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ABSTRACT

Purpose: To evaluate the effect of zirconia and titanium as abutment materials on
peri-implant bone height changes and pocket depth in mandibular implant supported
over-denture. Subjects and methods: Ten completely edentulous patients were
selected from the Outpatient Clinic of the Faculty of Dental Medicine for Girls,
Al-Azhar University. Two implants were implanted in the inter-foraminal area of
mandibular ridge. Two different abutments were screwed over implants. Right abutment
was constructed of zirconia and left one was constructed of titanium. Construction of
maxillary complete denture and mandibular implant supported over-denture for all
patients was performed. Radiographic and clinical evaluation of implants has been
performed at denture insertion, 6 months, 9 months and 12 months. Results: The
previous study illustrated that titanium abutments had significantly higher values of
bone height changes and pocket depth measurements than zirconia abutments during
follow up period. Conclusion: Zirconia abutments had great superiority over titanium
abutments in preservation of peri-implant hard and soft tissues in mandibular
implant-supported over-denture within the follow up period of this study.

INTRODUCTION

New research recommended the use of removable prosthesis with
different abutments attached to dental implants or / and natural teeth.
It has been presented as a widely approved and scientifically well-
defined approach within dental field and predates the institution of
oral implantology V.

The use of implant supported over-denture with its stability,
retention and support can be considered as an excellent treatment
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modality and one of the most beneficial treatments
offered to the completely edentulous patient .

Although the advantages of implant- retained
over-denture, there is also some disadvantages
such as; its great cost and multiple sessions. It
requires surgical intervention which may restrict
this treatment modality for some compromised
patients @,

The introduction of new materials in dental
field introduces the great demand of esthetic
among population. New developments in milling
technology recommend two materials to be
chosen for construction of different abutments.
Titanium and zirconium are materials that have
been used in the fabrication of abutments which
meet the biological, mechanical and aesthetic
considerations ©.

In implant supported over-dentures, zirco-
nia abutments are used as supportive factors for
removable dentures. Their advantages are great
support of the denture, adequate holding, their
supporting function combined with superior es-
thetics, simple handling and cost effective exten-
sibility. Moreover, they might develop function
as a result of reduced retention force changeabil-
ity and they are of interest to patients who desire
an attachment with tooth like color when the den-
ture is taken away ©.

The application of computer aided design
and computer aided manufacturing (CAD/CAM)
technology system introduces the construction of
zirconia abutment with a natural emergence form
and adequate spatial outline at the cervical edge.
CAD/CAM
monitors the geometry of the abutment including

Moreover, technology optimally
the position of the abutment in accordance with
the neighboring natural teeth and the soft tissues,
therefore reducing the risk of cement remnants
being deep in the sulcus ©.

Radiographic follow up examinations can
supply evidence of alterations in bone height
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around implants over follow up period. The
Reliable comparison of subsequent radiographs
is only possible when the technique of measuring
and analysis is reproducible, thus allowing linear
and volumetric changes in bone height to be
monitored 7.

Probing of the peri-implant soft tissues either
in the absence or presence of bleeding on probing
is a substantial measurement to differentiate a
tissue status of peri-implant disease or health ®.

This study aimed to evaluate the effect of
titanium and zirconia as abutment materials on peri-
implant bone height changes and pocket depth in
the same patient in mandibular implant supported
over-denture.

SUBJECTS AND METHODS

Patient Selection

Ten patients of age ranging from 55 to 65
years were chosen from outpatient clinic of
Faculty of Dental Medicine for Girls, Al-Azhar
University. Inclusion criteria for enrollment were;
Patients had completely edentulous maxillary and
mandibular ridges with adequate inter-arch space
and normal ridge relationship. They were also
medically free from any neurologic disturbance
that might influence the neuro-muscular system
or any systemic disease that might affect bone
metabolism or delay post-operative healing.

The patients were instructed about all steps of
this study. Only enthusiastic patients who showed
co-operation collaborated in the study and an
informed consent were assigned. Approval of
REC (Research Ethic Committee) of the Faculty
of dentistry for Girls, Al-Azhar University was
obtained. (REC-PR-22-06)

Clinical examination:

Selected patients were examined intra-orally to
evaluate the mucosa covering the edentulous ridge
to verify the absence of signs of inflammation,
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ulceration and infection. Digital examination: The
width and the height of the residual ridge in the
inter-foraminal region were roughly evaluated by
palpating the ridge between the thumb and index
fingers. Laboratory investigation pre-surgical blood
analysis was carried out for all patients to avoid
any complications during surgery such as: the pro-
thrombin time, complete blood picture, glycated
Hemoglobin.

Radiographic examination:

Cone beam radiograph (Cone Beam machine
model Planmeca Paromax 3D manufacture in
Finland) was taken with a radiographic stent.
Availability of bone height and bucco-lingual width
for implant placement was detected. Bone quality
especially at the prospected implant sites was
determined; the position of mental foramen and any
bony pathological lesion and remaining root was
also detected.

Surgical procedures:

Preliminary impression was taken for lower arch
and cast was poured into stone cast. The prospective
implant sites were marked on the cast at the canine
regions of the lower arch. A metallic ball of 5 mm
diameter was adapted to the marked sites using
sticky wax. A wax template was then constructed
on the lower ridge. The template was transferred
into clear acrylic resin (Transparent cure acrylic
resin manufacture Ivoclar Vivadent AG Schaan
Lichtenstein) in the usual manner, finished, polished
and checked in the patient’s mouth.

The metal balls
radiographic stent and holes were drilled at the

were removed from the

proposed implant sites to be used as a surgical stent.
All patients received two root form, tapered screw
endosteal implants (JD evolution system, Italy) with
I1mm length and 3.2 mm diameter to be inserted
bilaterally.

The pilot drill was the first drill used at the
implant site followed by the sequential implant
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drills in order to increase diameter under copious
normal saline irrigation. Color coded 3.2 mm
diameter drills for 11.5 mm implant length was
used to prepare the final depth and alignment of
the implant site. Parallel pins were used to check
the osteotomy path. Fixture driver was used to
remove the fixture from its sterile package and to
install the fixture in the osteotomy site then the
implant was inserted into its site at first manually
into the bone then by a ratchet in a clockwise
direction until the implant platform became in
level with bone. Finally, Hex driver was used to
tighten the covering screws over the implants.

Preparation of the abutments:

For right side, titanium base (titanium base
implant system, JD Evolution system, Italy) was
reduced by a profile bur that is made of tungsten
carbide to 2 mm length, 2.2 mm platform diameter
and 0.5 chamfer finishing line. For left side,
titanium abutment (Titanium base implant system,
JD Evolution system, Italy) was reduced by 3 mm in
length, 3.2 mm platform diameter and 0.5 chamfer
finishing line. Cover screw of both implants was
unscrewed in anti-clockwise direction. Left titanium
abutment were screwed in place using screw driver
(maximum 15 Ncm) and checked for proper fit in
the implant (Fig.1.a) followed by screwing of right
titanium base. Impression with rubber base material
(Zetaplus / Oranwash L, Zhermack, Rovigo, Italy)
was done for mandibular ridge then poured with
dental stone (Dental stone manufacture hard stone,
Spain).

The mandibular cast was scanned followed
by scanning of Ti base separately (Sirona Dental
Systems GmbH, D-6425 Bensheim, Germany).
The collected data were displayed virtually on
the screen. Zirconia abutment was designed with
special software after ensuring a common path of
insertion (Sirona Dental Systems GmbH, D-6425
Bensheim, Germany). The computer numeric
control (CNC) data were transmitted to a milling
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machine (Wieland dental, ivoclar vivodent,
Zenotic select hybrid) and connected to the CAD
system to mill zirconia abutment from semi-
sintered zirconia blanks (Zenostar MO 2, Wieland
dental, ivoclar vivodent). The fit of zirconia
abutment to the Ti base was evaluated intraoral,
when it was ensured to be accurate, cementation to
Ti base was performed using glass ionomer cement

(Type I, GC, Corporation, Tokyo, Japan) (Fig.1.b).

Complete denture construction:

According to conventional steps, construction of
maxillary complete denture and mandibular implant
supported over-denture for all patients (Fig.1.c).
Finished denture was examined for retention,
stability, extension, and articulation.

Evaluation of peri-implant hard tissues:

All patients were informed for follow up
visits to evaluate marginal bone height changes
of each implant using the linear measurement
system of the software supplied by the cone beam
computed tomography (CBCT). The mean of the
peri-implant crestal bone loss was calculated by
measuring bone height mesial, distal, buccal and
lingual and divided by four to give the mean of
bone height around each implant on both sides
for each patient.
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Evaluation of pocket depth

The measurement of pocket depth was
evaluated from the deepest point of the sulcus, or
pocket to the free gingival margin. Pocket depth
was measured using metallic periodontal probe.
The probe was inserted parallel to the vertical axis
of the abutment and pocket depth was measured 6
points per the abutment on each side as follows, 3
points on buccal surface, (mesiobuccal, midbuccal
and distobuccal) and 3 points on lingual surface,
(mesiolingual, midlingual and distolingual).
All measures were approximated to the nearest
millimeter. The measures of the six areas were
summed and divided by six to give pocket depth
for each abutment on both sides.

Statistical analysis

Numerical data were introduced as mean and
standard deviation (SD). Parametric data were
analyzed using paired t-test for intergroup com-
parisons and measures ANOVA followed by Bon-
ferroni post hoc test for intragroup comparisons.
Non parametric data were statistically analyzed
using Wilcoxon signed rank test for intergroup
comparisons and Friedman’s test followed by
Wilcoxon signed rank tests with Bonferroni cor-
rection for intragroup comparisons. The signifi-
cance level was set at p<0.05. Statistical analysis
was made with R 1 analysis software version 4.1.1
for Windows.

Figure (1): a) Titanium abutment

b) Zirconia abutment

¢) Delivery of denture
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RESULTS

Bone height changes:

At baseline, both groups had a value of
(0.00+0.00). At 9, 12 months, zirconia abutment
had a significantly lesser value than titanium
abutment. (Table 1, Fig. 2)

Pocket depth:

At baseline, zirconia abutment had a lesser
value than titanium abutment yet the difference
was not statistically significant. At 6, 9 months,
zirconia abutment had a significantly lesser value
than titanium abutment. (Table 1, Fig. 2)

Table (1) Mean, Standard deviation (SD) values of
bone height change (mm) for both groups

(meanzSD)
Parameter Interval Zirconia Titanium p-value
abutment abutment
Bone height  Baseline 0.00+0.00 0.00£0.00 NA*
change (mm)
9 months  0.67+0.04 0.79+0.07 0.002**
12 months 0.81£0.03 0.95+0.08 0.002**
Pocket depth Baseline 0.14+0.38 0.43+0.53 0.172ns

(mm)

6 months 0.86+0.38 1.86+0.38 0.004**

9 months 1.43+0.53 3.00+0.58 0.002**

*: NA not analyzed
*% - significant (p < 0.05) ns; non-significant (p > 0.05)

0.5
0 mil sl

Baseline ~ 9months 12months  Baseline ~ 6months 9 months

Bone height change (mm) Pocket depth (mm)

M Zirconia abutment W Titanium abutment

Figure (2) Bar chart showing average bone height changes and
pocket depth
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DISCUSSION

This study was designed to compare the
influence of zirconia and titanium as abutment
materials on bone height changes and pocket depth
around implants in mandibular implant supported
over-denture.

This study was also designed to compare
between the impact of zirconia and titanium
abutments in the same patient and under similar
circumstances to keep the tested hypothesis
accepted and on basic performance. Moreover,
in systematic reviews and meta-analysis many
researchers made a resolution to preclude studies
in which both kinds of abutments were not
compared in the same patient .

The age of the selected patients ranged between
55 and 65 years to avoid the effect of age changes
on the condition of the oral soft tissues, residual
ridge, tone of muscles and temporo-mandibular
joint 9. Patient general hygiene was properly
evaluated to ensure that patients were free from
systemic diseases that may reversely affect the
bone or oral mucosa conditions 7.

An important regarding in construction of
mandibular supported over-denture is to assure
sufficient space for prosthetic part of the abutments
where the minimum space requirement is 10-
12 mm. So that, mounted diagnostic casts were
fabricated for evaluation of arch relationship and
the available inter-arch space for the mandibular
denture to the antagonist 2.

Titanium was chosen as abutment material in
this study as it was favorable material due to its
toughness and higher resistance to deformation.
In addition, it had shown better results promoting
titanium abutments as highly credible. However,
the major disadvantage is that their grayish
color can shine through peri-implant soft tissues
shown a dark appearance of the peri-implant oral
mucosa®.
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The
biocompatible material in restorative dental field,

introduction of zirconia as a recent

the light weight of the material,and the outstanding
progression in CAD/CAM technology were the
reasons that caused the fabrication of zirconia
abutments to support mandibular over-denture in

this study ¥,

The hybrid construction Ti-base and zirconia
abutment concept was chosen in this study as it
has the following advantages including esthetic,
reproduction of a tailored emergence profile,
retrievability, better biomechanical performance
and absence of ceramic remnants at the implant-
abutment connection level !%.

CAD/CAM technology was used in this study
CAD/
CAM technology permits the construction of

for fabrication of zirconia abutment.

cost-effective abutment with improved material
quality and high precision. New advancement in
CAD/CAM technology has caused appreciably
development in abutment manufacturing .

Cone Beam Computed Tomography (CBCT)
was chosen as proprioceptive designing of oral
implantsystem.Itprovides accurate measurements
when compared with two dimensional (2D).
Moreover, the use of CBCT for the assessment
of vertical bone height around implants has been
mentioned in several studies with improved
precision compared with conventional imaging
techniques 19,

The target of this study was also to compare
the influence of zirconia and titanium abutments
on peri-implant soft tissues. Biological measures
like pocket depth were evaluated, as low plaque
accumulation and presence of healthy supportive
periodontal tissues is an important factor in
survival of dental implants 7.

In comparison between peri-implant bone
height changes in both abutments, zirconia
abutments had distinction in term of protection of
peri-implant bone height. This is in accordance
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with a previous evidence-based research, which
was assessed the impact of both materials on
the stability of peri-implant bone. It was stated
that zirconia is a more preferred material to
bone stability than titanium 9. This is also in
agreement with study explained that higher
modulus for abutment material allowed for
a more uniform stress distribution within the
implant, thus providing a more effective and
reliable load applied to the dental implant. This
could clarify why zirconia could redistribute
the stresses more widely to the fixture of dental
implant when compared to other materials ¥,
Moreover, this was in agreement with another
study explained that the minimal reduction in
bone height with zirconia abutment may be
caused by the variation in surface energy of
zirconia and titanium materials. Because zirconia
has less surface energy, it appeared lower plaque
collection compared with titanium 1,

In comparison between the influence of
zirconia and titanium abutments on peri-implant
pocket depth, zirconia had sublimity in improving
soft tissue parameters. This is in agreement with
the study that showed significantly lower pocket
depth around zirconia abutments compared to
titanium ones. This is due to highly polished and
smooth zirconia surfaces which can supply better
adhesion for epithelial cells to abutment surface
and reduce accumulation of plaque leading to

reduction in pocket depth parameters “?.

On the opposite side, this result was in conflict
with the study stated that the effect of titanium
and zirconia materials on soft tissue parameters
was indifferent. It was stated that soft tissues
were not influenced by the material of abutment.
It appears that there are more substantial factors
such as the absence/ presence of attached mucosa,
3D location of the implant and individual oral
hygiene measures which mainly affect the risk for
accumulation of microorganisms @V,
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CONCLUSION

From this study, it could be concluded that
zirconia abutments had great superiority over
titanium abutments in keeping peri-implants soft
and hard tissues healthy in mandibular implant
supported over-denture within the follow up
period.

RECOMMENDATIONS

The use of zirconia abutments to support
mandibular implant over-denture have been
established to be effective in order to fulfill
main requirements of support and esthetics.
More studies should be carried out and analyzed

longitudinally  concerning their biological
response.
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