

total of 33 implants analyzed (15BRA,

18STM). The data were tested for normality

by means of a Kolmogorov–Smirnov test and

found to be normally distributed. The Mann–

Whitney U-test was used to disclose differ-

ences for continuous variables. Moreover, the

paired t-test for CHCs, mean VCs, and linear

measurements at 1, 3, and 5 mm was pro-

vided together with the corresponding P-val-

ues and 95% confidence intervals for each

system separately. To disclose associations

between continuous variables, the Spearman

correlation was utilized. Statistical signifi-

cance was set at the alpha level of 0.05.

Results

A total of 33 patients (two-piece group = 18

patients; one-piece group = 15 patients) with

one randomly selected implant were included

in the analyses for volumetric and linear

changes. Patients in the two-piece group

were restored with 14 SCs and 4 FDPs,

whereas patients in the one-piece group were

restored with 11 SCs and 4 FDPs.

In the two-piece group, a total of 14

patients received guided bone regenerative

procedures by means of a native collagen

membrane (Bio-Gide; Geistlich Pharma AG,

Wolhusen, Switzerland) and a demineralized

bovine bone substitute (Bio-Oss; Geistlich

Pharma AG). The same procedure was per-

formed for 13 implants in the one-piece

group. The defect configurations consisted of

implant dehiscences ranging from 1 to 5 mm

and apical fenestrations. A total of six

patients with six implants (two-piece group:

four patients; one-piece: two patients) did not

receive any bone regenerative procedure.

Baseline (BL) linear and radiographic
measurements

In the two-piece group, the mean crown

height was 8.85 mm (standard deviation

!1.9), whereas in the one-piece group, this

value amounted to 9.7 mm (!1.9). Regarding

the estimated tissue thickness, in the two-

piece group, the values at 1, 3, and 5 mm

were 0.75 mm (!0.31), 1.31 mm (!0.78), and

1.82 mm (!1.08); while in the one-piece

group, these values were 0.93 mm (!0.52),

1.46 mm (!0.93), and 1.7 mm (!1.13).

Regarding the radiographic parameters, the

DIB (distance between the implant shoulder

and the marginal bone level) for the two-

piece group was 0.93 mm (!0.42) and

0.68 mm (!0.93) for the one-piece group.

There were no statistically significant differ-

ences between the two groups for the linear

and radiographic measurements (Table 1).

Linear, volumetric, and radiographic changes
between BL and FU

In the two-piece group, the mean crown

height changes (CHC) amounted to 0.02 mm

(!0.32), while the one-piece group exhibited

a change of "0.17 mm (!0.58). The mean VC

was "0.12 mm (!0.27) (two-piece group) and

"0.03 mm (!0.29) (one-piece group).

With regard to the changes in tissue thick-

ness, the two-piece group presented a change

of "0.15 mm (!0.20) at 1 mm, "0.06 mm

(!0.20) at 3 mm, and "0.2 mm (!0.51) at

5 mm. The respective values for the one-

piece group were "0.03 mm (!0.35),

0.01 mm (!0.28), and "0.01 mm (!0.51) at

the three levels.

The mean radiographic bone level changes

in the two-piece group presented a mean loss

of 0.08 mm (!0.2), while the one-piece group

presented a loss of 0.35 mm (!0.35). The dif-

ferences between the two groups reached sta-

tistical significance (P = 0.01).

No other statistically significant differ-

ences between the two groups were observed

for any of the above-mentioned parameters

(P > 0.05) (Table 2).

Correlations

When analyzing the correlations between

variables in the two-piece group, positive cor-

relations reaching statistical significance

were found between the changes in tissue

thickness at 1 and 3 mm (P = 0.02), between

3 and 5 mm (P = 0.02), and between the

mean VC and the tissue thickness at 1 mm

(P = 0.01) (Table 3). In the one-piece group,

positive correlations reaching statistical sig-

nificance were found between the changes in

tissue thickness at 1 and 3 mm (P = 0.04), 1

and 5 mm (P = 0.01), and between tissue

thickness at 3 and 5 mm (P = 0.01). In the

same group, statistical significance was also

reached with a positive correlation between

mean VC and tissue thickness at all three

levels (1 mm: P < 0.001, 3 mm: P = 0.004,

and 5 mm: P = 0.04) (Table 4). As there were

only a minimal number of sites (6) without

bone regeneration, no correlations were cal-

culated for this outcome parameter.

Discussion

In the present investigation, minimal

changes were observed at the 1-year FU eval-

uation with regard to tissue thickness, crown

height, and facial tissue volume without

Fig. 3. Volume comparison. The colored area (mint)

represents the area analyzed.

Table 1. Linear measurements and radiographic parameters at baseline

Variables in mm (means
and SD/median and IQR) Two-piece group One-piece group Significance

CH Baseline (mm) 8.85 (1.9)/8.76 (4) 9.7 (1.9)/9.57 (3) 0.244
eTT1 Baseline 0.75 (0.31)/0.66 (0) 0.93 (0.52)/0.76 (0) 0.290
eTT3 Baseline 1.31 (0.78)/1.23 (1) 1.46 (0.93)/1.12 (1) 0.735
eTT5 Baseline 1.82 (1.08)/1.77 (1.2) 1.70 (1.13)/1.66 (0.9) 0.451
DIB Baseline (mm) 0.93 (0.42)/1.01 (0.56) 0.68 (0.93)/0.42 (0.71) 0.11

eTT, estimated soft tissue thickness; SD, standard deviation; CH, crown height; DIB, distance between
implant shoulder and marginal bone level.
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significant differences between the two-piece

and one-piece implant type. The one-piece

group demonstrated, however, higher mar-

ginal bone levels at the 1-year control.

Dental implants have demonstrated high

long-term survival rates over 5 and 10 years

of FU (Jung, et al. 2012, Pjetursson et al.

2012). Despite of these positive results, little

information has been provided regarding

other relevant parameters that may influence

the appearance of the restoration with respect

to the soft tissues.

In reconstructive implant dentistry, pleas-

ing esthetics have been defined as an appear-

ance showing harmony between the natural

and the reconstructed parts of the dentition

(Belser et al. 2004a,b). It appears crucial that

once the restoration is delivered the

achieved, results remain stable over time. For

this purpose, adequately designed investiga-

tions that follow patients over time are of

paramount importance.

A recently published systematic review

revealed a great heterogeneity in the parame-

ters and methods utilized to evaluate the

esthetic appearance of an implant restoration

(Benic et al. 2012). Moreover, it was found

that the indexes utilized to assess the esthet-

ics of implant-supported restorations were

observer dependent and only reached moder-

ate reproducibility between observers (den

Hartog et al. 2011). In the same manner, pho-

tographs were found to be a non-reliable

method for objective evaluation of esthetic

parameters as they are prone to the distortion

resulting from different angles of view and

light exposures (Weinlander et al. 2009).

Therefore, it appears that there is a need to

provide objective and quantitative informa-

tion regarding the parameters that may influ-

ence the esthetics at dental implants.

The differences found in the present inves-

tigation between both implant systems in

terms of marginal bone levels are not surpris-

ing as the subjects evaluated represent a sam-

ple of a previously published investigation

that showed similar tendencies (Thoma et al.

2014b).

When comparing the linear and volumetric

parameters followed over time, there were no

significant differences between the two

implants systems. Whereas the two-piece

group had less changes in regard to crown

height (0.02 vs. "0.17 mm), it appeared to

lose slightly more volume over time ("0.12

vs. "0.03 mm). In addition, it exhibited more

pronounced changes in tissue thickness at

the 1 mm level ("0.15 mm vs. "0.03 mm).

The interpretation of these results is diffi-

cult as there are several parameters that may

influence the position and stability of the

mucosal margin at dental implants such as

the buco-lingual implant position (Chen

et al. 2009; Cosyn et al. 2012b). Moreover,

one would expect that the tendencies shown

favoring the two-piece group in terms of

CHCs would be coupled with similar values

in the tissue thickness at 1 mm, which was

obviously not the case.

The most prominent difference between

these two implant systems is the presence of

a smooth collar in the one-piece group that

represents the beginning of the prosthetic

components. This given emergence profile

may limit the capability of the restorative

dentist to control the initial emergence of

the prosthesis which may ultimately trans-

late into changes in the level of the mucosal

margin (CHCs). On the other hand, this

smooth collar may act as a stabilizer of the

soft tissues preventing them from collapse;

Table 2. Changes between baseline and 1-year follow-up in linear measurements, volumetric measurements and radiographic parameters)

Variables in mm (means and SD/median and IQR) Two-piece group One-piece group Significance

Crown height changes in mm (CHC) 0.02 (0.32)/0.04 (0.43) "0.17 (0.58)/"0.04 (1.17) 0.405
Volume changes in mm "0.12 (0.27)/"0.12 (0.33) "0.03 (0.29)/0.02 (0.45) 0.233
Change at the 1 mm measurement point "0.15 (0.20)/"0.2 (0.23) "0.03 (0.35)/0.07 (0.52) 0.104
Change at the 3 mm measurement point "0.06 (0.20)/"0.06 (0.25) 0.01 (0.28)/0.01 (0.43) 0.385
Change at the 5 mm measurement point "0.2 (0.51)/"0.1 (0.72) "0.01 (0.51)/"0.1 (0.68) 0.449
Changes in DIB (mm) 0.08 (0.2)/0.09 (0.23) 0.35 (0.35)/0.35 (0.36) 0.01*

SD, standard deviation; CHC, Crown height change; VC, volumetric change; DIB, distance between implant shoulder and marginal bone level. *P < 0.05.

Table 3. Correlations between variables in the two-piece group (correlation coefficient and significance)

Change at the 1 mm
measurement point

Change at the 3 mm
measurement point

Change at the 5 mm
measurement point VC CHC DIB

Change at the 1 mm measurement point – 0.53 (0.02*) 0.33 (0.21) 0.55 (0.01*) "0.38 (0.11) 0.27 (0.27)
Change at the 3 mm measurement point 0.53 (0.02*) – 0.58 (0.02*) 0.38 (0.12) "0.33 (0.17) 0.21 (0.39)
Change at the 5 mm measurement point 0.33 (0.21) 0.58 (0.02*) – 0.21 (0.47) "0.2 (0.46) 0.03 (0.89)
VC 0.55 (0.01*) 0.38 (0.12) 0.21 (0.47) – "0.6 (0.8) 0.36 (0.89)
CHC "0.38 (0.11) "0.33 (0.17) "0.2 (0.46) "0.6 (0.8) – "0.11 (0.64)
DIB 0.27 (0.27) 0.21 (0.39) 0.03 (0.89) 0.36 (0.89) "0.11 (0.64) –

CHC, Crown height change; VC, volumetric change; DIB, distance between implant shoulder and marginal bone level. *P < 0.05.

Table 4. Correlations between variables in the one-piece group (correlation coefficient and significance)

Change at the 1 mm
measurement point

Change at the 3 mm
measurement point

Change at the 5 mm
measurement point VC CHC DIB

Change at the 1 mm measurement point – 0.66 (0.04*) 0.65 (0.01*) 0.7 (<0.01*) 0.3 (0.13) "0.22 (0.21)
Change at the 3 mm measurement point 0.66 (0.04*) – 0.8 (<0.01*) 0.6 (0.004*) 0.05 (0.43) 0.000 (0.5)
Change at the 5 mm measurement point 0.65 (0.01*) 0.8 (<0.01*) – 0.72 (0.04*) "0.28 (0.18) 0.21 (0.25)
VC 0.7 (<0.01*) 0.6 (0.004*) 0.72 (0.04*) – 0.35 (0.09) "0.18 (0.25)
CHC 0.3 (0.13) 0.05 (0.43) "0.28 (0.18) 0.35 (0.09) – "0.04 (0.43)
DIB "0.22 (0.21) 0.000 (0.5) 0.21 (0.25) "0.18 (0.25) "0.04 (0.43) –

CHC, Crown height change; VC, volumetric change; DIB, distance between implant shoulder and marginal bone level. *P < 0.05.
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this hypothesis may explain the greater sta-

bility shown in terms of tissue thickness and

VC in the one-piece group.

When analyzing the correlations between

the different variables, there was no signifi-

cant association between tissue thickness at

the three different levels evaluated and the

marginal bone levels for the two groups.

These results are in contrast with recently

published investigations that found a signifi-

cant association between patient’s biotype

and interproximal bone levels (Linkevicius

et al. 2009a,b). These contrasting results may

be explained by the fact that the subjects in

the quoted investigations were divided

according to their periodontal biotype (thin

and thick). Moreover, the methodology of

assessing the tissue thickness varies between

these investigations and the present clinical

trial. Whereas the mentioned investigations

measured only the tissue thickness, the pres-

ent report measured the distance between a

line parallel to the axis of the implant and

the buccal soft tissue outline at three differ-

ent levels. It appears prudent to mention that

the periodontal biotype or the tissue thick-

ness primarily evaluates the facial aspect of

the implant, whereas intraoral radiographs

analyze the interproximal bone levels. There-

fore, it appears understandable that these two

parameters do not correlate.

With regard to the other parameters evalu-

ated, both systems showed correlations

between the tissue thickness at 1 and 3 mm,

between tissue thickness at 3 and 5 mm, and

between tissue thickness at 1 mm and VCs.

These positive correlations are somehow

expected, as the tissue thickness and the VC

measure a localized part of the facial area of

the restoration and the changes in this area

are likely to influence all of these parame-

ters. Besides the previously mentioned corre-

lations, the one-piece group showed a

significant association between the VC and

the crown height. Moreover, the one-piece

group as well showed a positive association

between tissue thickness at 3 and 5 mm and

VC. The reason for the differences found

between the two groups remains unclear.

Other publications have analyzed the sta-

bility of the peri-implant tissue over time. In

a clinical case series, the changes in tissue

height and volume were evaluated at differ-

ent times in patients requiring implant-sup-

ported restorations in the esthetic zone

(Schneider et al. 2011). It was demonstrated

that following the intervention with augmen-

tation procedures, the peri-implant tissue

remained stable over time. The soft and hard

tissue changes were assessed using a method-

ology similar to the one in the present study.

Drawing comparisons with the presented

results appears difficult, as the designs of the

investigations vary and, in this investigation,

two different implant systems were utilized.

The potential effect of the regenerative pro-

cedures on the mucosal morphology is an

aspect to be taken into consideration. The

long-term stability of regenerated buccal peri-

implant bone by means of bone substitutes

has been recently assessed by three-dimen-

sional imaging (Jung et al. 2013). The authors

reported that after 5 years of evaluation, the

buccal vertical bone gain remained stable;

moreover, the peri-implant soft tissue height

and thickness seemed to be compatible with

health, and its dimensions were comparable

to the ones found in implants placed in

native bone.

The present investigation appears to be the

first report analyzing the volumetric stability

of the peri-implant tissues comparing two

different implant designs over time. It must

be taken into consideration that the study

has some limitations as the sample utilized

was selected and reduced based on the

patients that presented adequate models for

evaluation. The evaluated areas were mostly

areas that were subject to regenerative proce-

dures, and different types of fixed restorations

were utilized. In combination with classic

clinical and radiographic measures, this

approach offered a more complete three-

dimensional picture of outcomes following

implant therapy and allowed analyzing the

changes of peri-implant tissues over time in

a non-invasive way.

Conclusions

In conclusion, the present study demon-

strated high peri-implant tissue stability for

both implant types over the short-term obser-

vation of period of the first year of loading.

No significant differences were found

between the two implant types with regard

to tissue thickness, crown height, and facial

volume. The two-piece group exhibited

slightly less bone loss during the evaluated

period.
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