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Abstract (J Korean Assoc Oral Maxillofac Surg 2016;42:345-351)

Objectives: This study compared the impact of implant surface treatment on the stability and osseointegration of implants in dog mandibles.
Materials and Methods: Six adult dogs received a total of 48 implants that were prepared using four different surface treatments; resorbable blast
media (RBM), hydroxyapatite (HA), hydrothermal-treated HA, and sand blasting and acid etching (SLA). Implants were installed, and dogs were sepa-
rated into 2- and 4-week groups. Implant stability was evaluated via Periotest M, Osstell Mentor, and removal torque analyzers. A histomorphometric
analysis was also performed.

Results: The stability evaluation showed that all groups generally had satisfactory values. The histomorphometric evaluation via a light microscope
revealed that the HA surface implant group had the highest ratio of new bone formation on the entire fixture. The hydrothermal-treated HA surface im-
plant group showed a high ratio of bone-to-implant contact in the upper half of the implant area.

Conclusion: The hydrothermal-treated HA implant improved the bone-to-implant contact ratio on the upper fixture, which increased the implant sta-

bility.
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I. Introduction

Edentulous area restoration with an implant is a common
therapeutic approach'”. Several requirements are necessary to
achieve early stage and long-term implant insertion success.
The requirements include having good osseointegration be-
tween the implant and the alveolar bone’. Albrektsson et al.*
suggested six important elements that affect osseointegration

of implants: the material, design and surface of the implant,
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as well as the bone condition at the implantation site, the
surgical procedure, and the loading conditions™’. For the past
20 years, studies have been conducted to optimize implant
surfaces, and aspects including chemical treatment and physi-
cal factors, such as the coarseness of the surface, have been
investigated".

The traditional Branemark titanium implant is polished me-
chanically to obtain a smooth surface. However, since it has
been reported that implants with a coarse surface could be
more useful in the spongy bone with the poor bone quality,
many authors have investigated applications of coarse sur-
faces”’. Titanium plasma spray (TPS) is a method that is used
to generate a course surface and to increase the physical bone
contact area’. Recently, a surface treatment that uses plasma
spray, which involves aluminum oxide (Al,O;), titanium di-
oxide (Ti0O,), and calcium phosphate (CaP), such as hydroxy-
apatite (HA) with high biocompatibility, has received more
attention’. In addition, acid etching involving sulfuric acid
(H,SO,), hydrogen chloride (HC), or nitric acid (HNO;) can
make the surface coarser and facilitate osteocyte generation.
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Some studies have employed sand blasting and acid etching
(SLA)Q‘IO. Additionally, fluorination or anodic oxidation to in-
crease osseointegration has also been investigated for implant
insertion'.

We performed histomorphometric comparison of implant
osseointegration when the implant was treated with four dif-
ferent surface treatments; resorbable blast media (RBM),
which has recently been commercialized, HA coating, acid
etching followed by plasma spray and hydrothermal-treated
HA, to improve the degree of particle crystallinity.

Il. Materials and Methods

1. Experimental materials and methods

The experiments were carried out using six healthy adult
dogs aged 18 to 24 months and the study was approved by
the Institutional Animal Care and Use Committee, Chosun
University (IRB No. CIACUC2013-A0019). Each dog was
injected intramuscularly in the thigh with muscle relaxant
(2% xylazine hydrochloride, 10 mg/kg, Rompun Inj.; Bayer,
Seoul, Korea) and anesthetic (tiletamine, zolazepam, 10 mg/
kg, Zoletil 50; Virbac Lab, Carros, France), and 2% hydro-
chloride lidocaine (Yuhan Co., Ltd., Seoul, Korea) containing
1:100,000 epinephrine was used. The mandibular first and
second premolars and molars were extracted on both sides.
Wounds were sutured using 4-0 Vicryl (Ethicon, Somerville
NJ, USA).

Two months after extracting the teeth, the right mandible
of each animal was treated with local anesthetic followed by
anesthesia induction. The four types of implants were insert-
ed according to the surface treatment; implants treated with
RBM (Clearant; Dentis Inc., Daegu, Korea), HA implants
coated with ultra-thin HA film at room temperature (Hap-
tite; Dentis Inc.), hydrothermal-treated HA implants treated
with hot water and coated with HA (Dentis Inc.), and SLA
implants treated with plasma spray followed by acid etching
(One Q SL; Dentis Inc.). A total of 48 implants had identical
lengths and diameters (3.7x8.0 mm) and were classified into
2- and 4-week groups. Two implants from each group (a total
of eight implants) were inserted in each dog. Furthermore,
each implant was inserted up to 1 mm in depth on the superi-
or border of the alveolar bone, with more than 35-N insertion
torque. After the insertions, the incised mucosa was relocated
and sutured with 4-0 Vicryl.
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2. Laboratory animal sacrifice and histological
specimen preparation

The animals were sacrificed using suxamethonium chloride
hydrate (0.11 mg/kg, Eagle Suxamethonium Inj.; Eaglevet
Co., Seoul, Korea). Directly after sacrifice, the mandibles
were collected, preserved in formalin for 10 days, and em-
bedded with glycol-metacrylate resin (Spurr low-viscosity
embedding media; Polysciences, Warrington, PA, USA). The
specimens were cut using a high-precision diamond disc and
polished to 50 um or less in thickness, using a lapping and
polishing machine (OMNILAP 2000; SBT, San Clemente,
CA, USA). Finally, the histological specimens were prepared
using Villanueva osteochrome bone stain (SBT).

3. Assessment methods

To test the primary fixation and stability of the implants,
Periotest M (Medizintechnik Gulden Co., Modautal, Germa-
ny) was used to estimate the periotest value (PTV) as a rep-
resentative value on the buccal side of each implant directly
after placement and sacrifice. Osstell Mentor (Integration
Diagnostics AB, Goteberg, Sweden) was used to simultane-
ously estimate the implant stability quotient (ISQ) via reso-
nance frequency analysis (RFA) on the medial, distal, buccal
and lingual sides of the implant. The MGT 50 removal torque
analyzer (Checkline Europe Co., Enschede, the Netherlands)
was used to estimate the rotation torque in one of the sacri-
ficed dogs.

An optical microscope (Olympus BX50; Olympus, Tokyo,
Japan) was used for the histomorphometric assessment. The
ratio of the new bone formation area (NBFA) to the entire
implant was determined, and the bone-implant contact (BIC)
on the upper half was examined, which was determined to be
more significant for implant stability. PASW Statistics ver-
sion 18 (IBM Co., Armonk, NY, USA) was used to analyze
each of the estimates. Statistical significance was determined
by one-way ANOVA, and statistical analysis was carried out
at the 95% confidence level.

Ill. Results

1. Implant stability

1) RFA
The ISQ was at a favorable level (70 or more) in both
the 2- and 4-week groups. The implants treated with SLA



showed the highest stability directly after the insertion. Those
treated with RBM showed the greatest stability in the 2-week
group, although this result was not statistically significant. In
the 4-week group, the HA implants showed the most stabil-
ity, and there were significant differences from hydrothermal-
treated HA implants.(Table 1)

2) Periotest value

The PTV ranged from —4.33 to —6.07 at the time of ISQ
estimation. On average, smaller PTV and greater implant sta-
bility were observed in the 4-week group when compared to
the 2-week group. Directly after insertion, significant differ-
ences were observed between the implants coated with HA
and those treated with SLA; on average, the latter showed the
highest stability in both the 2- and 4-week groups.(Table 2)

3) Removal torque value

The HA-coated implants showed slightly higher removal
torque values (100.7 N/cm) in the 2-week group, while all
of the implants in the 4-week group displayed the maximum
removal torque value (135 N/cm) or higher. The analysis did

Table 1. Implant stability quotient based on resonance frequency
analysis

Surface treatment Initial 2 wk 4 wk
RBM 68.3+7.4 75.6+8.5 78.8+4.8'
HA 66.2+10.0  73.3%7.1 79.6+4.8’
Hydrothermal-treated HA ~ 68.9+10.6  72.1+6.5 74.8+4.5"
SLA 73.5+£9.4 72.8+4.7 75.7+2.8

(RBM: resorbable blast media, HA: hydroxyapatite, SLA: sand
blasting and acid etching)

'Statistically significant difference RBM and hydrothermal-treated HA
groups (P<0.01).

*Statistically significant difference HA and hydrothermal-treated HA
group (P<0.01).

Values are presented as mean+standard deviation.
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Table 2. Periotest value

Surface treatment Initial 2 wk 4 wk
RBM -5.35£0.54 —4.53+1.87 -5.52+0.79
HA -5.10+0.70" -4.33+2.06 -5.22+0.66
Hydrothermal-treated HA -5.62+0.50 -5.02+0.62 -5.42+1.05
SLA -6.07+0.36' -5.12+1.10 —6.07+0.35

(RBM: resorbable blast media, HA: hydroxyapatite, SLA: sand
blasting and acid etching)

'Statistically significant difference HA and SLA groups (P<0.01).
Values are presented as mean+standard deviation.

Wook-Jae Yoon et al: Comparative study on the osseointegration of implants in dog
mandibles according to the implant surface treatment. J Korean Assoc Oral Maxillofac
Surg 2016

The osseointegration of implants in dog mandibles according to the surface treatment

not identify any statistically significant differences in each

group.(Table 3)

2. Histomorphometric findings

1) NBFA ratio

Implants coated with ultra-thin HA film at room tempera-
ture showed the highest ratio of NBFA to the entire implant
surface, on average, in both the 2- and 4-week groups (64.5%
and 75.0%, respectively, with no statistical significance).(Fig.
1-4, Table 4)

2) BIC ration

The implants treated with hydrothermal-treated HA showed
the greatest BIC on the upper half, although the results were
not statistically significant, in both the 2- and 4-week groups
(67.3% and 74.0%, respectively) followed by those coated
with HA.(Fig. 1-4, Table 5)

IV. Discussion

The degree of osseointegration between the implant and
the alveolar bone plays an essential role in successful implant

"> Research has focused on the surface treatment

insertion
of implants to improve osseointegration in implant inser-

tions, and morphological studies have examined the thread

Table 3. Removal torque value (N/cm)

Surface treatment 2 wk 4 wk
RBM 82.8 1351
HA 100.7 1351
Hydrothermal-treated HA 92.1 1351
SLA 92.9 1351

(RBM: resorbable blast media, HA: hydroxyapatite, SLA: sand
blasting and acid etching)
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Table 4. New bone formation area ratios (%)

Surface treatment 2 wk 4 wk
RBM 58.5+12.4 63.5+£5.3
HA 64.5+23.6 75.0+16.1
Hydrothermal-treated HA 62.5+13.6 71.3%13.6
SLA 52.3+29.8 66.3x13.5

(RBM: resorbable blast media, HA: hydroxyapatite, SLA: sand
blasting and acid etching)

Values are presented as meantstandard deviation.
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Surg 2016
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Fig. 1. Resorbable blast media surface fixture light micrographs
in the 2-week (A, B) and 4-week (C, D) groups. The new bone
formation area and bone-implant contact increased in the 4-week
group (Villanueva osteochrome bone stain, A, C: x12.5, B, D:
x40).

Wook-Jae Yoon et al: Comparative study on the osseointegration of implants in dog
mandibles according to the implant surface treatment. J Korean Assoc Oral Maxillofac
Surg 2016

design in direct contact with the bone’. Ratner and Porter'
contended that the morphological and chemical properties
of the implant, including surface charge, wettability, protein
absorption, cell-surface interaction and cell and tissue growth
on the surface, are important elements that affect the interac-
tion between the surface and the bioactive materials. Davies'
observed that successful osseointegration involves activation
of platelets at the implant surface, which causes a knock-on
effect between the implant surface and osteocytes, resulting
in new bone formation and increased maintenance of bone
conduction.

Some studies have indicated that implants with a coarse
surface might be preferable compared with mechanically
polished smooth titanium implants'®. Shalabi et al.” observed
that BIC was correlated with implant surface coarseness. In

addition, Thompson et al.” found that the removal torque in-

348

Fig. 2. Hydroxyapatite (HA) surface fixture light micrographs in the
2-week (A, B) and 4-week (C, D) groups. The new bone formation
area (NBFA) and bone-implant contact increased in the 4-week
group. Compact new bone formation was identified around the
implant. The best NBFA value was obtained in this HA group (Vil-
lanueva osteochrome bone stain, A, C: x12.5, B, D: x40).
Wook-Jae Yoon et al: Comparative study on the osseointegration of implants in dog
mandibles according to the implant surface treatment. J Korean Assoc Oral Maxillofac
Surg 2016

creased with the increase in surface coarseness.

In this study, we determined the degree of osseointegration
using the Periotest M and Osstell Mentor to estimate implant
stability, and we used the MGT 50 gauge to estimate the re-
moval torque. The PTV can be used clinically to estimate the
histological degree of osseointegration, and the movement
of the metal rod is a convenient and useful way to estimate
implant stability'’. However, since the measurement is likely
to vary according to the site and angle of the abutment, all
implant measurements were performed at the same site, to
minimize the likelihood of variability. The Osstell Mentor is
frequently used to estimate the ISQ through RFA. However,
this measurement is affected by the length of the implant
above the bone level, and for this reason, we used equal in-
sertion depths for all of the implants. The medial, distal, buc-



Fig. 3. Hydrothermal-treated hydroxyapatite (HA) surface fixture
light micrographs in the 2-week (A, B) and 4-week (C, D) groups.
The new bone formation area and bone-implant contact (BIC)
increased in the 4-week group. Continuous BIC was identified
along the surface of the implant. The best BIC value was obtained
in this hydrothermal-treated HA group (Villanueva osteochrome
bone stain, A, C: x12.5, B, D: x40).
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cal and lingual sides of each implant were averaged to reduce
the disparity among measurement directions". Histomorpho-
metric analyses, using an optical microscope, were performed
to yield immediate and objective findings.

This study involved implants that were treated with re-
cently commercialized RBM, as well as HA or SLA. RBM
is used to spray resorbable blast material, such as hydrated
titanium and calcium phosphate, to make the surface of the
implant coarse'®; Piattelli et al."” reported that RBM-treated
implants showed the presence of bone matrix, which was
not observed using implants with mechanically polished sur-
faces. Moreover, RBM-treated implants resulted in greater
BIC and bone conduction. Granato et al.” found no statistical

significance in the histomorphometric analysis in adult dogs

The osseointegration of implants in dog mandibles according to the surface treatment

Fig. 4. The sand blasting and acid etching surface fixture light
micrographs in the 2-week (A, B) and 4-week (C, D) groups. The
new bone formation area and bone-implant contact increased
in the 4-week group (Villanueva osteochrome bone stain, A, C:
x12.5, B, D: x40).

Wook-Jae Yoon et al: Comparative study on the osseointegration of implants in dog
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Surg 2016

Table 5. Bone to implant contact ratios (%)

2 wk 4 wk
RBM 64.8+4.2 67.3+3.8
HA 65.5+25.4 73.8+18.5
Hydrothermal-treated HA 67.3+13.4 74.0+12.0
SLA 61.8+27.0 72.3£9.3

(RBM: resorbable blast media, HA: hydroxyapatite, SLA: sand
blasting and acid etching)

Values are presented as mean+standard deviation.

Wook-Jae Yoon et al: Comparative study on the osseointegration of implants in dog
mandibles according to the implant surface treatment. J Korean Assoc Oral Maxillofac
Surg 2016

that received acid-etched and RBM-treated implants. This
study found that RBM-treated implants resulted in poor os-
seointegration with relatively smaller BIC or removal torque
on average than HA-coated implants, although this trend was
not statistically significant.
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Yang et al.”! observed that implants with SLA-treated
surfaces showed greater removal torque and BIC than those
with mechanically polished surfaces in the 2-, 4- and 8-week
groups. Cochran et al.” used animal testing to determine that
the SLA-treated implants had significantly greater BIC than
those treated with TPS, probably because marginal bone re-
sorption after implant loading was minimized by SLA, which
maximized the secondary bone regeneration.

HA-coated implants have been investigated since 1984, and
optical microscopy has shown that the interaction between
HA-coated implants and bone is characterized as a type of
integration that results from the biochemical combination of
the bone and the surface of the implant™. Retrospective clini-
cal research showed fewer failures with HA-coated implants
than those treated with TPS*. However, although HA-coated
implants show better initial osseointegration after insertion,
the HA-implant interaction is more likely to be damaged by
prosthetic load, which may lead to unsuccessful implanta-

. - 24,25
tion over time

. This damage occurs because the existing
plasma spray can make the film permeable, thereby causing
residual stress on the surface and changing the initial consti-
tution and degree of crystallinity of the calcium phosphate
particles™. To circumvent this potential damage, Yang et al.”’
presented an electrochemically effective implant coating that
was generated by combining HA coating and nanotechnol-
ogy, and this coating was associated with greater BIC out-
comes than previous implants.

Some authors reported that hot water treatment could maxi-
mize anodic oxidation and improve bioactivity’. Ishizawa and
Ogino™ reported that anodized titanium coating, combined
with 300°C water treatment, yielded a 1- to 2-pm layer of
HA, which could decrease particle cohesion and increase the
maximum bond stress up to 40 MPa. In this study, hot water
treatment, in conjunction with new technology to improve
crystallinity of the particles, also led to better BIC than the
HA, RBM and SLA coatings on average, although the differ-
ences were not statistically significant.

Ionization of the implant surface can increase surface
stress, which can then increase protein absorption and affect
the contact angle. In addition, ionization effectively facilitates
osteoblast accumulation and differentiation™"; De Maeztu et
al.”! found that mechanical polishing combined with CO ion-
ization could generate better BIC than other types of implant
surface treatments, such as mechanical polishing without
ionization, acid etching, and SLA. In addition, biomolecule
coatings using collagen I and osteocalcin have been found to

. .1
generate successful osseointegration .
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In this study, we examined implant osseointegration using
four types of implant surface treatment; RBM, HA coating,
HA coating combined with hot water treatment, and SLA-
treated implants in the jawbone of adult dogs. In general, all
types of implant treatments led to good implant stability. ISQ
results for the 4-week group showed that the implants coated
with ultra-thin HA film at room temperature were most
stable. Histomorphometric analysis revealed that the implants
coated with ultra-thin HA film at room temperature showed
the highest ratio of NBFA and that the implants treated with
hot water and coated with HA showed the greatest BIC on
the upper half of the implant.

V. Conclusion

In general, all types of implant surface treatments led to
good osseointegration. Hydrothermal-treated HA showed
excellent osseointegration in the upper half of the implant.
To improve osseointegration, further research is required to
combine the existing implant surface treatment methods with
modified and improved technology.
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