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Abstract
Background. A dental implant surface which would promote rapid and strong osseointegration is a key 
factor of  success in modern implantology. To achieve this goal, different implant surface modifications 
are developed. A hydroxyapatite (HA) coating changing a bioinert titanium surface into bioactive is one 
of them.

Objectives. The objective of the study was to investigate the effects on bone osseointegration in rabbits 
resulting from the application of a HA coating deposited on titanium endosseous implants using a modi-
fied electrochemical method.

Material and methods. Titanium implants with HA coatings and controls with Al2O3 grit-blasted 
surfaces were embedded into rabbit tibiae. The chemical composition, roughness and morphology 
of the implants were determined. Implant stability tests were performed, and the Periotest® value (PTV)  
and the implant stability quotient (ISQ) value for Osstell Mentor were recorded in order to evaluate the 
osseointegration.

Results. The surface characterization of the implants revealed a microstructure with an arithmetical mean 
height (Sa) in the range of 0.71–1.04 µm. The HA coating was free of contamination, whereas the controls 
were enriched with corundum. After healing, a statistically significant increase in the mean ISQ and a de-
crease in the mean PTV for the HA-coated implants was observed. In the case of the control implants, only 
PTV decreased significantly with time.

Conclusions. The present study found that implant surface properties affected implant stability as deter-
mined by Osstell and Periotest measurements. The HA coating reported herein was found to have chemi-
cal and physical properties which appear to improve osseointegration compared to grit-blasted implants.
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Introduction 
The development of  a  firm implant/bone interface 

is believed to be a major prerequisite for the short- and 
long-term clinical function of  dental implants.1,2 Differ-
ent implant geometries and surfaces as well as host site 
conditions may affect the interface development and its 
characteristics.3,4 Many strategies have been used to im-
prove osseointegration and to shorten the healing period 
of titanium implants. One of those strategies is changing 
bioinert titanium surface into bioactive one. Hydroxy-
apatite (HA) has been used for many years as a bioactive 
implant coating to improve osseointegration.5–7 It has 
a  large capacity for adsorbing proteins, improves osteo-
blast proliferation, enhances bone formation, and reduces 
bone loss.8–10 These properties induce a more rapid fixa-
tion and stronger bonding between the host bone and the 
implant and are conducive to uniform bone ingrowth at 
the bone-implant interface.6 The most common tech-
nique of  applying HA coating is the plasma-spraying 
technique but several problems such as delamination 
and disintegration with the formation of debris particles 
have been reported.11 Therefore, alternative HA coating 
processes have been extensively researched in order to 
avoid these undesirable effects of plasma application. One 
of the most promising methods is electrochemical depo-
sition. Recently, we presented a modified electrochemical 
method of coating titanium implants with HA.5 The ob-
tained coating was found to be highly pure, homogenous 
HA, which was uniform, crack-free and thin. Moreover, 
its moderate surface roughness and coatings crystallinity 
was potentially conducive to tissue reaction.

The objective of  the study was to investigate the ef-
fects on osseointegration resulting from the application 
of  a  HA coating deposited on titanium implants using 
a modified electrochemical method based on the changes 
of implants stability representing osseointegration status. 

Material and methods 

Implant design and surface preparation 

Twenty-eight commercially pure titanium class IV 
screw implants 4 mm in diameter and 7 mm in length were 
used (Osteoplant®, Dębica, Poland). Implants were man-
ufactured exclusively for the purpose of  this study from 
commercially pure titanium class IV wire. Titanium wire, 
apart from titanium, consisted of  54  ppm of  H, 0.285% 
of O, 0.01% of C, 0.14% of Fe and 0.007% of N according to 
the manufacturer. All the implants were sandblasted with 
corundum grit (Al2O3) with a diameter of 53–75 µm. The 
Al2O3 powder was composed of 98.5% Al2O3 with 0.18% 
SiO2, 0.01% TiO2, 0.007% Fe2O3, and 0.001% CaO. Four-
teen implants were left with an  Al2O3 grit-blasted sur-
face. Fourteen other implants were coated with HA using 

electrochemical deposition. Prior to electrodeposition, 
the implants were etched with 0.5M H2SO4 .The process 
of HA electrodeposition was carried out using an AUTO-
LAB PGSTAT 302N potentiostat-galvanostat (Ecoche-
mie, Utrecht, the Netherlands) with a 2-electrode system 
in a galvanostatic mode, with a current of 5 mA. The im-
plant was used as the working electrode, and a platinum 
mesh served as a counter-electrode. The electrolyte con-
sisted of 2.08 × 10−4M CaCl2, 1.25 × 10−4M NaH2PO4 and 
0.1  M NaCl in distilled water. The pH was adjusted to 
6.3 with NaOH solution. The process was carried out for 
105 min at a temperature of 100°C. A 100 mL 3-neck flask 
was used as an electrochemical reactor and was immersed 
in a thermostated oil bath. 

After surface preparation, all the implants were sub-
jected to ultrasonic washing in a  surfactant for 15  min 
at 55°C, followed by 2-propranol washing for 15 min at 
22°C, disinfectant washing for 15 min at 22°C, and finally 
to washing twice in distilled water for 15 min at 55°C. The 
implants were then double-packed and sterilized with ra-
diation from an electron accelerator with a radiation dose 
of 25 kGy.

Physicochemical characteristics  
of implant surface 

The chemical composition of the surface was evaluated 
using X-ray photoelectron spectroscopy (XPS). The mea-
surements were made using a photoelectron spectrome-
ter ESCALAB-210 VG Scientific Ltd., East Grinstead, UK) 
with Al Ka radiation (1486.6  eV) from an  X-ray source, 
operating at 15 kV and 20 mA. Survey spectra were re-
corded in the energy range from 0  eV to 1350  eV, with 
a 0.4 eV step. High-resolution spectra were recorded with 
a 0.1 eV step, 100 ms dwell time and 20 eV pass energy. 
A 90° take-off angle was used in all measurements. Curve 
fitting was performed using the AVANTAGE software 
(Thermo Electron; Thermo Fisher Scientific, Waltham, 
USA), which describes each component of  the complex 
envelope as a Gaussian–Lorentzian sum function. A con-
stant 0.3 ±0.05 G/L ratio was used and the background was 
fitted using a nonlinear Shirley model. Scofield sensitivity 
factors and a measured transmission function were used 
for quantification. Aromatic carbon C1s peak at 285 eV 
was used as a reference of binding energy.12

The implant surface morphology was examined with 
a scanning electron microscope (SEM) Tescan Vega (Tes-
can, Brno, Czech Republic) and Zeiss EVO 25 (Carl Zeiss, 
Oberkochen, Germany).

Surfaces roughness was measured with an  optical 
WYKO® NT1100 profilometer (Veeco Instruments, Pla-
inview, USA) in VSI Mode, and the measured area was 
0.9 × 1.2 mm under ×20 magnification. The WYKO Vi-
sion software v. 3.0 for NT-1100 was used. To remove 
errors of  form and waviness, the removal shape func-
tion Plane Fit was used to remove linear tilt from surface 
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measurements. After that, the S-Parameters Analysis was 
used to evaluate value of parameters. The surface rough-
ness of the examined implants was measured at 5 random 
locations in the integration to be part of the implant. 

Animal study 

The in vivo animal study was carried out in accordance 
with the guidelines for the care and ethical use of labora-
tory animals and was approved by the regional animal Eth-
ics Committee of the Poznan University of Life Sciences, 
Poland (approval No. 60/2007). Adequate measures were 
taken to minimize the pain or discomfort of the animals. 
Fourteen 6-month-old white New Zealand female rab-
bits weighing about 4 kg were used. Each animal received 
2 implants of the same size. One implant had an HA coat-
ing prepared using the above electrochemical deposition 
method. The other implant had an  Al2O3 grit-blasted 
surface. The left limb was operated in all subjects. Me-
sially HA-coated implant was placed and Al2O3 blasted 
implant was placed distally. The surgical procedure was 
performed under sterile conditions by 1 dental surgeon. 
General anesthesia was induced with an  intramuscular 
injection of ketamine (50 mg/kg body weight) and xylo-
zyn (10 mg/kg body weight). At the surgical site, infiltrate 
anesthesia was induced with an injection of 1 mL ligno-
cain + noradrenaline 1:10,000. After gentle skin prepara-
tion, the fascia and periosteum on the medial anterior 
surface of  the medial tibial epiphysis were exposed. For 
implant bed preparation, Surgical XT (NSK, Kanuma, Ja-
pan) dental unit was used. The 2 implant beds were pre-
pared using 2 mm and 2.7 mm burs with external saline 
irrigation applied for drilling with a temperature of about 
20°C. Osteoplant burs were used for this study. The burs 
used were new and every new bur after the first use was re-
used 6 times. The maximum 800 rpm was used. The beds 
were separated with a 10 mm distance. Implants were in-
serted into the beds with a torque spanner until the level 
of implants was level with the bone surface. After implant 
placement, the periosteum, fascia and skin were sutured 
with Dexon® 4.0 sutures. To prevent infection, intramus-
cular injections of  20  mg cefuroximum per 1  kg body 
weight and neomycine spray were applied at the surgical 
site and administered twice daily for a week. To prevent 
post-operative pain, ketoprofen (1  mg/kg body weight) 
was given for a  week. After a  2-week healing period, 
the animals were sacrificed with pentobarbital (1 mL/kg  
body weight) following general anesthesia with xylozyn 
(10 mg/kg body weight). The implants were exposed and 
implant stability was evaluated (vide infra).

The rabbits’ bone metabolism and healing is about 
twice as fast as humans, thus a 2-week healing period in 
rabbits may correspond with 4  weeks in humans. This 
healing time in humans is the most critical moment for 
the stability of  the implants, when primary stability de-
creases and secondary stability is still low. 

Implant stability testing 

Implant stability tests were carried out using 
Periotest S® (Siemens AG, Bensheim, Germany) and 
Ostell Mentor® (Integration Diagnostics AB, Göte-
borg, Sweden) devices.

The Periotest has been thoroughly studied and advo-
cated as a reliable method for determining implant sta-
bility.13–16 The Periotest measures implant mobility by 
percussing an  abutment attached to the implant with 
an  electromagnetically driven and electronically con-
trolled rod fitted to the instrument. The contact time 
between the test object and tapping rod was measured 
with an accelerometer. The signals were then converted 
to a unique value called the Periotest value (PTV), which 
is related to the damping characteristics of  tissues sur-
rounding the teeth or implants.17 Periotest values rang-
ing from −8 to +50. The PTV is a  measure of  clinical 
stiffness. As the PTV values increase, implant stability 
is deemed to decrease. The measurements were taken at 
the same point of the abutment screwed to the implants. 
During the measurements, the Periotest handpiece was 
held perpendicularly to the abutment axes. All measure-
ments were conducted by the same person. Care was 
taken to control the precise point and angle of the per-
cussion unit (Fig. 1).

The Ostell Mentor is a  device which uses resonance 
frequency analysis (RFA) to evaluate implant stability. 
The RFA utilizes a  small Smart Peg transducer that is 
attached to the implant with a screw utilizing the inter-
nal threads of  the implant. The transducer comprises 
of 2 piezoceramic elements, one of which is vibrated by 
a sinusoidal signal and the other serves as a receptor for 
the signal. Resonance peaks from the received signal in-
dicate the first flexural (bending) resonance frequency 
of the measured object. The RFA values are expressed as 
implant stability quotients (ISQ), ranging from 1 to 100 

Fig. 1. Implant stability test with an Ostell device. Measurements were 
taken in 2 directions, with the instrument parallel and perpendicular  
to the longitudinal axis of the tibia. The mean ISQ values were recorded.  
All measurements were conducted by the same person
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and relate to clinical stiffness. Implant stability increas-
es with increasing ISQ value. The measurements were 
taken in 2  directions, with the instrument parallel and 
perpendicular to the longitudinal axis of  the tibia. The 
mean ISQ values were recorded and all measurements 
were conducted by the same person (Fig. 2).

Statistical analysis 

The data was reported as the mean value ± standard 
deviation (SD). The statistics software STATISTICA 
v. 10.0 (Statsoft, Tulsa, USA) was used for all statistical 
analyses. The Shapiro-Wilk test was used to determine 
whether ISQ and PTV results were in accordance with 
normal distribution. For those values which were within 
the normal distribution, the t-Student’s test was used; 
for those which were not, Wilcoxon’s test was used to 
determine the existence of statistically significant differ-
ences between the 2 groups of  implants. To determine 
whether implants stability increased with time, Spear-
man’s correlation was used. The level of significance was 
determined as p < 0.05.

Results 

Surface analysis 

The chemical composition analysis of coated implants re-
vealed HA to be the principal component of the electrode-
posited coating with only small amounts (up to 1%) of F, Si, 
N, and Na detected as surface impurities. The grit-blasted 
implant surface was composed of Ti and O with Al incorpo-
rated into the oxide layer during the grit-blasting procedure; 
in addition, carbon impurities were also detected. 

Optical profilometry showed a  surface roughness 
with Sa = 1.04 ±0.06 µm for HA-coated implants and  
Sa = 0.74 ±0.03 µm for the grit-blasted implants.

Scanning electron microscopy analysis revealed a uni-
form, integrated layer of rod-like HA crystals on the ti-
tanium surface with the longitudinal axes parallel to the 
implant surface for HA-coated implants (Fig. 3). In the 
case of  the grit-blasted implants, SEM analysis of  the 
surface revealed irregular, heterogeneous, intensively 
expanded, highly diverse notches and sharp edges with 
hollows (Fig. 4).

A detailed analysis of hydroxyapatite coating deposited 
on titanium implants using a  modified electrochemical 
method was presented in a previous article.5

Fig. 2. Implant stability test with a Periotest device. Measurements were 
taken at the same point of the abutment screwed to the implants. During 
measurements the Periotest handpiece was always held perpendicular to 
the abutment axes. All measurements were conducted by the same person

Fig. 3. SEM micrograph of hydroxyapatite coating electrochemically 
deposited on titanium implant (×4,000 magnification).  
Radiation source – Tungsten heated cathode, kV level – 15.00

Fig. 4. SEM micrograph of Al2O3 grit-blasted surface of titanium implant 
(×3,000 magnification). Radiation source – Tungsten heated cathode,  
kV level – 15.00
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Implant stability tests 

Implant stability tests at the time of  implantation pro-
duced mean PTV values of 12.58 (SD = 9.04) for the im-
plants coated with HA and 7.83 (SD = 5.01) for the grit-
blasted implants. The mean ISQ values for the coated 
implants were 63.89 (SD  =  2.17) and for grit-blasted im-
plants 70 (SD = 3.74). No statistical significance was noted 
between the 2 groups of implants, either in the PTV values 
(p = 0.06) or in the ISQ values (p = 0.11). After 2 weeks 
of healing, the implant stability test revealed a decrease in 
the PTV values of  both implant groups. Mean PTV val-
ues for the coated implants and for grit-blasted implants 
were 6.88 (SD  =  8.11) and 3.13 (SD  =  3.64), respectively. 
The mean ISQ values of both groups of implants increased 
to 69.85 (SD = 2.05) for the implants coated with HA and 
72.25 (SD = 4.03) for sandblasted implants. No statistical 
significance was noted between the 2 groups of  implants 
either in the PTV values (p = 0.11) or ISQ values (p = 0.22).

For the PTV values, statistically significant differences 
were noted between the measurements made between 
the time of implantation and the time of the animal sacri-
fice for the Al2O3 grit-blasted implants (p = 0.01) and for 
the HA-coated implants (p = 0.04) (Fig. 5).

implant with the bone. To this end changes have been 
made to both the implant surface roughness and its chem-
ical composition. Surface characterization of the implants 
used in this study revealed microstructured surfaces 
characterized as smooth for Al2O3 blasted implants and 
moderately rough for HA-coated implants according to 
Wennerberg’s classification; there were also considerable 
differences in surface chemistry between the HA coated 
and Al2O3 blasted implants.17

With regard to implant placement, neither ISQ nor PTV 
values indicated significant differences in primary stabil-
ity between the 2  implant groups. After a  healing time 
of 2 weeks, the implant stability as measured by Ostell and 
Periotest systems significantly increased for the HA-coated 
implants. In the case of the Al2O3 grit-blasted implants af-
ter 2 weeks healing time, the implant stability increased sig-
nificantly only in terms of the Periotest system.

A statistically significant increase of  both parameters 
for the HA-coated implants after healing time suggested 
a  more favorable effect on osseointegration of  the im-
plants provided by the electrodeposited HA coating. That 
effect is probably due to the chemical composition of the 
coatings. Calcium phosphates, especially HA, have the 
potential for adsorbing large amounts of fibronectin and 
vitronectin on the surface, which increases the osteoblast 
adhesion and bone formation.18 Calcium phosphate also 
increases osteoblast proliferation, which increases the 
bioactivity of the coatings.19 Calcium ions enable the for-
mation of a biochemical bond between the implant and 
the bone, which results in faster and more intense os-
seoinegration.18–20 Phosphate groups, on the other hand, 
provide potential chemical bonding sites for calcium ions 
and for the hydroxyapatite of the bone matrix during bio-
logical mineralization and are responsible for biochemi-
cal interaction between the implant and the bone (not 
just mechanical interlocking as in case of non-chemically 
modified surfaces).21

Fig. 5. Periotest values of HA-coated and sandblasted implants at the time  
of implantation and after 2 weeks of healing. Each value is a mean  
± standard deviation (SD). Statistically significant differences were noted 
between the measurements made between the time of implantation 
and the time of the animal sacrifice for the Al2O3 grit-blasted implants 
(p = 0.01) and for the HA-coated implants (p = 0.04)

Fig. 6. Implant stability quotients values of HA-coated and sandblasted 
implants at the time of implantation and after 2 weeks of healing. 
Each value is a mean ± standard deviation (SD). Statistically significant 
differences were noted for the measurements made between the time 
of implantation and the time of the animal sacrifice for the HA-coated 
implants (p = 0.006), while for the Al2O3 grit-blasted implants the increase 
in the ISQ values was not significant (p = 0.15)

For the ISQ values, statistically significant differences 
were noted for the measurements made between the time 
of  implantation and the time of  the animal sacrifice for 
the HA coated implants (p  =  0.006), while for the grit-
blasted implants the increase in the ISQ values was not 
significant (p = 0.15) (Fig. 6).

Discussion 
Development of dental implantology is focused, among 

other things, on designing active surfaces for the implant 
and conditioning the acceleration of the integration of the 
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A positive HA coating effect on osseointegration was 
also reported by Geurs and Roynestal.22,23 In the Geurs 
study, threaded and cylindrical HA coated implants 
were compared to threaded titanium plasma sprayed 
implants. HA-coated implants underwent a more rap-
id initial decrease in micromobility compared to their 
uncoated counterparts.22 Roynesdal et al. found that 
HA-coated cylindrical implants had higher stability 
parameters than TPS or titanium threaded implants.24 
This effect in the early stages of  healing may be due 
to a  firmer bone-to-implant contact. Positive effects 
of  Ca and P ions on implant osseointegration mani-
fested as increased implant stabilization was also re-
ported by Sul and derived from the removal torque 
values in rabbit tibiae.24 Meraw et al., in a histological 
comparison, reported greater bone-to-implant contact 
early in the healing process for HA-coated implants in 
comparison with as-machined implants retrieved from 
dogs.25 This difference has been associated with the 
chemical composition of  coated implants rather than 
coating surface roughness.20,26

Implant surface roughness affects osseointegration 
and surfaces with Sa  =  1–2  µm are most effective.17 
Although rougher HA-coated implants presented sta-
tistically significant increases of  both ISQ and PTV 
values, an  improvement in osseointegration was at-
tributed to the surface chemistry, since the difference 
in the implant roughness was small. Sul et al. found 
no relationship between implant stability and surface 
roughness from 6 groups of  implants with Sa ranging 
from 0.69 µm to 1.34 µm.27 Instead, higher mean ISQ 
values were observed for surface chemistry-modified 
implants than for the topographically modified im-
plants.27 Also, no relationship between implant sta-
bility and surface roughness were noted for 6  groups 
of implants with Sa ranging from 0.7 µm to 1.4 µm in 
a different study by the same author.28 These findings 
are in agreement with a review by Sennerby and Mer-
edith, who reported that most researchers failed to es-
tablish that rough or smooth implant surfaces affected 
implant stability.29

Conclusions 
The present study found that implant surface prop-

erties affected implant stability as determined by Os-
tell and Periotest measurements. After 2 weeks of heal-
ing, a statistically significant increase in the mean ISQ 
and decrease in mean PTV values for the HA-coated 
implants was observed. In the case of  the Al2O3 grit-
blasted control implants, only the PTV values in-
creased significantly with time. The implant surface 
chemistry rather than the surface roughness seams to 
improve implant stability. Further studies are required 
to evaluate the long-term bone reaction.
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