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PURPOSE. The design of the implant-abutment complex is thought to be
responsible for marginal bone loss (MBL) and might affect the condition of the
peri-implant tissues. This the present study aimed to evaluate the influence

of the implant-abutment complex on MBL and the peri-implant tissues in
partially edentulous patients treated with dental implants and determine the
most advantageous design. MATERIALS AND METHODS. A total of ninety-one
endosseous implants with different designs of implant-abutment complex [tissue
level-TL (n=30), platform switch-PS (n = 18), and platform match-PM (n =43)]
were reviewed for MBL, Probing Pocket Depth (PPD) and Bleeding on Probing
(BoP). MBL was calculated for first year of the insertion and the following years.
RESULTS. The median MBL for the PM implants (2.66 & 1.67 mm; n =43) in the
first year was significantly higher than those for the other types (P=.033). The
lowest rate of MBL (0.61 £ 0.44 mm; n = 18) was observed with PS implants
(P=.000). The position of the crown-abutment border showed a statistically
significant influence (P=.019) and a negative correlation (r=-0.395) on MBL. BoP
was found significantly higher in PM implants (P=.006). The lowest BoP scores
were detected in PS implants, but the difference was not significant (P=.523). The
relation between PPD and connection type revealed no statistically significant
influence (P>.05). CONCLUSION. Within the limitations of the present study, it
may be concluded that PS implants seem to show better peri-implant soft tissue
conditions and cause less MBL. [J Adv Prosthodont 2021;13:46-54]

KEYWORDS
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INTRODUCTION

Since the first implant treatment in the early 70s, implants have been rou-
tinely used in the treatment of missing teeth. After the placement of an im-
plant, a remodeling process takes place in the bone around the implant.! As
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a result of remodeling, a certain amount of marginal
bone loss (MBL) is considered natural. In literature,
the amount of MBL was reported to be 1.0 - 1.2 mm
in the first year of implantation and 0.1 - 0.2 mm for
each subsequent year.2? However, recent studies
have shown that the MBL value with new implant de-
signs and novel surface characteristics is considerably
lower than previously stated.*®

The collar region of the implant and the connec-
tion zone of the implant to the abutment seem to be
important for the maintenance of the marginal bone
levels. Similar to the crown margins in natural teeth,
the biological width should not be violated. Many hy-
potheses have been proposed in order to bring an
explanation, among which the implant-abutment
complex (platform switch -PS- or platform matched
-PM- implants as well as tissue level or bone level)
had been mentioned as an important factor.”*4 Ev-
ery manufacturer sticks to one of the philosophies
and claims that the implants they produce have the
most gentle design. In this manner, there are still im-
plants of all possible designs of the implant abut-
ment complex on the market and clinicians still need
feedback about their impact on the marginal bone
loss. The influence of platform switching on MBL is a
popular discussion subject ever since.’>? This effect
was noticed coincidentally, when wide-diameter im-
plants were introduced without matching wide-diam-
eter prosthetic components. It is reported that due to
such a mismatch of the implant-abutment connec-
tion, MBL around implants could be minimized.?! It
was reported that altering the horizontal relationship
between the outer edge of the implant and the at-
tached, smaller diameter component could reduce or
eliminate the expected postrestoration crestal bone
remodeling that is typically observed around a two-
piece implant.?

Nevertheless, the position of the crown-abutment
margin might violate the biological width,!%1* and
thus have influence on the resulting MBL.3

The aim of the present study was to evaluate the
influence of the implant-abutment complex on mar-
ginal bone levels and on the condition of the peri-im-
plant tissues. The null hypothesis was that plat-
form-matched (PM) implants will have statistically
significant MBL compared to tissue level and PS im-
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plants.

MATERIALS AND METHODS

This study was implemented as a retrospective study.
Partially edentulous patients who had been treated
with implant supported fix restorations and on a reg-
ular yearly maintenance visit were enrolled in this ret-
rospective study. The information about the general
and oral health of the patients and implant systems
were provided from the patient registration system of
the Istanbul University, Faculty of Dentistry, Istanbul,
Turkey. A total of one hundred and fifty-three endos-
seous implants with cement-retained metal ceramic
restorations were determined.

The main inclusion criteria were as follows: patient
who have good general health (absence of uncon-
trolled systemic disease and conditions), who have
received implant with length = 8 mm and width = 3.3
mm, who have implants at 3-year post loading at the
time of the routine recall examination, and who have
available intraoral periapical radiographies: at the
date of loading with the final prosthesis (as baseline),
and at yearly recalls after loading for 3 years.

The main exclusion criteria were as follows: pa-
tients who have improper baseline/control radio-
graphs, periimplantitis history, previous periodontitis
history, uncontrolled systemic disease, cement over-
hangs, cigarette consummation (more than 10 ciga-
rettes a day), and parafunctional habits such as brux-
ism, patients having received an implant supported
fixed dental prosthesis with a cantilever, and implants
that had undergone bone augmentation procedures
during surgery. Additionally, patients not being com-
pliant in terms of oral hygiene habits and routine re-
calls and having high plaque index scores and imme-
diately inserted and/or loaded implants have been
eliminated of the study group. Totally ninety-one en-
dosseous implants were included in the study. Im-
plants were classified as tissue level (Straumann,
Basel, Switzerland; n = 30), platform switched (Astra
Tech Implant System, Dentsply Sirona, York, PA, USA,
n = 18), and platform match (BioHorizons, Birming-
ham, AL, USA; n = 43). The radiographic view of im-
plant-abutment complex was shown in Fig. 1. Demo-
graphic information of patients is listed in Table 1.
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Table 1. Demographic and general information about the study groups

Age range of the patients

Position of the implants Restoration Type Mean + SD Sex
Anterior: 23 (n) Bridge: 50 (n) 51.17 = 11.87 59 (female)
Premolar: 36 (n) Crown: 41 (n) 32 (male)

Molar: 32 (n)

n: number of implants in each subgroup

Fig. 1. Radiographic view of the different implant-abutment complex.

The current study has been conducted in full ac-
cordance with ethical principles, including the World
Medical Association Declaration of Helsinki and it has
been independently reviewed and approved by the
Ethical Committee of the Health Research Authori-
ty of the Istanbul University (REC reference number
117-2). The current study was undertaken with the
understanding and written consent of each patient
and patients that accepted the invitation for reexam-
ination were asked to sign an informed consent in
accordance with guidelines approved by the Ethical
Committee of the Health Research Authority of the
university (REC reference number 117-2).
Peri-implant examination including Probing Pocket
Depth (PPD), Bleeding on Probing (BoP), and Plaque
Index were included to the evaluation for each im-
plant. Peri-implant measurements were recorded at
four sites (distal, mesial, buccal, palatinal) around all
implants. The plaque accumulation was evaluated
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according to Sillness/Loe plaque index, whereby 0 =
no plaque, 1 = nonvisible and scrapable plaque, 2 =
moderate accumulation of plaque without interden-
tal area and 3 = excessive plaque accumulation with
interdental area. Probing depth was assessed to the
nearest millimeter using a graded periodontal probe.
The soft tissue condition based on probing was deter-
mined using the Implant Mucosal Index (IMI), where-
by 0 =no bleeding, 1 =single-point bleeding, 2 = mod-
erate point bleeding, 3 = suppuration (IMl = 2, as an
indication of mucositis).

The effect of the implant-abutment complex (tissue
level, platform switching or platform match) was eval-
uated for marginal bone loss. Periapical radiographs,
which were taken with the parallel technique, were
included the study (Planmeca Prox, Planmeca OY,
Helsinki, Finland). Measurements were analyzed at
x 20 magnification using a software program (Corel-
Draw 11.0, Corel Corp. and Coral Ltd., Ottawa, Cana-
da) by 2 blinded examiners. Marginal bone loss was
evaluated from insertion to first year and from inser-
tion to last control session. The rate of the marginal
bone loss was calculated via periapical radiographs
that were taken in annual-control sessions. Totally
marginal bone loss was measured four times from in-
sertion to last control session.

In order to determine the real height of the bone lev-
el and quantity of the marginal bone loss, distortion
ratio was calculated for each radiograph. The known
diameter of the implant at the collar region, obtained
from the manufacturer’s dimensions, was used as a
reference point for each respective implant. The dis-
tance from the widest part of the implant supracre-
stally to the crestal bone level was measured on the
magnified images (Fig. 2). To account for variability,
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the implant dimension (width) was measured and
compared with the manufacturer-specified dimen-
sions; ratios were calculated to adjust for distortion.
Bone levels were determined by applying a distortion
coefficient: true bone height is equal to true implant
width multiplied by the bone height measured on the
radiograph, which is then divided by the implant di-
ameter measured on the radiograph.t®

The position of the crown/abutment margin was
determined radiographically. Then, the distance from
the crown/abutment margin to alveolar bone crest
was measured. Actual length of the crown/abut-
ment margin (-CAM) was calculated using the known
length IF as follows: Actual |-CAM = Measured |-CAM /
Measured length of IF * Actual length of the IF.
Mean and standard deviation were calculated for
guantitative variables. All statistical analyses were
performed by IBM SPSS Statistics 25 (IBM SPSS, Ver-
sion 25.0, Armonk, New York, United States). The sta-
tistical evaluation included the Kolmogorov-Smirno-
va test to evaluate the normality of the distributions.
Since the data were not normally distributed,

DIEIMEET
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Fig. 2. Measurements on periapical radiography.
BW: Biologic width, IF: Implant fixture.
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non-parametric tests were used for all comparisons,
including the Mann-Whitney U test and the Krus-
kal-Wallis rank test as appropriate. The level of sig-
nificance was set at P =.05. The correlations between
variables and marginal bone loss were analyzed using
Spearman’s test. The level of significance at 2-tailed
correlation was set at r = 0.01 and 1-tailed r = 0.05.
Post hoc power analysis was calculated using Gpower
3.1.9.7. Post hoc calculation was made with eta score
0.06, which represents a moderate effect of the vari-
ations onto the test groups.?® The effect size of the
variations was 0.252 and it shows the small effect of
the variations onto the test groups. The power of the
result was 0.985 (= 0.05).

RESULTS

A total of 31 patients with 91 implants (aged 27.3 to
68.3 years, mean age 51.17 years) were evaluated.
There were 30 tissue level (TL), 43 platform matching
(PM), and 18 platform switched (PS) implants in total
in the study group. 41 of all implants had been treat-
ed with single cemented crowns, whereas the remain-
ing 50 implants supported cemented bridges (Table
1).

The median MBL rates were shown in Table 2. The
median MBL for the PM implants in the first year was
statistically significantly higher than the other types
(P =.033). The slight difference in MBL between PS
and TL implants in the first year was not significant (P
=.231). The median MBL in PM implants after the first
year was the highest among all groups (1.59 = 1.06
mm). The average of the yearly MBL rates observed
in the years following the first 12 months was statis-
tically significantly different among the 3 groups (P =
.000), where the lowest rate of MBL was observed with
PS implants (0.14 £ 0.16 mm). Although TL implants
showed a lower MBL rate than the PM implants, the
difference was not statistically significant (P =.061).

The relation of marginal bone loss with the posi-
tion of the crown-abutment margin, probing pocket
depth, and bleeding on probing was shown in Table 3.
The position of the crown-abutment margin showed a
statistically significant influence (P =.028; P=.031; P =
.019) and a negative correlation (r = -0.387; r = -0.347;
r =-0.395) on MBL. With decreased distance of the
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Table 2. The mean MBL rates after first year and the average rate of the following years (Mean % SD)

o abmencami SO G e
PS (n=18) 0.42 +0.36 0.14 = 0.16 0.61 + 044
PM (n=43) 1.84 +1.24 0.41 £0.27 2.66 £ 1.67
TL (n=30) 0.53+0.31 0.35 = 0.37 1.30 £ 0.96
P-value .0332) .000?) .000?)

a) Statistically significant difference compared among the groups according to Kruskal Wallis test.
PS: platform switched implants; PM: platform-matched implants; TL: tissue level implants; AMBL: marginal bone loss; AMBL_0-1: marginal bone loss for in-
sertion of the implants to 1 year; AMBL_rate_average: marginal bone loss rates after first year and the average rate of the following years; AMBL_T: marginal

bone loss for 1st year to last control session.

Table 3. The correlation of the peri-implant scores, posi-
tion of the crown-abutment margin and MBL

Table 4. Comparison of PPD and BoP values with implant
abutment complex (Mean £ SD)

AM AD AT
Position of the -0.387%  -0.347%  -0.395Y)
crown-abutment margin 00289 00319  0.0199

0.085 0.096 0.098

PPD (mean)

0.421 0.366 0.355
BoP 0.2319 0.196 0.212
P-value 0.0452  0.089 0.066

a) Statistically significant difference compared among the groups accord-
ing to Kruskal Wallis test. b) Statistically significant and 2-tailed correlation
among the groups according to Spearmen’s rho correlation test. c) Statis-
tically significant and 1-tailed correlation among the groups according to
Spearmen’s rho correlation test.

PPD: probing pocket depth; BoP: bleeding on probing; AM: marginal bone
loss for mesial side of the implant; AD: marginal bone loss for distal side of
the implant; AT: average marginal bone loss for mesial and distal side of
theimplant.

crown-abutment margin to the alveolar bone crest,
the MBL became statistically significantly greater. On
the other hand, there was no significant relation and
correlation between PPD and MBL. There was a pos-
itive correlation (r = 0.231) and a significant relation
(P =.045) between BoP and the MBL on the mesial,
whereas no significant relation could be observed on
the distal and the total average MBL (P > .05).

The influence of the implant-abutment complex to
BoP and PPD was shown in Table 4. BoP was found
significantly higher in PM implants compared to the
other two types (P = .006). The lowest BoP scores
were detected in PS implants, although the difference
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Implant-abutment Peri-implant scores

complex PPD BoP
PS (n=18) 2.26 +0.82 1.28 + 0.45
PM (n =43) 242+ 0.86 1.81 +0.79
TL (n=30) 2.11+0.5 1.37+0.48
P-value .162 .0062)

a) Statistically significant difference compared among the groups accord-
ing to Kruskal Wallis test.

PS: platform switched implants; PM: platform-matched implants; TL: tissue
level implants; PPD: probing pocket depth; BoP: bleeding on probing.

between PS and TL implants was statistically not sig-
nificant (P = .523). The evaluation of the relation be-
tween PPD and connection type revealed no statisti-
cally significant influence (P >.05).

DISCUSSION

The main purpose of the present study was to ana-
lyze the influence of the implant-abutment complex
on the MBL as well as on the condition of the peri-im-
plant tissues. This retrospective clinical study was
conducted in order to compare 3 different implant
types placed by the same surgeon and restored with
prostheses by the same team with the same prostho-
dontic vision. Significant differences among the three
evaluated implant collar designs could be observed.
While the PM implants showed the highest MBL rate in
the first year and also in the following years, the mea-
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sured data were even higher (Table 2) than the data
reported in literature.3* Traditionally, 1.0 - 1.2 mm
after the first year of loading and 0.2 mm in the fol-
lowing had been considered physiological although
recent studies have reported that the MBL rate could
be less than previously mentioned values.>7.11,14.24.25
The reason why the highest MBL within the physio-
logical limits happens in the first year after implant
placement is because of the physiological remodel-
ing process. PS implants on the other hand showed a
much lower MBL rate in the first year where the high-
est MBL takes place (Table 2), but the following years
were comparable with the numbers from the litera-
ture. Parallel to the results here, a recent review had
pointed out that PS implants show less MBL than PM
implants and an average of 0.45 mm difference be-
tween implant and abutment diameter would be very
efficient in decreasing MBL.1°

Radiographs are the most reliable measurement
tools for following marginal bone level changes and
important parameters in routine clinical practice.?®
The measurements were accomplished on radio-
graphs, which were taken following installation of the
prostheses, thus serving as a reliable baseline refer-
ence, and each year during the recall sessions.

The implant-abutment complex type seems to be
very effective on the MBL in the first year and in the
following years. The present study confirmed that less
MBL could be attained if PS implants are preferred in
clinical practice.

In the present study, the position of the crown-abut-
ment margin was evaluated in relation to MBL, too.
The evaluation revealed a statistically significant and
negative correlation (Table 4). The rate of MBL in-
creased when the distance of the crown-abutment
margin to alveolar bone crest decreased. It can be ex-
plained by the secure distance of the implant-abut-
ment connection from the crestal bone neighboring
the implant. Similar with present study result, it had
been reported that if the crown/abutment border is
located closer to bone level, the rate of MBL increas-
es.?” Besides a slight movement that occurs at the
implant-abutment interface,'* it was pointed out to
the fact that microbial infiltration could occur if the
implant-abutment junction is not in a safe distance
to the crest, which then could increase the rate of
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MBL.2 The position of the crown-abutment margin
seems to be closely related with the marginal bone
stability for all types of implants. However, the shift
in the PS implants seems to better respect the bio-
logical width than the other implant-abutment com-
plex types.1013.1427 Similar to the PS implants, the
crown-abutment margin in TL implants is in a se-
cure distance to the marginal bone and shows better
peri-implant conditions than PM implants.

Immediately after implant insertion, a marginal
bone remodeling commences. It is a dynamic pro-
cess and its rate is not constant. The rate is proposed
to be a part of the implant success index.? The time
of prosthetic loading is considered to be a common
reference point for measuring the MBL, as we did in
the present study. Many opinions about thresholds
for MBL are published, but a few of them were adopt-
ed. One of the most widely accepted thresholds is the
0.1-0.2 mm of bone loss per year.3° Other commonly
used thresholds are loss of 2 mm after the first year of
loading3! or 2.5 mm bone loss after 5 years.32 The MBL
rates in the present study were comparable with the
widely accepted thresholds.

Several case definitions were reported for peri-im-
plantitis in the latest consensus report.?? In the pres-
ent study, the consensus case definition used for
peri-implantitis diagnosis was BoP and/or = 6 mm
probing depth together with bone loss = 3 mm. If one
of these findings was not evident, the implant was in-
cluded in the study group and only implants with a
peri-implantitis diagnosis were excluded, similar to
very recent studies.?*

Changes in condition of the peri-implant tissues
were analyzed in terms of PPD and BoP values for
different implant-abutment complexes in this study.
Basically, it was noted that the type had influenced
the BoP values whereas PPD values were not affect-
ed (Table 3). PS and TL implant-abutment complex
showed lower BoP values than the PM implants (1.28
* 0.45 and 1.37 £ 0.48) and the differences were sig-
nificant (P = .006). PPD values were not significantly
affected by the design (Table 3) and PPD had no sta-
tistically significant relation with MBL. On the other
hand, latest studies report that changes in PPD over
time may be regarded as an indicator of soft tissue in-
flammation, 3 but it could be stated that PPD values
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alone are not sufficient to predict future bone loss.3®
PPD values were not related with MBL in the present
study, in accordance with previous studies.3"3?

The relationship between MBL and BoP was ana-
lyzed in the present study and a weak-positive cor-
relation was found (Table 3). As stated in the latest
definitions33, BoP could be a precursor of an inflam-
mation, which definitely is important of excessive
MBL. Similar with the current study result, Acharya et
al. had reported that BoP could be observed in case
of MBL and these two parameters positively correlat-
ed with each other.34

The major limitations of this study originate from
its retrospective nature and the limited number of an-
alyzed implants. Multiple factors could affect the re-
sult of the current study, such as the position of the
implants and the type of the restorations. In order to
minimize variables, only implants with fixed cement-
ed restorations have been included in the study and
patients with removable dentures or screw-retained
fixed prostheses were excluded. Without a doubt, in a
long-term follow-up period, many drop-outs appear
and thus the number of patients to be included in the
study is always confined. In order to exclude decep-
tive marginal bone loss due to gingival inflammation,
only patients with good oral hygiene and attending
regular recalls were included in the study, which was
also a limiting factor.

Nevertheless, it can be concluded the implant-abut-
ment complex is an important factor for marginal
bone loss as well as peri-implant health. The implants
respecting the biological width around the marginal
bone area, especially the implants with the platform
switching property, seem to cause less marginal bone
loss. Further prospective studies with larger num-
ber of patients and implants are needed to be able to
draw concrete conclusions.

CONCLUSION

Within the limitations of the study, implants with a
platform switching abutment-implant complex de-
sign seem to show better peri-implant soft and hard
tissue conditions and cause less marginal bone loss.
Further studies with more participants would be nec-
essary to validate the present results.
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