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Abstract

Background: Various complications of dental implants have been reported as cases with long-term implant use
increase with its spread of use. It has been reported that residual cement is involved in approximately 80% of the
peri-implantitis cases, and prompt management of residual cement is important. This study examined cementation of
the superstructure and how the level of gingival margin of abutments affected the amount of residual cement. The
study also examined the level of abutment margin to avoid residual cement.

Materials and Methods: Working models were prepared using epoxy resin. Implants were placed in one part of
the maxillas. Silicone rubber was used to simulate peri-implant gingiva. Morphological designing was performed for
the abutments and superstructures on the prepared models. The examination was performed on four levels of
abutment margins: the same level as the margin of the gingiva (ML0), 1 mm subgingival (ML-1), 2 mm subgingival
(ML-2), and 3 mm subgingival (ML-3). Temporary cement was placed in each superstructure which was then placed
on the abutment. An access hole was created on the superstructure, and the abutment and superstructure were
removed from the model. Observations were made on the cement remaining subgingivally (residual cement). The
cement above the margin and residual cement were collected.

Results: If the margin level was subgingival, there was a tendency for residual cement to adhere to the entire
subgingival area regardless of the margin depth. The residual cement weight percentage was significantly higher for
the ML-2 and ML-3 margins than for ML-0 margins. The percentages of supragingival cement did not differ
significantly among different abutment margins.

Discussion and Conclusion: The results of this study suggest that when the abutment margin is ML-2 or lower,
the cement does not extrude supragingivally and tends to remain subgingivally.

Keywords: Residual cement; Abutment margin; CAD/CAM; Peri-
implantitis; Peri-implant gingiva

Introduction
Peri-implantitis, a condition similar to periodontitis, is likely to

occur with implants because soft tissue sealing of implant necks is
weaker than with natural teeth [1], and a relatively high incidence peri-
implantitis has already been reported [2,3]. Peri-implantitis is generally
attributed to insufficient cleaning around the implant and excessive
occlusal load, and maintenance that involves peri-implant cleaning and
occlusal management are considered essential for prevention of peri-
implantitis.

Cemented superstructures are widely used clinically in implant
prostheses [4], but it has been noted that cemented superstructures are
detrimental to peri-implant tissue because of the problem of excessive
residual cement [5]. Various studies of excessive residual cement have
been conducted, and it has been suggested that peri-implantitis caused
by residual cement may have a much higher incidence than previously
thought [3].

Therefore, this study investigated the amount of residual cement in
environments with different margin levels between the superstructure
and a series of abutments with uniform shapes designed by CAD/
CAM.

Material and Methods

Experimental mold
An epoxy resin mold (Tamiya Clear® epoxy resin, Tamiya, Inc.,

Shizuoka, Japan) was used as the experimental mold. An implant
analog (Nobel Active RP, Nobel Biocare) was placed in the maxillary
left incisor position, and gingival tissue was reproduced using gum
silicone around the implant analog platform. The implant analog
platform was positioned vertically 5 mm below the buccal gingival
margin, 3.5 mm below the palatal gingival margin, 7 mm below the
mesial margin, and 6 mm below the distal gingival margin (Figure 1).
The implant analog was positioned horizontally so that the line
connecting the palatal necks of the two adjacent teeth was tangential to
the platform circumference (Figure 2).

Dentistry

ISSN: 2161-1122

Dentistry Taniguchi, et al., Dentistry 2018, 8:11
DOI: 10.4172/2161-1122.1000520

Research Article Open Access

Dentistry, an open access journal
ISSN:2161-1122

Volume 8 • Issue 11 • 1000520



Figure 1: Working model with implant analog and gingiva.

Figure 2: The entire shape including the upper structure was the
same for all templates.

CAD/CAM abutments
A wax-up on the experimental mold was performed using a

temporary superstructure abutment (Temporary Abutment Engaging
Conical Connection, Nobel Biocare). The wax pattern of the
superstructure was scanned with a non-contact laser scanner
(NobelProcera®).

Genion scanner, Nobel Biocare), and experimental abutments were
designed by CAD. Experimental abutments were fabricated with four
levels of abutment margins: a margin at the same height as the gingival
margin of the experimental model (ML0), a margin 1 mm lower
(ML-1), a margin 2 mm lower (ML-2), and a margin 3 mm lower
(ML-3). Titanium blocks (Ti6Al4V medical titanium) were cut with a
milling machine (NobelProcera®, Nobel Biocare) to fabricate the
experimental abutments (Figure 3). An experimental superstructure
for each abutment was fabricated using self-curing resin (Unifast® III,
GC Japan).

Cement fixation of the superstructure
The interior surface of each experimental superstructure was filled

with temporary cement (HY-Bond® temporary cement, Shofu Ltd.),
and applied by hand pressure to the corresponding abutment that was
fixed in the experimental mold. After the cement had cured
completely, all supragingival cement was carefully removed and
collected (Figure 4).

Figure 3: Four levels of abutment margins were created using CAD/
CAM.

Figure 4: Supragingival cement was removed.

Figure 5: Abutment and supretstructure were removed from the
model.

The lingual face of the superstructure was drilled to form an access
hole, the abutment screw was loosened, and the superstructure
together with excess cement was extracted. The attached cement that
remained below the gingival margin (residual cement) was observed
(Figure 5), and all residual cement was collected. The supragingival
cement and residual cement were weighed separately on an analytical
balance (GR-200, A and D Co., Ltd.), and the ratio of residual cement
to total cement was calculated.

Statistical analysis
Samples were weighed 3 times and the average values were

calculated. SPSS ver. 19 (SPSS Inc., Chicago, IL) was used for the
statistical analysis. A significant difference was tested using Student's t-
test and two-way ANOVA, and then Bonferroni's post hoc test was
performed. The level of significance was set at P<0.05.
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Result

Observation of cement attachment
As the margin level became deeper, the amount of residual cement

attached below the margin tended to increase. Furthermore, the
amount of supragingival cement tended to decrease as the margin level
became deeper (Figures 6-9).

Figure 6: ML0.

Figure 7: ML-1.

Figure 8: ML-2.

Figure 9: ML-3.

Residual cement ratio
The ratios of residual cement for both margins ML-2 and ML-3

were significantly greater than the ratio for ML0 (Figure 10). No
significant differences were found in the ratios of cement above the
margin relative to the difference in abutment margin level (Figure 11).

Figure 10: Residual cement was compared among the abutment
margin levels. *P<0.05, compared with the corresponding value for
the abutment margin level was 2 mm or less (n=3).

Figure 11: Cement above the margin was compared among the
abutment margin levels.
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Discussion
Obtaining osseointegration by modifying the surface texture of the

implant has become relatively easy. However, the question of how long
healthy osseointegration can be sustained is important for the long-
term success of implant treatment. Peri-implantitis is the greatest
factor in preventing the long-term success of implant treatment. Poor
peri-implant hygiene and excessive occlusal load have been noted as
causes of peri-implantitis. Many articles on the relationship between
oral hygiene and peri-implantitis have been published, and Karoussis,
et al. [6] further report that patients with a history of the periodontal
disease have a high incidence of peri-implantitis. Meanwhile, Tomas
and colleagues [7] studied how a history of periodontal disease and
superstructure fixation method affect the onset of peri-implantitis.
They found that among patients with a history of periodontal disease,
85% (62/73) of implants diagnosed with peri-implantitis had cement
fixation and 2% (2/185) had screw fixation; and among patients
without a history of periodontal disease, 30% (17/56) of implants
diagnosed with peri-implantitis had cement fixation and 0% (0/53) had
screw fixation. Moreover, Korsch, et al. [8] reported that removing
cement reduces inflammation in peri-implantitis resulting from excess
residual cement. These findings suggest that not only a history of
periodontal disease and the state of oral hygiene but also excess
residual cement that provides a foothold for plaque and bacteria may
strongly affect the onset of peri-implantitis.

In this study, we found that if the abutment margin level is set
deeper than 2 mm below the gingival margin, the ratio of excess
residual cement increases significantly. Linkevicius, et al. [9] reported
that in experimental abutments fabricated by casting, the amount of
excess residual cement increases when the margin level is set deeper
than 2 mm below the gingival margin. In that experiment, however,
the shape of the subgingival contour was clearly different for each
abutment because the abutments were made by casting. Therefore, in
this study, we used titanium abutments fabricated by CAD/CAM,
which has been incorporated clinically in recent years and thereby
unified the subgingival contour and shape of the superstructure. This
study and the study by Linkevicius, et al. [9] differ in factors that are
thought to have a major effect on the amount of excess residual cement
such as the silicone rubber material used in this study as well as its
shape and mechanical properties, a uniform abutment shape, and a
different type of cement. Despite these differences, we also found a
significantly greater amount of residual cement at abutment margins of
2.0 mm or more below the gingival margin. These findings strongly
suggest that with a cement-fixed superstructure implant, the level of
the abutment margin should be shallower than 2.0 mm below the
gingival margin to prevent excess residual cement and protect against
future peri-implantitis. Moreover, Ager, et al. [10] showed that removal
becomes impossible when the abutment margin level is 1.5 mm or
more below the gingival margin, and that forced attempts to remove
the cement will damage the abutment.

In this study, the shapes of the superstructures and abutments were
unified. Therefore, when the abutment margin level was set deeper, the
abutment diameter was smaller, the height was lower, and the total
amount of cement within the superstructure was smaller. Even so, it
became clear that when the abutment margin position becomes too
deep, the amount of excess residual cement increases significantly. In
addition, the relationship between the amount of excess residual
cement and the depth of the abutment margin level is not proportional,
and our findings indicate that if the depth of the margin exceeds a
certain level, the amount of residual cement sharply increases.

As a method of decreasing excessive residual cement, Santosa, et al.
[11] reported that the amount can be reduced by using an abutment
replica before attaching the superstructure to the abutment to reduce
the amount of residual cement on the inner surface of the
superstructure as much as possible. Moreover, Walfart, et al. [12]
reported that when superstructures were mounted on abutments with
cement, no significant difference in bonding strength was found
whether the cement was applied over the whole inner surface of the
superstructure or only applied up halfway from the margin. These
findings suggest that by adjusting the amount of cement, the risks
involved with excess residual cement can be reduced without
compromising retention.

Behr, et al. [13] compared the ease of removing excess residual
cement in a modeling experiment using titanium and zirconia
abutments. They report that excess residual cement can be removed
more easily from a zirconia abutment than from a titanium abutment.
From this finding, it appears that the choice of abutment material is
also effective in reducing excess residual cement.

The difference in anatomical structure between implants and
natural teeth has been noted as a factor that makes it easier for the
cement to remain around an implant. Natural teeth have connective
tissue attached where the teeth pass through the gingiva and strong
soft tissue sealing, so cement is unlikely to infiltrate to any great depth.
With an implant, however, the epithelium is only weakly attached, so
the cement infiltrates easily [14]. In addition, recently the number of
systems that use platform switching in implant treatment to prevent
peri-implant bone resorption has increased [15], and the implantation
depth tends to be getting deeper. Cement will penetrate deeper and
remain if the implantation depth increases, and increased depth is
likely to cause peri-implantitis.

Conclusion
The results of this study suggest that if the abutment margin level is

deeper than 2 mm below the gingival margin, the cement will not be
expelled and is likely to remain below the gingival margin. Because this
experiment has the limitation of using a model, we believe that further
research is needed on topics such as the effect of differences in
elasticity of the artificial gingiva, and actual in vivo proof of concept.
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