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T
he ideal dental cement 
should possess sever-
al characteristics. It 
should be non-irritat-
ing to the dental tis-
sues, possess a low film 
thickness, be insoluble 

in oral f luids, have the ability to close 
gaps that are present at the margins of 
restorations, be simple to use, be easy to 
clean up, possess good adhesion to a va-
riety of dental materials, be identifiable 
on a radiograph (radiopaque) and pro-
vide sustained results over a prolonged 
period of time.1 While many current 
cements offer an array of different 
benefits, many come with substantial 

limitations or negative characteristics 
that prohibit them from being  
classified as the “perfect” dental  
cement. 

Background on Dental Cements
Dental cements can be divided into six 
primary groups with a seventh addition-
al group that will be discussed in this 
article: 
1) Zinc Phosphate Cement
2) Polycarboxylate Cement
3) Glass Ionomer Luting Cement
4) �Polyacid-Modified Composite  

Cement
5) �Resin-Modified Glass Ionomer 

Cement

6) Resin-Based Cement
7) �Bioceramic Luting Cement (Newest 

Addition to Cement Choices)

Zinc Phosphate Cement
This cement has a long track record in 
dentistry with well over one century of 
use. Zinc Phosphate is relatively inex-
pensive, easy to mix and clean up and is 
radiopaque. Unfortunately those benefits 
are overshadowed by several glaring 
shortcomings that include a very low 
pH, relatively low bond to tooth struc-
ture and solubility in oral fluids. The 
biggest issue with this cement is the fact 
that it routinely induces a pulpitis due to 
its irritating nature. This often results 
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Opaque cement is visible post  
cementation

Final lithium disilicate crown for tooth 12 
displayed on working model

Cement removal verified

Verification radiograph of abutment in 
place

Implant retained provisional crown in 
place

Occluding screw hole of custom zirconia 
abutment in position
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in prolonged sensitivity to temperature 
changes.2

Polycarboxylate Cement
Polycarboxylate cement has a number 
of benefits that include that it does not 
routinely induce a pulpitis and it has 
relatively strong bonds to tooth struc-
ture. The biggest issues with Polycar-
boxylate cements are that they can be 
quite difficult to clean up and undergo a 
relatively fast viscosity change following 
mixing. This makes them fairly difficult 
to control and manipulate.2 

Glass Ionomer Luting Cement
These cements have many positive 
characteristics that make them relatively 
desirable in the dental marketplace. One 
of the greatest advantages is f luoride 
release. Glass ionomer cements also 
possess good adhesion to both enamel 
and dentin and form relatively strong 
bonds. These benefits are offset by 
several substantial limitations that 

include the fact that glass ionomers can 
take up water during setting, changing 
the physical characteristics. Due to their 
acidic nature, they can also be irritat-
ing to pulpal tissues. This may lead to 
pulpitis following cementation. 

Polyacid-Modified Composite  
Cement
This group has some distinct advantages 
over other types of cements that include 
relatively high bond strengths to tooth 
structure and relatively low solubility in 
oral fluids. Unfortunately they undergo hy-
groscopic expansion and lose bond strength 
over a fairly short period of time.3

Resin-Modified Glass Ionomer  
Cement
Resin-modified glass ionomer cements 
have been used in dentistry for several 
decades and possess several advantages. 
These cements are simple to mix and 
clean up, are relatively stable over a long 
period of time, possess some potential 

for f luoride release and generally have 
favorable handling characteristics.4  

On the other hand, they are acidic in 
nature with the potential of inducing 
a pulpitis and are moisture sensitive 
due to their hydrophilic nature. These 
negative properties detract from their 
potential to be the “perfect” dental 
cement. 

Resin-Based Cement
This fairly large group of cements can 
be either auto curing or cured exclu-
sively with a dental curing light. They 
come in a variety of different configura-
tions that include self-etching versions 
or cements that require the use of a 
separate adhesive system to maximize 
results. The adhesive bonds established 
with the self-etching versions tend to 
be lower than those established with 
systems utilizing separate etching and 
bonding.5 Resin based cements have 
several major advantages over other 
groups of cements: high bond strengths 
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Copy abutment fabrication

Verification radiograph showing no  
residual cement

Final crown loaded with Ceramir  
bioactive cement

Clinical photo of final crown

Excess cement displacement after  
seating on copy abutment

Delivery instrumentation
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to tooth structure, relative insolubility 
in oral f luids and when used correctly 
they generally do not irritate pulpal 
tissue. They are the ideal cement when 
bonding relatively low strength dental 
ceramics. However, these cements are 
also the most technique sensitive of all 
types of cement. Bond strength can be 
dramatically affected if proper tech-
nique is not utilized or contamination 
occurs during bonding. Additionally, 
many of these cements require multiple 
steps and can be quite difficult to clean 
up after complete curing. While many 
resin cements are radiopaque,6 some are 
not, making them difficult to identify 
on radiographs. 

Bioceramic Luting Cement
This category encompasses the most 
recent developments in cement technol-
ogy. Currently, there is only one com-
mercial product available in this class 
and it is rapidly gaining traction - Ce-

ramir C&B® bioceramic luting cement 
from Doxa Corporation. The cement 
is a water-based hybrid composition of 
calcium aluminate and glass ionomer 
components. While the mechanism of 
cement setting is similar to that of con-
ventional GICs, the presence of calcium 
aluminate provides some very unique 
properties.7 The balance of the article 
will discuss the benefits and character-
istics of this cement class. 

Dental Tissue Compatibility 
When parameters like pulpal in-
f lammation, gingival response and 
cytotoxicity were examined; Ceramir 
demonstrated little to negligible 
negative responses from adjacent 
dental tissues. These reactions are in 
stark contrast to the known response 
parameters expected with acid and 
resin based conventional cements.The 
characteristic of being non-irritating to 
tissue makes this cement very suitable 

for use when interfaces include close 
proximity to pulpal borders, as well 
those that encroach on or extend below 
the gingival margin.8,9 In particu-
lar, this is very advantageous when 
delivering cement retained implant 
supported restorations. The sequelae 
related to undetected cement extrusion 
around implants are well documented. 
While best practices in removal of 
extruded cement are always recom-
mended, inevitably there are detection 
challenges specific to clinical practice. 
These include subgingivally extended 
margins, obscured buccal and lingual 
interfaces on radiographs, etc. In the 
event that small particles of cement are 
left behind, the most tissue friendly 
cement would be the best choice. Fig-

ures 1a and 1b show a posterior cement 
retained implant crown that was just 
cemented with Ceramir Bioceramic 
Luting Cement. The radiopacity of the 
residual cement is clearly evident on 
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Table 2 – Retention of zirconia crown comparison

Table 3 – Comparative shear bond strength measurements across a variety of substrates

the distal aspect of the restoration upon 
inspection of a verification radiograph. 
The second radiograph verifies the re-
moval of all residual cement. Figure 2a 
shows an anterior implant case in prog-
ress with a provisional implant borne 
restoration in place for the upper right 
lateral incisor. The proposed final res-
toration back from the lab is presented 
on the working model (Fig. 2b). Figure 

3a shows the verification radiograph of 

the custom abutment torqued into place 
and figure 3b shows the clinical image 
of the zirconia abutment in the process 
of screw access closure. Figures 4a, 4b 
and 4c show the three-step process of 
fabricating a provisional PVS abutment 
copy, loading of the final crown with 
Ceramir and delivering the crown to 
the copied abutment for cement man-
agement. This strategy for cement ex-
trusion and clean up extra-orally is one 

of the predictable methods employed by 
practitioners to mitigate the incidenc-
es of excess cement extrusion. After 
primary cement clean up, the crown 
is then transferred to the abutment in 
place in the mouth with the slight-
est amount of residual cement easily 
cleaned prior to complete set. Images 
5a and 5b show the final radiographic 
image and clinical photo of the final 
crown in place.

Table 1 – Comparative retention values of a variety of cements

Cement	 Retention (gold crown) kg/force

MaxCem (Kerr)	 15.9 ± 9.3

Ketac Cem	 26.6 ± 4.4

Zinc phosphate	 13.9 ± 4.5

Ceramir C&B	 38.6 ± 8.5

RelyX Unicem	 39.8 ± 15.3

Cement	 Retention (gold crown) kg/force

RelyX Unicem	 27.8 ± 11.3

Ceramir C&B	 32.6 ± 6.7

Shear Bond Strength (SBS)	 Ceramir® C&B (MPa)	 Ketac Cem (MPa)
5 d – 2 MPa (in all tests)

Dentine	 11.0	 4.7

Enamel	 8.4	 8.4

Gold	 10.2	 2.8

Aluminium oxide	 7.5	 6.6

Zirconium dioxide	 8.2	 3.7
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Low Film Thickness 
The film thickness of Ceramir has been 
measured at around 16 microns. This 
facilitates the complete seating of all 
restorations without difficulty, includ-
ing those with more parallel retention 
profiles. Flow characteristics not only 
allow for cement displacement upon 
reasonable seating pressure but also 
support easy wetting of intaglio surfaces 
when the cement is loaded. Fortunately, 
the f luid behavior of Ceramir does not 
prohibit the practitioner from inverting a 
loaded restoration. This relative viscosity 
prevents cement from dripping out of a 
restoration during handling.

Handling and Use
Ceramir is delivered through activation, 
trituration and extrusion instrumenta-
tion similar to that of conventional GIC 
capsules (Fig. 6). Doxa is in the process 
of updating the mechanics of this de-
livery with the goal of also providing an 
auto-mix formulation for convenience. 
Another attractive characteristic of 
this bioceramic cement is the working 
and setting time. After activation and 
trituration, a slightly longer working 
time is afforded to the practitioner 
when compared to other luting cements. 
This greatly reduces the possibility of 
premature set or rushed delivery. As 
soon as the restoration is subjected to the 
warmth of the oral cavity, the gel time is 
accelerated and the ideal cement removal 
window is not delayed. Clean up is ac-
complished very easily compared to resin 
based cements where cement removal 
can prove challenging at times.

Mechanical and Physical  
Characteristics 
Bioceramic cements have indications for 
use across all metal and ceramo-metal 
indirect restorations, metallic posts, 
inlays and onlays, monolithic zirco-
nia restorations, zirconia and alumina 
framework based ceramics and lithium 
disilicate restorations. Because of this 

wide spectrum of applications, it is 
noteworthy that the retentive quality 
is measured to be on par with or better 
than conventional alternatives. Tables 

1, 2 and 3 show relative retention and 
adhesion values across several substrates 
including tooth structure when com-
pared to other conventional cement 
options.10,11 Ceramir reports a 24-hour 
compressive strength of 160 MPa with 
progressive escalation to 210 MPa after 
90 days. Modulus of elasticity is report-
ed at 4.7 GPa and radiopacity is reported 
at 1.5 mmAl.

Bioactivity and Behavior 
Considering all of the benefits listed to 
this point related to “ideal” bioceramic 
cements, perhaps the most critical factor 
is in fact the possibility of bioactivity 
and any derived benefits. The first of 
these critical factors is pH. Reduced 
pH is linked to both pulpal sensitivity 
as well as bacterial related cariogenic 
activity. Ceramir reaches a basic pH of 
approximately 8.5 within a few hours 
of placement, which is maintained 
throughout service.7 This basic pH can 
create a cariostatic environment for the 
life of the restoration. 

Another critical factor is apatite for-
mation and remineralization. Initial f lu-
oride release in Ceramir is comparable 
to that of GICs and similarly decreases 
over time. However, incorporation of 
Calcium Aluminate and the abundance 
of Ca 2+ ions allows for continued 
apatite formation and bioactivity. In 
fact, a recent laboratory study suggests 
the possibility of marginal interface and 
marginal gap closure (i.e. restoration 
margins) via surface apatite forming bio-
active cements. This phenomenon was 
not evident with conventional acid based 
resin cements.12 In essence, the potential 
ability of a bioceramic cement to shrink 
or occlude the restorative marginal gap 
is now supported and should have a 
significant impact on the conventional 
approach to restorative delivery.

Conclusion
Dental cements have evolved signifi-
cantly over the years. Several reliable 
cement classes have overcome the 
challenges of retention quite predictably. 
Practitioners seem to choose cements 
based on a number of factors, which 
typically include retention requirements 
(based on preparation design and restor-
ative material being cemented), ease of 
use and esthetic considerations. 

An evolving consideration is that of 
“bio-activity and bio-compatibility”. 
This trend is mirrored and further 
developed in the direct restorative arena. 
It is the opinion of the authors that this 
same trend will continue to develop 
in the category of luting cements and 
should be a consideration when cements 
are selected. This will improve clinical 
outcomes, restorative longevity and 
patient health. 
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