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ABSTRACT
Aim The aim of the present study was to evaluate the stability
and osseointegration of zirconia dental implants modified by
femtosecond laser vs. zirconia implants with sandblasted surface.
Materials and methods A total of 48 dental implants were
used in this study. After the extraction of premolars (P2, P3, P4)
and molars (M1), and 2-months healing period, implants were
randomly inserted in both sides of the lower jaw of 6 American
Foxhound dogs: 16 zirconia implants with sandblasted surface
on endosseous portion (Control Group), 16 zirconia implants
with sandblasting and laser modification of the endosseous
neck portion only (Test Group A), and 16 zirconia implants with
sandblasting and laser modification over the whole endosseous
portion (Test Group B). Stability was evaluated by Periotest, while
osseointegration was evaluated by Bone-to-implant contact (BIC)
assessed by histomorphometry at 1 and 3 months after surgery.
Results All implants were stable; Periotest® values (PTV) for
Control Group were -5.75 ± 0.22; for Group A -6.125 ± 0.26 and
for Group B -7.625 ± 0.27. BIC was greater for group B implants at
both 1 and 3 months. No differences between the Control Group
and Group A over the examined time periods were detected.
Conclusion The present results suggested that the surface
treatment of zirconium implants by femtosecond laser increases
implant stability and bone to implant contact.
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Introduction
Nowadays, the use and behavior of titanium implants
have extensively been studied over long periods (13). Titanium is regarded as the ‘gold standard’ among
contemporary dental implant materials. Different
studies postulated the high success and survival rates
of titanium implants in many different applications (45). However, several complications and disadvantages,
such as sensitivity to titanium and its alloys, allergic
reactions (6-8), gingival recession around abutments in
the esthetic zone and their associated complications (9)
have also been reported.
Recently, the use of zirconia implants has been proposed
as an alternative to titanium. Ceramics are known for
their excellent biocompatibility and high resistance
to wear and they are widely used in many clinical
applications (10). Recent advances in the development
of high mechanical strength ceramics have made them
attractive as new materials for dental implants. Yttria
partially stabilized tetragonal zirconia offers several
advantages due to its flexural strength and high
resistance to fracture (11).
Zirconia implants have shown excellent bone response,
minimal inflammatory reactions in the vicinity of their
surface, biocompatibility, excellent esthetic properties,
low bacterial and pathogen adhesion, high fracture
resistance and high compression resistance (12-18).
Histologically, zirconia supports good response of
connective tissue and bone as well as excellent
osseointegration as observed in animal studies (19).
In order to improve initial stability and osseointegration,
zirconia implants have been treated with different
chemical and pharmacological surface modifications
which include: covering with a layer of CaP, sand-blasting
or impregnation with collagen type I and biphosphonate
solutions (20), sand-blasting in combination with acid
etching (21), incorporation of CaP nanocristals (22-23),
sand-blasting with the addition of micro and macro-
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retentive areas to the apical portion(24), acid etching
with hydrofluoric acid (25), covering with a layer of
calcium-liberating titanium oxide (26), sand-blasting
in combination with acid etching and alkaline etching
(27), covering with zirconia by means of chemical
electrodeposition plus a covering of glycine (28).
Recently femtosecond laser microstructuring have
been proposed to modify the surface of zirconia dental
implants by the following benefits: increases the
roughness of the surface without increase the monoclinic
phase (29), increases the bone to implant contact (30),
improves the bone density when immediate loading is
applied (31), and makes comparable the bone to implant
contact of titanium versus zirconia implants (32).
The aim of the present study was to evaluate the
stability, by Periotest, and the osseointegration, by
histomorphometry, of zirconia dental implants modified
by femtosecond laser vs. zirconia implants with
sandblasted surface.

MATERIALS AND METHODS
Clinical procedures

Six Fox Hound dogs of one year of age, each weighting
between 14-15 kg were used in the present study. The
Ethics Committee for Animal Research at the University
of Murcia, Spain approved the study on November 2010.
The study design followed the Royal Decree (RD) 1201
of 10th October 2005 on protection of animals used for
experimental and other scientific purposes and Law 32
of November 7th, 2007 for the care given to animals in
farming, transport, testing and sacrifice. Furthermore,
the project followed the guidelines established by
the European Union Council Directive of November
24th, 1986 (86/609/EEC) and Directive 2010/63/EU of
the European Parliament and of the Council of 22nd
September 2010 on protection of animals used for
scientific purposes.
During all surgical procedures, the animals were preanesthetized with acepromazine (0.2–1.5%mg/kg [i.m]
LABIANA Life Sciences, S.A. PFIZER, Barcelona, Spain)
10 min before administrating butorphanol (0.2mg/kg)
and medetomidine (7 mg/kg). An intravenous catheter
was inserted in the cephalic vein and propophol was
infused at a slow, constant rate of 0.4mg/kg/min.
Local infiltrative anesthesia was administered at the
surgical sites.
These procedures were carried out
under the supervision of a veterinary surgeon (NM). An
intrasulcular incision was performed from distal of P1
to mesial of M2, raising a full thickness flap to expose
the bone crests and the entire dental crowns of P2, P3,
P4 and M1. The teeth were sectioned in a buccolingual
direction at the bifurcation using a tungsten carbide bur
and the roots individually extracted using a periotome
and forceps, without damaging the bone walls.
Bilateral mandibular tooth extractions (P2, P3, P4 and
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M1) were performed. Wound closure was carried out
by using single resorbable sutures (Dexon 3-0, Davis
& Geck, American Cyanamid Co., Wayne, NJ, U.S.A.).
During the first week after surgery, the animals received
antibiotics and analgesics: Amoxicillin (500mg, twice a
day) and Ibuprofen (600mg, three times a day) via the
systemic route. The dogs were fed a soft diet for 14 days
followed by a normal pellet diet.

Implants

The dental implants used in the present study were
sandblasted White SKY® (Bredent medical® GMBH &
Co. KG, Senden, Germany) zirconia implants of 4mm
diameter and 10 mm length.
The texturing process (29) was carried out using a system
based on a Tsunami® Ti: Sapphire oscillator (Spectra
Physics, Newport Corporation, Alberta, Canada) that
emits pulses of hundreds of femtoseconds (1 fs = 10-15
s), near infrared wavelengths (795 nm) and energy of the
order of 10 nanojoules, with a 80 MHz repetition rate.
In order to provide sufficient energy, this was connected
to a Spitfire® regenerative amplifier (Spectra Physics,
Newport Corporation Alberta, Canada) that uses the
CPA (chirped pulse amplification) technique.
Amplifier output pulses were emitted at 120 fs duration
and energies in the order of milijoules. The system’s
repetition rate was 1 kHz. Pulse output had linear
polarization and Gaussian transverse distribution (TEM00
mode), with a beam width of about 9 mm (Fig. 1).

Implant insertion procedure

A total of 48 dental implants were used and they were
divided into 3 groups of 16 each: zirconia implants
with sandblasted surface on the endosseous portion
(CONTROL); sandblasted zirconia implants with laser
modification of the endosseous neck portion only
(GROUP A); sandblasted zirconia implants with laser
modification over the entire endosseous portion
(GROUP B) (Fig. 2).
The 48 implants were randomly allocated (www.
randomization.org) in molar and premolar areas of the
edentulous mandibles of the dogs.
The implants were inserted after a two-month healing
period. After crestal incision, a full thickness flap from
the P1 to the M2 area was reflected and each site was
prepared following the protocol recommended by the
implant manufacturer (Bredent medical® GMBH &
Co. KG, Senden, Germany), preparing a bed of 4mm
diameter and 10mm length. Each mandible received 4
cylindrical screw implants, all with the same dimensions
in the intraosseous portion.

Periotest®

Implant stability was evaluated using the Periotest®
device (Siemens, Bensheim, Germany), calibrated from
-8 (maximum stability) to +50 (minimum stability),
recording the periotest (PT) values obtained for each
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operator (MR) registrered three repeated measurements,
and the mean average was recorded.

Sacrifice

fig. 1 Laser and microtexturizing device. Right image showing the laser
source, left image showing the complex system of lens that guides the
laser beam to the processing platform.

fig. 2 Clinical view of implant samples from each study group. Control
Group (zirconia implant with sandblasted surface), Group A (zirconia implant
with microgrooved neck) and Group B (zirconia implant microgrooved over
entire endosseous surface). The laser treated implants show a characteristic
dark area corresponding to the laser microgrooved surfaces.
fig. 3 Samples
containing
zirconia implants
after sacrifice
and retrieval.
Left: occlusal
view.
Right: buccal
view.

Three animals were sacrificed after 1 month and
the remaining 3 were sacrificed after a 3 months
healing period.
For euthanasia, the veterinary
surgeon administered pentobarbital sodium (Abbott
Laboratories, Chicago, IL, USA), subsequently perfused
with a fixative (4% formaldehyde solution) through the
carotid arteries. The mandibles were en bloc dissected
and the surrounding soft tissues were detached (Fig. 3).

Histological preparation and examination

Histological and histomorphometric study was carried
out at the Department of Pathology of the University of
Cologne, Germany. The samples were fixed in formalin
and dehydrated in a graded series of ethanol for 15
min each and dried with acetone at 30%, 50%, 70%
and 90% for 15 minutes each, then 100% acetone
for 30 minutes. The samples were then embedded in
methylmethacrylate (Technovit 7100 ®, Heraeus Kulzer,
Wehrheim, Germany). Using a micro-cut diamond bur
(Exakt-Apparatebau, Norderstedt, Germany), samples
were cut in vestibulo-lingual direction into 100μm-thick
sections along the axis of each implant. These sections
were ground down to a 50-80μm thickness using
extrafine paper discs with 2000 grain granulometry. In
this way, 3 central sections per implant were obtained.
Toluidine blue staining was applied.
The sections were studied and analyzed under light
microscopy (Olympus BX 61, Hamburg, Germany).
Histomorphometry was performed with a video camera
(Sony 3CCD, Berlin, Germany) with 70X magnification.
Images were digitalized (Axiophot-System, Zeiss) and
benchmarks were established. Bone-to-implant contact
(BIC) was assessed as bone in direct contact with the
implant in relation to the total implant perimeter (Fig. 4).

Statistical analysis

Statistical analysis was performed using SPSS 16.0
software (SSPS Inc., Chicago, IL, USA). Descriptive
analysis was performed for each variable and group. To
confirm the normality of the sample, the KolmogorovSmirnov test (ANOVA) was applied to determine
differences between means for independent variables.
The Bonferroni post-hoc test was applied to assess
differences between means. Data are reported as mean
±SD with a significance level of p<0.05.

RESULTS
zirconia implant. The first set of PT were registered
immediately after implant insertion. Recalibration was
performed at each period before the measurements
were taken in order to ensure reproducibility; a single

October 2013; 5(3) © ariesdue

Clinical data

All animals survived the postoperative period without
any complications. No implants failure was dected over
the study period (1 and 3 months). The soft tissues were
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fig.4 Rx image of zirconia implant
showing the area where BIC was
measured.

fig. 5 Histological samples from untreated surface, control (A); neck treated, Group A (B); entire surface treated,
Group B, showing the presence of denser bone in the laser treated implants (C). 10X magnification. Toluidine blue
staining.

healthy, without signs of inflammation, hyperemia,
swelling or oozing.

significantly higher than in the other groups (Table 2, 3).

Periotest®

DISCUSSION

At day 0, the values obtained ranged between -3 and
-7. The lowest values were obtained for control group
implants, followed by Group A and Group B. At 1 month,
in all the groups PT values decreased in comparison with
the day of implant placement, but without statistically
significant differences. At 3 months, a significant
increase in the PT values was observed in all the groups,
with Group B showing the greatest gain (Table 1).

Histological analysis

The presence of peri-implant soft tissue was observed,
till the top of the bone crest. There were no signs of
inflammation. At 3-month bone density seemed to be
higher in areas with microgrooves (Fig. 5)
The trabecular architecture of the bone around the
zirconia implants was classified as lamellar bone due
to the circular apposition of bone lamellae around
Haversian canals.
All groups showed few signs of
natural bone remodeling, apposition of osteoid matrix
and osteoblasts or lacunae of osteoclasts. Mature bone
structures were observed with osteoblasts within the
mineralized bone and tight alignments of osteoblasts
surrounding the osseous trabeculae. In zirconia implants
treated with femtosecond laser, the existence of bone
alongside the textured area and soft tissue insertion
into the microgrooves were observed as it can be seen
at higher magnification (Fig. 6).

Histomorphometric analysis

BIC was greater for Group B implants after 1 and
3-month healing periods. There were no significant
differences between the control group and Group A
over the two study periods. BIC values in Group B were
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The present work was designed to study the stability
and the osseointegration of zirconia dental implants.
Three groups of zirconia dental implants with the same
geometry but with differences in the surface treatment
were selected. The stability was evaluated at day of
implants insertion and at 1 and 3 months, and histology
was performed at month 1 and month 3. It is known
that the microscopic roughness of the implant surface
exerts a large influence on the osseointegration process,
due to significantly higher percentages of BIC compared
to machined or polished surfaces.
In the present study, using a moderately roughened
surface created by laser treatment, higher BIC
percentages were found after 1 and 3 months of
healing in the groups that had received laser treatment;
in particular they were significantly higher in the
group of implants with the entire intraosseous surface
treated. Histological observation showed that the use
of implants with moderate surface roughness resulting
from laser treatment may affect the amount of newly
formed bone tissue and the degree of BIC. These
observations are supported by previous studies using
zirconia implants with microtexturized surfaces by Lee
J et al. (22), Kohal RJ et al. (33), Bacchelli B et al. (34),

PT Values

DAY 0

1 MONTH

3 MONTHS

Control

-4.25±0.21

-4.001±0.23

-5.75±0.22

Group A

-5.75±0.25

-5.125±0.21

-6.125±0.26

Group B

-6.625±0.24*

-6±0.2*

-7.625±0.27*

tabLE 1 Comparison of Periotest ® values between groupl (* p <0.05).
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BIC

HEALING
PERIOD

N

MINIMUM
%

MAXIMUM
%

MEAN

STANDARD
DEVIATION

Control

1 month

8

27.3

40.34

31.786

13.04

3 months

8

35.12

52.06

37.864

16.94

1 month

8

30.21

38.32

33.732

8.11

3 months

8

40.23

53.53

38.265

13.35

1 month

8

42.16

53.64

44.6819

11.48

3 months

8

46.4

60.43

47.9423

14.03

Group A
Group B

tabLE 2 Comparison of BIC
between groups (mean ±
SD) (* p <0.05). Bonferroni
post hoc for multiple
comparison (* p <0.05).

fig. 6 Bone penetrating
the grooves of laser treated
zirconia implants can be
observed in A) 20X; B) 40X.
Toluidine blue staining.

GROUP

1 MONTH
mean SD

3 months
mean SD

Control

31.786 ± 5.89094

37.864 ± 3.01417

Group A

33.732 ± 3.41371

38.265 ± 1.78365

Group B

44.6819 ± 4.65768*

47.9423 ± 3.15423*

tabLE 3 Comparison of BIC between groups (mean ± SD) (* p <0.05).
Bonferroni post hoc for multiple comparison (* p <0.05).

but as these modifications were not exactly the same
as in the present study, they cannot be fully compared.
Rocchietta et al. (23), compared the bone tissue
responses of 3 different zirconia implant surfaces with
titanium implants inserted in rabbits, and concluded
that nanometric levels of surface treatment did not
increase BIC. The microgroove size in the present work
showed, at histological level, penetration of bone inside
the microgrooves, that results in higher BIC values.
Delgado-Ruiz et al. (31), showed in a dog study that
zirconia implants with microgrooved surfaces resulted
in an increased bone density in comparison with
titanium and zirconia without microgrooves, so the
presence of microgrooves probably has an effect on
the bone remodeling. This agrees with the results of the
present work, although at 1 month the differences were
not significant . However, at three months the bone to
implant contact was increased, as result of the bone
remodeling or of a positive effect of the microgrooves
in the bone growth guidance.
Calvo Guirado et al. (32), found that microgrooved
zirconia implants under immediate load, resulted in
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better BIC and crestal bone stability when the implants
were inserted subcrestally. In the present study, similar
data were obtained regarding the bone to implant
contact, although bone remodeling was appreciated but
not measured.
With regard to implant stability the present study used
the Periotest® method rather than resonance frequency
analysis (RFA), as RFA requires the placement of a
special attachment (Smartpeg), that is not available for
one piece zirconia implants.
Payer et al. (35) made a prospective study of unitary
zirconia implants placed in humans.
To analyze
stability, the Periotest® was used at 6, 12, 18 and 24
months after placement, applying provisional loading in
both central and eccentric movements, values obtained
were lower than those of the present study. The authors
used zirconia implants with untreated surfaces, which
may explain the lower Periotest® values.
In the present study, a higher primary stability at the
day of implants insertion was followed by a reduction
on the stability at first month, and finally a rise of the
stability, expressed as more negative Periotest values,
was observed at three months.
The stability along the study periods showed variations
that probably have relation with the bone healing and
bone remodeling, and have a close relation with the
values of bone to implant contact. The results of the
present study should be carefully considered, due to
the small sample size and the differences between
species. However the incorporation of microgrooves
along the entire intraosseous surface of zirconia dental
implants is apparently positive for the bone to implant
contact and implant stability.
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CONCLUSION
Within the limits of this animal study, it is concluded that
the roughness surface of zirconia implants enhanced by
laser treatment increases implant stability. The surface
treatment of zirconia implants by femtosecond laser
produces a significant increase in BIC.
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