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Abstract: Background: The objective of this systematic review and meta-analysis was to analyze
the periodontal behavior around teeth prepared with horizontal finishing crowns supporting fixed
metal-ceramic and zirconia full coverage crowns and fixed partial dentures (FDPs). Materials and
methods: An electronic search was conducted to locate relevant clinical trials in four databases:
PubMed, Embase, Cochrane, and Scopus. A manual search was made in the reference sections of
the articles identified for any additional articles. No restrictions were applied regarding year of
publication or language. The following variables were considered in quantitative and qualitative
analysis: probing pocket depth (PPD); probing attachment level (PAL); plaque control record (PCR);
bleeding on probing (BOP); and gingival margin migration. Results: Twenty articles were selected
for qualitative synthesis, and of these, nine underwent meta-analysis. Higher PCR was found
in control teeth, while BOP, PPD, and PAL were higher around teeth prepared with horizontal
finishing lines supporting complete coverage crowns/FDPs Gingival migration results were the
clearest manifestation of compromised periodontal health around teeth prepared with horizontal
finishing lines. Conclusions: Meta-analysis revealed that teeth prepared with horizontal finishing
lines supporting crowns and FDPs present more periodontal disorders than untreated control teeth.

Keywords: periodontal prosthesis; biological factor; dental prosthesis; metal ceramic restorations;
zirconium oxide

1. Introduction

Fixed tooth-supported restorations are a type of treatment that has been well documented over
the years. Restorations fabricated with a metal core and a ceramic coating are considered the ‘gold
standard’, although in recent years completely ceramic restorations have grown in popularity due to
their esthetic properties, biocompatibility, and good mechanical behavior [1].

With this type of treatment, one of the main objectives is to achieve marginal stability as often
gingival recession exposes the tooth-prosthesis termination line, a problem that may derive from the
patient’s biotype, iatrogenic damage in tooth preparation, the position of the dental finishing line,
chronic inflammation, or trauma caused by the patient (for example during tooth brushing) [2,3].

Three types of dental preparation have been documented: horizontal (straight shoulder, beveled
shoulder, curved chamfer, sloping chamfer), vertical (knife edge), and preparation without finishing
line (biologically oriented preparation technique) introduced by Loi [3,4].

The position of the finishing line in relation to the gingival margin (subgingival; juxtagingival
or supragingival) has great influence on periodontal behavior around teeth supporting prosthetic
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restorations. Localized gingival inflammation, increased plaque and gingival indices, increased probing
depth, and gingival margin migration are associated with subgingival finishing lines [5,6].

Over the years, numerous clinical trials have analyzed the mechanical behavior of tooth supported
fixed prostheses, but few have investigated the periodontal responses around them [2,7-12]. In this
context, the aim of this systematic review and meta-analysis was to analyze the periodontal behavior
around teeth prepared with horizontal finishing lines supporting metal-ceramic and zirconia complete
coverage crowns and fixed partial dentures (FDPs).

2. Materials and Methods

This bibliographic search was conducted following PRISMA (Preferred Reporting Items for
Systemic Reviews and Meta-Analyses http://www.prisma-statement.org) guidelines for systematic
reviews and meta-analyses. The review also fulfilled the PRISMA 2009 Checklist [13] and was registered
in the PRISMA database (PROSPERO), registration number: CRD42019119185.

The PICO (population, intervention, comparison, outcome) question was: ‘What periodontal
behavior can be expected around teeth prepared with horizontal finishing lines supporting
metal-ceramic and zirconia crowns and bridges?” with the following components: population:
patients treated with metal-ceramic or zirconia full coverage crowns or FDPs; intervention: dental
preparation with horizontal finishing line; comparison: untreated teeth (control) compared with teeth
prepared with horizontal finishing line and outcome: periodontal behavior.

An electronic search was conducted in the following databases: PubMed; Scopus; Embase, and
Cochrane. The search covered all the literature published internationally up to November 2018.
The search included seven medical subject heading (MeSH) terms: ‘periodontal’; ‘biological agents’;
‘dental crown’; ‘fixed partial denture’; ‘zirconia’; ‘metal-ceramic’. The Boolean operators applied were
("OR’ and "‘AND’), as well as ('NOT’). The search terms were structured as follows: [(‘periodontal’)
OR ('biological agents’)] AND [(‘dental crown’) OR (‘fixed partial denture’)] AND [(‘Zirconia’) OR
(‘metal-ceramic’)] NOT implant, together with the search filter (‘clinical trial’).

Two researchers (R.L.M.; R.A.P.) conducted the database searches in duplicate independently.
Titles and abstracts were selected applying inclusion and exclusion criteria. One researcher (R.L.M.)
extracted data on the relevant variables. The systematic review was carried out by (R.L.M.) and
subsequent meta-analysis was performed by two researchers not involved in the selection process
(C.B.A;JM.C).

Inclusion criteria: Studies recorded in databases as prospective and retrospective randomized
clinical trials (RCTs). Samples of patients aged 18 years old or over; patients treated with metal-ceramic
crowns and/or FDPs, monolithic zirconia crowns and/or FDPs, or zirconia crowns and FDPs with
feldspathic ceramic coating; follow-up period of at least 6 months. No restriction was placed on the
year of publication or language. Exclusion criteria: systematic literature reviews, clinical cases, case
series, and editorials; studies including patients under the age of 18 years old; studies with samples of
five or fewer patients; studies including patients with previous periodontal pathology.

The following data were extracted from each article: author and year of publication; title and
journal in which article was published; sample size (n); follow-up time; periodontal complications:
probing pocket depth (PPD), probing attachment level (PAL), plaque control record (PCR), bleeding on
probing (BOP), and gingival margin migration.

The risk of bias in the studies selected for review was assessed using two scales for methodological
quality assessment of clinical trials: the PEDro scale and the Jadad scale. The PEDro scale consists of
11 items (each evaluated as present or absent) making a score of 0-10. Studies scoring 5 or over are
classified as high quality, and at low risk of bias [14,15]. The Jadad scale consists of five items that
evaluate randomization, researcher and patient blinding, and description of losses during follow-up
producing a score of 0-5; scores of less than 3 are considered low quality [16].
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The data included in meta-analysis were combined by means of random effects models expressed as
forest plots. Heterogeneity was determined applying the Q and I? tests; heterogeneity was considered
to exist when the p-value was <0.1. When I? results were between 25% and 50%, heterogeneity
was considered slight, between 50% and 75% moderate, and >75% high. Effect size was estimated
from mean values for probing pocket depth (PPD), probing attachment level (PAL), plaque control
record (PCR), and bleeding on probing (BOP), as well as the percentage of samples suffering gingival
margin migration.

Differences in mean values for all treatment groups and control groups (untreated) were calculated
for each variable: plaque control record (PCR), bleeding on probing (BOP), and probing pocket depth
(PPD), excluding probing attachment level (PAL) and percentage of samples undergoing gingival
margin migration. Probing attachment level (PAL) and probing pocket depth (PPD) were evaluated by
means of a maximum likelihood meta-regression random effects models generated for these variables
over the follow-up period.

Publication bias was assessed by means of funnel plots and Duval and Tweedie’s trim and fill
method which makes an estimation on the basis of imputed studies, evaluating the difference from the
estimation obtained by observed studies in meta-analysis.

3. Results

The initial electronic search identified 335 articles in PubMed, 120 in Cochrane, 76 in Embase,
181 in Scopus, and three in grey literature. Of the total 715 works, 379 were discarded as duplicates.

After reading the titles and abstracts, a further 313 were eliminated leaving a total of 23. A further
three were rejected as they failed to fulfill the following inclusion criteria: they did not include
periodontal data, did not use in vivo patients, or used restorations fabricated from materials other than
metal-ceramic or zirconia.

A final total of 20 articles were included in qualitative synthesis. Nine works were included in
quantitative synthesis as these included all the data and variables required (Figure 1).

The results of methodological quality assessment using the Jadad and PEDro scales are shown in
Tables 1 and 2.

The Jadad scale obtained five articles with scores of <3 (low quality). In general, the criterion
that failed to be fulfilled with most frequency was double blinding, only applied in seven of the
works. The PEDro scale obtained 14 articles with scores of >5 indicating high methodological
quality. Again, quality was most frequently compromised by failure to fulfill items related to subject,
treatment, or measurement blinding. Both scales have shown a high correlation in the scores obtained
(Pearson = 0.955).

Qualitative synthesis included 20 articles (Table 3). Sample sizes in the studies analyzed varied
from 5 to 240 patients, with subject ages ranging from 23 to 70 years, and the number of restorations
placed from 12 to 480. All the data analyzed pointed to a higher gingival index in treated teeth but
lower amounts of plaque than untreated control teeth, also a higher pocket depth and less attachment
level around the abutments.
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Figure 1. Flow chat of study selection procedure.
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Table 1. Assessment of methodological quality according to the Jadad scale.

JADAD CRITERIA

Author/Year

Is the Study
Described as
Randomized?

Is the Study
Described as
Double-Blinded?

Was There a
Description of
Withdrawals and
Dropouts?

Was the Method of
Randomization
Adequate?

Was the Method of
Blinding
Appropriate?

Score

Sailer I. et al. 2017
Sailer I. et al. 2009
Molin M. et al. 2008
Zenthofer A. et al. 2015
Reitemeier B. et al. 2002
Sax C. et al. 2011
Ioannidis A. et al. 2016
Suarez MJ. et al. 2018
Peldez J. et al. Oct 2012
Pelaez J. et al. Jun 2012
Nicolaisen MH. et al. 2016
Setz J. et al. 1994
Tanner J. et al. 2018
Haff A. et al. 2014
Ohlmann B. et al. 2014
Naenni N. et al. 2015
Weishaupt P. et al. 2007
Valderhaug J. et al. 1993
Valderhaug J. et al. 1976
Muiiller HP. et al. 1986

R R R R R R OO R R OR R OO R, OR =

oo O0oOR R OO0OORRFRPRORRFROODOROOO
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Table 2. Assessment of methodological quality according to PEDro scale.

CRITERIA PEDro
R, . There Was The Results of The Stud:
Ehg.lbﬂ.lty Subjects Were Allocation The Groups There Was Blinding of All There was Meas.u res Were Res‘.llts between-Group  Provides BZth
Author/Year Criteria Randomly Was Were Similar Blinding of Therapists Who BLINDING Obtained from Obtained Statistical Point Measures Score
Were Allocated to . 5 L of All More Than 85% for All .
Specified Groups Concealed at Baseline All Subjects Administered Assessors of the Subjects Subiects Comparisons  and Measures of
P P the Therapy ) ) Are Reported Variability
Sailer I. et al. 2017 yes yes yes yes yes no no yes yes yes yes 8
Sailer I. et al. 2009 yes yes yes yes yes no no yes yes yes yes 8
Molin M. et al. 2008 yes no no no yes no no yes no no no 3
Zenthofer A. et al. 2015 yes yes yes yes yes no yes yes yes yes yes 9
Reitemeier B. et al. 2002 yes yes no no yes no no yes yes yes yes 6
Sax C. etal. 2011 yes no no no yes no no no no no yes 3
Ioannidis A. et al. 2016 yes no no no yes no no no no no yes 3
Suarez MJ. et al. 2018 yes yes yes yes yes no yes yes yes yes yes 9
Peldez J. et al. Oct 2012 yes yes yes yes yes no yes yes yes yes yes 9
Pelédez J. et al. Jun 2012 yes no no no yes no yes no no no yes 4
Nicolaisen MH. et al. 2016 yes yes yes yes yes no yes yes yes yes yes 9
Setz]. et al. 1994 yes yes yes yes yes yes yes yes yes yes yes 10
Tanner J. et al. 2018 yes no no no no no no no no no yes 2
Haff A. et al. 2014 yes no no no no no no no no no yes 2
Ohlmann B. et al. 2014 yes yes yes yes yes no no yes yes yes yes 8
Naenni N. et al. 2015 yes yes yes yes yes yes no yes yes yes yes 9
Weishaupt P. et al. 2007 yes yes yes yes yes no yes yes yes yes yes 9
Valderhaug J. et al. 1993 yes no no no yes no no yes yes yes yes 6
Valderhaug J. et al. 1976 yes no no no yes no no yes yes yes yes 6
Miiller HP. et al. 1986 yes no no no yes no no yes yes yes yes 6
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Table 3. Quantitative analysis of articles included in the systematic review.

7 of 20

Sex/Mean

Author/Year  Study Tipe N Age/Losses T (Months) Periodontal Complications PEDro Jadad
PPD PAL PCR BOP
Sailer I. et al. RCT —ZSiAC 22;/624 m 60 ZR 2.5+ 0.4 mm ZR 0.0 +0.2mm ZR 13.8 +24.5% ZR 32.8 £26.7% 3 3
2017 _40ZR 71y MC 2.6 + 0.4 mm MC 0.0 £ 0.2 mm MC12.9 +17.8% MC 29.8 + 24%
Sailer I. et al. RCT —245?\/[C 54231 1/2152[17\ 40 ZR 24 +03 mm ZR25+02mm ZR:0.1+0.1 ZR:03+0.2 s 3
2009 _347R ) 61 7y MC24 +0.3mm MC23+02mm MC:0.1+0.1 MC: 0.3 +0.2
Molin M. et PCT 57 12;;6 m 60 B B reN:rgigersgsrsol No differences regarding 3 1
al. 2008 -Control (untreated teeth) y 8 8 control group.
01 group.
. 19 11f/8m No differences . . No differences . .
Zenthofer A. _ N No differences regarding . No differences regarding
ot al. 2015 RCT 10 ZR 56y 36 regarding ZR or MC 7R or MC crowns. regarding ZR or MC 7R or MC crowns. 9 5
-9MC 21 Crowns. Crowns.
Crowned teeth
. . 160 £/80 m Greater amount of subgmg} val doul.j)le
Reitemeier B. PCT 480 2343 12 B B lague in control probability bleeding 6 3
et al. 2002 -Control (untreated teeth) o E2Y plaq before supragingival.
0l teeth. . R
No differences regarding
control group.
9f/12m
Sax C. et al. 85 Test 0.7 mm
2011 PCT -Control (untreated teeth) 48‘312110 y 120 - Control 0.46 mm } ) 3 !
5 31f22m . .
Toannidis A. 171 . Greater gingival bleeding
etal. 2016 pct -Control (Ramfjorf teeth) 52'6; 110 y 120 ) . No differences. in crowned teeth. 3 !
120 . Greater amount of ~ Greater gingival bleeding
Suarez MJ. RCT -60 MC 223::{17; m 60 B Cl\;/iéa;;r darznl: unlt;)fal;A; tm plaqueinMCand  in MC with respect to ZR. 9 5
etal.2018 —60 ZR 01 y th ntrC(l) rpu edto ZR versus control  Greater bleeding MC and
-Control (untreated teeth) ¢ controt group- group. ZR versus control teeth.
) 11 f/6 m
Pelaez J et al. 60
2012 PCT ~Control (untreated teeth) 235615 y 36 1.17 £ 045 3.07+0.73 0.53 + 0.55 0.89 £ 0.59 4 1
Nicolaisen 102 21f/12 m Increase of 0.1 mm MC Incli'/;a(a:s(g 0'12‘0.191181'2 H)lm
MH. et al. RCT 51 MC 51y 36 and 0.2 mm ZR (initial trutiat 1.6 mum. - - 9 5
2016 51 7R 01 <4mm) Increase of 0.7 + 0.8 mm
ZR (initial 1.7 mm)
Significant differences
Setz ]. et al. 12 with higher PPD in
1994 PCT -Control (untreated teeth) B 6 treated teeth versus B B - 10 5

control.
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Table 3. Cont.

8 of 20

. Sex/Mean . -
Author/Year  Study Tipe N Age/Losses T (Months) Periodontal Complications PEDro Jadad
PPD PAL PCR BOP
Average plaque
19£/8m .
Tanner J. et 40 23% > 5 mm test index o o
al. 2018 ReCT -Control (untreated teeth) 64861 y 67 5% > 5 mm control i 0.2 test 38.1% test 13.9% control. 2 1
0.6 control.
. 118 24f/6 m ) B
Haff A. etal. ReCT _Control (dientes no Bxily 156 R B 13% control 8.3% control 2 1
2014 8.3% test 8.3% test
tratados) 261
1 37 /29 m MC 0.40 +0.75 MC 0.35 + 0.59
Ci‘la‘;‘az%‘}f' RCT 37 Macé(li‘émr"l) 46y 48 - - PC 0.56 + 0.73 PC 0.56 + 0.81 8 3
: 91 PC+F0.63+0.76 PC +F0.35+0.59
38PC+F
Naenni N. et 108 25 11 m No differences Greater amount of No differences regarding
al. 2015 RCT S4ZR 523y 36 regarding groups. . laque in LD, roups 9 5
. 541.D 11 g g groups. plaq - groups.
Weishaupt P, 3 T1: 0.43 + 0.66 T1: 0.61 +0.74
etal. 2007 RCT 68 181 2 ) ) T2: 0.6 + 0,83 T2: 0.60 + 0.83 ? 5
. 120 22 f/15m Marginal integrity: . . .
P:ae;o{‘;t PCT 60 MC 2365y 48 - 85% Zirconia reNa"rgi‘rfferer“:sz No d‘“ere:(fjs Sregardmg 9 5
: 60 ZR 01 75% MC araINg groups- groups-
55 o o .
Valderhaug PCT 187 - 180 27 %02 mm 43.7% change§ in level of 27% 15 years later.  63% subgingivals crowns. 6 3
J. 1993 1561 34% 4 0>mm insertion.
Valdergaug J o8 36.7% changes in level of
PCT 380 40-60 y 60 83% 2 mm . . No differences. 69% subgingivals crowns. 6 3
1976 161 insertion.
Supragingival: 1.75 + T Supragingival: 0.34
Miller HP. 5 0.4mm S“pragm%‘gzl' 013+ +042 Supragingival: 0.17 % 0.27
“19‘;2 : PCT 47 - 12 Juxtagingival: 165+ |\ 0 ggpe  Juxtagingival: 015 Juxtagingival: 0.60 + 042 6 3
01 034 wx ag‘“g(;‘;as' i 0.24 74% without bleeding.

12% 3 mm o >

74% sin placa
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As for the gingival margin migration variable, this result was estimated as a percentage of
supporting teeth that underwent some change in the position of the gingival margin in relation to
the finishing line. Valderhaug (1976) reports migration of the gingival margin around prepared teeth
supporting fixed prostheses in 36.7% of samples [2]. In 1993, the same author observed migration in
43.7% of cases, while Peldez (2012) observed gingival margin migration in 77.7% of zirconia crowns
and 16.6% of metal-ceramic crowns [5,11].

Qualitative analysis found that a plaque control record (PCR) had been employed to estimate
plaque index in nine of the works included in meta-analysis; these data were combined in a random
effects model, which estimated a mean plaque index of 0.25 (CI-95% 0.17-0.33). Q and I? tests
determined heterogeneity among the studies (Q = 47.8; p-value = 0.000; I> = 83.3%). The funnel
plot (Figure 2) shows some asymmetry. Adjusted estimation for the plaque index using Duval and
Tweedie’s trim and fill method was 0.13, a value not included in the estimated confidence interval,
indicating the existence of publication bias.

Study name Statistics for each study Mean and 95% CI

Standard Lower Upper

Mean error limit limit Z-Value p-Value
Miller 1986a 0.340 0.084 0.175 0505 4.048 0.000 —{
Mdiller 1986b 0.150 0.051 0.050 0.250 2932 0.003 {r
Weishaupt 2007b 0.260 0.094 0.075 0445 2756 0.006 —1—
Weishaupt 2007a 0.430 0.113 0.208 0652 3.799 0.000 —H
Weishaupt 2007¢ 0.330 0.130 0.075 0585 2532 0.011 e
Sailer 2009a 0.100 0.017 0.067 0.133 6.000 0.000 [l
Sailer 2009b 0.100 0.018 0.065 0.135 5.568 0.000 O
Peldez 2012 0.538 0.089 0.364 0.713 6.062 0.000 —
Ohlmann 2014  0.400 0.147 0.112 0688 2719 0.007 —{

0.246 0.040 0.167 0.325 6.111 0.000 ’

:}_

-1.00 -0.50 0.00 0.50 1.00

(a)
Funnel Plot of Standard Error by Mean

0.00
0.05
s
a 0.10
B
:
0.15
0.20
2.0 1.5 -1.0 1.0 15 2.0
Mean
(b)

Figure 2. (a) Forest plot of plaque index meta-analysis with observed and imputed studies. (b) Funnel
plot of plaque index meta-analysis with observed and imputed studies.
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The difference in estimated mean plaque indices between prosthesis-supporting teeth and
untreated control teeth was 0.14 points (CI 95% 0.07-0.21), significantly higher (Z = 6.11; p = 0.000)
in the control group (Figure 3). The three studies included in meta-analysis had follow-up periods
ranging from 40 to 60 months. Meta-analysis did not find heterogeneity (Q = 2.41; p = 0.299; I> = 17.1%).
Introducing imputed studies, trim and fill estimation was 0.10, not indicative of publication bias.

Study name Statistics foreach study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans error limit limit Z-Value p-Value
Ohimann2014 0230  0.199 -0.160 0.620 1.157 0.247 ! | |
Sailer 2009 a 0.100 0.037  0.027 0.173 2683 0.007 —D—
Sailer 2009 b 0.200 0.057 0.089 0311 3.521 0.000
0.139 0.038  0.065 0.212 3.701 0.003 ’
-0.50 -0.25 0.00 0.25 0.50
Treated Control
(a)
Funnel Plot of Standard Error by Difference in means
0.00
q
0.05
8
a 0.10
:
8
w
0.15
0.20 ! Wl
<
-
2.0 1.5 -1.0 0.5 0.0 05 1.0 15 2.0
Difference in means

(b)

Figure 3. (a) Forest plot of meta-analysis of the difference in mean gingival indices between treated
and control samples. (b) Funnel plot of observed and imputed studies.

As for bleeding on probing (BOP), again data were combined using a random effects model of
nine studies, obtaining a mean gingival index of 0.43 (IC-95% 0.30-0.55). Meta-analysis found high
heterogeneity (Q = 58.8; p = 0.000; I? = 86.4%). The funnel plot shows an asymmetrical image. Adjusted
estimation for mean gingival index using Duval and Tweedie’s trim and fill method was 0.28, a value
not included in the estimated confidence interval, indicating the existence of publication bias (Figure 4).
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Study name Statistics foreach study Mean and 95% ClI
Standard Lower Upper
Mean error limit limit Z-Value p-Value
Miiller 1986 a 0.340 0.084 0.175 0.505 4.048 0.000 —H
Miiller 1986 b 0.150 0.051 0.050 0.250 2.932 0.003 iy
Weishaupt 2007 a 0.610 0.127 0.361 0.859 4.807 0.000 —{
Weishaupt 2007 b  0.490 0.134 0.228 0.752 3.663 0.000 —{
Weishaupt 2007 ¢ 0.600 0.142 0.321 0.879 4.215 0.000 —H{—
Sailer . 2009 a 0.300 0.033 0.235 0.365 9.000 0.000 ')
Sailer 1. 2009 b 0.300 0.036 0.230 0.370 8.352 0.000 Sl
Peléez J. 2012 0.897 0.096 0.710 1.085 9.371 0.000 — B
Ohlmann B.2014  0.350 0.116 0.123 0.577 3.025 0.002 —{1
0.425  0.062 0.302 0.547 6.808 0.000 -

-1.00 -0.50 0.00 0.

o
o

1.00

(a)
Funnel Plot of Standard Error by Mean

0.00

0.05
H
& 0.10 ® o)
B
3
H
&

0.15

0.20

2.0 A5 1.0 0.5 1.0 1.5 2.0
Mean
(b)

Figure 4. (a) Forest plot of gingival index meta-analysis. (b) Funnel plot of gingival index with observed
and imputed studies.

The difference in estimated mean gingival indices between treatment groups and control groups
(Figure 5) was 0.04 points (IC 95% —0.03 and 0.14) without statistically significant difference (Z = 1.29;
p = 0.196) between the two groups. The three articles included had follow-up periods ranging from 36
to 48 months. Meta-analysis did not observe heterogeneity (Q = 2.58; p = 0.275; I? = 22.4%). When
imputed studies were introduced using the trim and fill method, the difference between estimated
means did not point to publication bias.
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Study name Statistics foreach study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans error limit limit Z-Value p-Value
Ohimann2014  0.180  0.187  -0.186 0.546 0.965 0.335 ! o—] |
Sailer 2009a 0.000 0.047 -0.092 0.092 0.000 1.000
Sailer 2009b 0.100 0.051 0.000 0.200 1.969 0.049

0.054 0.042 -0.028 0.136 1.293 0.196

-0.50 -0.25 0.00 0.25 0.50

Control Treated

(a)

Funnel Plot of Standard Error by Difference in means

0.00
0.05 ®
s
& 0.10
B
o
°
c
S
w
0.15
L ] (o}
0.20
<~
2.0 1.5 1.0 0.5 0.0 0.5 1.0 1.5 2.0

Difference in means
(b)

Figure 5. (a) Forest plot of meta-analysis of the difference in mean gingival indices between treated
and control groups. (b) Funnel plot with observed and imputed studies.

Regarding periodontal probing depth (PPD), a mean probing depth of 2.20 mm was estimated
(IC-95% 2.01-2.39), combining 14 articles (as in one article variables differed in terms of time and
materials) in a random effects model. Meta-analysis identified high heterogeneity among the works
(Q = 610.5; p-value = 0.000; I?> = 97.8%). Duval and Tweedie’s trim and fill method did not produce
evidence of publication bias. The funnel plot (Figure 6) showed symmetry.
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Study name Statistics foreach study Mean and 95% ClI
Standard Lower Upper

Mean error limit limit Z-Value p-Value
Valderhaug 1976a 2.300 0.039 2223 2.377 58.913 0.000 O
Valderhaug 1976b 2.700 0.031 2638 2.762 85.891 0.000 [
Valderhaug 1976¢ 2.400 0.030 2.341 2459 80.229 0.000 |
Valderhaug 1976d 2.000 0.033 1.935 2.065 60.686 0.000 O
Miller 1986a 1.750 0.080 1.593 1.907 21.875 0.000 O
Muller 1986b 1.650 0.098 1458 1.842 16.811 0.000 [}
Weishaupt 2007a 2.300 0.120 2.065 2.535 19.159 0.000 F
Weishaupt 2007b 2.200 0.120 1.965 2435 18.326 0.000 i+t
Weishaupt 2007¢c 2.500 0.137 2231 2.769 18.222 0.000 1
Sailer 2009a 2.400 0.050 2.302 2.498 48.000 0.000 O
Sailer 2009b 2.400 0.054 2294 2506 44.542 0.000 O
Pelaez 2012 1.179 0.072 1.038 1.321 16.317 0.000 O
Sailer 2017a 2.500 0.078 2.346 2.654 31.869 0.000 O
Sailer 2017b 2.500 0.078 2.346 2.654 31.869 0.000 O

2.199 0.098 2.008 2.391 22498 0.000 L 2

-3.00 -1.50 0.00 1.50 3.00

(a)
Funnel Plot of Standard Error by Mean
0,00
0,05
o
E 0,10
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3
0,15
0,20
3 2 - 0 1 3
Mean
(b)

Figure 6. (a) Forest plot of periodontal probing depth meta-analysis. (b) Funnel plot with observed
and imputed studies.

Difference between mean periodontal probing depths in the two groups was found to be statistically
significant (Z = 1.975; p = 0.045), estimated to be 0.11 mm (IC 95% 0.001-0.216) greater in treated teeth
in comparison with untreated teeth (Figure 7). The three studies included had follow-up periods
ranging from 40 to 180 months. Meta-analysis found only slight heterogeneity (Q = 2.99; p = 0.224;
I? = 33.2%). When imputed studies were introduced, estimation did not differ from observed studies,
pointing to no publication bias.
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error limit limit Z-Value p-Value
Sailer 2009 a 0.100 0.071 -0.039 0.239 1414 0.157
Sailer 2009 b 0.000 0.090 -0.176 0.176  0.000 1.000
Valderhaug 1993 0.200 0.074 0.055 0.345 2.699 0.007
0.108 0.055 0.001 0.216 1.975 0.048
-0.50 -0.25 0.00 0.25 0.50
Control Treated
(a)
Funnel Plot of Standard Error by Difference in means
0.00
0.05 -
g
w 0.10
2]
0.15 -
0.20 +
<
agr-
-20 15 1.0 0.5 0.0 0S5 10 15 20
Difference in means

Figure 7. (a) Forest plot of meta-analysis of mean probing depths comparing treated and untreated
groups. (b) Funnel plot with imputed and observed studies.

When probing depth was analyzed by random effects meta-regression (Figure 8) and maximum
likelihood, with mean probing depth as dependent variable and follow-up time as co-variable,
the model did not obtain significance (Q = 1.38; p = 0.240; R? = 0.03). Follow-up duration did not
influence (p = 0.240) probing depth (beta coefficient = 0.005; 95% CI —0.003; 0.014).
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Figure 8. Scatter plot of mean periodontal probing depth meta-regression over time.

15 of 20

As for probing attachment level (PAL), a random effects model of five studies estimated mean
PAL of 1.61 mm (IC 95% 0.66-2.56). Meta-analysis showed high heterogeneity among the studies
(Q = 1626.4; p-value = 0.000; I* = 99.7%). Meta-analysis did not point to publication bias, presenting a
symmetrical funnel plot and no difference between observed and adjusted estimations according to
Duval and Tweedie’s trim and fill method (Figure 9).

Mean
Miiller 1986a 0.130
Miiller 1986b 0.050
Sailer 2009a 2.500
Sailer 2009b 2.300
Pelaez 2012 3.077

1.611

Statistics for each study

error
0.072
0.081
0.033
0.036
0.118
0.485

limit

-0.011

-0.109
2.435
2.230
2.845
0.660

Standard Lower Upper

limit Z-Value p-Value

0.271
0.209
2.565
2.370
3.309
2.561

1.806 0.071
0.617  0.537
75.000 0.000
64.029  0.000
25991  0.000
3.321  0.001
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Figure 9. Cont.
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Figure 9. (a) Forest plot of probing attachment level meta-analysis. (b) Funnel plot with observed and
imputed studies.

When probing, attachment level was analyzed by random effects meta-regression (Figure 10) and
maximum likelihood, with mean probing attachment level as dependent variable and follow-up time
as co-variable, the model obtained was significant (Q = 319.5; p = 0.000; R? = 0.99), with an intercept
-0.926 (—1.235; —0.618). The follow-up variable was found to be highly significant and predictive
(p = 0.000) obtaining a beta coefficient = 0.090 (0.079; 0.098), indicating a loss of 0.09 mm insertion level
for each month passed.

5.00

4.50

4.00 -

3.50

3.00

2.50

2.00

Mean
~
8

1

0 s 10 15 20 25 % 35 0 4 50 55 60
Follow up months
Figure 10. Scatter plot of mean probing attachment level meta-regression over time.

Lastly, four studies were included in a random effects model of gingival margin migration
(Figure 11), obtaining a value of 40.7% (IC 95% 30.7%-51.6%). The heterogeneity detected was
moderate (Q = 9.1; p-value = 0.028; I> = 66.9%). The funnel plot showed some symmetry. Adjusted
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estimation using Duval and Tweedie’s trim and fill method for gingival margin migration was 37%,
a percentage included in the estimated confidence interval, indicating no publication bias.

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z-Value p-Value
Valderhaug 1976 0.367 0.310 0.428 -4.179  0.000 |:]

Valderhaug 1993 0.437 0.373 0.503 -1.860 0.063

Peldez 2012 a 0.777 0420 0944 1559 0.119

Peldez 2012 b 0.166 0.042 0477 -2.081 0.037 " —
0.407 0.307 0.516 -1.669 0.095

-1.00 050 000 050  1.00
(a)

Funnel Plot of Standard Error by Logit event rate

0.0
g

0.2

0.4
5
£
w
B
S 06
c
3
w

0.8 © o

1.0

e ——
U —
-3 -2 -1 0 1 2 3

Logit event rate
(b)

Figure 11. (a) Forest plot of meta-analysis % of samples suffering gingival margin migration. (b) Funnel
plot with observed and imputed studies.

4. Discussion

When it comes to dental preparation before the subsequent placement of a crown or FDP,
the decisions taken are mainly based on the type of restoration material or the characteristics of the
tooth requiring restoration. It is also important to take the surrounding periodontal tissues into account,
as these may suffer iatrogenic damage if dental preparation is not performed correctly. In this context,
awareness of periodontal pathology derived from dental preparation and fixed prostheses is very
relevant and is the subject of this systematic review and meta-analysis.

Most research and meta-analyses of published literature have focused on the prostheses’
mechanical complications, for example chipping, and have placed periodontal complications in
the background. [10-12,17-27]. Only a few works have investigated gingival and periodontal health
around crowns and FDPs exclusively [2,5,7,8,20,22]. For this reason, the present meta-analysis examined
periodontal complications around teeth prepared with horizontal finishing lines supporting fixed
prosthetic restorations.

This systematic review followed Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines in both the review and subsequent meta-analysis. Based
on the PICO question established at the outset, a search was conducted in the PubMed, Cochrane,
Embase, and Scopus databases, as well as in grey literature, without placing any limitation on the year
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of publication or language, applying strict inclusion and exclusion criteria in the selection process.
Qualitative analysis of the most relevant data was performed (gingival margin migration, insertion
loss, periodontal probing depth, plaque index, and gingival index), followed by quantitative analysis
performed systematically following methods established in previous works, in particular, analyzing
heterogeneity with the Q and I? tests, and publication bias by means of funnel plots [28-30]. The studies
classified as low quality using 2 scales such as Jadad and PEDro have not been included in the different
meta-analysis performed.

In the studies selected for analysis, gingival index, plaque index, probing depth, gingival margin
migration and insertion loss were evaluated as indications of whether or not periodontal complications
were present.

A higher gingival index was found in teeth prepared with horizontal finishing line than untreated
control teeth. As for periodontal probing depth, several articles reported significantly greater depth
observed around restored teeth than untreated control teeth [18-20]. Sudrez and Sax found greater
insertion loss in teeth prepared with horizontal finishing line than untreated teeth [12-27]. Lastly,
the parameter that most clearly pointed to periodontal disorders was gingival margin migration
as reported in studies such as those by Peldez or Valderhaug [2,5,11]. Gingival migration is due
partly to individual patient factors such as oral hygiene or periodontal treatment carried out prior
to treatment [2,5,8,11,12,20]. According to various authors, the main reason for increased gingival
bleeding and periodontal inflammation is poor marginal adaptation between the restoration and the
prepared tooth [8,11,12,20,24]. In this context, the position of the margin is important, as subgingival
dental preparation has been seen to affect periodontal health negatively [2,5,7,8,11,21,24].

At the same time, the plaque index was lower around teeth restored with complete coverage
crowns, as ceramic materials have been shown to retain less plaque than natural teeth [8,24,25].
In articles that evaluated periodontal parameters in relation to the restoration material used, different
levels of gingival bleeding were observed, which were sometimes contradictory. A clinical trial by
Sudrez found better results around zirconia crowns and FDPs, while Sailer observed more bleeding
around zirconia restorations [9-11].

According to Tanner and Sailer, this is due to the difficulty of hygiene maintenance around FDPs
derived from the presence of connectors of large dimensions that may compromise interproximal
spaces [9,10,24]. In the study by Peldez, who compared gingival margin migration, 77.7% of zirconia
crowns were affected compared with 16.6% of metal-ceramic crowns, although no conclusion was
drawn as to the cause of this difference [11]. For this reason, more randomized clinical trials are needed
to investigate periodontal responses to restorations fabricated from these materials.

The variables that showed the greatest relevance in the present meta-analysis, providing the clearest
indications of periodontal status around crowns and FDPs on teeth prepared with horizontal finishing
lines were periodontal probing depth, insertion loss, and gingival margin migration. Regarding
periodontal probing depth, the studies analyzed showed asymmetry and a mean of around 2.2 mm
which, although this is not considered unhealthy, was nevertheless greater than that of untreated
control teeth [2,5,20,24]. As for insertion loss, analysis obtained a mean of 1.61 mm, which is considered
slight, but still higher than for untreated teeth [31]. When meta-regression was performed for probing
attachment level, this variable was related to time, with greater loss of attachment in studies with
longer follow-up periods. However, when meta-regression was applied to probing depth, this variable
did not present the same relation with time, a coherent finding given that loss of insertion is related
to apical migration of the gingival margin and so is not accompanied by an increase in probing
depth. The variable that was most indicative of anomalous periodontal behavior around restorations
supported by teeth prepared with horizontal finishing line was gingival margin migration. The studies
subjected to meta-analysis showed that 40.7% of samples suffered migration, in other words, gingival
recession was more prevalent in crowns and FDPs placed subgingivally [2,5,11,30,32].
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5. Conclusions

Within the limitations of this systematic review and meta-analysis, the following conclusions may
be drawn:

e  Crowns and FDPs on teeth prepared with horizontal finishing line present poorer periodontal
health in all the periodontal variables analyzed compared with untreated control teeth.

e No conclusive relations can be established between periodontal behavior and the materials used
to fabricate crowns and FDPs.

Author Contributions: All of the authors contributed with the writing, review, and editing of the study. Main
author and development of systematic review: R.L.-M., collaboration in systematic review and verification of
results: R.A.-P. and E.S.-O., development of the manuscript: M.ES.-R., meta-analysis and statistic analysis: C.B.-A.,
J.M.M.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: This manuscript has not been published and is not under consideration for publication
elsewhere. We have no conflicts of interest to disclose and all authors have approved the manuscript, agreeing
with its submission.

References

1. Ioannidis, A.; Bindl, A. Clinical prospective evaluation of zirconia-based three-unit posterior fixed dental
prostheses: Up-to ten-year results. J. Dent. 2016, 47, 80-85. [CrossRef]

2. Valderhaug, J.; Birkeland, J.M. Periodontal conditions in patients 5 years following insertion of fixed
prostheses: Pocket depth and loss of attachment. J. Oral Rehabil. 1976, 3, 237-243. [CrossRef] [PubMed]

3. Agustin-Panadero, R.; Sola-Ruiz, M.F. Vertical preparation for fixed prosthesis rehabilitation in the anterior
sector. J. Prosthet. Dent. 2015, 114, 474-478. [CrossRef] [PubMed]

4. Loi, I; Di Felice, A. Biologically oriented preparation technique (BOPT): A new approach for prosthetic
restoration of periodontically healthy teeth. Eur. |. Esthet. Dent. 2013, 8, 10-23. [PubMed]

5. Valderhaug, J.; Ellingsen, J.E.; Jokstad, A. Oral hygiene, periodontal conditions and carious lesions in patients
treated with dental bridges: A 15-year clinical and radiographic follow-up study. J. Clin. Periodontol. 1993,
20, 482-489. [CrossRef] [PubMed]

6.  Lindhe, J. Textbook of Clinical Periodontology, 2nd ed.; Munksgaard: Copenhagen, Denmark, 1989.

7. Miiller, H.P. The effect of artificial crown margins at the gingival margin on the periodontal conditions in a
group of periodontally supervised patients treated with fixed bridges. J. Clin. Periodontol. 1986, 13, 97-102.
[CrossRef]

8. Reitemeier, B.; Hansel, K.; Walter, M.H.; Kastner, C.; Toutenburg, H. Effect of posterior crown margin
placement on gingival health. J. Prosthet. Dent. 2002, 87, 167-172. [CrossRef]

9.  Sailer, I; Balmer, M.; Jiirg, H.; Himmerle, C.H.F.; Kanel, S.; Thoma, D.S.; Hiisler, J. Comparison of Fixed
Dental Prostheses with Zirconia and Metal Frameworks: Five-Year Results of a Randomized Controlled
Clinical Trial. Int. J. Prosthodont. 2017, 30, 426—428. [CrossRef]

10. Sailer, I; Gottner, J.; Kédnel, S.; Franz Himmerle, C.H. Randomized controlled clinical trial of zirconia-ceramic
and metal-ceramic posterior fixed dental prostheses: A 3-year follow-up. Int. ]. Prosthodont. 2009, 22,
553-560.

11.  Pelaez, J.; Cogolludo, P.G.; Serrano, B.; Lozano, L.; José, F.; Sudrez, M.]. A four-year prospective clinical
evaluation of zirconia and metal-ceramic posterior fixed dental prostheses. Int. J. Prosthodont. 2012, 25,
451-458.

12.  Suarez, M.].; Perez, C.; Pelaez, J.; Lopez-Suarez, C.; Gonzalo, E. A Randomized Clinical Trial Comparing
Zirconia and Metal-Ceramic Three-Unit Posterior Fixed Partial Dentures: A 5-Year Follow-Up. J. Prosthodont.
2018, 28, 1-7. [CrossRef] [PubMed]

13. Liberati, A.; Banzi, R.; Moja, L. Measuring the impact of evidence: The Cochrane systematic review of
organized stroke care. Intern. Emerg. Med. 2009, 4, 507-510.

14. PEDro. Physiotherapy Evidence Database. Available online: https://www.pedro.org.au/ (accessed on
10 January 2020).


http://dx.doi.org/10.1016/j.jdent.2016.01.014
http://dx.doi.org/10.1111/j.1365-2842.1976.tb00949.x
http://www.ncbi.nlm.nih.gov/pubmed/1068236
http://dx.doi.org/10.1016/j.prosdent.2015.05.010
http://www.ncbi.nlm.nih.gov/pubmed/26213268
http://www.ncbi.nlm.nih.gov/pubmed/23390618
http://dx.doi.org/10.1111/j.1600-051X.1993.tb00395.x
http://www.ncbi.nlm.nih.gov/pubmed/8354722
http://dx.doi.org/10.1111/j.1600-051X.1986.tb01440.x
http://dx.doi.org/10.1067/mpr.2002.121585
http://dx.doi.org/10.11607/ijp.5183
http://dx.doi.org/10.1111/jopr.12952
http://www.ncbi.nlm.nih.gov/pubmed/30039897
https://www.pedro.org.au/

J. Clin. Med. 2020, 9, 249 20 of 20

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jini, P; Altman, D.G.; Egger, M. Systematic reviews in health care: Assessing the quality of controlled clinical
trials. BMJ 2001, 323, 42-46. [CrossRef] [PubMed]

Jadad, A.R.; Moore, R.A ; Carroll, D.; Jenkinson, C.; Reynolds, D.].M.; Gavaghan, D.]J.; McQuay, H.]. Assessing
the quality of reports of randomized clinical trials: Is blinding necessary? Control. Clin. Trials 1996, 17, 1-12.
[CrossRef]

Zenthofer, A.; Ohlmann, B.; Rammelsberg, P.; Bomicke, W. Performance of zirconia ceramic cantilever fixed
dental prostheses: 3-year results from a prospective, randomized, controlled pilot study. J. Prosthet. Dent.
2015, 114, 34-39. [CrossRef] [PubMed]

Nicolaisen, M.H.; Bahrami, G.; Schropp, L.; Isidor, F. Comparison of Metal-Ceramic and All-Ceramic
Three-Unit Posterior Fixed Dental Prostheses: A 3-Year Randomized Clinical Trial. Int. . Prosthodont. 2016,
29, 259-264. [CrossRef]

Ohlmann, B.; Bermejo, ].L.; Rammelsberg, P.; Schmitter, M.; Zenthofer, A.; Stober, T. Comparison of incidence
of complications and aesthetic performance for posterior metal-free polymer crowns and metal-ceramic
crowns: Results from a randomized clinical trial. J. Dent. 2014, 42, 671-676. [CrossRef]

Setz, J.; Diehl, J. Gingival reaction on crowns with cast and sintered metal margins: A progressive report.
J. Prosthet. Dent. 1994, 71, 442-446. [CrossRef]

Molin, M.K,; Karlsson, S.L. Five-Year Clinical Prospective Evaluation of Zirconia-Based Denzir 3-Unit FPDs.
Int. ]. Prosthodont. 2008, 21, 223-227.

Weishaupt, P.; Bernimoulin, ].P,; Lange, K.P; Rothe, S.; Naumann, M.; Hiagewald, S. Clinical and inflammatory
effects of galvano-ceramic and metal-ceramic crowns on periodontal tissues. |. Oral Rehabil. 2007, 34, 941-947.
[CrossRef]

Peléez, J.; Cogolludo, P.G.; Serrano, B.; Lozano, J.E; Sudrez, M.J. A prospective evaluation of zirconia posterior
fixed dental prostheses: Three-year clinical results. ]. Prosthet. Dent. 2012, 107, 373-379. [CrossRef]

Tanner, J.; Niemi, H.; Ojala, E.; Tolvanen, M.; Néarhi, T.; Hjerppe, ]J. Zirconia single crowns and multiple-unit
FDPs-An up to 8-year retrospective clinical study. J. Dent. 2018, 79, 96-101. [CrossRef] [PubMed]

Naenni, N.; Bindl, A.; Sax, C.; Himmerle, C.; Sailer, I. A randomized controlled clinical trial of 3-unit posterior
zirconia—ceramic fixed dental prostheses (FDP) with layered or pressed veneering ceramics: 3-year results.
J. Dent. 2015, 43, 1365-1370. [CrossRef] [PubMed]

Haff, A.; Lof, H.; Gunne, ].; Sjogren, G. A retrospective evaluation of zirconia-fixed partial dentures in general
practices: An up to 13-year study. Dent. Mater. 2015, 31, 162-170. [CrossRef]

Sax, C.; Hammerle, C.H.; Sailer, I. 10-year clinical outcomes of fixed dental prostheses with zirconia
frameworks. Int. J. Comput. Dent. 2011, 14, 183-202.

Yu, H.; Chen, Y.H.; Cheng, H.; Sawase, T. Finish-line designs for ceramic crowns: A systematic review and
meta-analysis. ]. Prosthet. Dent. 2019, 122, 22-30. [CrossRef]

Paredes-Sanchez, E.; Iranzo-Cortés, J.E.; Almerich-Torres, T.; Bellot-Arcis, C.; Almerich-Silla, J.M.
Meta-Analysis of the Use of 8-OHdG in Saliva as a Marker of Periodontal Disease. Dis. Mark. 2018,
2018, 7916578. [CrossRef]

Kassardjian, V.; Varma, S.; Andiappan, M.; Creugers, N.H.; Bartlett, D. A systematic review and meta-analysis
of the longevity of anterior and posterior all-ceramic crowns. J. Dent. 2016, 55, 1-6. [CrossRef]

Silness, J. Periodontal conditions in patients treated with dental bridges. J. Periodontal Res. 1970, 5, 60-68.
[CrossRef]

Knoernschild, K.L.; Campbell, S.D. Periodontal tissue responses after insertion of artificial crowns and fixed
partial dentures. J. Prosthet. Dent. 2000, 84, 492-498. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1136/bmj.323.7303.42
http://www.ncbi.nlm.nih.gov/pubmed/11440947
http://dx.doi.org/10.1016/0197-2456(95)00134-4
http://dx.doi.org/10.1016/j.prosdent.2015.02.006
http://www.ncbi.nlm.nih.gov/pubmed/25882973
http://dx.doi.org/10.11607/ijp.4504
http://dx.doi.org/10.1016/j.jdent.2014.03.002
http://dx.doi.org/10.1016/0022-3913(94)90180-5
http://dx.doi.org/10.1111/j.1365-2842.2007.01804.x
http://dx.doi.org/10.1016/S0022-3913(12)60094-8
http://dx.doi.org/10.1016/j.jdent.2018.10.012
http://www.ncbi.nlm.nih.gov/pubmed/31097285
http://dx.doi.org/10.1016/j.jdent.2015.07.013
http://www.ncbi.nlm.nih.gov/pubmed/26234623
http://dx.doi.org/10.1016/j.dental.2014.11.009
http://dx.doi.org/10.1016/j.prosdent.2018.10.002
http://dx.doi.org/10.1155/2018/7916578
http://dx.doi.org/10.1016/j.jdent.2016.08.009
http://dx.doi.org/10.1111/j.1600-0765.1970.tb01839.x
http://dx.doi.org/10.1067/mpr.2000.110262
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

