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Abstract

Purpose: Different restorative materials and marginal finish lines may contribute to periodontal inflammation, despite patients’
proper oral hygiene habits. The aim of this study was to evaluate the effect of different finish line designs and restorative materials
on periodontal health.

Materials and Methods: In this retrospective clinical study, the periodontal clinical parameters of 450 crown restorations
fabricated with different finish line designs (chamfer, shoulder, knife-edge) and different materials (Metal-ceramic, Zirconia,
Glass-ceramic) were evaluated at baseline and 12th, 24th and 36th months after the cementation. The data were analyzed with
Repeated Measures ANOVA and post hoc least significant difference tests («=.05).

Results: Periodontal clinical parameters significantly increased during the 36-month follow-up period. The marginal finish line
and material type had no significant effect on the probing depth and gingival index scores. The highest plaque index scores were
observed in zirconia restorations with knife edge finish lines at the 36th month after crown placement.

Conclusions: The periodontal health of the prepared tooth was negatively affected by the increased follow-up duration regardless
of the marginal finish line design and material type. The clinicians should consider the favorable effect of the glass-ceramic crown

restorations with a chamfer finish line on the plaque control for long-term success.
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Introduction

Fixed dental prostheses have a crucial role in preserving the remain-
ing tooth structure that is reduced due to caries or trauma. 2 The
crown restorations are generally designed for the replacement of the
missing part of the tooth structure, to obtain aesthetics, and to re-
store function. Various kinds of prosthetic materials are introduced
to achieve the desired esthetic and functional outcomes.3 Metal-
based restorations are widely used for crown restoration due to
their excellent mechanical properties and cost-effectiveness. How-
ever, the opacity of the metal infrastructure can reduce enamel-like
translucency and result in unsatisfactory esthetic outcomes. %Also,
they may cause allergic reactions in some patients and harbor more
diverse microbial communities in subgingival area. >°With the de-
velopment of CAD/CAM technology in dentistry, zirconia and all-

ceramic restorations have gained popularity when compared to
metal-ceramic restorations as a result of their ideal marginal fit
and lower plaque accumulation. 7 However, all-ceramic restorations
have the disadvantages of limited mechanical properties and low
durability resistance.

For the longevity of fixed dental restorations, clinicians should
be aware of the strong association between prosthetic restorations
and periodontal health. Prosthetic restorations must be critically
managed in all regions, they should be in harmony with their sur-
rounding periodontal tissues.® Rough and irregular surfaces, deep
subgingival margin design, overhanging contours and the poor
marginal integrity of fixed dental prostheses contribute to dental
biofilm accumulation which can cause periodontal inflammation,
secondary caries, gingival recession, and early prosthesis failure. °
Therefore, the choice of proper finish line design and restorative
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material is a crucial part of the success of prosthetic treatment in pa-
tients who mainly desire to function and esthetics, without leaving
aside the biocompatibility and periodontal health that is an integral
part of this process. /12

The marginal finish line has been defined as the junction be-
tween the prepared and unprepared tooth surface. The periodontal
inflammation results in alveolar bone resorption, increased pocket
depths, loss of periodontal support, and exacerbation of accumula-
tion of subgingival bacteria, if the finish line of the crown restora-
tion exceeds the supracrestal tissue attachment which is the com-
bined width of connective tissue and junctional epithelium. 13'4The
decision of the marginal design depends on several factors such
as tooth morphology, the distance between the free gingival mar-
gin and the periodontal attachment, the location of the restoration,
crown length, distance between adjacent teeth, prosthetic material,
and the operator’s experience to achieve a healthy and esthetically
satisfying result. The clinician should consider which finish line
design is optimum for periodontal health and restorative materi-
als.1>"17Therefore, the aim of this study was to evaluate the effect
of different marginal finish line designs and prosthetic materials
on periodontal health. The null hypothesis of the study was that dif-
ferent marginal finish lines and material types have no significant
effect on the periodontal health of single crown restorations.

Material and Methods

This retrospective clinical study included a total of 310 patients (181
female, 129 male) with a mean age of 50 (18—73 years) who were
referred to the private dental clinic from June 2017 to July 2020.
The study was conducted in accordance with the guidelines of the
Declaration of Helsinki of 1975, as revised in 2013. This study was
approved by the Ethics Committee of Ankara Medipol University (E-
81477236-604.01.01-3070:29). The patients, aged >18 years of both
genders, have good oral hygiene, systemically and periodontally
healthy, with no medication intake that might affect periodontal
soft tissues, non-pregnant, non-smokers, requiring crown restora-
tions on vital (n:402) and non-vital (n:48) teeth with different lo-
calization [maxillary posterior (n:124), maxillary anterior (n:114),
mandibular posterior (n:131), mandibular anterior (n:81)] were
included in the study. The patients who had missing data were ex-
cluded from the study. A total of 450 crown restorations with three
different finish lines (Knife-edge, chamfer, shoulder) and different
material types [ Metal-ceramic restorations (n=280); Bi-layered zir-
conia restorations;(n=102); and Glass-ceramic restorations (n=68)]
were evaluated (Table 1). The tooth preparations were performed
with approximately 60 axial taper, occlusal reduction of 1.5 to 2 mm,
axial reduction of 1.0 to 1.5 mm, and a finish line located at the gin-
gival level. All preparations were finished by rounding sharp angles.
Polyvinyl siloxane impression material was used to take impres-
sions and the marginal adaptation of the crowns were evaluated
radiographically and clinically after cementation with resin cement
(Table 1). All clinical procedures were performed by an experienced
clinician (ST) and all laboratory procedures was performed by an
experienced laboratory technician. The clinical periodontal param-
eters were recorded at baseline (immediately after cementation),
12th, 24th, and 36th months after the delivery of the crown restora-
tions. Plaque index (PI) 8, gingival index (GI) !9 and probing depth
(PD) of abutment teeth were recorded. 2°Probing depths were mea-
sured from the gingival margin to the bottom of the periodontal
pocket using a periodontal probe (William Probe, Hu-Friedy) to
the nearest millimeter. All measurements were assessed at four
sites per tooth (distal, mesial, lingual/palatal, and buccal). All the
patients were evaluated for the periodontal parameters by one cali-
brated periodontist (Ei). The intra-examiner reproducibility was
0.90, 0.86, 0.88 for PD, PI, and GI; respectively.

The statistical analyses were conducted using software (SPSS
version 20 Inc., IBM Corp.). The normality of the data was assessed
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by using the Shapiro-Wilks test. Effect of marginal finish line,
material type, age, gender and localization of the restorations on
the Probing Depth, Gingival Index and Plaque Index scores were
analyzed by using Repeated Measures ANOVA and post-hoc LSD
test with Bonferroni correction at a significance level of 0.05.

Results

According to the statistical analysis conducted, gender, age and lo-
calization of the restorations had no significant effect on the clinical
periodontal parameters (p>0.05).

There was an increase in mean probing depth with the increas-
ing functional duration which was found to be statistically signifi-
cant (p<0.001). However, marginal finish line design, material type
and interactions between these factors were not found to be statis-
tically significant (p>0.05). The lowest probing depth was observed
in the baseline and 12th month, and the highest probing depth was
observed at the 24th and 36th month after cementation except for
zirconia restorations with chamfer finish line and glass-ceramic
restorations with chamfer and shoulder finish lines (Table 2).

For the plaque index scores, the functional duration (p= 0.010),
marginal finish line (p= 0.050), material type (p= 0.030) and in-
teractions between these factors were found to be significant (p=
0.040). The lowest plaque index scores were observed in glass-
ceramic restorations (p= 0.031), and no differences were found
between zirconia and metal-ceramic restorations (p>0.05). The
plaque index scores of zirconia and metal-ceramic restorations
with shoulder and knife-edge finish lines significantly increased
during the follow-up period. The highest plaque index scores were
observed in zirconia restorations with the knife-edge finish lines in
the 36th month. No differences were observed in terms of functional
duration and marginal finish line for the glass-ceramic restorations
(p>0.05) (Table 3).

Functional duration and marginal finish line design had a sig-
nificant effect on the gingival index scores of the groups (p<0.001),
but material type had no significant effect on the gingival index
scores of the groups. Gingival index scores of the restorations sig-
nificantly increased during the follow-up period. In the zirconia
group, the chamfer design had significantly lower gingival index
scores at baseline, 12th and 24th months (p<0.05) (Table 4).

Discussion

According to the results of the present study, marginal finish line
design and material type have a significant effect on the plaque
index scores. However, gingival index scores and probing depths
were not influenced by marginal finish line design and material
type. Therefore, the null hypothesis of the study is that different
marginal finish lines and material types have no significant effect
on the periodontal health of single crown restorations, was partially
rejected.

Careful treatment planning, maintenance of periodontal health,
and adherence to basic principles of prosthetic dentistry are crucial
factors to ensure the function, aesthetics, and mechanical stability
of fixed prostheses.?! The metal-free restorations have been de-
veloped for esthetically challenging cases due to the disadvantages
of metal-ceramic restoration. 2* Additionally, biocompatibility and
low plaque retention could be considered as the advantages of metal-
free and zirconia ceramics compared to metal-ceramic restora-
tions while the metal-ceramic restorations have been preferred due
to their high mechanical strength, clinically acceptable marginal
and internal adaptation, and cost-effectiveness. >34 Therefore, it
should be noted that the type of material (metal, ceramic, etc.), lab-
oratory procedures, the vitality of the tooth, the periodontal status
of the patient, and other possible causes could influence the effect
of the restoration on periodontal health.25~27Since the location of
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Table 1. Materials used in the present study

Material Infrastructure Suprastructure
. Laser Sintering Co—Cr (EOS CobaltChrome SP2; Conventional layering (Noritake EX-3;
Metal-ceramic - - .
EOS GmbH, Krailling, Germany) Noritake Dental Supply, Mie, Japan)
Zirconia 3Y-TZP Block (Nacera Pearl Shade, DOCERAM, Medical = Conventional Layering ceramic (IPS e.max Ceram;
Ceramic, dortmunt, Germany) Ivoclar Vivadent , Schaan, Liechtenstein )
. Lithium disilicate (USA; IPS e.max Press, Ivoclar Conventional Layering ceramic (IPS e.max Ceram;
Glass-ceramic . . . . - -
Vivadent, Schaan ,Liechtenstein) Ivoclar Vivadent , Schaan, Liechtenstein )
Glaze Vita Akzent Plus Vita Zahnfabrik, Bad Sackingen, Germany )
Cement Resin cement (RelyX Unicem SelfAdhesive Universal Resin Cement; 3M ESPE, St. Paul, MN).

Impression Material =~ Putty-wash technique (ELITE HD+ Putty Soft and ELITE HD+ Light body, Zhermack SpA, Badia Polesine,Italy)

Table 2. Mean (+SD) probing depth values for the groups

Probing Depth Knife-edge(a) Chamfer(a) Shoulder(a)
. . - 1,11 1,00 1,17
Zirconia (A) Initial (£0.32)A (£0,00)A (£0.38)A
12th 1,15 1,00 1,13
month (+0,36)A (+0,00)A (+0,33)A
24th 1,38 1,00 1,31
month (+0,49)B (+0,00)A (+0,47)B
36th 1,79 2,00 1,81
month (+0,41)C (+0,00)B (+0,39)C
. - 1,07 1,00 1,11
Metal-ceramic (A) Initial (£0,25)A (£0,00)A (+0,32)A
12th 1,15 1,00 1,13
month (£0,36)A (+0,00)A (+£0,34)A
24th 1,35 1,50 1,26
month (+0,48)B (+0,71)B (+0,44)B
36th 1,78 2,00 1,79
month (£0,41)C (+0,00)C (+0,41)C
. - 1,00 1,11 1,27
Glass-ceramic (A) Initial (£0,00)A (£031)A (£0,46)A
12th 1,00 1,34 1,14
month (+0,00)A (+0,48)A (+0,35)A
24th 1,13 1,13 1,27
month (+0,35)B (£0,34)A (£0,46)A
36th 1,50 1,79 1,68
month (+0,53)C (+0,41)B (+0,48)B

Different superscript letter indicates statistically difference (p<0.05))

Table 3. Mean (+SD) plaque index scores for the groups

Plaque index Knife-edge Chamfer Shoulder
. . - 0,53 1,00 0,65
Zirconia(A) Initial (+0,50)Aa (£0,00)Ab (+0,60)Aa
12th 0,74 1,00 0,85
month (+0,74)Ba (+0,00)Ab (+0,68)Ba
24th 1,26 1,00 1,04
month (#1,02)Ca (+0,00)Aa (+0,87)Ca
36th 1,91 1,00 1,25
month (+1,15)Da (+0,00)Aa (+0,98)Da
. - 0,60 0,50 0,59
Metal-ceramic(A) Initial (+0,50)Aa (+0,71)Aa (+0,58)Aa
12th 0,81 1,00 0,66
month (+0,74)Ba (+0,00)Ab (+0,70)Ba
24th 1,10 1,50 0,89
month (+0,91)Ca (+0,71)Ab (+0,86)Ca
36th 1,38 1,00 1,00
month (+1,01)Da (+1,41)Aa (+1,02)Da
. " 0,60 0,45 0,46
Glass-ceramic(B) Initial (+0,50)Aa (+0,50)Aa (+0,56)Aa
12th 0,88 0,63 0,55
month (+0,64)Aa (+0,85)Aa (+0,60)Aa
24th 0,88 0,68 0,55
month (+0,64)Aa (+0,87)Aa (+0,74)Aa
36th 0,75 0,63 0,55
month (+0,71)Aa (+0,91)Aa (+0,74)Aa

Different superscript letter, uppercase in columns and lower case in lines indicates statistically difference (p<0.05)



Table 4. Mean (+SD) gingival index scores for the groups.
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Gingival index Knife-edge Chamfer Shoulder
. . - 0,00 0,44,
Zirconia(A) Initial (+0,53)Aa (£0,00)Ab (+0,50)Aa
12th 0,00 0,54
month (+0,58)Ba (+0,00)Ab (+0,54)Ba
24th 0,00 0,67
month (+0,76)Ca (+0,00)Ab (+0,56)Ca
36th 1,00 0,92
month (+0,81)Da (+0,00)Ba (+0,65)Da
. . 0,00 0,41
Metal-ceramic(A) Initial (+0,52)Aa (+0,00)Ab (+0,50)Aa
12th 0,50 0,44
month (+0,61)Ba (+0,71)Ba (+0,50)Aa
24th 1,00 0,61
month (+0,66)Ca (+0,00)Bb (+0,64)Ba
36th 1,00 0,77
month (+0,75)Da (+0,00)Ba (+0,74)Ca
. - 0,18 0,36
Glass-ceramic(A) Initial (+0,53)Aa (+0,30)Ab (£0,49)Aa
12th 0,29 0,41
month (+0,53)Aa (+0,52)Ba (+0,50)Ba
24th 0,42 0,55
month (+0,76)Ba (+0,55)Cb (+0,51)Cb
36th 0,58 0,64
month (+0,83)Ca (+0,64)Db (+0,66)Db

Different superscript letter, uppercase in columns and lower case in lines indicates statistically difference (p<0.05)

the restoration margin may affect periodontal parameters, in order
to examine the relationship between periodontal parameters and
prosthetic materials, fixed restorations with marginal location at
the gingival level were included in the present study.

According to the results of the present study, the lowest plaque
was recorded in glass-ceramic restorations. Parallel to our study,
Chan et al. 28 and Weishaupt et al. 12 evaluated the effect of different
prosthetic materials on plaque accumulation. The authors con-
cluded that more pronounced plaque retention was observed in
metal-ceramic restorations than in all-ceramic restorations. In-
creased plaque accumulation on metal-ceramic restoration could
be explained by increased marginal discrepancies due to manu-
facturing processes.29:3%In the present study, there was no sig-
nificant difference regarding plaque accumulation at the 12th and
2/4th months between metal-ceramic and zirconia restorations.
These results are consistent with Pelaez et al.3! and Basnyat et
al.32, who reported that a similar pattern of plaque accumulation,
compared zirconia restorations and metal-ceramic restorations in
terms of clinical periodontal parameters. Additionally, Monaco et
al. 33 concluded that there were no significant differences between
zirconia-based and metal-ceramic restorations in functional and
biological outcomes. Besides, the findings of this study showed
that the plaque index score of the zirconia restorations was higher
than glass-ceramic restorations at 36th months. This result could
be attributed to the high percentage of knife-edge marginal finish
line design of zirconia restorations evaluated in this study. In re-
cent years, studies showed that the presence of a fixed prosthetic
restoration could promote the onset of periodontal diseases. 3% Be-
cause the surfaces of some prosthetic materials serve as niches for
microbial adhesion and biofilm formation which has the poten-
tial to degrade the material’s surface and to cause various types of
periodontal diseases. Therefore, prosthetic materials that are less
prone to bacterial colonization become more popular, especially in
periodontally suspicious patients. 3> Dental ceramic materials are
highly biocompatible and stable while performing under the harsh
conditions of the oral cavity. Shang et al. 36compared the CAD/CAM
zirconia all-ceramic crown restoration to porcelain-fused-to metal
restorations according to the volume and composition of the gin-
gival crevicular fluid. Their findings showed that the CAD/CAM

zirconia all-ceramic crown restoration is more favorable to the peri-
odontal health. 37Besides, a metal material inevitably releases metal
ions in the oral cavity because of the corrosive effect of the saliva,
and it could irritate the periodontal tissues. In addition, in a clinical
study, authors observed the alterations in the subgingival micro-
biome in the metal-based restorations group due to the composition
of material. 538 Therefore, the prosthetic material type may be a
crucial factor for the success of the prosthetic restoration and peri-
odontal status, even if ideal laboratory and clinical conditions are
provided.

In the present study, it was observed that the knife-edge
marginal finish line design had the highest mean clinical peri-
odontal indices than the chamfer and shoulder margin designs
regardless of material type. Paniz et al. 39 showed that the vertical
finish line design was related to significantly higher BOP scores
compared to the chamfer margin design. Many factors for the knife-
edge preparation could contribute to the periodontal inflammation
such as technical challenges encountered during the fabrication
procedures, and difficulties in communication between clinician
and technician to determine the exact finishing line position.4° Ad-
ditionally, over-contouring of the definitive restoration to prevent
chipping which may be promoted by stress around the cervical area,
difficulties in removing cement excess and challenges to control
the marginal seal and integrity could be mentioned as the disad-
vantages of the knife-edge marginal finish line design.4! These
reasons could explain the unfavorable effect of knife-edge marginal
finish line designs on periodontal health compared to other finish
line designs.

Cement dissolution, micro-leakage, the fractures of the restora-
tions could be observed due to insufficient marginal adaptation
and could lead to unsuccessful clinical results of the restoration,
tooth caries, and periodontal disease.%%*3According to Yu et al.,
for glass-ceramic restorations, the choice of a chamfer finish line
in clinical practice appears to be satisfactory for exhibiting better
internal adaptation and comparable marginal adaptation. 44

Although a large number of single crown restorations (n:450)
with 3 years follow-up period were evaluated in this study, the
evaluation of only single crown restorations, fabricated with con-
ventional techniques and the retrospective design of the study such
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as selection bias may be considered as the limitations of the present
study. Therefore, the effect of different restoration types fabricated
with different manufacturing procedures with long-term-follow-
up periods on periodontal health should be further investigated.

Conclusion

Within the limitations of the present study, it was noticed that the
highest mean gingival scores were observed on the restorations
with knife edge marginal finish lines. Glass-ceramic restorations
prepared with chamfer or shoulder marginal finish lines emerged
as the recommended prosthetic restoration design from periodontal
points of view for single crown restorations.
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