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ABSTRACT

Purpose: The study aims to assess the total soft tissue (ST) width, crestal bone level (CBL), bone-to-implant contact (BIC),
and bone density (BD) for zirconia implants textured with microgrooved surfaces and immediately loaded.

Materials and Methods: This study included 51 implants; one implant from each study group was retained for surface
characterization. The 48 remaining implants were inserted randomly in premolar areas of both sides of the healed
edentulous lower jaws of foxhound dogs. They were divided into three groups of 16: control (titanium); test A (zirconia),
and test B (microgrooved zirconia). The implants were splinted and covered with an acrylic bridge. A split-mouth design
was used and immediate occlusal loading was applied on one side, while the other side did not have occlusal contact. ST,
CBL, BIC, and BD were evaluated after 3 months. The effects of immediate loading on these parameters were analyzed.

Results: All the implants were osseointegrated. ST was established at 3 months with mean values of 2.9 1 0.4 mm for all
groups. No differences were appreciated between loaded and unloaded sides regarding ST (p > .05). CBL showed a mean
of 1.2 1 0.3 mm for all groups without differences between loaded and unloaded sides (p > .05). BIC percentages were
significantly higher for loaded all-microgrooved implants (p < .05). BD percentages were higher in areas close to all-
microgrooved implants (p < .05) and significantly higher for loaded implants than unloaded.

Conclusions: Within the limitations of the present study, it may be concluded that for zirconia dental implants with
microgrooved surfaces and immediate loading, the thickness of STs remains stable resulting in 3 mm mean biologic width,
that crestal bone preservation is related to insertion depth, and that higher BIC percentages and increased BD around
implants microgrooved over the entire intraosseous area may be expected at 3 months following implant insertion and
immediate loading.

KEY WORDS: BIC, bone density, crestal bone preservation, dental implants, histomorphometry, immediate loading,
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INTRODUCTION

In spite of the proven long-term reliability of titanium

implants,1–4 some disadvantages have been reported

which appear in either the short term or the long term,
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including allergies or sensitivity to the titanium,5–8 the

occurrence of gingival shrinkage and gingival translu-

cency, which can leave the dark/gray color of the tita-

nium exposed to view in the esthetic zone of the upper

maxilla in cases of thin gingival biotypes,9–14 and lastly,

the electrical conductivity and corrosive properties of

titanium, which can affect osseointegration in some

cases.15,16

These factors have led researchers to explore other

materials as possible alternatives to titanium for fabri-

cating dental implants.

Partially stabilized tetragonal zirconium dioxide

ceramic materials with yttrium, manufactured under

high pressure and at high temperatures, produce a

noticeable increase in mechanical properties of resis-

tance to compression forces and to fracture.17–19 They

also possess positive optical qualities of light transmis-

sion, an attractive characteristic when it comes to the

fabrication of dental implants for placement in the

esthetic zone,20 as well as other positive properties, such

as excellent biocompatibility both in vitro21,22 and in

vivo,23,24 low bacterial and pathogen adherence,25,26 and a

capacity for osseointegration similar to titanium.27,28

In order to improve the osseointegration of zirconia

implants, various surface modifications have been

applied to experimental implants, including the creation

of tunnel-shaped round perforations in zirconia laminar

implants,29 airborne-particle abraded implant surfaces

with different granulometries,30 surfaces treated with

pore-forming substances,31 surfaces machined or sand-

blasted with Al2O3 particles of 250 mm diameter,32 sand-

blasting combined with acid etching,33 application of

pore-forming substances to create surface pores of dif-

ferent sizes,34 nanometric modifications,35,36 surface cov-

ering with layers of calcium-liberating titanium oxide,27

coverings of bioactive ceramic,24 or sandblasting with

the addition of nano-retainers.37

Such modifications can improve initial healing,

resistance to removal torque, and bone-to-implant

contact (BIC) with positive effects on the maintenance

of osseointegration.

The hypothesis that any modification of zirconia

implant surface will result in implant damage was

studied by Silva and colleagues38 who showed that an

applied force of 600 N on the abutment of one-piece

ceramic implants did not influence the expected life

time after 50,000 cycles and concluded that the failure

depended upon the magnitude of the applied load at the

level of the second thread’s internal diameter, even

mechanical tests have been made in partially hollow and

porous zirconia implants and based on an evaluation

of bending strength, hardness, fracture toughness, and

fatigue life of implant substrates, showed structural

properties comparable with the requirements for

implants39,40

Laser treatment for zirconia implants would be

a response to reduce mechanical damage induced by

surface treatments.

Recently, our research team made a modification to

a zirconia implant using femtosecond laser to create

microgrooves and micropores of 30 mm in diameter on

a 2 mm stretch of the implant collar in the intraosseous

portion. This resulted in a reduction in Al and C surface

contaminants, an increase in oxygen presence, increased

surface roughness, no affectation of the tetragonal crys-

talline phase, and a clean and homogenous surface.41

As no research into the osseointegration of zirconia

implants microgrooved in the intraosseous portion has

been published to date, the present study is a further step

in our ongoing research into the clinical application of

the surface modification described previously.

The objective of this study, therefore, was to test

in vivo, using histologic and morphometric analysis,

the effects of the addition of microgrooves to the

intraosseous portion of zirconia implants, quantifying

total soft tissue (ST), crestal bone loss (CBL), BIC, and

peripheral bone density (BD) and the effects on these

parameters resulting from immediate loading versus no

loading at 3 months.

MATERIALS AND METHODS

Six foxhound dogs of approximately 1 year of age, each

weighing between 14 and 15 kg were used in the experi-

ment. The Ethics Committee for Animal Research at

the University of Murcia, Spain, approved the study pro-

tocol which followed guidelines established by the Euro-

pean Union Council Directive of November 24, 1986

(86/609/EEC). The animals were fed a daily pellet diet.

Clinical examination determined that the dogs were in

good general health, with no systemic involvement.

Surgical Procedure

The animals were pre-anesthetized with acepromazine

0.2–1.5 mg/kg 10 minutes before being administered

butorphanol (0.2 mg/kg) and medetomidine (7 mg/kg).

The mixture was injected intramuscularly in the femoral
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quadriceps. An intravenous catheter was inserted in the

cephalic vein and propofol was infused at a slow, con-

stant rate of 0.4 mg/kg/min. Local infiltrative anesthesia

was administered at the surgical sites. These procedures

were carried out under the supervision of a veterinary

surgeon. Bilateral mandibular tooth extractions (P2, P3,

P4, and M1) were performed. An intrasulcular incision

was performed from mesial of P2 to mesial of M2 and a

marginal flap of 2 mm was released. The teeth were sec-

tioned in a buccolingual direction at the bifurcation

using a tungsten carbide bur; the roots were extracted

individually using a periotome and forceps, without

damaging the bony walls. Wound closure was carried

out using single resorbable sutures (Dexon 3-0, Davis &

Geck, American Cyanamid Co., Wayne, NJ, USA).

During the first week after surgery, the animals

received antibiotics and analgesics: amoxicillin (500 mg

twice daily) and ibuprofen (600 mg three times a day)

via the systemic route. The dogs were fed a soft diet for

14 days and a pellet diet thereafter

Implants

Surface Characterization. A Veeko NT 1100® non-

contact interferometric microscope (Wyco Systems,

New York, NY, USA) was used to quantify surface rough-

ness parameters. One implant per group was analyzed,

a magnification of ¥20.7 was used in vertical scanning

interferometry mode within the intraosseous portion of

the implant surfaces at the tops, flanks, and valleys (10

measurements per implant selected randomly at trans-

versal and vertical directions were performed at each

zone) and the arithmetic mean of the absolute values of

the surface height within the sampling area (Sa), average

space between irregularities crossing the mean plane

(Scx), and developed surface area ratio (Sdr) parameters

were determined.

To separate roughness from waviness and shape for

digital three-dimensional measurements, on a micro-

meter scale, a highpass gaussian filter of 100 ¥ 100 mm

was used on measured areas of 290 ¥ 290 mm.

After this, the implants were degreased in ethanol

solutions and desiccated with acetone. A JEOL-6100

scanning electron microscope (Jeol Ltd. Tokyo, Japan)

was used to study surface topography. Element analysis

was carried out by Energy Dispersive x-ray spectroscopy,

using an OXFORD INCA 300 system (Oxford Instru-

ments, Abingdon, Oxfordshire, United Kingdom). All

the specimens were coated with a thin layer of conduc-

tive carbon in a sputter-coating unit (SCD 004 Sputter-

Coater with OCD 30 attachment, Bal-Tec, Vaduz,

Liechtenstein, Germany). Elemental analysis was carried

out in ten sampling areas with the same dimensions

in the intraosseous portion of the implant surfaces.

The observation parameters used were a focal distance

of 32 mm, 20 Kv, and ¥100 magnification.

Implant Insertion Procedure

Implants were placed after a 2-month healing period.

After crestal incision, a full thickness flap was reflected

and each site was prepared following the protocol

recommended by the implant manufacturer (Bredent

Medical® GMBH & Co. KG, Senden, Germany), pre-

paring a bed of 4 mm diameter and 10 mm length,

each separated from the neighboring perforation by

3–3.5 mm. Each hemimandible received four tapered

screw implants, inserted with torque values 335 Ncm,

all with the same dimensions and geometry at the

intraosseous portion. The implant type and position

were randomly assigned using special software (Research

Randomizer 3.0, from www.randomizer.org).

Forty-eight implants of 4 mm diameter and 10 mm

length were placed, divided into three groups: Control: 16

titanium Blue-sky® implants, made from titanium grade

IV with a surface sandblasted with alumina oxide particles

of 350 mm-550 mm and acid etched with a bath of sulfuric

acid at 37% 1 hour (Bredent Medical GMBH & Co. KG);

Test A: 16 White SKY implants made from zirconia, with

a surface sandblasted with alumina oxide particles of

350–550 mm (Bredent Medical GMBH & Co. KG); Test B:

16 White SKY zirconia implants made from zirconia, with

a surface sandblasted with alumina oxide particles of

350–550 mm (Bredent Medical GMBH & Co. KG) treated

with femtosecond laser pulses to create 30 mm wide,

70 mm pitch length microgrooves over the entire intra-

osseous surface with a method previously described.41

Briefly, a commercial Ti:Sapphire oscillator (Tsunami,

Spectra-Physics, Stahnsdorf, Germany) and a regenerative

amplifier system (Spitfire, Spectra-Physics) based on

chirped pulsed amplification were used for microstructur-

ing. The system delivers 120 fs linearly polarized pulses

at 795 nm with a repetition rate of 1 kHz. The transverse

mode was TEM00, and the beam width was 9 mm,

maximum beam energy of 1.1 mJ (Figure 1).

The zirconia implant body has a one-piece design

that includes the abutment and so, in order to create

similar conditions for the Control Group implants, the
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titanium implants received machined abutments SKY-

EM00® (Bredent Medical GMBH & Co. KG), which

were screwed to the implants at 25 Ncm. All implant

abutments received a specially fabricated polyether

ether ketone (PEEK) cap and were then splinted using

0.16 mm orthodontic ligature and reinforced acrylic

resin Pi-Ku-Plast HP 36 (Bredent Medical GMBH & Co.

KG). A split-mouth design was applied: one side was

subjected to immediate occlusal loading, verifying the

presence of occlusal contact points using articulating

paper of 100 mm width (Bausch Progress 100®, Dr. Jean

Bausch KG, Köln, Germany) by manually induced

opening and closing movements; on the other side, the

contact points were located, reduced, and eliminated by

the same method, establishing a minimum space of

2 mm between the acrylic splint and the opposing teeth.

During the first week following surgery, the animals

received antibiotics and analgesics amoxicillin (500 mg

twice daily) and ibuprofen (600 mg three times a day)

via the systemic route. The sutures were removed after 2

weeks. The dogs were fed a soft diet during the entire

experimental period to protect the temporal acrylic

splints from fractures. Healing was evaluated weekly and

plaque control was maintained by flushing the oral

cavity with chlorhexidine digluconate.

Histologic and Histomorphometric Procedures

Three months following implant placement, the animals

were euthanized by means of an overdose of pentotal

Natrium® (Abbot Laboratories, Madrid, Spain) and

mandibular block resections were retrieved for analysis.

The samples were fixed in formaldehyde and dehyd-

rated in a graded series of ethanol up to 100%. The

implants and surrounding bone were embedded in

methylmethacrylate (Technovit 7100®, Heraeus Kulzer,

Wehrheim, Germany). Thick sections measuring

100 mm along the axis of each implant were cut in

vestibular-lingual direction using a diamond saw micro-

sectioning system (Exakt-Apparatebau, Norderstedt,

Germany). These sections were reduced to 80 mm thick-

ness using grinding techniques. Three middle sections

were obtained per implant. A toluidine blue stain

was applied. The sections were imaged and analyzed

using light microscopy (Olympus BX 61, Hamburg,

Germany).

Histomorphometry

Histomorphometric analysis evaluated soft and hard

tissues. Total ST evaluation was calculated by measuring

in millimeters the distance between the most coronal

aspect of the STs and the most coronal BIC. CBL was

evaluated by measuring the distance from implant

shoulder in the case of zirconia implants, or from the

platform in the case of titanium implants, to the first

point of BIC in millimeters.

BIC for each histologic section was calculated by

quantifying the length of implant surface in contact with

bone tissue, compared with the total implant surface

length, expressed as a percentage.

BD measurements evaluated the percentages

of mineralized bone in relation to the percentages

of marrow spaces, measured and compared in two

Figure 1 Images of different implant types studied. The implants have the same geometry but the following differences: A, Titanium
control implant has microspirals in collar area; B, Zirconia test A implant with sandblasted surface; C, Zirconia test B implant with
sandblasted surface microgrooves over the entire intraosseous surface.
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rectangular regions of 8 mm length ¥ 1 mm width par-

allel to the axis of the implant body, the first adjacent to

the implant (BD1) and the other of equal dimensions in

peripheral bone taken as a reference (BD2). The BD1 area

was defined by placing a borderline at the tips of the

threads, parallel to the implant’s longitudinal axis. The

BD2 area was selected from an area parallel to and with

the same dimensions as BD1, at 500–1,000 mm distance,

within the host bone.

Histomorphometry was performed using a video

camera (Sony 3CCD, Berlin, Germany) at ¥12.5 and ¥40

magnification. The images were digitalized (Axiophoto

System, Carl Zeiss, Jena, Germany) and landmarks were

fixed and measured (Figure 2).

Statistical Analysis

Descriptive statistics were used to analyze the histomor-

phometric data of ST, CBL, BIC BD1, and BD2 (mean

values and standard deviations); the mesial and distal

aspects of each implant section were averaged to a mean

value per section.

For statistical evaluation of the changes within

groups, the paired t-test was applied; for comparisons

between groups, the unpaired t-test was used. The error

was set at 0.05.

The dog was used as a unit for analysis (n = 6), using

average results across similarly treated implants in the

same dog, which were then compared.

RESULTS

Surface Characterization

Test B implants had the greatest surface roughness

expressed as Sa, this being threefold greater than test A

implants, and twofold more roughness than the control

group. The titanium implants showed slightly greater

surface roughness than test A (Figure 3 and Table 1).

The surface composition of zirconia implants in

test A showed mainly ZrO2 as well as carbon and alumi-

num; carbon and aluminum were observed in smaller

amounts in test B. Control implant surfaces were mainly

composed of titanium with minimal detection of

Figure 2 Landmarks for histomorphometry. Titanium implant appears as black color. Zirconia implant appears in gray. White dotted
horizontal line marks implant insertion level, red line shows total IL, yellow line shows areas of BIC. Orange bar shows BD close to
implant (BD1), green bar shows peripheral BD (BD2). ST, soft tissue; CBL, crestal bone loss; IL, implant length; BIC, bone-to-implant
contact; BD, bone density.
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carbon and aluminum, oxygen was present as TiO2. No

additional elements were detected (Table 2).

Clinical Data

Wear to the acrylic splints was observed clinically with

some areas of exposure of the PEEK caps. No acrylic

splint fractures were observed. No implants fractured

on acrylic splint removal, and a better ST appearance

was appreciated for all zirconia implants compared with

titanium. All implants were osseointegrated during the

experimental time.

Histologic and Histomorphometric Analysis

Histologic observations showed that STs for all implants

in all groups were covered by a keratinized oral epithe-

lium that continued from the peri-implant marginal

mucosa and was continuous with the barrier epithelium

facing the implants. The peri-implant bone surrounding

immediately loaded implants (Figure 4) showed a more

dense aspect compared with the peri-implant bone

surrounding unloaded implants (Figure 5).

The total mean width of ST was very similar

between groups, with no significant differences between

loaded and unloaded implants (p > .05) (Figure 6 and

Table 3).

CBL was an average of 1.2 1 0.05 mm in test B and

the control group, which were slightly lower than test A,

but without significant differences between groups.

Loading did not result in any effect on CBLs (p > .05)

(Table 4).

Lamellar bone architecture was characterized by a

high density of osteons around all the implant surfaces.

Figure 3 SEM and profilometry images of implants. Left hand image shows a control titanium implant with sandblasted plus
acid-etched surface, central image shows a test A zirconia implant with a sandblasted surface, right hand image shows a test B
zirconia implant sandblasted plus microgrooved. The colored images displayed at the base are typical profilometry measurements
with the mean roughness values obtained. Red color indicates highest roughness values, while blue color indicates lower roughness
values. SEM magnification ¥15.

TABLE 1 Surface Roughness Parameters Sa, Scx, Sdr

(Mean Averages 1 Standard Deviation)

Surface Roughness Sa (mm) Scx (mm) Sdr (mm)

Control

Top 3.32 1 0.2 13.52 1 0.6 3.52 1 0.2

Valley 3.05 1 0.1 12.16 1 0.5 3.21 1 0.1

Flank 3.12 1 0.1 12.93 1 0.6 3.36 1 0.1

Test A

Top 2.83 1 0.2 11.53 1 0.5 2.94 1 0.1

Valley 2.71 1 0.1 10.84 1 0.6 2.76 1 0.1

Flank 2.75 1 0.1 11.12 1 0.4 2.85 1 0.1

Test B

Top 9.6 1 0.62 26. 1 0.9 10.02 1 0.1

Valley 8.9 1 0.3 24 1 0.7 9.1 1 0.1

Flank 9.2 1 0.5 25 1 0.8 9.5 1 0.1

Sa, arithmetic mean of the departures of the roughness area from the mean
plane; Scx, average spacing between the irregularities crossing the mean
plane; Sdr, developed surface area ratio, that is, a ratio between the three-
dimensional measurement and a two-dimensional reference plane. The Sa,
Scx, and Sdr values were higher for test B, while test A showed the lower
values of surface roughness.
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All implants showed signs of natural bone remodeling.

In some areas, there was darker stained new bone in

direct contact with the implant surface and adjacent

areas of mature osteons and marrow spaces that

demonstrated remodeling activity. Blood vessels were

observed in direct contact with implant surfaces in all

groups (Figure 7a–c).

BIC was higher with immediately loaded implants in

all groups compared with unloaded implants (p < .05).

Test B group showed higher values than the other groups

for both unloaded (test B 48 1 7%, control 43 1 6%, test

A 36 1 6%) and immediately loaded implants (test B 78 1

5%, control 57 1 6%, test A 48 1 3%; p < .05; Figure 8).

A close-up view of some threads showed direct

contact with the surrounding bone, with mature and

new bone in all cases; test B implants showed an addi-

tional bone growth toward and inside the microgrooved

area (Figures 9–11).

A close-up view of some inter-thread areas shows

complete bone filling in control implants (Figure 12);

for test A implants in some areas, the front of bone

growth moves from the surrounding bone to the

implant surface, covered with a layer of non-mineralized

matrix (Figure 13). Test B implants showed additional

bone growth and Haversian systems in contact with the

microgrooves, as well as a more apparent remodeling

process represented by numerous areas cement lines

and mature and new bone (Figure 14). The lowest BIC

values were observed in test A implants with either

immediately loaded or unloaded conditions.

Within individual animals, in t-test comparisons,

BD1 values were higher for Test B, followed by the

control group and test A, while BD2 values were lower

compared with BD1 (p < .05). In relation to loading, the

BD1 and BD2 were higher for immediately loaded

implants throughout the sample (p < .05) (Table 5).

TABLE 2 Elements Present in Surface Expressed as Percentages

EDX Surface Analysis C% Al% O% Zr% Ti%

Titanium control (n = 1) 2.3 1 1.7 1.7 1 0.3 15 1 0.6 0 81 1 1.3

Zirconia test A (n = 1) 19.7 1 0.8 4.3 1 0.9 12.6 1 0.5 60.2 1 0.7 0

Zirconia test B (n = 1) 0.3 1 0.12* 0.18 1 0.1* 23.1 1 0.12* 76.3 1 0.2* 0

Mean 1 standard deviation. In zirconia implants treated with microgrooves, percentages of carbon and aluminum were reduced while oxygen and
zirconium increased significantly. Titanium implants presented less carbon and aluminum.
*p < .005.

Figure 4 Histologic panoramic view of immediately loaded implants. Samples include implant, soft tissue, and hard tissue.
A, Control implant. B, Test A zirconia implant. C, Test B zirconia implant. Toluidine blue stain; ¥12.5 magnification.
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DISCUSSION
The aim of this study was to test the biologic effects of

the addition of microgrooves to the intraosseous sur-

faces of zirconia implants after three months and to

determine if this surface modification positively or

negatively affects ST thickness, crestal bone height,

BIC, and BD under immediately loaded and unloaded

conditions.

Titanium implants with sandblasted, acid-etched

surfaces were used as the control group as their behavior

has already been extensively researched.42,43

Chemical surface composition in all the groups

showed some carbon content probably because the

carbon coating layer was present. The aluminum was

present in all groups probably due some sandblasting

remnants, lower amounts of aluminum were detected

in controls that received a posterior acid etching and

test B that received a posterior laser treatment that

could reduce the aluminum content; however, test

A that only receives the sandblasting process without

any additional treatment showed more aluminum

content.

The selected slice thickness of 80 mm was chosen

due to technical complications that occur with lower

thicknesses of resin-embedded zirconia bone samples,

which when subjected to ground and polishing results in

Figure 5 Histologic panoramic view of unloaded implants. Samples included implant, soft tissue, and hard tissue. A, Control
implant. B, Test A zirconia implant. C, Test B zirconia implant. All groups showed lower bone formation compared with the
immediately loaded implants. Toluidine blue stain; ¥12.5 magnification.

Figure 6 Total soft tissue. The red line shows the borders from bone-to-implant contact to the most coronal aspect of the gingiva.
Soft tissue growth covers part of the abutment area in all groups. Toluidine blue stain; ¥12.5 magnification.
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two planes of different levels, as well zirconia and

bone fragments fracture due to differences in hardness

between materials. For this reason, the slice thickness for

resin-embedded zirconia bone samples in most pub-

lished papers are in the range of 60–80 mm,44 80 mm,45

120 1 20 mm.46 It may be that this slice thickness affects

the bone-implant evaluation at higher levels of detail

however for evaluation at lower magnifications as

demonstrated in previous works is very useful and

commonly applied.

Total peri-implant ST dimensions were evaluated

without discriminating between measurements corre-

sponding to connective tissue, epithelial adherence, or

sulcus depth in order to evaluate the total thickness, and

so adequacy, of the ST mass in direct contact with the

implant.

ST thickness evaluation did not reveal differences

between implant groups. There was a total thickness

corresponding to a biologic width ranging between

2.7 and 3.4 mm, regardless of the surface treatment or

whether the implant was of titanium or zirconia.

Immediate loading did not negatively affect ST

width, which might be explained by other factors unre-

lated to loading, such as CBL reduction, plaque accumu-

lation, infection, or inflammation.

Kohal and colleagues30 analyzed total ST in a

9-month study of monkeys, finding that at the end of the

study, the ST collar was of 5 mm thickness for titanium

implants and 4.5 mm for zirconia implants of similar

dimensions. In the present study, ST dimensions were

slightly less due to the animal model used; monkeys have

a greater ST thickness in the upper anterior region and

the implant design studied had a polished collar that was

3 mm longer than the implants used in the Kohal and

colleagues’ study.

Total ST was also evaluated in a human study

carried out by Bianchi and colleagues,47 who compared

titanium implants with titanium implants with a zirco-

nia collar by means of probe depth and radiography at 0,

TABLE 3 Total Soft Tissue Expressed as Millimeters
for Immediately Loaded and Unloaded Implants

ST (Total Soft Tissue), mm

Immediately Loaded Unloaded

Titanium control, n = 16 3.12 1 0.12 3.07 1 0.3

Zirconia test A, n = 16 2.78 1 0.18 2.80 1 0.17

Zirconia test B, n = 16 2.82 1 0.23 2.83 1 0.21

p* NS NS

0.894 0.786

Mean 1 standard deviation, t-test. No significant differences were found
between immediately loaded and unloaded implants.
*p > .05.

TABLE 4 Crestal Bone Loss (CBL) Expressed as
Millimeters, for Immediately Loaded and Unloaded
Implants

CBL, mm

Immediately Loaded Unloaded

Titanium control, n = 16 1.2 1 0.03 1.19 1 0.02

Zirconia test A, n = 16 1.25 1 0.01 1.24 1 0.17

Zirconia test B, n = 16 1.19 1 0.06 1.18 1 0.04

p* NS NS

0.963 0.974

Mean 1 standard deviation, t-test. No significant differences were found
between immediately loaded and unloaded implants.
*p > .05.

TABLE 5 Bone Densities (BD1) and (BD2) Related to Loading, Expressed as Percentages

BD Groups Load BD1 % BD2 %

Titanium control, n = 16 Immediately loaded 63.35 1 9.38* 58.17 1 11.5

Unloaded 59.87 1 10.66 57.71 1 13.18

Zirconia test A, n = 16 Immediately loaded 59.52 1 7.82* 57.21 1 8.74

Unloaded 56.32 1 8.13 56.31 1 7.16

Zirconia test B, n = 16 Immediately loaded 73.46 1 10.3* 59.54 1 8.92

Unloaded 69.47 1 11.25 61.68 1 10.79

Mean 1 standard deviation. Significant differences were obtained. BD1 with immediate loading was higher compared with BD2 for all groups without
loading. Test B implants showed higher values BD1 compared with all other groupsBD2 was similar for all groups without significant differences between
groups.
*p < .05.
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6, 12, and 24 months. Probe depth values increased

gradually during the first 12 months, and at 24 months,

values had established themselves at 2.5 mm for zirconia

collar implants and 3.3 mm for titanium implants. The

authors attributed this difference to the fact that the

zirconia collar implant stabilized the soft issues more

effectively thanks to better fibroblast adherence and low

bacterial adherence.

In the present study, values for titanium and zirco-

nia implants were similar after 3 months, representing

the standard biologic width can be expected in healthy

conditions and an absence of inflammation.

Another recent study of two-piece zirconia implants

published by Nevins and colleagues23 found adequate ST

union without gingival recession, evaluated by means of

probing and radiography. BIC was observed above the

implant/abutment junction due to the use of platform

switching. BIC was sufficient to produce implant stabil-

ity but contact was not as strong as the authors had

hoped. Unfortunately, although this study is very inter-

esting, it did not include the measurements or evalua-

tions necessary for comparison.

There have been few studies of crestal bone height

for zirconia implants inserted in dogs. In the present

study, histomorphometric analysis evaluated crestal

bone height by measuring the distance from the implant

shoulder in the case of zirconia implants, or from the

platform in the case of titanium implants, to the first

point of BIC in millimeters, and it was found that the

addition of microgrooves of 30 mm width did not result

in either increased bone loss or in better preservation of

crestal bone height.

Figure 7 Bone-to-implant contact comparison. All the implants showed direct bone formation on implant surfaces. A, Titanium
control implants. B, Test A with numerous Haversian systems and Volkman’s channels in direct contact with implant surface. C, Test
B with higher bone remodeling and numerous cement lines adjacent to microgrooves. Black triangles indicate blood vessels and
lacunae, red dots indicate Volkman’s channels. LCT, marrow spaces or lost connective tissue; MB, mature bone; NB, new bone.
Toluidine blue stain; ¥20 magnification.
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Crestal bone heights around zirconia implants

inserted in dogs were evaluated in a study carried out by

Koch and colleagues,27 which compared osseointegra-

tion of zirconia implants with other zirconia implants

with sandblasted surfaces, implants with a surface cov-

ering of calcium-releasing titanium oxide and synthetic

implants and with one-piece titanium implants. The

authors made a distinction between bone loss related

to the bone itself and bone loss related with the im-

plant surface treatment. It was found that submerged

Figure 8 Bone-to-implant contact. Unloaded versus immediately loaded implants. The graph shows the mean values obtained
expressed as percentages. Values are higher for immediately loaded test B implants. Toluidine blue stain; ¥20 magnification.

Figure 9 Control thread at high magnification. Black triangles
indicate blood vessels and lacunae, red dots indicate vascular
growth nodules and tight bone contact with some vessels in
direct contact with implant surface. Toluidine blue stain; ¥40
magnification.

Figure 10 Test A thread at high magnification. Black triangles
indicate blood vessels and lacunae, osteoblast bodies appear
inside some lacunae; white arrows indicate osteocytes in direct
contact with implant surface; osteocytes have aflattened pattern
in mature bone; black arrows indicate osteoid deposition with a
dark blue color. ¥40 magnification.
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implants showed higher bone levels due to the deeper

insertion level, with values that varied between 1.3 (syn-

thetic), 0.59 (zirconia with covering), 0.53 (zirconia

without covering), and 0.37 mm (titanium). For non-

submerged implants the values were 0.37 (titanium),

0 (zirconia with covering), 0.58 (synthetic), 0.59 (tita-

nium), and 0.76 mm (zirconia without covering).

The CBL obtained in the present work agree with

previous data. Our results showed similar values for

all groups, as all implants were inserted at crestal level

these results are probably related to the natural resorp-

tive process that fell within in a specific range of

1.2 1 0.05 mm for all groups.

Given the neck configuration of one-piece

zirconia implants without microgap presence, and the

two-piece configuration of titanium implants with a

microgap at the implant/abutment junction, might

be expected for the titanium implants a different

behavior of the CBL which could predispose the

CBL. Interestingly, were not observed differences in

CBL related to the presence or absence of microgap.

Probably because did not were performed abutment

Figure 11 Test B thread at high magnification. Black triangles
indicate blood vessels and lacunae, osteoblast bodies appear
inside some lacunae; white arrows indicate bony ingrowth
inside microgrooves and nested cells inside the microgrooves;
red dots indicate vascular and channel formations. ¥40
magnification.

Figure 12 Control inter-thread zone. Black triangles shows
blood vessels, dark blue color shows new bone, and cement
lines shows lamelar bone growth, light blue shows mature bone
with flattened osteocytes.

Figure 13 Test A inter-thread zone. Black triangles indicate
blood vessels, red dots indicate matrix deposition on implant
surface, dark blue color indicates new bone and violet color
mature bone. The new bone extends from host bone to implant
surface.

Figure 14 Test B inter-thread zone. Red dots indicate bone
growth inside the microgrooves, starting with matrix
deposition, cell migration from the host bone, and blood vessels
in contact with the implant surface. NB, new bone; MB, mature
bone.
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disconnections and strict plaque controls were estab-

lished. These results agree with those obtained by

Heijdenrijk and colleagues,48 who tested the influence of

the microgap of two-piece implants placed in a non-

submerged approach, in comparison with submerged

implants and one-piece implants after a 5-year evalua-

tion of gingival, plaque, and radiographic scores, and

concluded that “the microgap at the crestal level in two-

piece implants does not appear to have an adverse effect

on the amount of peri-implant bone loss during a 5-year

period.”

BIC for zirconia implants has been evaluated using

various animal models. Akagawa and colleagues49 made

a study of implants inserted in monkeys using one-piece

zirconia implants splinted to adjoining teeth, evaluating

bone contact ratio (BCR), defined as the percentage of

BIC along the whole length of the implant, after 12 and

24 months following insertion. They found lower BCR

values for mesial-distal BCR 54 1 10.1% than buccolin-

gual BCR 70.5 1 7.1%.

In the present study, implants were only splinted to

other implants; the results showed higher BIC values

than Akagawa’s study, probably due to the different sur-

faces, the animal model and the different study periods,

which make comparison difficult.

A study by Koch and colleagues,27 using dogs, found

that 59.24% (mean 59.11 1 7.45%) of the zirconia

implant surfaces presented tight BIC after 6 weeks. A

median BIC rate of 58.34% (mean 55.83 1 13.92%) was

measured for calcium-liberating TiO2-coated zirconia

implants, a median BIC of 26.82% (mean 26 1 8.9%)

for synthetic implants, and finally, a median BIC of

41.22% (mean 40.91 1 10.11%) was found with tita-

nium implants. Significant differences were not found

between the groups studied, and it was concluded that

zirconia implants osseointegrate in the same way as the

other groups analyzed.

Comparing this study with the present one, the

presence of microgrooves on the zirconia implant sur-

faces was seen to favor BIC. However, different geom-

etries, animal model and study periods together with

differing BIC parameters between the studies make

comparison of the two sets of results uncertain.

A study of BIC in zirconia implants inserted in

minipig mandible50 found that BIC values varied

according to implant type and whether implants were

submerged or not. At 4 weeks following placement,

BIC was slightly higher with titanium implants (53%),

followed by submerged zirconia implants (52.63%),

and the lowest values were found with non-submerged

zirconia implants (48%).

However, it is not possible to compare the present

study with the minipig study because of the differences

in osseous regeneration periods for the animal models

studied, which have a relation of 1:3 (pig : dog)51 as well

as the differences in the remodeling process in pigs,

osseous remodeling in humans being 1.0–1.5 mm/day,

while in pigs it is 1.2–1.5 mm/day and 1.5–2.0 mm/day

in dogs.52

Gottlow and colleagues53 studied the biomechanics

and osseointegration of a titanium alloy implant con-

taining 13% titanium and 13% zirconia with a diameter

of 4.8 mm and length of 6 mm, comparing these with a

titanium implant. Both implant types had the same

sandblasted and acid-etched hydrophilic surfaces and

were inserted in minipigs. The osseous chambers that

formed between the implants’ spiral threads were ana-

lyzed, and at 4 weeks, the authors found BIC values

that were statistically higher for titanium/zirconia

alloy implants (45.5 1 13.2%) than titanium implants

(40.2 1 15.2%).

The present study found higher BIC values for test B

compared with titanium control and test A implants.

These differences could be attributable to the micro-

grooved surfaces that increased the BIC values for the

zirconia implants in test B by guiding and additional

bone growth. The 30 mm width of the microgrooves

could provide a reduced “jump distance” for osteoblast

adherence and migration and a subsequent focus for

matrix deposition.

In the present study, BD analysis compared BD1

(bone adjacent to the implant) and BD2 (peripheral

bone) in two precisely demarcated areas of the same size,

which provided additional information about the effects

and characteristics of the surface bone immediately

adjoining the implant, comparing it with peripheral

native bone.

BD adjacent to the implant was seen to increase over

the study period in all groups. Differences in implant

surface may have affected the transmission of forces,

osseous remodeling and subsequent mineralization, the

addition of microgrooves and increased surface rough-

ness in the zirconia implants, and the presence of micro-

grooves and greater surface roughness in titanium

implants being positive factors favoring the increase of

BD adjacent to implants. Peripheral BD did not vary
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over the time span studied and maintained an average of

58 1 8% for all groups, which might mean that the effect

of the surface modifications extend to a maximum dis-

tance of 1.8 1 0.3 mm into the bone tissue surrounding

the implant, which is the distance of the BD2 area to BD1

area.

Another factor that may explain differences in BD

is variation in implant insertion depth. Gahlert and

colleagues54 compared BD and BIC in titanium and

zirconia implants inserted in minipigs at 1, 2, and 3

months following implant placement. Comparing all

groups, it was found that if zirconia implants were

submerged, they presented a BD of 80% (and sub-

merged titanium 74%), while non-submerged zirconia

implants showed a lower value of 63%. In the present

study, all implants were inserted at the same level,

therefore the variations in BD are more likely to be

related to implant surface and immediate loading than

implant insertion depth.

Schliepake and colleagues55 compared peri-implant

bone after 4 and 13 weeks with three types of implant:

sandblasted zirconia, sandblasted and acid-etched

zirconia, and titanium implants, all inserted in minipig

mandibles. BD findings varied from 72 1 21.6% for

sandblasted and acid-etched zirconia, 61.3 1 12.4%

for sandblasted zirconia implants, to 65.3 1 11.3% for

the titanium implants. The authors attributed these

differences to variations in surface roughness.

This coincides with the present results, whereby at 3

months, test B zirconia implants showed the highest BD

values, followed by the control titanium implants and

test A zirconia implants. Greater surface roughness was

seen to increase BD values in a proportional relation.

The effects of immediate loading on BD in the study

showed that for splinted implants of different materials

and surfaces, BD increased when subjected to mechani-

cal loading and the implant microgrooved surfaces had

an additional effect on BD increase.

Nevertheless, further research is necessary with

longer follow-up times to test whether the effects of

microgrooves on zirconia implants are lasting and

whether or not the presence of microgrooves affects ST,

bone remodeling, and BIC integrity in the long term.

Although the results of this work have demon-

strated the benefits of microgrooves in zirconia

implants, some related problems with color, mechanical

strength, and long-term behavior of zirconia implants

under mechanical load must be taken in account.

One drawback is whether or not the surface treat-

ment applied can affect the integrity and mechanical

properties of the zirconia implant. Zinelis and col-

leagues56 made a study of phase transformation, observ-

ing commercially manufactured zirconia implants’

crystalline phase by means of x-ray diffraction, finding

that the intraosseous area treated with sandblasting

showed a predominance of tetragonal phase with traces

of monoclinic phase, while the implants’ machined

surface showed tetragonal phase alone; the authors con-

cluded that surface treatment may induce a crystalline

phase-change.

However, the zirconia implants used in the present

study, femtosecond laser-treated, showed a predomi-

nance of tetragonal phase (determined by x-ray diffrac-

tion) in the intraosseous portion, which had been

previously sandblasted. This may have been due to the

elimination of surface areas where monoclinic phase

was present, previously modified by sandblasting,

to expose underlying layers with a predominance of

tetragonal phase.41

Although phase transformation affects zirconia’s

mechanical properties, we have not studied the resis-

tance to fracture of zirconia implants’ treated with laser

microgrooves – a matter for future research.

The second drawback is the long-term behavior

of zirconia implants. It is a known fact that zirconia

implants will display an increasing brittleness in bone in

situ, the longer time it is inserted. Furthermore, various

surface modifications will further increase this brittle-

ness. In the case of aluminum oxide implants used pre-

viously, they showed excellent short-term results, but

fractured after longer times in situ due to these prob-

lems. Whether the same will occur with zirconia is

unknown. The short term used in this animal study and

the protected occlusion resulted in splinted implants did

not provide information on the mechanical behavior of

microgrooved zirconia implants.

The third drawback is the gray color over the entire

treated area. Elemental analysis of untreated zirconia

implants compared with laser-treated implants showed

an increase in oxygen levels and a decrease in carbon,

which might indicate that the gray color arises from an

area of oxidization resulting from laser treatment.41 This

gray color could be eliminated with a heat treatment

that reaches 300°C; however, we did not, to assess

the biological effects of laser treatment without any

modification.
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Despite the positive results achieved, zirconia

implants should be evaluated with caution until data

regarding the clinical long-term behavior are available.

However, the study of new surface treatments that do

not affect the crystalline phase and mechanical proper-

ties are necessary for zirconia dental implants.

CONCLUSIONS

Within the limitations of this study, it may be

concluded:

• For all used implants, the ST thickness has a mean of

3 mm related to the establishment of the biologic

width.

• A slight CBL reduction will be expected for all

implant groups, and the presence of microgrooves

in the neck area of zirconia dental implants does not

prevent crestal bone remodeling.

• Increased BIC and BD percentages will be expected

around all splinted implants with immediate

loading at 3 months after implant insertion.

• The addition of microgrooves in the intraosseous

portion of sandblasted zirconia dental implants

increases the BIC and BD in comparison with sand-

blasted and acid-etched titanium implants and

sandblasted zirconia dental implants.
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