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Effect of Induced Periimplantitis on
Dental Implants With and Without
Ultrathin Hydroxyapatite Coating
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the past 20 years." The clinical success
of dental implants relies on their early
osseointegration; thus, there is an
ongoing effort to improve the stability
and integration between bone and
implant.” Modifying the implant sur-
face has been suggested to enhance
osseointegration and improve its qual-
ity.>™* Altering the oxide layer,
increasing the surface roughness, and
using bioactive coat and other methods
have been suggested.’® Calcium phos-
phate (CaP) compounds (called
hydroxyapatite or HA) have showed
favorable osteoconductive properties,
and when used as a coating material,
they enhanced the bone—implant fixa-
tion. However, owing to the weak
mechanical properties of CaP com-
pounds, they are used as coatings
rather than a bulk implant material.”~'°
The highly osteoconductive properties
of HA coat are well-documented both
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implants with and without hydroxy-
apatite (HA) coat.

Methods: Thirty-two dental im-
plants (3.3 mm wide, 13 mm long)
with 4 surface treatments (8
implant/group) (M: machined, SA:
sandblasted acid etched, S: sputter
HA coat and P: plasma-sprayed HA
coat) were inserted into canine
mandibles. After 12 weeks, oral
hygiene procedures were stopped
and silk ligatures were placed
around the implant abutments to
allow plaque accumulation for the
following 16 weeks. Implants with
the surrounding tissues were
retrieved and prepared for histo-
logical  examination.  Bone-to-
implant contact (BIC) and implant
surfaces were examined using scan-

Results: Histological observa-
tion revealed marginal bone loss
and large inflammatory cell infil-
trates in the periimplant soft tissue.
Sputter HA implants showed the
largest BIC (98.1%) and machined
implant showed the smallest values
(70.4%). After 28 weeks, thin sputter
HA coat was almost completely dis-
solved, whereas plasma-sprayed HA
coat showed complete thickness
preservation.

Conclusion: Thin sputter HA-
coated implants showed more bone
implant contact and less marginal
bone loss than thick HA-coated im-
plants under periimplantitis condi-
tion. (Implant Dent 2016;25:39-46)
Key Words: dental implants,
hydroxyapatite, periimplantitis, bone

experimentally and clinically.'"'> HA
coat enhances early bone formation
while minimizing the formation of
fibrous tissue resulting in better
implant fixation. However, this osteo-
conductive property depends on the
properties of the coat such as its
degree of crystallinity, solubility, and
coat thickness.'*'

Plasma spraying is the conven-
tional technique for depositing HA coat
on a core metal substrate.'>'® This tech-
nique requires high temperature, and

the consequent coat is more than 50 wm
thick with very rough surface. Although
the biocompatible property of plasma-
sprayed HA coatings has been observed
in several studies, concerns have been
raised regarding the potential risk of
delamination of the coat and coat
degradation.'”'®

As an alternative, other coating
deposition methods were introduced to
produce more adherent thin HA film."*
Radiofrequency (RF) magnetron sput-
tering is a physical vapor deposition
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process of depositing thin CaP films
with a uniform thickness while preserv-
ing the roughness of the underlying
substrate.'” Previous in vitro and
in vivo studies showed that CaP depos-
ited by sputtering technique demon-
strated biocompatible property, with
improved apatite formation and stimu-
lated extracellular matrix formation as
Well'10,14,19

However, sputtered HA coat pos-
sesses low crystallinity in vivo, which
accelerates the dissolution of the film at
an early stage after implantation. Cool-
ey et al*” observed a complete dissolu-
tion of sputtered HA coat after 3 weeks
of implant insertion. Appropriate heat
treatment can crystallize the sputtered
HA coat resulting in a decrease in its
dissolution property without degrading
the HA film. A previous study reported
that after 12 weeks of implantation, the
crystallized sputter HA film showed 1.6
times higher bone bonding strength
than the plasma spray.?’

In environments where bacterial
plaque is promoted to build up, the
bacteria present in the accumulated
biofilm can lead to inflammatory

reaction in the adjacent periimplant
mucosa (mucositis), which subse-
quently leads to periimplant bone loss
(periimplantitis).** Mucositis and peri-
implantitis were reported as contribut-
ing to failures of implants with
HA-coated surfaces.”” A controversy
still exists regarding the behavior of
CaP coating in periimplantitis condi-
tions.”* Martins et al*® observed greater
bone loss around plasma-sprayed HA-
coated implants, whereas other studies
showed similar periimplant bone loss
around HA-coated and uncoated im-
plants.”** The stability of the HA-
coated dental implants in the oral cavity
is affected by the thickness and crystal-
linity of the coat and the existed
microorganism.®

The implant surface roughness and
its chemical composition surface can
promote plaque formation. It has been
demonstrated that more plaque accu-
mulates on rougher surfaces and high
surface free energy materials such as
titanium. Irregular surfaces and hydro-
philic surfaces accumulate and retain
more bacteria; therefore, rough implant
surfaces require more procedures to
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Fig. 1. Schematic drawing illustrating the landmarks used for the histometric measurements.
B, coronal point of bone implant contact; BC, bone crest; BIC, bone-to-implant contact; FB,
first coronal point of ultrathin bone layer; HA coat, hydroxyapatite coat; IS, implant shoulder;

SB, apical point of ultrathin bone layer.
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decontaminate than machined surfa-
ces.”” In vitro and in vivo studies
showed that pathogenic bacteria lead
to the decrease in PH value because
of high concentrations of bacterial me-
tabolites and the dissolution of HA
coat.”® Gram-negative anaerobe and
spirochetes were predominantly found
in the periimplantitis conditions. A pre-
vious in vitro study reported the disso-
lution of HA coat after being exposed to
staphylococci bacteria. Another study
in dogs observed the decrease of HA
coating thickness after 3 and 6 months
of induced periimplantitis.®

Therefore, the objective of this
study was to evaluate the effect of
ligature induced periimplantitis on im-
plants with different HA coatings
(plasma spraying and ultrathin sputter)
using histologic, histomorphometric,
scanning electron microscopy (SEM),
and energy dispersive Xx-ray spectro-
scopic assessments.

MATERIAL AND METHODS

Dental Implants

Thirty-two pure titanium dental
implants (3.3 mm wide and 13 mm
long) with 4 different surface treatments
were used in this study. The implant
types were Type M: machined, Type
SA: sandblasted acid etched, Type S:
1 pm sputter HA coat, RF magnetron
sputtering were performed using an
SPF-410H (ANELVA Corp., Tokyo,
Japan) chamber followed by a hydrother-
mal treatment at 120°C in an electrolyte
solution containing calcium and phos-
phate ions for 20 hours and Type P: 50
wm HA plasma-sprayed coat followed by
pressurized hydrothermal process.

Surgical Procedure

The study protocol was approved by
the regional Ethics Committee for Ani-
mal Research in Tokyo Medical and
Dental University. All surgical opera-
tions were performed under general
anesthesia with medetomidine hydro-
chloride (Dormitor; Orion Corporation,
Espoo, Finland) (0.05 ml/kg) as intra-
muscular premedication and ketamine
(Ketararu; Daiich-sankyo Co., Japan)
(2 mL/10 kg). Infiltration anesthesia at
the surgical site was performed with
2% xylocaine/epinephrine (1:80,000)
(Sankin; Dentsply, Tokyo, Japan).
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Prophylactic antibiotic of clindamycin
(11 mg/kg body weight) was given
postoperatively for 3 days.

After a 4-week accommodation
period, all mandibular premolars were
extracted in three 2-year-old beagle dogs.
After a 3-month healing period, muco-
periosteal flaps were elevated. Four im-
plants were inserted in each side of the
Fig. 2. Buccal-lingual undecalcified sections for implant types. Machined (A), sandblasted ~mandible in a randomized order.
acid etched (B), sputter HA coated (C), and plasma-sprayed HA coated (D) (300 wm bar— Implants margins were placed on
toluidine blue staining). the same level as the bone crest (BC).
The flaps were sutured and all implants
were allowed to heal in a nonsubmerged
position. The sutures were removed after
2 weeks and an oral hygiene program
using 2% chlorhexidine rinse (chlorhex-
idine gluconate 20%; ICI Pharmaceuti-
cal Group, Wilmington, DE) 3 times/
week was maintained for additional 3
months. After a 3-month period, oral
& : 3 hygiene procedure was discontinued and
Fig. 3. Undecalcified sections showing inflammation in the sulcus (A), multinucleated and  periimplantitis was induced using silk
inflammatory cells in the connective tissue lateral to the osseous surface (B). Toluidine blue  ligatures placed around the abutments in
staining. submarginal position to allow plaque
accumulation.

Bacterial sample was taken to con-
firm the presence of periodontopathic
bacteria. After a four 4-month period,
the dogs were euthanized with an over-
dose of Sodium Pentothal, and implants
with the surrounding tissues were
retrieved and prepared for histological

examination.
E ¢/ Histological Examination
Fig. 4. Undecalcified ground section 7 months after implant placement. Machined (A), The specimens were dehydrated in an
sandblasted acid etched (B), sputter HA coated (C), and plasma-sprayed HA coated (D). ascending series of alcohol and embedded
Toluidine blue staining. in a methacrylate resin (Technovit 7200

VLC; Kulzer, Wehrheim, Germany).
After polymerization, ground sections
were prepared containing the implant
and the surrounding soft and hard tissues
according to the technique of Donath and
Breuner.” Each block was cut in a bucco-
lingual plane using a cutting—grinding
unit (Apparatebau; Exakts, Norderstedt,
Germany). From each implant site, 3
central sections (buccal-lingual plane)
were obtained and further reduced to
a final thickness of approximately 50
wm using a microgrinding polishing
unit (Le Cube, PRESI-Métallographie
Co., Brié-et-Angonnes, France). The
sections were finally stained in tolui-
(C. D). Machined (A), sandblasted acid etched (B), sputter (C), and plasma sprayed (D). dine blue. Histological analysis was
Toluidine blue staining. performed using optical/fluorescence
microscope (Biozero-8000; Keyence,
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Osaka, Japan) and the data were analyzed
using BZ-analyzer software (Keyence).

SEM and EDS
Surface observation and elemental
analyses were performed using SEM

(JSM-5310LV; JOEL, Tokyo, Japan)
and energy dispersive x-ray spectros-
copy (EDS) (EMAX-7000; Horiba
Ltd., Kyoto, Japan). A bone—implant
interface was selected to evaluate the
residual HA coating.
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Fig. 6. (A) BIC in percent. (B) Bone defect area (in square millimeter). (C) Length of the
ultrathin bone layer (BL) for sputter (S BL) and plasma (P BL) implants in relation to the whole
exposed implant surface. Toluidine blue staining. M, machined; P, plasma-sprayed HA coat;
S, sputter HA coat; SA, sandblasted acid etched.

Histomorphometric Analyses

The following landmarks were
recognized on the histological sections
and used for the linear measurements:
the implant shoulder (IS), the first point
of bone—implant contact (B), and the
BC of the bony defect. Bone-to-
implant contact (BIC) starting at the
bottom of the defect and average defect
area were calculated. Regarding the
HA-coated implants, under high mag-
nifications, the first ultrathin bone—
implant contact (FB) and the second
bone—implant contact (SB) were deter-
mined and the distance between FB-
SB was assessed to evaluate the length
of the ultrathin bone layer (BL). The
mean residual HA coat thickness was
measured for implant type S and P in
the coronal, middle, and apical third of
the implants (Fig. 1).

RESULTS

Data Analyses

Mean values for each variable were
calculated for each implant in each
animal. Differences were analyzed
using analysis of variance (ANOVA)
and post hoc test. The null hypothesis
was rejected at P < 0.05.

Histological Observations

Buccal-lingual sections represent-
ing the 4 different implant types are
illustrated in (Fig. 2). The periimplant
tissues in all specimens showed evi-
dence of marginal bone loss and large
inflammatory cell infiltrates. The
implant surfaces were occupied with
varying amounts of plaque and calculus
that extended from the supramarginal
portion of the implant to the apical com-
partment of the pocket.

In all specimens, there was consid-
erable bone—implant integration; vari-
able degrees of marginal bone loss
were observed extending to either the
coronal or middle third of the implant.
The mucosa surrounding the implants
was characterized by the presence of
a large inflammatory infiltrate (Fig. 3).
The bone was in direct contact with the
implant surface without intervening
fibrous tissue layers (Fig. 4). The
plasma-sprayed  coated  implants
showed no signs of HA-coat degrada-
tion. Multinucleated giant cells were
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Fig. 7. SEM image of different implants after 28 weeks. Machined (A), sandblasted acid

etched (B), sputter HA coated (C), and plasma-sprayed HA coated (D).

oW oo =

Fig. 8. EDS analysis of the implant—-bone interface for different implant types. Machined (A),
sandblasted acid etched (B), sputter HA coated (C), and plasma-sprayed HA coated (D).
]

also frequently found and the lateral
bone walls that lined the lesion formed
a craterlike osseous defect. Osteoclasts
and multinucleated cells were found in
the connective tissue adjacent to the bo-
ny defect, indicating active tissue
destruction including bone resorption.
The inner lateral wall of the bone defect

showed steep sloping toward the
implant surface giving the characteris-
tic saucer shape of periimplantitis bone
defects. The bony surface was irregular
(ruffled) and osteoclast cells was
observed. The outer lateral wall of the
bone defect was smooth and sloped
gradually to the outer cortical bone.

Regarding the HA-coated im-
plants, an ultrathin layer of bone in
direct contact with the implant surface
was observed under high magnifica-
tions along the implant surface opposite
to the bone defect and extended apically
until the buccal bone—implant contact.
Under high magnifications, the plasma-
sprayed HA coat was observed to be
separated from the implant surface;
these findings were confirmed under
SEM observations (Fig. 5).

Histomorphometric Evaluation

The average BIC was greatest for
implant type S (98.1%) and lowest for
implant type M (70.4%). The defect
area was determined to average 0.7
mm? for implant type M and SA, 1.1
mm? for implant type P, and the small-
est value was 0.5 mm? for implant type
S. There were no significant differences
between the 2 groups (P < 0.05). The
length of the ultrathin bone film was
shown to cover up to 50% of the
exposed implant surface (Fig. 6).

Coating Thickness Reduction

The HA coating appearance was
not uniform. For implant type S, very
thin coating (20% of the original thick-
ness) was observed in the coronal areas,
whereas complete coat loss was
observed in the apical third. For implant
type P, no HA coat thickness reduction
was observed (Fig. 6).

SEM and EDS Analyses

SEM and EDS analyses of the bone—
implant interface revealed a direct contact
between thin sputter HA coated implants
and bone tissue. Similar findings were
observed for the SA implants. Plasma-
sprayed HA coated implants demon-
strated a direct bone contact with the
HA coat; however, a gap was observed
between the Ti substrate and the HA coat.
Separation between the bone and
machined implant was observed in some
samples (Figs. 7 and 8).

DiscussioNn

CaP coatings have been known for
decades for their osteoconductive prop-
erties and their biocompatibility. How-
ever, their clinical performance in the
presence of bacteria remains controver-
sial, particularly, coating degradation
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with consequence crestal bone loss.*
The advantages of a CaP coating
become evident only under more severe
implantation conditions. Therefore, in
this study, we evaluated the effect of
ligature induced periimplantitis on dif-
ferent implant surface treatments
including 2 types of HA coat using his-
tological, histomorphometric, SEM and
EDS analyses.

Regarding the HA coat properties,
our histological and SEM observations
showed approximately 80% coat thick-
ness reduction for sputter HA coated
implants; however, complete thickness
preservation was observed for plasma-
sprayed HA implants. This could be
explained by the high crystalline prop-
erty of MP-1 plasma HA coat together
with its relatively large thickness 50 wm
compared to 1 pm sputter HA coat. Our
findings conform to previously reported
observations,”® in which highly crystal-
line plasma-sprayed HA coat showed
stable coat thickness after 3 and 6
months implantation in normal and
periimplantitis conditions.

Similarly, Ozeki et al*' reported
that after 12 weeks of implant insertion
80% of the sputter HA coat was re-
sorbed. Furthermore, recent studies on
biological reaction of sputtered HA coat
revealed its supportive behavior to oste-
oclast formation and function indicat-
ing its favorable biodegradability. The
degradation of the HA coat mainly in
the apical part is likely due to increased
blood supply in the apical area rather
than the coronal part. In addition, it
was observed that there was a cellular
process of HA coating degradation
caused by osteocalstic activity.'”?* As
such, the replacement of HA coatings
by autologous bone was suggested to
occur with longer implantation time,
and this replacement was the result of
HA coatings taking part in the bone re-
modeling response similar to any other
part of the skeleton.*' Yamamoto et al**
demonstrated that coating degradation
was associated with enhanced osteo-
conductivity and increased BIC.

An ultrathin layer of bone attached
to the implant surface adjacent to the
bone defects was observed in histologic
images. This bone layer was only
observed in both types of HA-coated
implants. Despite the absence of

osteoblast layer on the surface of this
thin bone layer, the bioactivity of HA
coat is confirmed. A previous study’’
demonstrated that the thin film sput-
tered HA coating provides a more
favorable surface for osteoblastic dif-
ferentiation and function than the mod-
ified titanium surface. HA coatings are
bioactive and well-known for their
favorable bone-bonding properties
compared with noncoated titanium.**-*
Although this bone tissue is not vital (no
osteoblast was observed), the presence
of this bone tissue layer reflects the
bonding of HA coating with the bone.
Our EDS analysis showed the presence
of calcium directly at both HA-coated
implant surfaces. From this, it can be
concluded that mineralized bone can
grow directly on the surface of thin
sputter HA-coated implants and
plasma-sprayed HA surface.
Regarding the current SEM obser-
vation, the plasma HA coat showed to
be separated from the Ti substrate while
still being tightly bonded to the bone.
This could be either attributed to the
processing artifact or due to residual
stresses in the HA coat. Numerous
reports revealed that high-temperature
coating results in residual stress at the
interface between Ti and the coating
layer; this is attributed to the different
thermal coefficients between Ti and
apatite.’® Another study concluded that
mechanical interlocking  between
plasma-sprayed HA coat and the metal
substrate is the major factor determin-
ing the bond integrity. The study
showed that plasma-sprayed HA coat
separation was between the oxide film
or the underlying substrate depending
on the weakness of the bond. Simulta-
neously, the coating fractured into frag-
ments but remained mechanically held
in the existing substrate concavities.?’
A previous report explained this obser-
vation as a processing artifact.*® How-
ever, another review showed that
variation in bond strength between the
HA coat and the metallic substrates
leading to coat separation is a common
problem for plasma spraying.*’ The
bonding of the plasma-sprayed HA
coatings depends mainly on mechanical
interaction. As evidenced in several
studies, a highly roughened substrate
surface exhibited a higher bond strength

MADI ET AL

compared with a smooth substrate
surface.?”

The present SEM and EDS analy-
ses showed separation of the bone from
the machined implant surface. This
observation is similar to that previously
reported for machined c.p. and alloyed
titanium. Numerous possible reasons
for the separation and the rupture in the
interface exist due to the fixation,
dehydration, embedding, sawing, and
grinding. Furthermore, the high vac-
uum in the SEM might increase the
rupture.*

Numerous in vivo studies used
bone—implant contact ratio as an index
of osteoconductivity and to compare
different apatite-coated titanium im-
plants.*® Similarly, in this study,
bone—implant contact was used to eval-
uate the hard tissue response regarding
the different implant surfaces. Both
HA-coated implants showed more
BIC than uncoated implants. In agree-
ment with the previous findings, sput-
tered CaP coatings showed improved
initial fixation and more healing
response than uncoated Ti surface.
Another study concluded that sputtered
CaP coatings are comparable to plasma-
sprayed HA coatings with respect to
ultimate interfacial strength after 12
weeks of implantation.®'

The bony defect showed irregular
ruffled borders with multinucleated
giant cells observed close to the bone
surface reflecting active bone resorp-
tion. The soft tissue as well was infil-
trated with inflammatory cells, and the
pocket epithelium showed ulceration.
The consequence relationship between
bacterial plaque accumulation and the
development of soft tissue inflamma-
tion surrounding dental implants has
been reported by Pontoriero et al.*

All implants showed marginal
bone loss extended to the middle third
in the buccal surface and to the coronal
third in the lingual third. As for the
plasma-sprayed HA-coated implants,
the angular bone defect tends to be
wider, whereas the other implant surfa-
ces showed narrower defects (buccally
and lingually). These results are consis-
tent with our previous study, in which
plasma-sprayed implants showed wider
periimplantitis bone defect than other
tested implants.*’ Conceivably, the
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increased surface roughness resulting
from plasma spraying process allowed
more bacteria plaque accumulation
that can stimulate more inflammatory
response in adjacent soft tissue. There-
fore, wide soft tissue area became in-
filtrated by inflammatory cell, allowing
more inflammatory cells penetration to
the underlying bone. HA coat that re-
mains for longer times after bone matu-
ration is achieved is more likely to
be susceptible to bacterial accumulation
with subsequent progression of inflam-
mation and bone loss.*?

CONCLUSION

In conclusion, the current research
has shown some promises for thin
sputter HA coat that may eliminate
some of the problems associated with
the plasma spraying process. Thin sput-
ter HA-coated implants showed more
favorable bone response (bone—implant
contact) and less marginal bone loss
than other implant surfaces despite the
presence of periimplantitis.
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