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ABSTRACT

Background: Peri-implantitis is an infection of the implant surface caused by adhesion of bacteria that generate bone
resorption and sometimes even consequent implant loss. Both screw-retained and cemented fixed implants are affected.

Purpose: The purpose of this study is to investigate the morphological defects at the cemented interface between titanium
abutment and ceramic crown, comparing different adhesive cements used to fill the marginal gap.

Materials and Methods: Twelve computer-aided design–computer-aided manufacturing dental crowns were cemented to
titanium abutments using three different resin composite cements. Sealed margins were polished using grommets with
descending diamond particle size. Three groups of four crowns each were made according to the cement used, namely
RelyX Unicem (3 M ESPE), Panavia F 2.0 (Kuraray), and NX3 (Nexus Kerr). Samples were analyzed using optical
inspection, three-dimensional profilometry, and image analysis, including analysis of variance.

Results: Although RelyX showed significantly lower root mean square surface roughness (4.4 1 1.5 μm) than that of NX3
(7.0 1 2.9 μm), it showed no significant difference with Panavia (3.7 1 1.5 μm). The marginal gap was significantly wider
in Panavia (149 1 108 μm) as compared with NX3 (71 1 45 μm) and Relyx (64 1 34 μm). For all groups, homogeneous
heights of both metal-cement and ceramic-cement gaps were observed. Moreover, all samples showed homogeneity of the
margins and absence of instrumental bias, thus validating both procedure and materials.

Conclusions: When using the chosen polishing method, RelyX Unicem showed both low roughness and marginal width, and
thus the smoothest and more continuous abutment-crown interlayer, promising a low probability of occurrence of
peri-implantitis.
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INTRODUCTION

Oral implantology is the branch of dentistry that

allows for the rehabilitation of the odontostomatognatic

system by means of surgical and prosthetic techniques

suitable for the insertion of dental implants. To restore

the lost elements, a dental implant must be connected

with an abutment for which the prosthetic device will be

designed and manufactured. The long-term success of

a dental implant is determined by several biological

factors, such as osseointegration1–3 and the quantity/

quality of keratinized mucosa that surrounds the

prosthetic body,4–6 as well as the mechanical properties

of the prosthesis.7,8
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The implant pathology most studied in recent

decades is peri-implantitis,9,10 an infection of the im-

plant surfaces caused by the adhesion of various bacte-

rial species that generate peri-implant bone resorption

and consequent loss of the implant itself.11,12 One key

point for long-term maintenance of an implant is the

capability of the patient to remove the bacterial biofilm

from the prosthetic components.13,14 To achieve this

goal, the use of implant designs and materials that do

not allow easy coupling of the biofilm is paramount.

In this regard, both screw-retained and cemented fixed

implant prostheses are employed. The range of types of

cemented prosthesis has been expanded in recent years

by means of both novel materials and techniques. In

particular, with the introduction of computer-aided

design–computer-aided manufacturing (CAD-CAM)

equipment, dentists have begun to fabricate chairside

inlays, bridges, and crowns, along with preparation of

the tooth. Nonetheless, the need to passivate the tensions

caused by chairside cementation or screwing of struc-

tures is very important in order to reduce bone trauma

and prosthetic fractures, especially when an immediate

load is applied.15–17

One of the ceramic materials most recently studied is

lithium disilicate, a glass-ceramic material that reaches a

compressive strength of about 360 MPa after a special

cooking cycle. Lithium disilicate can be used in the labo-

ratory by means of a wax loss pressing process18 and in the

dental office by milling monolithic parallelepipeds using

a milling unit that exploits a CAD-CAM technology.

In the present study, we took advantage of the

CAD-CAM chairside technology, and fixed prosthesis

was realized and cemented onto standard implant abut-

ments that were then screwed to the implant inserted in

the bone.17 This type of prosthesis requires the construc-

tion of a ceramic crown with a passing hole that allows

access to the implant-abutment fixing screw. More-

over, the prosthesis can be removed and finished after

chairside passive cementation before final fixation with a

passing screw. As such, this procedure allows for better

removal of the cement from the margins of the abut-

ment and better control of polishing at the abutment–

crown-cement double interface.17 To successfully

implement these devices, it is critically important to

identify the type of cement presenting the best finished

surface, but also having high mechanical adhesion and

long-term stability in contact with oral fluids. Whereas

different types of cements exist such as zinc phosphate

and glass ionomers, in this work, we restricted our scope

to one type of cements only, namely the resin com-

posites cements. Therefore, the aim of this study was to

investigate the degree of morphological defects at the

interface between implant screw and crown when using

three different resinous cements to seal the margin in

CAD-CAM screwed prosthesis.

MATERIAL AND METHODS

Twelve CAD-CAM dental implant crowns were divided

equally into three groups according to the cement

used, including RelyX Unicem by 3 M ESPE (herein-

after termed Rel; 3M ESPE, Seefeld, Germany), Panavia

F2.0 by Kuraray (hereinafter termed Pan; Kuraray,

Hattersheim am Main, Germany), and NX3 by Nexus

Kerr (hereinafter termed NX3; Kerr, Orange, CA, USA).

Every crown was manufactured at the dental offices

of Dr. Alberto Rebaudi (http://www.promogenova.it/

studio-rebaudi/index.php) by Dr. Angelo Itri. The

samples were analyzed at the Italian Institute of Tech-

nology (http://www.iit.it) under the direction of Dr.

Marco Salerno.

Each sample is composed of a standard conical tita-

nium abutment (7 mm high with shoulder height at 90°

and width of 2 mm) and a CAD-CAM lithium disilicate

crown of the tooth fitting the corresponding position

on the bone-gingiva model. The abutment (Ti-Bone,

Basel, Switzerland) is sprayed with BlocTalk (VITA,

Bad Säckingen, Germany) before scanning. The three-

dimensional tooth models are made using the CEREC

3D (Sirona Dental Systems, Bensheim, Germany) soft-

ware and milled out of IPS e.max CAD size C14 glass-

ceramic blocks (Ivoclar Vivadent, Bolzano, Italy) using a

CEREC MC XL milling unit (Sirona Dental Systems).

After a dedicated cooking cycle according to the

manufacturer’s instructions, every crown is treated in

successive ultrasonic cleansing baths: 5 minutes in dis-

tilled water, 10 minutes in ultrapure ethyl alcohol for

degreasing, 5 minutes in distilled water, and, finally,

1 minute in 9.7vol% hydrofluoric acid gel. Afterwards,

in order to improve adhesion to the particular cement

used, a ClearfilTM ceramic primer (Kuraray) is applied

to the crown surface, according to the instructions of

the respective manufacturer (Figure 1). The polishing

technique chosen for the samples of this study consists

of three rotating grommets with descending diamond

particle size. We think that such a sequence can best treat

materials having different physical characteristics.
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Implant Analysis

The analysis of the realized implants consisted of

three phases: morphological reconstruction of the

three-dimensional sample surfaces, image analysis, and

statistical analysis of the extracted data.

Morphological Reconstruction

Before measurements were taken, an optical inspection

of the specimens was performed under a stereomicro-

scope (EZ4D; Leica Microsystems, Wetzlar, Germany) at

8× to 35× magnification. For each implant, four regions

were selected for subsequent topographical measure-

ment by rotating the implant approximately 90° around

the axis of symmetry of the fixture between different

positions. Each region was then imaged both in side view

(Figure 2a) to determine the step-height at the marginal

gap and in top view (Figure 2b). The region of interest is

the strip of cement at the interface between the metal on

one side and ceramic on the opposite side (left and right

in Figure 2a and b, respectively). In order to better iden-

tify the cement interlayer under the optical microscope,

the region of metal-ceramic interface was marked with

an indelible red ink pen. This increased the optical con-

trast of cement owing to the higher roughness and per-

meability of this material, which captures the color better

than the material of the other two surrounding surfaces.

Next to the cemented region, approximately 0.5 mm

away from its interface to the abutment, a mark was

made by indenting the metal manually with a tungsten

Figure 1 Sample design and manufacturing procedure. After (A) mounting the four titanium abutments ex situ onto the model
of patient’s bone gingiva to be treated, the model is scanned with an optical pen (B) connected to a digital camera. The computer
processing unit then (C) generates a three-dimensional reconstruction (D) on which appropriately shaped teeth (E) are fit. These
data are then sent to the milling machine (F), in which the disilicate cubes (G) are loaded, finally resulting in the crowns assembled
on the implants (H).
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carbide scriber. Using this scriber mark as a reference, a

topographical structure could be made for the subse-

quent topographical analysis.

The specimens were mounted in the XP-2

Profilometer (Ambios Technology, Santa Cruz, CA,

USA; see Figure 2c) with the aid of a plasticine bead. A

diamond tip with nominal radius of curvature of ∼1 μm

was used to contact and scan the specimen surface.

The profilometer measures precision step-heights and

surface roughness as small as 1 nm and as large as

100 μm, providing five orders of magnitude of precision

z height measurement, giving height profiles similar to

the one in Figure 2d. During the scan, the lateral posi-

tion of the specimen was set such that the reference

indentation previously made by tungsten carbide scriber

would permit identification of the position of the metal-

cement interface across the acquired profile by assigning

the same in-plane distance from the marker as that

previously observed in the top view stereomicroscope

image (Figure 2b). Initially, a single scan line (in direc-

tion x, “fast axis”) of fixed length (1 mm) was made with

a sampling of 1,618 data points until the mark could be

properly captured. Subsequently, a series of 100 lines

spaced at intervals of 5 μm was automatically acquired

from an initial transverse position shifted away by

approximately 250 μm (e.g., half the extension of the

area to be covered), and the scan of the “slow axis” y was

begun in the opposite direction. Finally, the multiple

scan of the 100 profiles was reassembled into a three-

dimensional image with the aid of a suitable routine

made in Igor 6.22 (Wavemetrics, Portland, OR, USA),

and the result is similar to that shown in Figure 3a.

The limitation of transversal line displacement of 5 μm

results from the limited accuracy of the profilometer in

this direction. Consequently, the reconstructed images

have an aspect width : height ratio of 2:1, with rectan-

gular pixels of 0.618 μm × 5 μm (e.g., elongated along

the y axis by a factor ∼8). Despite these limitations,

the 12.5 μm accuracy in the position of the height mea-

surements is still much lower than the typical margin

width (50–100 μm) and thus sufficiently precise for

proper mapping.

Figure 2 A and B, Digital images of a typical implant by stereomicroscope, including (A) side view (8× magnification) and (B) top
view details (35× magnification) of the handmade scriber indentation on the height profile. C, The profilometer used in this study
to obtain topographic profiles as in (D), as measured across the position marked by the horizontal green line overlaid on the optical
image in (B).
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Image Analysis

Sixteen images each were obtained for the three cement

groups for a total of 48 images. From each image, four

representative lines among the 100 available profiles

were chosen. In the case of regions with variant cha-

racteristic behavior within a given image, the profiles

were selected to be representative of these different local

behaviors. Conversely, in the case of apparently uniform

images, equally spaced lines at positions numbered 20,

40, 60, and 80 were selected by convention. This protocol

was necessary to ensure that the results would have

statistical significance for the 1D parameters extracted

from individual profiles. Prior to analysis, the 2D planar

background of the surface was removed in the region of

the metal to make it the reference region with horizontal

cross section corresponding to the x-axis (e.g., z = 0) in

Figure 3.

Figure 3b graphically shows the following 1D

morphological parameters calculated for each profile:

• The width of the cement interlayer w, defined as

the x distance on the horizontal axis between the

cement margin positions (index c), respectively,

on the left and on the right image side (e.g.,

w = XcR – XcL);

• The height of the step between level z of the flat

horizontal metal area far away from the cement

Figure 3 A, Typical 2D reconstructed topographical image and (B, C) profile section at the position represented by the red line in
(A). For (B) and (C), the parameters are defined as follows: B, the three 1D parameters measured include w, hmc, and hcc; and C, two
2D parameters, β1 and β2. From (A) the other 2D parameter, namely, surface roughness Sq restricted to the cement interlayer region
is obtained.
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(e.g., z = 0) and level z of the metal interface with

the cement or ZCL (e.g., hmc = ZcL);

• The height of the step between the cement and

ceramic or hcc = Zcmax − Zcer.

In order to help identify the cement edges on the

assembled image away from the indentation reference

mark, we used a 3 × 3 kernel filter available in the soft-

ware, based on a Sobel differential operator,19 which

allows for recognition of contours of regions with dif-

ferent local surface gradient. This filter is useful because

it allows the slopes on the three-dimensional images

to be easily visualized and also shows different lateral

patterns (graininess) on the cement in contrast to the

smoother metal and ceramic surfaces.

For each image, three other parameters were also

calculated, representing a mean property of the whole

image and thus called 2D parameters:

• The surface roughness of the cement Sq is calculated

as the root mean square (RMS) of the area associ-

ated with this region, after appropriate masking

with the help of the above-mentioned gradient-

based filter.

• The absolute value β1 of the angle formed by the

intersection of the plane which best approximates

the cement region with the horizontal plane parallel

to the x axis;

• The angle β2 formed by the intersection of the plane

which best approximates the crown region closest

to the cement with the horizontal plane parallel to

the x axis.

Originally, as graphically described in Figure 3c, β1 and

β2 are both 1D parameters but they have been averaged

through all 100 profiles in an image, thus gaining 2D

character.

To calculate the three 2D parameters Sq, β1, and β2,

it was necessary to create a mask limiting the surface

portion of the image representing the region of interest

(e.g., the cement region for β1 and Sq, and the crown

region for β2). This mask was obtained by manual

drawing of elementary CAD regions of interest in the

shape of rectangles and ellipses.19

Statistical Analysis

In total, for each crown, the 1D parameters were

assigned a number of different values of N1D = 4 × 4 =
16. In contrast, for the 2D parameters, the statistic

is more limited as only a single parameter value is

extracted from each image (e.g., N2D = 4). For each

parameter, an analysis of variance (ANOVA) was

performed, with Tukey test at three levels of significance

starting from α = 0.05 and proceeding at progres-

sively more restrictive levels of α = 0.01 and possibly

α = 0.001. Tukey is one of the tests most used in ANOVA

for comparisons between pairs of groups to assess the

statistical significance of their different values.

RESULTS

Means and standard deviations were calculated for a

total of 4 crowns/cement × 4 images/crown = 16 images

for 2D parameters Sq, β1, and β2, and for 4 crowns/

cement × 4 images/crown × 4 profiles/image = 64 pro-

files for the 1D parameters. The overall results for the

three types of cements considered are reported numeri-

cally and graphically in Table 1 and in Figure 4, respec-

tively. The error bars in the plot of Figure 4 have size

equal to one standard deviation (11 σ).

We tentatively define here the fit at the abutment-

crown interface as excellent when the following con-

straints on the above parameters are satisfied: Sq <5 μm

and w 2100 μm, and all the other quantities as low

as possible (e.g., hmc 215 μm, hcc 25 μm, β1 2 15°, and

β2 2 40°). In this respect, all cements seem to exhibit

good fit.

The graph in Figure 5a (black columns in Figure 4)

shows that Rel presents surface roughness Sq similar to

that of Pan (4.4 1 1.5 μm and 3.7 1 1.5 μm, respectively)

but lower than that of NX3 (7.0 1 2.9 μm). At the

TABLE 1 Means and Standard Deviations of the Measurements of All Parameters for the Three Cements

Cement Sq 1 ΔSq (μm) w 1 Δw (μm) hmc 1 Δhmc (μm) hcc 1 Δhcc (μm) β1 1 Δβ1 (°) β2 1 Δβ2 (°)

Rel 4.4 1 1.5 64 1 34 15.1 1 9.1 3.0 1 6.2 10.9 1 9.5 34.5 1 16.8

Pan 3.7 1 1.5 149 1 108 20.7 1 19.3 2.1 1 4.9 10.2 1 5.2 45.4 1 15.4

NX3 7.0 1 2.9 71 1 45 21.5 1 18.0 6.0 1 9.8 15.1 1 8.4 41.6 1 15.5

Rel, RelyX Unicem; Pan, Panavia F2.0.
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significance level α = 0.01, the differences between NX3

and the other two cements are both confirmed, whereas

at the most restrictive significance level (α = 0.001), the

difference between NX3 and Rel, disappears, and only

the difference between NX3 and Pan remains.

The space w filled by the cement between the tita-

nium shoulder of the abutment and the closing edge

of the crown, for example, the marginal gap (Figure 5b

and red columns in Figure 4), is significantly larger

(α = 0.05) in the samples cemented with Pan (149 1

108 μm) compared with NX3 (71 1 45 μm) and Rel

(64 1 34 μm). This difference remains valid in both

cases also at the higher significance levels.

Regarding the metal-cement step height hmc

(Figure 5c and blue columns in Figure 4), despite a

lower average level for Rel, all the samples are statistically

equivalent to each other and thus without statistical

difference, even at the lowest level of significance of

α = 0.05.

For the step height between cement and ceramic

hcc (Figure 5d and cyan columns in Figure 4), a statis-

tically significant difference (α = 0.05) only appears

between NX3 and Pan, whereas, despite the higher

average, hcc of NX3 is not significantly greater than that

of Rel. The difference between NX3 and Pan remains at

the significance level of α = 0.01, only disappearing at

α = 0.001.

For the 2D parameter β1 (Figure 5e and magenta

columns in Figure 4), despite a higher average level for

NX3, all the samples are statistically equivalent at the

already milder level of significant difference, α = 0.05.

The same also holds true for β2 (Figure 5f and green

columns in Figure 4).

DISCUSSION

From the point of view of bone osteointegration, pos-

sible micromotion occurring during the healing phase is

the most important factor, which is probably affected by

the misfit at the abutment-implant interface. Neverthe-

less, a misfit at the abutment-crown interface is probably

more important for the tissues in the long run, and in

this investigation, we have focused on the work done by

the dentist when treating this misfit.

The first parameter normally considered when

evaluating the finishing of a dental surface is roughness.

Clearly, low roughness is desired on all dental surfaces as

this minimizes the rate of bacterial adhesion, forming

biofilm and initiating plaque and eventually caries.20–23

Whereas for single dental material surfaces, the golden

standard for evaluation of roughness is the atomic

force microscope;20,24 for complex systems such as the

present three-materials interface, the large inspection

volume required makes it necessary to use the three-

dimensional profilometry developed here. According to

the literature, the best system for polishing the edge of

the crown in lithium disilicate is the sequence charac-

terized by three finishing discs,25 whereas no consensus

has been reached on the best system for finishing the

cement layer. In this work, we analyzed the performance

of the polishing technique chosen here by the analysis of

different surface parameters.

Looking at the RMS roughness of the cement

layer, the three resinous compounds investigated here all

exhibit a similar behavior after polishing. Regarding the

2D parameters derived from surface region angles, it

should be noted that angle β2 between crown and hori-

zontal implant axis is always positive (e.g., pointing

upwards from left to right) but the angle formed by

the cement can be negative (e.g., pointing downward

locally) in some cases of imperfect cement removal by

the polishing procedure. In fact, a slightly increasing

upward direction would allow for a smoother connec-

tion to the ceramic, at least from a geometric point of

view. However, this would, in turn, result in an increase

of the extension w of the cement region, which is

generally undesired, particularly because the typically

greater roughness of the cement region could have

pathological consequences of the type noted above

(e.g., peri-implantitis).

Figure 4 Graphical representation of means and standard
deviations of the measurements of all parameters for the three
cements. The error bars are 11σ centered around the mean.
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Reviewing the results in Table 1 and Figures 4 and 5,

it can be seen that the group Rel specimens presented

surface roughness equivalent to that of specimens

in group Pan, but lower than that of specimens in

group NX3. In the literature, some authors have tested

the degree of morphological defects in CAD-CAM

crowns after polishing was carried out with different

techniques,25–27 whereas other authors have evaluated

the surface roughness of glass ionomer and resinous

cements21,28,29 with profilometer after polishing by

Figure 5 Detailed views of the comparisons for each morphological parameter among the different cements, with respective
considerations on the statistical significance (in case of positive differences found: *α = 0.01, **α = 0.001).

e104 Clinical Implant Dentistry and Related Research, Volume 17, Supplement 1, 2015



means of various techniques. None of these studies

included a type of prosthesis similar to the one carried

out for this analysis. In fact, these studies evaluated

the cement finishing of samples in the form of discs22,23

or on teeth extracted and prepared with standard

procedures.

ANOVA showed that the marginal gap width was

significantly higher in the specimens cemented with Pan

compared with NX3 and Rel, and that this difference

remained valid for all three significance levels. This

result suggests a higher difficulty in the manipulation of

Pan than Rel or NX3 based on its high mechanical char-

acteristics of resistance to compression that make the

finishing with the sequence of the three rubbers more

laborious30,31 (Kuraray Medical Inc., http://www.panavia

-dental.eu).

CONCLUSION

Within the limitations of this in vitro study, the follow-

ing conclusions can be drawn:

• The finishing of the closing edge of screw-retained

prosthesis presents similar difficulties as for

cemented prosthesis, such as difference in hardness

and abrasion resistance of the abutment titanium,

the cement interlayer, and the crown lithium

silicate.

• The resin cements used are all able to fill the gap

between disilicate crown and titanium abutment

properly after polishing. This is consistent with

clinical practice where screw-retained crowns

seem to permit a better finishing as compared with

cemented ones, because margins can be polished

after removing the crown under microscopic

control, whereas with cemented crowns the polish-

ing must be performed at chairside, causing diffi-

culty in margins close to adjacent teeth.

• Although all the cements tested gave acceptable

finishing with the chosen polishing method, Rel had

the best performance in providing a smooth and

continuous cement abutment–crown interlayer, as

it provided simultaneously the lowest RMS level –

similar to Pan and lower than NX3 – and the lowest

marginal gap – similar to NX3 and lower than Pan.

The homogeneity of sample design and the absence

of instrumental bias, which validate the analysis,

were guaranteed by the processing being done by a

skilled user.

• Because all the tests presented here were performed

in vitro, it would be interesting in the future to

evaluate the levels of polishing and fit that can be

obtained in vivo after polishing at chairside com-

paring screw-retained with cemented restorations.
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