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The effects of saline soaking on the removal torque of titanium implants

in rabbit tibia after 10 days

Jung-Hyun Park®, Sung-Am Cho™*
Department of Prosthodontics, School of Dentistry, Kyungpook National University, Daegu, Republic of Korea

Purpose: The aim of this study was to confirm if Laser-treated implants were soaked in 0.9% NaCl solution for 2 weeks could increase the surface hydrophilicity, and the
Remoal Torque of each implant that inserted in rabbit tibia for initial healing period of 10 days. Materials and methods: Twenty machined titanium surface screws were pro-
duced with a diameter 3 mm, length 8 mm. Ten screws had their surface treated with a laser only (laser treated group), and the other 10 were soaked in saline for 2 weeks
after surface treatment with a laser (laser treated + saline soaked group). Implants were inserted in rabbit tibia (ten adult New Zealand white rabbits), and the RTQ of each
implant was measured after 10 days. The wettability among implants was compared by measuring the contact angle. Surface composition and surface topography were ana-
lyzed. Results: After 10 days, the laser treat + soaking group implants had a significantly higher mean RTQ than the laser treated implants (P = .002, <.05). There were no
significant morphological differences between groups, and no remarkable differences were found between the two groups in the SEM analysis. Conclusion: Saline soaking
implants is expected to produce excellent RTQ and surface analysis results. (/ Korean Acad Prosthodont 2019,57:328-34)
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Introduction coating, and laser deposition. These methods help to replicate the in-

herent nature of the bone that promotes the maturation of osteoblasts,
The stability of an implant can be achieved by complete osseointe- increases the contact of the bone and implant, and improves the clini-

gration of its surface, and many efforts have been made in this direc- cal success rate.”

tion." Characteristics of the dental implant surface are the primary
parameters that affect the rate of osseointegration.

There are many ways to modify the surface of an implant, such
as turning, acid-etching, hydroxyapatite coating, sol-gel coating,
sandblasting and acid-etching, grit-blasting, oxidizing, plasma-spray

The laser technique can roughen the surface without requiring di-
rect contact with the implant surface, and therefore, there is no risk of
contamination. By using the laser technique, hardness and corrosion
resistance are increased, and a surface of high purity with standard
roughness and a thick oxide layer is formed. Cho and Jung found that
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a laser-treated implant had a 2.5 times higher removal torque value
(RTQ) compared with a machined implant in an experiment using
rabbit tibia.”

When an implant is inserted, bleeding occurs from the bone mar-
row and peri-implant tissue resulting in the collection of blood
around the inserted implant. This leads to the formation of a biofilm,
which modulates the host’s cellular responses, which progresses to
the granulation tissue, followed by immature woven bone.’ The bone
formation begins early, during the first week, through the promo-
tion of osteoblast differentiation, production of osteogenic factors.’
Between | and 2 weeks, the bone tissue responsible for primary
mechanical stability of the device, immediately lateral to the implant
region, is resorbed and substituted by newly formed bone.’

The surface energy of the implant, which is related to the concept
of wettability, is another surface property for measuring the liquid-
solid contact angle (CA) indirectly. The mechanism for imitating the
inherent wettability of the bone and its characteristics remains to be
determined, but the CA range of implants available on the market
is very wide.*"" Many studies have demonstrated improvements in
cell adhesion, proliferation, differentiation, and bone mineralization
in the early stages using a hydrophilic surface. One study presented
increased expression of a differentiation marker in cultured osteo-
blasts on a hydrophilic surface. In addition, improvement in bone
to implant contact at an early stage has been reported in animal and
clinical studies."

Changes in physical and chemical implant surface characteristics
affect the hydrophilicity.

Hydrophilic implants show reduced C (Carbon) concentration and
increased O, (Oxygen) concentration. In theory, when the implant
surface contacts water, -OH and O, groups are formed on its outer-
most layer since the oxide surface is hydrophilic. In several studies,
surface morphology, topography, and histomorphometric evaluations,
among others, have been performed and indirectly demonstrated that
implants with increased hydrophilicity have a reduced healing pe-
riod."”

Currently, the reduction of the osseointegration time is a topic of
particular interest in dentistry.” It is important to consider that the hu-
man body needs a minimum amount of time."* Early osseointegration
provides the immediate loading of dental implants."

To the best of our knowledge, no studies have measured hydrophil-
ic implant removal torque values (RTQ), a direct measure of osseoin-
tegration and healing. Furthermore, several studies have shown that
the healing period can be reduced with sandblasted and acid-etched
implants; however, there appears to be no studies on the effects of
laser-treated implants on healing period using RTQ measurements."

In this study, laser-treated implants were soaked in 0.9% NaCl
solution for 2 weeks to increase the surface hydrophilicity. Implants
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were inserted in rabbit tibia and the RTQ of each implant was mea-
sured. The aim of this study was to clinically interpret the RTQ
values obtained, and to demonstrate an increase in the hydrophilicity
facilitated osseointegration between the bone and implant surface in
the short-term.

Materials and methods

Machined-surface titanium grade 23 screws 8 mm long and 3 mm
in diameter (n = 10) were prepared and Nd:YAG (Jenoptix Laser
Optik) laser-treated. They were then dry-packed similar to the com-
mercially available laser-etched implants (conventional laser-etched
implants, CSM Implant, Daegu, Korea).

Laser-etched implants were soaked in 0.9% NaCl solution for 2
weeks (n = 10) for chemical activation. After 2 weeks of soaking,
implants were stored in a 0.9% NaCl solution (laser-etched active
implants).

Before inserting the implants, scanning electron microscopy (SEM)
was performed at 200x%, 1,000x and 2,000x magnifications, and sam-
ples were examined under Quanta FEG 650 from the FEI Company
(Hillsboro, OR, USA) for surface topography.

Surface roughness was measured by 3D-confocal laser scanning
microscopy. A 1310-nm laser beam scanned the surface of the speci-
men at 4 frames per s through a confocal diagram. Images were
constructed on the x, y plane using an InGaAs photo diode through
a pinhole. Using a piezo scanner and an Olympus confocal micro-
scope (LEXT OLS3000-IR, Olympus, Tokyo, Japan), the plane im-
age at 640 x 480 pixels was observed, and surface roughness was
determined by measuring the three-dimensional image at 0.1-micron
units to the height of the z-axis.

Twenty machined-surface titanium disks 1 mm long and 10 mm in
diameter were fabricated and Nd:YAG (Jenoptix Laser Optik) laser-
treated. Ten disks of the sample were soaked in 0.9% NaCl solution
for 2 weeks and the static contact angle (CA) was measured by the
sessile-drop technique using Universal Goniometer DSA 20E (Kruss
Hamburg, Germany)."® The CA of 20 samples were measured.

Ten adult New Zealand white rabbits were used in this study. The
experiment was approved by the Animal Care and Use Committee of
Kyungpook National University (KNU 2014-0044), Korea. Rabbits
weighing an average of 2.8 kg each were used for these experiments.
Before the surgical procedure, the animals were anesthetized with
intramuscular injections of tiletamine/zolazepam (0.2 mL/kg, Zoletil
50, Virbac Laboratories, Carros, France), and approximately 1 mL of
local anesthetic agent (2% lidocaine) was injected into the area un-
dergoing surgery.

After shaving the hair from both the legs of the rabbit for the sur-
gical procedure, iodine and 75% alcohol were used to disinfect the
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area. An incision was made, and the soft tissue and periosteal layer
were elevated to expose the rabbit’s tibia. Twenty implants were in-
stalled in the tibia of 10 rabbits (2 implants each); on the left tibia in
the experimental group and on the right tibia in the control group. No
implant penetrated the other side of the outer cortical layer. A drill
bit of 3.0-mm diameter was used and the drilling was conducted at
800 rpm under constant irrigation. The implant insertion torque was
measured using a digital torque measuring device (MGT-12 digital
torque gauge, Mark-10 Corp, New York, NY, USA). Antibiotics (1
mL, Baytril, Bayer, Germany) and a metabolism booster (Catosal,
Bayer) were administered as intramuscular injections for a week af-
ter surgery. Rabbits were housed in a low-stress environment. Each
rabbit was kept in a cage made of stainless steel (SUS) in breeding
farm. We used litter to keep the animal warm and comfortable as
well as keep the cage clean. We putted the bowl in the cage, watering
it and change it twice a day and used a bowl in the cage to feed. The
breeding farm was equipped with a cooler and a heater to keep the
temperature from being extremely high or low and to adjust the body
temperature constantly. Also, we supplied fresh air to the animals and
ventilates to remove the odorous substances in the room. We checked
condition of rabbit once a day. After the experiment, T-61 was ad-
ministered 0.5 - 1.0 mL per body weight via the ear vein of the rab-
bit. At this time, the drug infusion rate should be slower than 0.2 mL/
sec. All other rabbits were healthy during the experiment.

Ten rabbits were euthanized after 10 days (1.5 weeks) and the
RTQ was then measured.

T61 was administered through the ear vein of the rabbit at a dose
of 0.5 - 1.0 mL per body weight, with a slow rate of drug infusion of
less than 0.2 mL/sec (No excitable response occurs when adminis-
tered slowly). The cadavers that were euthanized by administration
of T61 were kept in the carcass storage compartment of the animal
laboratory at the Kyungpook National University Hospital and col-
lected periodically by a professional company.

The maximum RTQ was measured and specified in Newton cen-
timeters. After euthanasia, the bone was exposed and the RTQ was
determine using a digital torque-measuring device.

The program used for statistical analysis is IBM SPSS statistics
ver. 20.0 (IBM Co., Armonk, NY, USA) and the measured data were
compared using t-test.

Results

1. Surface analysis

1) Surface topography
The implant surface was examined using a Quanta FEG 650 SEM
(FEI Company, Hillsboro, OR, USA) under a 10-mm working dis-
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tance in a 1 x 10’ mbar SEM chamber. The acceleration voltage was
30,000 V and the resolution was 1024 x 943 pixels. Before implant
insertion, surfaces were observed at 200%, 1,000x and 2,000x magni-
fications (Fig. 1). No substantial differences were observed between
both experimental and control groups at either magnification.

2) Roughness

We measured the surface roughness (Rz) of the solid implant
surface at 10 random sites on the implants. The mean Rz of a laser
treated implant was 57.869 um while that of a laser treated and saline
soaking implant was 59.108 pum. There was no difference in implant
surface roughness between the experimental (59.108 um) and control
(57.869 um) groups (Fig. 2).

Fig. 1. Scanning electron microscopy of implant surfaces. There is no differ-
ence between the control group (B, D and F) and experimental group (A, C
and E). A and B (original magnification 200x), C and D (original magnifica-
tion 1,000x) and E and F (original magnification 2,000x).
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3) Contact angle

Experimental group presented hydrophilic behavior (mean contact
angle : 50.5°), whereas the surface of control group was hydrophobic
(mean contact angle > 90°) (Table 1). Soaking in 0.9% NaCl solution
for 2 weeks changed the implant surface from hydrophobic to hydro-
philic (Table 1, Fig 3).

2. Torque values

At the time of installation, the mean implant insertion torque of the
control and experimental group was 12.6 and 15.5 Nem, respectively,
and there was no statistical difference between values (P> .05, Table 2).

After 10 days, there was a statistically significant difference in

mean RTQ between the control and experimental groups (16.73 and
23.12 Nem, respectively, P < .05, Table 3).

Fig. 2. Surface roughness. (A) CSM: mean surface roughness (SRz: 100 x
100 pum area): 57.869 um, (B) CSM saline: mean surface roughness (SRz:
100 x 100 um area): 59.108 pm.

There is no significant difference in surface roughness measurements be-
tween the experimental and control groups.

Table 1. Contact angle value (Unit: °)

Fig. 3. Contact angle. (A) Control group - contact angle: 134.9°, (B) Experi-
mental group - contact angle: 50.5°.

Surface 1 2 3 4 5 6 7 8 9 10
Experimental group 140.3 132.0 134.6 1349 142.3 145.3 1239 131.1 129.5 130.3
Control group 521 49.2 213 50.5 455 377 342 542 59.5 54.5

Experimental group is laser treated and 0.9% NaCl solution soaking implant. Control group is laser treated implant

Table 2. Insertion torque value of control and experimental group

Control group Experimental group
Mean 12.6 £5.04 15.5
SD 4.12 5.04
P 0.136

SD means standard deviation
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Table 3. After 10 days, the average removal torque values of control group
and experimental group

Control group Experimental group
Mean 16.73 23.12
SD 472 2.95
P 0.002
331
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Discussion

The level of osseointegration can be affected by several factors
such as biocompatibility, surface design, implant surface treatment,
bone type, surgical technique, and implant loading control during the
healing period."” Over the past few years, implant surface properties
including topography and wettability have emerged as an implant
research topic. The wettability of an implant surface can be improved
by the hydrophilicity of the initial contact between the implant sur-
face and host interface, which allows the formation of protein-rich
films resulting in an improvement of interactions between ions and
water.

Conventionally, implant surfaces were dry and exposed to air,
making them hydrophobic due to the adsorption of -C or -CH
groups. A hydrophobic implant surface impedes the adherence of
protein molecules to the surface, which interferes with a series of
cellular response. This process is important because osseointegration
takes time." Early osseointegration allows immediate loading, where
loading is applied 1 week after insertion of an implant, or early load-
ing, where loading is applied 1 week to 2 months after insertion."
One of the methods to reduce surface energy is the liquid soaking of
implants. Compared with conventional methods, protein adherence
to an implant surface and the activity of osteoblasts increase, improv-
ing bone production. Previous studies have shown that a hydrophilic
surface facilitates gene expression, osteoblast behavior, bone miner-
alization, and initial osseointegration.'*"

The RTQ test is a very effective way to evaluate the degree of
osseointegration between an implant and the bone. Ivanoff et al.”’
claimed that RTQ was closely related to the amount of the bone in
the implant-bone contact and thread. However, since RTQ is based
on the shear strength between an implant and the bone, it does not di-
rectly indicate the bone response or quantity on the implant surface.
If the implant was inserted in the bicortical bone, the RTQ could be
high regardless of bone growth.

In the present study, the surfaces of 20 implants were laser-treated.
Among them, 10 samples from the experimental group were soaked
in 0.9% NacCl solution for 2 weeks to increase wettability. The
RTQ was then measured to observe the biological responses of the
bone following implant installation for 10 day healing period, RTQ
showed the significant difference.

Albrektsson et al. showed that the complete healing process in
rabbits takes 6 weeks, whereas healing requires 3 - 4 months in hu-
mans.” From this, 10 days of rabbit is equivalent to 3 - 4 weeks of
human and saline soaking procedure enhances the coherence with
bone which facilitates early loading.

In the SEM analysis, no remarkable differences were found be-
tween the two groups. The control group had a surface roughness

332

of 59.108 pm, while that in the experimental group was 57.869 pum.
This implies that there were no significant morphological differences
between groups.

However, a significant difference in contact angle (CA) was re-
corded. The experimental group presented a strong preference to
hydrophilicity while the control group showed preference to hy-
drophobicity. In other words, wettability affects osseointegration in
rabbit tibia. In addition, a strong bone response was induced from the
hydrophilic surface. A greater amount O, was observed in the experi-
mental group, which contributed to the formation of titanium oxide
layer on the implant’s surface.

Implants soaked with 0.9% NaCl solution maintain hydrophilicity
and block their surfaces from the air, thus preventing contamination
of the -C and -CH groups. This method protects the surface and helps
to maintain hydrophilicity so that it increases pre-osteogenic and pro-
angiogenic effects, as well as augments osseointegration in animals
and humans,””

The results obtained in this study are in agreement with those of
previous studies that demonstrated the beneficial properties of wet-
tability in the early acceleration of osseointegration in both animals'’
and humans.” But no one reported that there was a significant differ-
ence in the short period soaking of 10 days.

Based on the results of this experiment, we may infer that bone
healing is attributed to chemical changes, as opposed to micro sur-
face topography.

Conclusion

The aim of this study was to investigate the differences in chemical
properties and wettability between two different implant groups; 0.9%
NaCl solution soaked laser-treated implant surfaces and non-soaked
laser-treated implant surfaces. The two implant groups showed a
similar microtopography. An increase in the hydrophilicity in the
experimental implant group facilitated osseointegration between the
bone and implant surface in the short-term, as demonstrated by RTQ
measurements.
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