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Aim: To evaluate the retention of an endodontic titanium post 
with a spherical head for removable partial denture or overdenture 
attachment according to surface treatment type. Methods: Sixty 
healthy single-rooted teeth, sectioned at the enamel/cementum 
junction, were treated endodontically and steadily fixed in the 
embedding acrylic resin. The titanium posts were subdivided into 
four groups: control, no surface treatment (Ctrl); posts with macro-
retentive grooves (MR); air abrasion of the post surface (AB); and 
posts with macro-retentive grooves and air abrasion of the post 
surface (MR+AB). The posts were luted in the root canal using 
self-adhesive dual resin cement. Pull-out testing was performed 
using a universal testing machine until complete detachment was 
achieved. After pull-out testing, the metallic posts were examined 
under an optical microscope and the failures were classified 
based on the cement distribution pattern on the extracted posts: 
0, no cement left on the post (cement/post failure); 1, post 
surface partially covered by adhered cement (post/cement and 
dentin/cement mixed failure); 2, post surface completely covered 
by cement (dentin/cement failure). The retention data were 
analyzed by one-way ANOVA, Bonferroni–Dunn test (p<0.05) 
and Weibull analysis. Results: AB showed the highest retention 
value (485.37±68.36), followed by MR+AB (355.80±118.47), MR 
(224.63±42.54) and Ctrl (113.12 ± 51.32). AB and MR showed 
the highest Weibull moduli. Conclusions: The data indicated 
that air abrasion alone could significantly increase the retention 
of titanium posts/attachments for use with overdentures or 
removable partial denture.
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Introduction

The classic tooth-supported overdenture consists of a complete denture anchored 
by single attachments to two or more natural teeth that act as bearing and retention 
points. The attachment, cemented in the root canals, can be used for retention of 
overdentures or removable partial dentures (RPD). Rehabilitation therapy with these 
anchorage methods could increase retention and stability compared to conventional 
RPDs (retained by clasps)1,2, and have aesthetic advantages due to the absence of any 
visible metallic clasps. This procedure is a simple, economic and conservative solu-
tion, which retains the principles and advantages of classic overdentures1,2.

The choice and cementation of posts in root canals are important considerations for 
the tooth-supported overdenture. Clinically, at least two options are available, i.e. pre-
fabricated or cast posts. Although prefabricated posts present limitations of inade-
quate intraradicular morphology and reduced post space, they also have a number 
of advantages, including low cost, removal of less dentin (thus reducing the risk of 
root fracture) and a rapid clinical procedure3. Titanium is the metal of choice as it has 
excellent biocompatibility, good cement adhesion and high resistance to wear4.

Post retention depends on the morphology, size and surface texture of the posts5. In 
particular, parallel posts are more retentive than tapered posts, but they require more 
extensive and specific root canal preparation. While a longer post length ensures bet-
ter retention, its diameter has little influence on the retention force5.

Moreover, it has been reported that retention is greater for threaded than smooth 
posts5-10. Therefore, dentists should be aware of the risk of debonding of these posts, 
manifested as adhesive failure between intraradicular dentin, cement and/or post. 
Historically, the gold standard for cementing posts was zinc oxyphosphate followed 
by glass ionomer cements. After the introduction of composite resin, it became pos-
sible to increase adhesion and retentive forces, to reduce solubility and minimise the 
risk of microfractures11-19. The best results have been obtained by using adhesive sys-
tems associated with resin cements. The clinical success of resin cements is due to 
the mechanical properties of these materials, such as high flexural strength, compres-
sion strength,  and elastic modulus, and adhesion to dental tissues20,21.

Both post/cement and dentin/cement interfaces are critical for the cementation of 
posts, especially when the post surface is smooth. In this case, retention can be 
increased by surface treatment of the post. Most studies have evaluated the retention 
or adhesive strength of fibre posts; there have been few studies regarding cementa-
tion techniques and surface treatment of metallic posts. 

Therefore, this study was performed to evaluate the retention (pull-out) and interfacial 
adhesive failure of intraradicular posts with a spherical attachment (Pivot Block; Rhein83, 
Bologna, Italy) and cemented with a self-adhesive resin cement, according to different sur-
face treatments; the reliability of the treatments was also assessed. The null hypothesis 
was that there would be no difference in retention between the groups (α = 0.05)

Materials and methods
All described procedures comply with the Internal Ethical Committee guidelines, approved 
on 17/02/2016 (University Hospital “P. Giaccone” of Palermo, approval no. 2/2016). Sixty 
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healthy single-rooted human upper incisors and lower premolars, extracted for periodon-
tal or orthodontic reasons, were selected according to the following inclusion criteria: 
monoradicular teeth without caries and without endodontic treatment; absence of frac-
tures; radicular length of at least 12 mm; and radicular canal diameter inferior to the post 
size. After removing the residual soft and hard tissues using an ultrasonic scaler, the teeth 
were stored in 0.5% chloramine for 3 days, immersed in distilled water at 4°C for 2 days to 
prevent dehydration22, and then maintained in 0.02% thymol solution.

The teeth were sectioned using diamond burs at the cervical level of the enamel/
cementum junction (ECJ). Mechanical chemical preparation of the radicular canal was 
performed using 10-15 Proglider hand instruments (Dentsply Maillefer, Ballaigues, 
Switzerland) and 2.5% sodium hypochlorite. The post space was then standardised to 
a size of 10 mm using a customised drill (Mooser, A01MOG; Rhein 83, Bologna, Italy). 

Macro-retentions were performed on the external surface of the roots by using a dia-
mond bur (881.141.014; Komet Dental, Lemgo, Germany) attached to a high-speed 
handpiece, to enhance retention in resin material for the retention test. The teeth were 
embedded in resin cylinders (Tecnovit 4071, Heraeus Kulzer, Hanau, Germany) using a 
friction-grip mounting pin inserted in the root canal, then the pin head, along with the 
connected dental root, was mounted in a poly-vinylsiloxane cylindrical jig. The jig was 
securely placed in the PTFE mould until polymerization of the liquid resin around the 
root was reached. The goal was to maintain the axis of the root canal, then the axis of 
the luted titanium post, aligned with the direction of the pulling force, that actually was 
coaxial to the resin cylinder (Fig. 1) The Pivot Block posts were divided into four groups 
according to surface treatment (Fig. 2): control posts without surface treatment (Ctrl); 
posts with semi-circular macro-retentive grooves 0.4 mm deep made using a diamond 
bur (diameter, 0.8 mm, 835.107.008; Komet Dental) at 3, 5 and 7 mm from the coronal 
portion of the post (MR); air abrasion of the post surface with alumina (Al2O3) particles 
50 μm in diameter, 2.8 bar at a distance of 10 mm (International Dental Supply, Savona, 
Italy) (AB); macro-retentive features associated with air abrasion of the post surface 
with Al2O3 particles (same procedures as in the MR and AB groups) (MR+AB). 

Figure 1. Specimen prepared for to pull out test. It is clearly visible the slot-type engagement system to the 
ball-attchment sphere. The force is coaxially directed to both titanium post and embedding resin cylinder.
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CTRL MR AB MR+AB

Figure 2. Representative image of the study groups. CTRL: control group, surface without treatment; MR: 
surface with macro retentions; AB: air-abraded surface; MR+AB macro retentions + air-abraded surface.

All posts were cemented using RelyX Unicem Automix (3M ESPE, St. Paul, MN, USA), 
a self-adhesive dual resin cement, and photoactivated for 20 × 2 s on opposite sur-
faces, following the manufacture instructions. An alphanumeric code with the letter of 
the group and the number of the specimen was written on the resin cylinder.

The pull-out test was performed by attaching the post/root/resin assembly to the 
fixed axis of an universal testing machine (Instron 4301; Instron, Norwood, MA, USA) 
and and a flexible clamp, connected to the machine traverse, was engaged in the 
ball-attachment of the post through a slot-type engagement (Fig. 2).

The specimens were tested at a crosshead speed of 0.5 mm/min until post detach-
ment and the maximum force (N) was recorded (Fig. 1). 

The data were analyzed for normality of distribution using the Kolmogorov–Smirnov 
test. As the data were normally distributed, one-way analysis of variance (ANOVA) 
was performed to determine differences in pull-out force measurements. In the 
case of significant differences, pairwise comparisons were performed using the 
Bonferroni–Dunn test. In all analyses, p<0.05 was taken to indicate statistical sig-
nificance. Data analysis was performed using StatView software (ver. 5.0.1; SAS 
Institute, Cary, NC, USA). Weibull analysis was also performed: m (Weibull modu-
lus) represents the reliability of the pull-out values expressing the variation in the 
retention data, and the size distribution of the flaw population within a structure; 
σ0 (characteristic strength), indicates the retention value at which 63.2% of the 
specimens survived.

After pull-out testing, the metallic posts were examined under an optical microscope 
(×10) and the failures were classified into six categories (areas), i.e. apical, middle 
and cervical for both sides of the post, indicated by colouring half of the ball attach-
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ment with a marking pen. For each of the six areas, a value was recorded according 
to the presence of cement on the post surface, as follows: 0, metallic surface of the 
post completely polished (principally cement/post failure); 1, metallic surface of the 
post with visible cement (post/cement and dentin/cement mixed failure); 2, metallic 
surface completely covered with cement (principally dentin/cement failure). For each 
group, the failure distribution is described by percentages.

Results
Statistical analyses by one-way ANOVA and the Bonferroni–Dunn test showed that 
all groups were significantly different from each other when compared (Table 1, 
p≤0.0002). The highest mean values (N) were found for AB (485.37 ± 68.36), followed 
by MR+AB (355.80 ± 118.47), MR (224.63 ± 42.54) and Ctrl (113.12 ± 51.32) (Table 1). 
Two roots (one in the AB group and one in the MR+AB group) fractured during the test 
and were excluded from the analysis. 

Table 1. Means (Newtons), standard deviations (SD) values of pull out test and Bonferroni/Dunn test; 
Significance: alphα = 0.05. All the groups were significantly different from each other.

Groups Mean ± SD*
Bonferroni/Dunn test

Mean Diff. Crit. Diff P-value Significance

Control 113.12 ± 51.32 D CTRL-MR -111.513 75.552 .0002 Y

MR 224.63 ±42.54 C CTRL-AB -372.258 76.890 <.0001 Y

AB 485.37 ±68.36 A CTRL-MR+AB -242.758 76.890 <.0001 Y

MR + AB 355.88 ±118.47 B MR-AB -260.745 76.890 <.0001 Y

MR-MR+AB -131.245 76.890 <.0001 Y

AB-MR+AB 129.500 78.204 <.0001 Y

*Different uppercase letters indicate a statistical difference between groups

The Weibull moduli of MR and AB were the highest, while the characteristic strength 
was highest for AB and MR+AB (Table 2). 

Table 2. Weibull analysis of the pull out values.

Groupsa
Weibull Analysisb

m CI α0 CI

Control 2.25 1.29 – 3.14BC 128.16 95.87 – 171.16c

MR 6.2 3.57 – 8.65A 242.72 218.45 – 269.59b

AB 7.9 4.55 – 11A 510.67 470.1 – 554.59a

MR + AB 2.95 1.66 – 4.15C 406.17 322.44 – 511.98a
aMR: macro retentions; AB: air-abrasion; MR + AB: macro retentions + air-abrasion.
bWeibull analysis for pull out values: (α0) characteristic resistance in MPa, and m = Weibull modulus (95% 
confidence intervals [CI]). Lowercase letters were used for α0 values and capital letters for m values.
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Figure 3 shows the failure distributions after stereomicroscope observation (X10) of 
the post surface, following the codification described in figure 4.
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Figure 3. Failure distribution: 90 portions of the control and MR groups, 84 portions of the AB and MR+AB 
groups were analyzed. 

A B C

A: Code 0 = metallic surface of the post completely polished (principally cement/post failure)
B: Code 1 = metallic surface of the post with visible cement (post/cement and dentin/cement mixed failure)
C: Code 2 = metallic surface completely covered with cement (principally dentin/cement failure).
Figure 4. Some representative images of the types of failures.

Discussion
This study was performed to evaluate the retention of spherical attachment titanium 
posts to dentin and the types of adhesive failure. The null hypothesis, i.e. that there 
would be no difference in retention value among groups, was rejected because the AB 
group showed higher values than the other groups. 
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The success of intraradicular posts depends on the presence of sufficient adhesive 
force at the dentin/cement and post/cement interfaces. Resin cements show bet-
ter performance than other types of cement, but their use is technique-sensitive and 
requires adequate skill. Therefore, self-adhesive resin cements have been introduced 
to simplify the clinical procedures and reduce the operation time23. Although the ini-
tial pH of composites is approximately 2 (pH of RelyX Unicem < 2 in the first min-
ute), no demineralisation of the dentin or hybrid layer formation has been reported24. 
Monomers show multiple mechanisms of action on dentin; for example, 10-MDP 
(10-Methacryloyloxydecyl dihydrogen phosphate) widely used in dental cements and 
adhesives creates nanolayer precipitates that are responsible for the stability and 
adhesive strength. The infiltration of dentin could be hindered by the high viscosity of 
the cement. The polymerisation reaction gives rise to the formation of molecules with 
high molecular weight, while the acid–base reaction with hydroxyapatite increases 
the pH up to 725,26.

Acid neutralisation occurs due to the bond between phosphate and alkaline groups 
present in the fillers and hydroxyapatite crystals. This reaction produces water, which 
renders the cement more hydrophilic and better able to moisten the dentin. Water is 
fundamental in this adhesive system, as it facilitates the release of hydrogen ions that 
interact with the hydroxyapatite27. The bond between resin cement and the titanium 
surface is based on two factors: chemical adhesion and micromechanical retention28. 
Three types of pre-treatment on the titanium surface have been shown to increase 
this bond: promoters of chemical adhesion, promoters of micromechanical retention, 
and promoters of chemical and micromechanical adhesion. 

Specific primers for metals (MEPS, 4-META and later MDP), which react with the 
oxides present on the surface of titanium, have been used to improve chemical adhe-
sion29. As alternatives, bifunctional silanes chemically bound to both the resin matrix 
and the metal have been employed30.

However, there have been few studies regarding chemical treatment of intraradicular 
posts. The most common method used for post preparation is air abrasion with Al2O3 
particles (30 μm, 50 μm, 110 μm, 250 μm) to promote micromechanical retention. This 
treatment increases the adhesive area, decreases the surface tension and increases 
wettability of the surface31,32. Schneider et al. reported that there was no statistically 
significant difference in retention between cementing posts with dual resin cements 
at 10 minutes versus 24 hours after air abrasion33. This could be due to the ability of 
the oxide layer to self-limit, acting as a barrier to the reaction between titanium and 
the environment.

Schmage et al. reported no difference between cementing posts with resin cements 
and applying air abrasion to their surfaces versus cementing posts with zinc phos-
phate cement34.

A combination of chemical and micromechanical effects was obtained by air abrasion 
of the post surface with Al2O3 particles coated with silica (SiO2 tribochemical treat-
ment); the particles hit the surface with high energy and develop temperature peaks 
that melt and deposit silica on the surface, rendering the surface rich in silica so that 
it reacts with the adhesive materials (silane and resin cements)35. However, a positive 
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effect on retention is not achieved by all resin cements because they contain different 
adhesives, e.g. 10-MDP shows reduced bonding on silica surfaces, whereas silanes 
promote adhesion34.

Contrasting results have been found in relation to Al2O3 particle dimensions. In some 
studies, higher retention values were achieved using small air abrasion particles com-
pared to larger particles, while other studies showed the opposite result36,37. Larger 
particles likely lead to a rougher titanium surface, thereby increasing the contact area 
with the cement. 

On the other hand, when air abrasion is associated with silanisation, differences in 
retention due to the different sizes of the air abrasion particles become less signif-
icant38. In a similar study, Nergiz et al. showed that air-abraded titanium posts with 
macro-retentions on the surface had higher retention values compared to the Ctrl 
group, although these posts were cemented with zinc phosphate cement39. Further-
more, groups wherein air abrasion was associated with macro-retentions showed a 
threefold greater mean retention value. 

Few studies similar to ours have been reported in the literature and the tested treat-
ments often require more complex or expensive procedures; more generally, the 
tested specimens were typically titanium plates rather than titanium posts38,40.

Regarding the Weibull analysis, AB and MR showed the highest Weibull modulus 
(m), indicating that the retention of titanium posts treated with air abrasion or mac-
ro-retention had higher reliability than the other treatments. However, in relation to 
the failure distribution data, MR showed a high percentage of cement/post failures 
with weaker adhesion at this interface than the dentin/cement interface, unlike the 
AB group. With regard to characteristic strength (σ0), AB and MR+AB showed the 
highest values, possibly because these treatments promoted major topographic 
changes (chemical and mechanical) on the titanium post surface and consequently 
produced a greater interaction with the resin cement. The failure distribution data 
confirmed this, as both groups (AB and MR+AB) showed a higher percentage of 
mixed failures.

The MR+AB group showed a mean retention value threefold greater than the 
Ctrl group, while the AB group had a mean value fourfold greater than the Ctrl 
group. Comparison of our results with those of Nergiz et al. indicated differences 
between the air abrasion and air abrasion with macro-retention groups39. In the 
present study, the cement may not have been able to penetrate sufficiently into 
the macro-retentions of the posts, generating defects at the post/dentin interface 
or due to greater cement thickness. It will be necessary to evaluate the differences 
in dentin/cement interactions according to failure mode; nevertheless, even with 
detailed failure analysis, it is difficult to precisely determine which of the two inter-
faces failed first.

The macro-retentions likely increased retention by strengthening the shear forces on 
the post/cement interface. However, a completely air-abraded post surface allows 
better retention at the cement/dentin interface and the presence of macro-retentions 
is insignificant because they may not overcome the retention threshold at the cement/
dentin interface. 
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In conclusion the results of the present study suggested that retention of the Rhein 83 pre-
formed titanium post can be improved by surface pre-treatment prior to cementing with 
self-adhesive resin cement. These procedures are recommended because the untreated 
smooth surface does not provide satisfactory results and there is a high risk of detach-
ment. The results suggested that the posts should be air-abraded during the manufac-
turing stage to ensure a standardised surface treatment and reduce the operation time. 
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