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Ab s t r ac t​
Aim: To compare the vertical marginal discrepancy of retrievable cement/screw-retained design (RCSRD) and cement-retained (CR) implant-
supported single metal copings cemented on implant abutments.
Materials and methods: Single metal copings were fabricated for 20 4.5 × 10 mm titanium dental implants. Two groups of 10 implants each 
were randomly allocated. One group received RCSRD metal copings and the other group received CR metal copings. Both types of restorations 
were fabricated on solid abutments with 5.5 mm of diameter. The copings were cemented with resin cement. After the cementation procedure, 
cement excess was carefully removed in both groups. Inspections of coping-abutment vertical marginal discrepancy were measured using 
scanning electronic microscopy (SEM) under 800× magnification. The independent sample Student’s t test was used to detect differences 
between groups (p < 0.05).
Results: The RCSRD implant-supported metal coping group (57.80 ± 2.34 μm) showed statistically better vertical marginal discrepancy than 
the CR implant-supported metal coping group (64.40 ± 2.23 μm) (p = 0.001).
Conclusion: The RCSRD implant-supported metal copings offer less vertical marginal discrepancy than the CR copings group. This new technique 
would decrease the marginal discrepancy with less bacterial filtration and biomechanical problems.
Clinical significance: Retrievable cement/screw-retained design is another alternative technique for dental implant rehabilitation that combines 
the advantages of CR and SR prostheses. The hybrid design offers less vertical marginal discrepancy for better control of bacterial filtration and 
biomechanical problems.
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In t r o d u c t i o n​
Dental implants are an effective treatment option for partially or 
totally edentulous patients and the success is directly related to the 
osseointegration process, functional performance, and biologic 
integration of prosthetic components.1–3

Traditionally, implant-supported fixed dental prostheses 
(FDPs) are retained by either cementing them over an abutment 
or attaching them to the implant through a screw.4 Both types of 
restorations have different advantages and disadvantages.5,6 Even 
more, a pertinent literature review stated that when screw-retained 
(SR) and cement-retained (CR) prostheses were compared, survival 
rates were similar, soft/hard tissue levels and responses were 
comparable, and zirconia offered esthetic advantages for both 
prostheses.7 However, the residual cement at the implant-abutment 
interface is the principal disadvantage of the CR prosthesis and 
produce infiltration, inflammation, and implant failure.8,9 Moreover, 
a systematic review stated that comparing the two alternatives, the 
CR prosthesis has more biological and technical complications.10

In dentistry, the concept of vertical marginal discrepancy 
(VMD) is the measurement of interface between the prosthesis 
and the abutment once joined through a screw or dental cement. 
This is one of the most important key factors to attain long-term 
success of implant-supported FDP because inadequated VMD could 
cause bacterial leakage, plaque accumulation, and peri-implant 
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mucositis.11 In the literature, some authors recommended a VMD of 
less than 120 μm after copings cementation as originally suggested 
for fixed prosthesis.12 In addition, an in vitro study reported VMD 
from 63.6 μm in noncemented cast copings to 116.1 μm after cast 
copings cementation.13 However, the SR prosthesis shows always 
the best marginal discrepancy because no cement is used.14

Looking for improvements of implant-supported FDP, both 
traditional techniques were fused in a new alternative technique 
called retrievable cement/screw-retained design (RCSRD) implant-
supported prosthesis that combines the advantages of CR and SR 
prostheses.15–18 This prosthesis has an screw access hole and allows 
the use of cement (retrievable design). In addition, the RCSRD has 
two exit areas to remove excess of cement; one is the screw access 
hole and the other one the marginal interface, offering more 
control of remnant cement. Another advantages are the possibility 
to clean the remnant cement excess, to polish the abutment-
restoration interface, and could make more comfortable the 
prosthetic maintenance,19 which is ideal for periodontal patients. 
In the literature, some clinical studies reported about RCSRD.20,21 
However, the VMD has not been determined considering the 
scanning electronic microscope (SEM) that allows exploring the 
entire perimeter with high accuracy.

Hence, the objective of this in vitro study was to use SEM to 
compare the VMD of RCSRD and CR single copings after have been 
cemented with resin on implant abutments.

Mat e r ia  l s a n d​ Me t h o d s​
This in vitro study was performed at Faculty of Health Sciences of the 
Universidad Cientifica del Sur, Lima, Peru. The specimens consisted 
of 20 single copings. The sample size was determined by a pilot test 
of 10 specimens (5 specimens each) using the formula to compare 
two means with a 95% confidence level, a statistical power of 90%, 
an accuracy of 5.06 micrometers (μm), and a variance of 7.52 μm. 
According to this result and a preliminary study,14 10 specimens 
were evaluated per group.

Twenty cylindrical morse taper implants, with a diameter of 4.5 
mm and 10 mm in length (Super Line Implant; FX 4510 SW, Dentium, 
Seoul, South Korea), were connected to 20 titanium hexagonal 
abutments (AAB 1054550 HL, Dentium, Seoul, South Korea) with 
5.5 mm in diameter, 8.5 mm in length, 2 mm in collar height, and 
6° of taper. The implants were randomly divided into two groups 
(n = 10): CR and RCSRD.

Cement-retained Copings (Group CR)
The abutments were sandblasted with 110 μm of pure aluminum 
oxide particles (Duostar Z, Bego, Moscow, Russia) under a pressure 

of 0.4 MPa to create an opaque surface. The abutments were 
scanned using an extraoral scanner (Autoscan-DS200 Dental 3D 
scanner, China) to create a virtual CAD/CAM model pattern. The 
frameworks of the single prosthesis were designed using a 3-D 
shape dental software (3shape Dental Designer, 3shape A/S, 
Copenhagen, Denmark) following the program recommendations 
as follows: 0.5 mm thickness for all axial walls and 40 μm for cement 
space in all the intaglio surface, and this information was stored in 
the template library file for both groups.

The frameworks were sintered with the sintering laser selective 
machine (Concept Laser Hofmann, Lichtenfels, Germany). The 
Remanium star CL powered (Co 60.5%, Cr 28%, W 9%, Si 1.5%, other 
elements <1%: Mn, N, Nb, Fe, Dentaurum, Ispringen, Germany) was 
slightly melted with a high-temperature laser. Approximately a layer 
of 20 μm width was formed until the framework was completed. 
This procedure was performed for all the specimens. All these 
procedures were done by an expert dental technician.

Retrievable Cement/Screw-retained Design Copings 
(Group RCSRD)
A similar procedure described for group CR was followed. 
Additionally, a screw access hole was placed at the center of the 
occlusal surface using a software. The diameter of the screw access 
hole represented the screw abutment diameter (2 mm).

Metal Copings Cementation on Implant Abutments
In group CR, the abutment screws were torqued at 35 N cm using 
a torque wrench (SCB 10 IT, Dentium, Seoul, South Korea) as 
recommended by the manufacturer. Later, the abutment screw 
channels were filled with cotton pellets (Fig. 1A) and an impression 
of the internal coping surface was made with the polyvinyl siloxane 
material (Putty, Panasil, Heerfeld, Eschenburg, Germany).22 After, 
resin cement (RelyX U200 A2, 3M ESPE, Minnesota, USA) was 
applied to the axial walls of the copings and prior to light-curing, 
the prostheses were seated on the silicone abutment replicas for 
cement film reduction (Fig. 1B). Then, the copings were placed on 
the abutments using finger pressure for 10 seconds (Fig. 1C). Finally, 
light-cure was achieved using a photopolymerization lamp (Litex 
682, 3M Dentamerica INC, Pasippany, USA) with 20 seconds per 
surface at 600 mW/cm.2

The abutments of the group RCSRD were screwed on their 
analogs (Dentium, Seoul, South Korea). After, the abutment screw 
channels were filled with cotton pellets (Fig. 2A) and the copings 
were extraorally cemented on the abutments using the resin 
cement. Cement excess was removed with a N° 12 blade and the 
interface coping-abutment was polished (Universal Polishing Paste, 
Ivoclar Vivadent, Schaan, Germany) (Fig. 2B). Later, the copings 

Figs 1A to C: Representative specimen showing the procedure for CR implant-supported metal coping cementation. (A) Screw abutment channel 
filled with cotton pellets; (B) Casting set up on the silicone abutment replicas prior to light-curing; (C) Cast placement on the abutment using 
finger pressure
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cemented on the abutments were placed in the implants, the 
occlusal screws were torqued, and cotton pellets were placed in 
the screw access holes before adhesive application with disposable 
brushes (3M, Minnesota, USA). Finally, the screw access holes were 
sealed with composite resin (Filtek Z350 XT Universal Restorative, 
3M ESPE, Minnesota, USA) and were light-cured with the same 
photopolymerization lamp (Fig. 2C). All these procedures were 
done by the investigator.

Vertical Marginal Discrepancy
The specimens were stabilized on the lingual surface using a resin 
(Fig. 3A). This stabilization allowed a correct visualization of the 
interface at the vestibular surface, which was confirmed with a 
digital light microscope under 40× magnification (Model T-1050, 
Ken-A-Vision, Kansas, USA). Each specimen was marked at the center 
of the vestibular surface with a black point using a marker (Fig. 3B) in 
order to identify the first surface evaluated. After, the measurements 
were made parallel to the coping-abutment interface at three 
predetermined reference points at the mid-buccal, mid-mesial, 
and mid-distal side of each abutment. Finally, the averages of these 
three measurements were considered as the VMD value.

Then, all the specimens were measured using a SEM 
(Model Inspect S50, FEI, Oregon, USA) without any previous 
sample preparation. The images were obtained under the 
following conditions: using a secondary electron detector, 800× 
magnification, a spot at 5.0, and images scale of 100 μm (Fig. 4). 
Each specimen was randomly allocated and all measurements 
were made by an expert microscopy technician who stores the 
data in a spreadsheet.

Statistical Analysis
The analysis was performed using the SPSS 24 (SPSS Inc., Armonk, 
NY, USA) software for windows. The Shapiro–Wilk test corroborated 
the normal distribution of the data. Then, mean values of VMD for 
both groups were compared by independent sample Student’s t 
test to detect statistically significant differences between groups 
(p <​ 0.05).

Re s u lts​
Table 1 displays the descriptive statistics (mean, standard deviation, 
median, minimum, maximum, and variance) of the VMD values for 
each implant-supported prosthesis (RCSRD and CR). The highest 
VMD values were obtained in the CR group (64.40 ± 2.23 μm) 
whereas the lowest VMD values were obtained in the RCSRD 
group (57.80 ± 2.34 μm). Table 2 shows the inferential statistics. 
The independent sample t test indicated that VMD values were 
significantly different (p = 0.001) among the two groups. The RCSRD 
group (57.80 ± 2.34 μm) had significantly the lowest VMD values in 
comparison to the CR group (64.40 ± 2.23 μm), respectively.

Di s c u s s i o n​
Marginal discrepancy is a key factor for the long-term function of 
implant-supported restorations in the oral environment because it 
promotes clinical success and prosthesis durability.23 The objective 
of this in vitro study was to compare the VMD of RCSRD and CR 
single copings after have been cemented with resin on implant 
abutments.

Figs 2A to C: Representative specimen showing the procedure for RCSRD implant-supported metal coping cementation: (A) Screw abutment 
channel filled with cotton pellets; (B) Coping-abutment interface polishing; (C) Composite resin light-cured

Figs 3A and B: Representative specimens’ stabilization to evaluate the VMD: (A) Representative specimens of RCSRD and CR implant-supported 
copings; (B) Black points placement at the center vestibular surface of the specimens
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According with Holmes et al.,24 VMD is defined as the misfit 
measured parallel to the path of draw of the casting. However, 
in the literature we can find studies about absolute marginal 
discrepancy,25 marginal and internal fit,26 and vertical marginal fit,23 
for the marginal accuracy evaluation of compounds cemented or 
sitted on implants.

The results of the present study showed a statistical significant 
difference in the VMD between RCSRD (57.80 ± 2.34 μm) and CR 
(64.40 ± 2.23 μm) cast copings cemented on implant abutments. 
One study with similar methodology evaluated VMD of CR metal-
ceramic crowns on implant abutments using a stereomicroscope.14 
These authors reported a VMD of 54.4 ±  18.1 μm before 
cementation, 57.4 ± 20.2 μm after crown cementation using 
glass-ionomer cement, and 67.4 ± 15.9 μm using zinc phosphate. 
However, the images had low resolution and the limits between 
the abutment and the cast were unclear, which might interfere 
with the VMD measurement. In contrast, the present study used 
SEM to quantify the VMD and this in a recommended method for 
marginal discrepancy evaluation.27

Although no consensus has been reached on the exact level of 
discrepancy considered acceptable for implant frameworks, several 
investigations12,13 have reported that VMD values below 120 μm are 
clinically acceptable. On the other hand, some literature proposed 
VMD of 63.6 μm or less in CR implant-supported prosthesis,28 
even though mean values below 30 μm have been difficult to 
achieve clinically using conventional ceramic crowns.29

A combined retrievable technique called the RCSRD prosthesis 
was described. This prosthesis is cemented on its abutment and 

has an access hole to be screwed to an implant. This should allow 
the removal of the prosthesis outside the dental implant without 
the necessity of the crown destruction. According with the results 
of the present study, the RCSRD group showed better VMD than 
the CR group leading to less bacterial leakage and excess cement 
remaining, which could have less biological problems.

The copings were fabricated through an additive method 
called selective laser sintering (SLS), which is being increasingly 
used as a new technology in oral rehabilitation. In addition, Kim 
et al.30 compared the marginal discrepancy of metal copings 
produced with the subtractive method (milling soft metal blocks), 
the additive method (SLS), and the traditional method (lost wax and 
casting). These authors concluded that marginal discrepancy with 
additive (SLS) and subtractive methods was more accurate than the 
traditional lost wax and casting methods. Moreover, another study31 
compared the marginal discrepancy of metal-ceramic crowns using 
the SLS method and traditional Co-Cr casting and concluded similar 
values of better results using SLS.

An important consideration for marginal discrepancy evaluation 
is the finish line type of the abutment because an abutment with a 
shoulderless finish line would decrease the marginal discrepancy 
compared to an abutment with a chamfer finish line.20 For that, in 
the present study, chamber finish line abutments were used for 
easy identification in the microscopy evaluation.

According with the RCSRD fabrication, the abutment has a 
screw access hole opened on the outside.15–17,19–21 A disadvantage 
of this prosthesis is that the screw access hole could affect the 
resistance of the ceramic. Nevertheless, an in vitro study compared 

Table 1: Vertical marginal discrepancy evaluation of RCSRD and CR implant-supported single metal copings cemented on implant abutments

Implant-retained prosthesis N Unit Mean SD Median Minimum Maximum Variance
RCSRD 10 μm 57.80 2.34 57.13 54.41 61.57 5.49
CR 10 μm 64.40 2.23 64.34 59.78 67.43 5.01

RCSRD, retrievable cement/screw-retained design prosthesis; CR, cement-retained prosthesis

Table 2: Comparison of the VMD between RCSRD and CR implant-supported single metal copings cemented on implant abutments

Implant-retained prosthesis N Unit Mean SD 95% IC lower superior p value
RCSRD 10 μm 57.80 2.34 56.13 59.48 0.001*
CR 10 μm 64.40 2.23 62.80  66.00

RCSRD, retrievable cement/screw-retained design prosthesis; CR, cement-retained prosthesis
*Indicates significant difference (independent samples t test, p = 0.001)

Figs 4A and B: Representative SEM images after VMD measurement: (A) RCSRD implant-supported metal coping; (B) CR implant-supported metal 
coping
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the fracture resistance between CR and RCSRD prostheses and no 
significant differences were found in the fracture resistance.31 In 
addition, da Rocha et al.32 have reported that the screw access hole 
has no significant effect on prosthesis retention.

An important limitation of this study was to achieve the 
correct stabilization of the specimens since the prosthesis-
abutment interface had to be viewed from a strict perpendicular 
plane. However, a digital light microscope was used to verify the 
perpendicular position of the prosthetic-abutment interface before 
performing the analysis with the SEM. Another limitation was that 
the specimens were not subjected to a physiological fatigue load 
or thermocycling. However, currently there is no consensus on 
the need for thermocycling in the evaluation of in vitro studies.33

The findings of the present study suggest that the VMD in 
RCSRD implant-supported single copings might be more accurate 
than CR implant-supported single copings cemented on dental 
implants abutments. Future research with in vivo study design and 
long-term follow-up should assess clinical performance in relation 
to peri-implant health before promoting recommendation of the 
RCSRD implant-supported prosthesis.

Co n c lu s i o n​
The RCSRD implant-supported metal copings offer less VMD 
than the CR copings group. This new technique would decrease 
the marginal discrepancy with less bacterial filtration and 
biomechanical problems.
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