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PURPOSE. This study aims to compare the marginal fitness of two types of implant-supported fixed dental
prosthesis, i.e., cementless fixation (CL.F) system and cement-retained type. MATERIALS AND METHODS. In
each group, ten specimens were assessed. Each specimen comprised implant lab analog, titanium abutment
fabricated with a 2-degree tapered axial wall, and zirconia crown. The crown of the CL.F system was retained by
frictional force between abutment and relined composite resin. In the cement-retained type, zinc oxide eugenol

cement was used to set crown and abutment. All specimens were sterilized with ethylene oxide, immersed in

Prevotella intermedia culture in a 50 mL tube, and incubated with rotation. After 48 h, the specimens were

washed thoroughly before separating the crown and abutment. The bacteria that penetrated into the crown-

abutment interface were collected by washing with 500 pL of sterile saline. The bacterial cell number was

quantified using the agar plate count technique. The BacTiter-Glo Microbial Cell Viability Assay Kit was used to
measure bacterial adenosine triphosphate (ATP)-bioluminescence, which reflects the bacterial viability. The t-test
was performed, and the significance level was set at 5%. RESULTS. The number of penetrating bacterial cells
assessed by colony-forming units was approximately 33% lower in the CL.F system than in the cement-retained
type (P<.05). ATP-bioluminescence was approximately 41% lower in the CL.F system than in the cement-
retained type (P<.05). CONCLUSION. The CL.F system is more resistant to bacterial penetration into the
abutment-crown interface than the cement-retained type, thereby indicating a precise marginal fit. [J Adv

Prosthodont 2020;12:233-8]
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INTRODUCTION

The fitness of a dental prosthesis is a critical factor for
function and long-term maintenance.! In the restoration of
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an implant crown, fitness is generally classified into passive
fit, which provides a stable and strain-free structure in the
absence of an external load, and marginal fit.

Retaining type of the implant-supported fixed dental
prostheses are largely classified into screw-retained type and
cement-retained type. For the screw-retained type prosthe-
sis, where the crown margin is not inherent, only passive fit
is considered. This type has no cement layer that provides
compensation for misfit-induced strain. Hence, a passive fit
in the oral cavity is more difficult to achieve when the
screw-retained type is used compared with the cement-
retained type. In addition, screw holes cause a loss of occlu-
sal table integrity, thereby ultimately limiting the function of
the prosthesis as well as inducing difficulty in control of
occlusion, particularly in the crowns with small occlusal sur-

The Journal of Advanced Prosthodontics 233


https://crossmark.crossref.org/dialog/?doi=10.4047/jap.2020.12.4.233&domain=pdf&date_stamp=2020-08-31

J Adv Prosthodont 2020;12:233-8

face in postetior sites.* On the other hand, cement-retained
type is advantageous for passive fit and occlusal integrity
can be achieved. However, it also has limitations in terms of
removing excessive cement remnants and retrieving the
prosthesis.*
type, which is a cement-retained type prosthesis with a
screw hole, has been introduced. However, the problems
associated with the use of both retention types are still not
solved.

The cementless fixation (CL.F) system is a novel reten-
tive type of dental implant prosthesis, which is structurally
similar to the cement-retained type. However, the composite
resin is relined between the crown and abutment, and the
retention of the crown portion is achieved by a static fric-
tional force between the abutment and the relined compos-
ite resin on the intaglio surface of the crown. In the oral
cavity, the retention of the CL.F system is increased due to
the relative expansion of the composite resin because the
coefficient of thermal expansion of the relined resin is
greater than that of the titanium abutment, and the temper-
ature in the oral cavity is higher than the temperature 7
vitro. The internal air pocket aids in stress distribution (Fig,
1).7 The retentive principle of the CL.F system facilitates
the precise fit of the margin area of the crown, and the
marginal fitness of the crown affects plaque deposition,
infiltration of microorganism, and development of peri-
implantitis.

The present study aimed to compare the marginal fit-
ness of the CL.F system versus the cement-retained type.
For this purpose, we evaluated the colony forming units
(CFUs) of the bacteria that penetrated the abutment-crown
interface of each type of prosthesis, and assessed the viabil-
ity of the bacterial cells by measuring adenosine triphos-
phate (ATP)-bioluminescence.

To overcome these problems, a combination

MATERIALS AND METHODS

For the CL.F system, ten specimens were prepared. Fach

Fig. 1. Section of the dental implant prosthesis of the
CL.F system.
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specimen comprised implant lab analog (GSTLA400;
Osstem, Seoul, Korea), titanium abutment, and zirconia
crown. Titanium abutments were fabricated with a 2-degree
tapered axial wall using the computer-aided design (CAD)
and computer-aided manufacturing (CAM) system with the
dental CAD software (Exocad; Exocad GmbH, Darmstadt,
Germany) and milling machine (ARUM 5X-200; Doowon,
Dacejeon, Korea). Zirconia crowns were designed, milled
from zirconia block (AUTOcera; Auto Industrial Co.,
Incheon, Korea) using the milling machine (ARUM
5X-200), and sintered at 1600°C. All lab analogs and abut-
ments were tightened using a torque wrench at 30 N-cm
torque. The inner surface of each zirconia crown was sand-
blasted with 50 pm of aluminum oxide (AL,O,), was etched
(Freeden Etching; LaboTech, Seoul, Korea), and a zirconia
primer (MKZ Primer; Bredent GmbH & Co. KG, Senden,
Germany) was applied (Fig. 2). Then, the composite resin
(Crealign; Bredent GmbH & Co. KG, Senden, Germany)
was telined between the inner surface of each zirconia
crown and the abutment, and was light cured after removing
the excess resin (Fig. 3A). Each zirconia crown and each
abutment were assembled only with finger pressure at a
room temperature of 23°C. All specimens were stored in
distilled water for 24 h and were disinfected with ethylene
oxide gas.

In the cement-retained type group, ten implant lab analogs,
titanium abutments, and zirconia crowns were prepared, as
described above. Using the CAD software (Exocad), the
cement space was set at 10 um around the margin, and addi-
tional cement space starting at 1 mm above the finish line
of the abutment was set at 60 pm (Fig. 3B). Before the
cementation of crown and abutment, the screw access hole
of each abutment was filled with polytetrafluoroethylene
tape and sealed with a provisional restorative material
(Fermit N; Ivoclar Vivadent AG, Schaan, Liechtenstein).
Vaseline was thinly applied over the external marginal con-
tour of each crown to reduce cement adhesion to the exter-
nal surface of the crowns and to facilitate the removal of

Etching
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Resin

Fig. 2. Surface treatment of the intaglio surface of the
crown of the CL.F system.
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Fig. 3. Diagram of the dental implant prostheses. (A) CL.F system, (B) Cement-retained type.
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Fig. 4. Schematic illustration of the bacterial penetration test.

excessive cements. Zinc oxide eugenol cement (Temp-
Bond™; Kerr Cotrporation, MI, USA) was mixed according
to the manufacturer’s instructions, then applied thinly onto
intaglio surface of the crown using a microbrush (Microbrush
International, Grafton, WI, USA) to minimize the amount
of extruded cement. After the cement had set, the excess
cement was completely removed. The cementation process
was performed at a room temperature of 23°C. All speci-
mens were disinfected as described above.

Prevotella intermedia ATCC49046 was grown at 37°C
anaerobically (85% N, 10% H,, and 5% CO,) in brucella
agar (Becton Dickinson, Franklin Lakes, NJ, USA) supple-
mented with 5% sheep blood or in brucella broth. Both
media were supplemented with 5 pg/mL of hemin (Sigma
Chemical Co., St. Louis, MO, USA) and 1 pg/mL of vita-
min K, (Sigma Chemical Co., St. Louis, MO, USA). The
bacterial culture growing exponentially was adjusted to an
optical density at 600 nm (OD_ ) of approximately 0.5, and
was used in bacterial penetration experiments. The schemat-
ic illustration of the experiment is shown in Fig, 4. The ster-

ilized specimens were immersed in bacterial suspension
using a 50 mL tube and were incubated anacrobically with
rotation. The specimens were exposed to exponential- and
stationary-phase cells (= 10” cells/mL) of P. intermedia for
48 h. Then, the specimens were removed from the bacterial
culture and washed with phosphate-buffered saline before
sepatrating each crown and the assembled abutment. The
retention of the CL.F system specimens exposed to a tem-
perature lower than that of the oral cavity decreased due to
abutment and composite resin shrinkages, so the crown and
abutment were separated using a crown remover. The
cement-retained type specimens were also separated using a
crown remover. The bacterial cells were collected from the
interface between the crown and abutment by washing with
500 uL of sterile saline (0.85% NaCl). The abovementioned
procedure was independently carried out four times (1%
time: 2 specimens, 2 time: 2 specimens, 3" time: 3 speci-
mens, and 4™ time: 3 specimens) using same procedure. The
number of bacterial cells in the saline (100 pL) was detet-
mined by counting the colony-forming units (CFUs) after
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growth at 37°C for 72 h on brucella blood agar. The ATP-
bioluminescence generated by the bacterial cells in the saline
(100 pl) was quantified using the BacTiter-Glo™ Microbial
Cell Viability Assay Kit (Promega, Madison, WI, USA).
Both CFU counting and ATP-bioluminescence measure-
ments were technically repeated 2 or 3 times.

Statistical analysis was performed using the software
(IBM SPSS Statistics v21.0; SPSS Inc., Chicago, 1L, USA).
In each group, all data were subjected to normality and
homogeneity of variance using the Shapiro-Wilk test. The
t-test was performed, and the significance level was set at

5%.
RESULTS

Physiological saline (100 pL) containing P. intermedia cells
that penetrated the crown-abutment interface was serially
diluted and spread on the brucella blood agar. After 72 h,
the number of bacterial CFUs in the CL.F system was
approximately 33% lower than that in the cement-retained
type (Table 1, P < .05). ATP-bioluminescence, which
reflects bacterial viability, was also measured and expressed
in relative light unit (RLU). The RLU values of the physio-
logical saline (100 pL) containing the bacterial cells were
lower by approximately 41% in the CL.F system than in the
cement-retained type (Fig. 5, P < .05).

Table 1. Colony forming unit (CFUs) of P. intermedia
cells penetrating at the crown-abutment interface

Retention type Mean (x 107 SD (x 109

767.22 0.93
1146.52~ 35.407

CL.F system
Cement-retained type

* Statistically significant difference (P < .05)

P, Intermedia ATCC49046
450 =

400 1
350
300
250
200
150
100

ATP-bioluminescence (RLU)

CL.F system Cement-retained type

Fig. 5. ATP-bioluminescence assessed by evaluating P.
intermedia cells penetrating into the crown-abutment
interface. *P < .05
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DISCUSSION

The unique nature of the implant-bone anchorage, which
allows limited movement of around 10 um,* led to the
hypothesis that passively fitting superstructures are a prereq-
uisite for long-lasting osscointegration of dental implants.

In the cement-retained type, the cement layer can com-
pensate the existing inaccuracies, thereby achieving a passive
fit. However, excessive cement in the submucosal peri-
implant region is difficult to access and remove. The rough
sutface of the excessive cement also increases plaque depo-
sition, which is a major etiologic factor for peri-implant dis-
eases.” The cement-retained type implant prosthesis has
been frequently associated with biological complications,
such as suppuration and fistula formation."” Moreover, the
development of peri-implantitis with bone loss exceeding 2
mm is more frequently observed in the cement-retained
type compared with the screw-retained type."

To solve this problem, several cementation techniques
have been introduced. The abutment replica technique is a
representative cementation technique proposed to reduce
cement remnants, where a resin abutment replica is used in
the initial extraoral cementation. The extruded excess
cement is cleaned outside the mouth, then, the crown is
placed into the intraoral abutment to complete setting.'
However, abutment replica technique tends to make rela-
tively wide voids, which can lead to increased bacterial pene-
tration.”® Hence, in the present study, the traditional cemen-
tation technique was modified by using a microbrush to
apply an extremely thin cement layer on the intaglio surface
of the crown to minimize the extruded cement and to pre-
vent creating a wide void. In addition, the application of a
layer of Vaseline over the external marginal contour of the
crown was effective in completely removing the excess
cement.

Although either permanent or provisional cement can
be used for cement-retained type implant restorations,'"
clinicians are highly encouraged to use the least retentive
provisional cements because of no risk of decay on the
abutments and high retrievability of the restorations.”'®
The efficacy of provisional cement can be further support-
ed by the fact that there is no clear evidence that the differ-
ence in retentiveness between provisional and permanent
cement is clinically relevant to the frequency of crown dis-
lodgement.””* Among the provisional cements, the use of
methacrylate-based cements, including the Premier Implant
Cement has resulted in increased biofilm formation?' and
the development of suppuration and peri-implantitis.*
Meanwhile, ZOE is contained in probably most common
provisional cements, which are used in provisional fixed
prostheses and cement-retained type implant restorations.
ZOE also has been proven to have antibacterial properties
and is cost-effective.”** Based on these data, ZOE is con-
sidered the most appropriate cement that can be used to set
cement-retained type prosthesis in this study.

Microleakage, which is defined as the passage of ions,
molecules, fluid, or bacteria between a cavity wall and the
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restorative material that was applied, is one of the most
important problems that must be addressed in restorative
dentistry. The use of restorative materials that do not per-
fectly adhere on enamel and dentin causes microleakage and
eventually lead to hypersensitivity of the restored teeth, dis-
coloration at the margins of the cavities and restorations,
recurrent caties, and plaque deposition.** In implant resto-
rations, microleakage is associated with bacterial penetration
and plaque deposition, which are important causes of peri-
implantitis. To evaluate microleakage and marginal gap
between the crown and abutment, researchers have com-
monly assessed dye infiltration using a microscope,”
have scanned and analyzed with a three-dimensional analysis
software.””” However, dye infiltration is a diffusion phe-
nomenon, and hence, the results cannot be obtained imme-
diately. In addition, dye infiltration can be evaluated semi-
quantitatively and only in two-dimensional sections.’
Furthermore, dye penetration between the crown and abut-
ment would not directly reflect bacterial penetration and
their viability, which are clinically correlated to the develop-
ment of peri-implantitis. In this study, we quantitatively
measured bacterial penetration by both CFUs counting and
ATP-bioluminescence that reflect bacterial viability,” there-
by evaluating the marginal fitness of the specimens. The
experimental procedure performed four times using same
protocol, because there is a possibility of contamination
during too long ten specimens procedure due to high sensi-
tivity to contamination, and to prevent that the overall
results were determined by an error, for example, contami-
nation of the medium.

As shown in Table 1 and Fig. 5, CFUs and ATP-biolu-
minescence in the CL.F system were lower by approximately
33% and 41%, respectively, than those in the cement-
retained type. These results clearly indicate that the CL.F
system exhibited less microleakage and higher resistance to
bacterial penetration than the cement-retained type. The fit-
ness of the crown increased by relining the resin on the
intaglio surface of the zirconia crown and by relatively
expanding the relined composite resin. In clinical practice,
the CL.F system would be more beneficial in preventing
peri-implantitis as it is essentially free of residual excessive
cement that increases plaque deposition. Moreover, with its
passive fit, the CL.IF system is biologically and mechanically
advantageous for maintenance.

The degradation of the provisional cement and resulting
microleakage inevitably lead to bacterial penetration in the
cement-retained type prosthesis. However, the degradation
process is slow and is accelerated after the occurrence of
microfractures.”” In this study, within a relatively short peti-
od of time (48 h), ZOE has not sufficiently degraded to
allow bacteria to penetrate deep into the crown-abutment
interface, therefore degradation of provisional cement could
be negligible. Rather, comparing with the CL.I system, the
characteristics of the cement-retained type prosthesis that
favored bacterial adhesion, particularly at the marginal area,
may have influenced the number of bacteria penetrating
into the abutment-crown interface. Interestingly, in four

ofr

repeated bacterial penetration experiments, more than 10*
CFUs of bacteria were collected from both types of speci-
mens. We speculated that most bacteria were attached to the
crown-abutment interface, particularly near the margin.
However, we could not rule out the possibility that the bacte-
ria attached to the outer surface of the specimens remained,
even after the washing process that was performed before
separating the crown and the abutment, and they could be
partly included in the CFU counting,

The present study had some limitations that it is a short-
term and 7z vitro evaluation. However, we founded that the
CL.F system shows precise marginal fit and higher resis-
tance to bacterial penetration than the cement-retained type.
Further studies are needed about long-term durability of a
precise fit by cyclic loading and thermocycling test, and 7
vivo studies are also needed.

CONCLUSION

Within limitation of this study, implant prosthesis of the
CL.F system is less susceptible to bacterial adhesion and
penetration at the abutment-crown interface than the cement-
retained type implant prosthesis, due to precise fit. Bacterial
cell viability at the abutment-crown interface, which was
evaluated by ATP-bioluminescence, is also lower in the CL.F
system than in the cement-retained type.
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