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ABSTRACT

Objectives: The aim of this experimental animal study was to make a biomechanical and histomorphometric
evaluation of the effects of titanium screws covered with teicoplanin, which is wanted to prevent the
development of infection, on osteointegration of the screw.

Methods: Twenty New Zealand white rabbits were randomly separated into 2 groups. In Group 1, 2 mini
screws with teicoplanin coating were placed in the femoral condyles of the right knee and in Group 2, 2 mini
screws with no coating. After 4 weeks, all the animals were sacrificed and prepared for biomechanical and
histological examinations.

Results: In the pull-out test, the values of Group 1 were found to be higher and in the removal torque test, the
values of Group 2 were higher. No positive correlation was found between the pull-out and removal torque
tests (r = 0.88). The bone-implant contact value was found to be similar in both groups (p = 0.132).
Conclusions: The results showed that titanium screws with teicoplanin coating did not interfere with
osteointegration process biomechanically andhistomorphometrically by comparison with screws having no
coating so that teicoplanincoating can be considered for use in orthopedic devices and joint prosthesis to prevent
the development of infection.
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Prevention of implant-associated infections are es-
sential for orthopaedic surgeons which are devas-
tating for the patients and difficult to treat for the sur-
geons. Incidence has been reported to be 0.7% to 4.2
and may reach 33% in cases of high-energy trauma
injuries [1-5]. Treatment is extremely difficult with
very high costs and despite long-term antibiotic use,
complete recovery might not be obtained. If this is

the case, it is necessary to remove the orthopedic
device or joint prosthesis [1, 2, 5]. In the majority, the
removal of the device and prosthesis, placement of
antibiotic-loaded cement spacer, long-term antibiotic
treatment, and multiple debridements and revision
operations cause a great increase in the cost of
treatment and labor force losses [1, 6]. In the treatment
of these infections, systemic and local antibiotics are
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applied following the removal of the device and espe-
cially joint prosthesis [1-4, 6-11]. Since there are
some side effects with the use of systemic antibiotics,
the application of local antibiotics has become an
area of more current research [12, 13]. In recent years,
an experimental study showing the effects of teicoplanin
and clindamycin coated titanium wires in the prevention
of infection has been published [11]. Coating of the
implant with antibiotic forms an important stage in
the prevention of bacterial colonization of the implant
surface starting from the moment of implantation and
continuing with the expression of active substance
[14]. Coating implants with antibiotics seems to be an
effective method in the prevention of infections and
successful results have been reported from experimental
studies related to this method [8-11]. But, one might
worry whether antibiotic coating interferes with os-
teointegration. There is a limited number of studies
on the subject of the effect of the antibiotic coating of
implants on osteointegration [5, 7, 9-11, 15]. We hy-
pothesized that titanium implants with teicoplanin
coating did not interfere with osteointegration process
biomechanically or histomorphometric. So, we decided
to conduct an experimental animal study in order to
see the effect of teicoplanin coating on osteointegration.

METHODS

Animals and Surgery

Approval for this experimental study was granted
by the Local Ethics Committee of Animal Experiments
of Uludag University(decision no: 2009-11/01, dated
15.12.2009). The number of animals was decided
with power analysis and a total of 20 adults, female,
healthy, New Zealand White (Oryctolaguscuniculus
L) rabbits weighing with a mean of 3.10 kg (range,
2.85-3.36) and with a mean age of 6 months with
simple randomization were separated into 2 groups
and included in the study. All procedures were
performed into the Experimental Animal Research
Center of Uludag University Veterinary Faculty. The
nutrition and care of the animals were provided by
the professionals of the relevant center.

Screws
In this study, a total of 40 titanium mini-screws of 2
mm in diameter and 7 mm in length were used. The

surfaces of the screws were covered with 200 mesh
silica at 6 bar pressure. The process of the antibiotic
coating was applied directly without any supporting
system as used in the same coating procedures in lit-
erature [1, 11, 12]. Separate methanol solutions con-
taining 16 mg/mL teicoplanin were sprayed directly
onto the sanded surfaces of the titanium mini-screws.
The screws were left to dry at room temperature. Fol-
lowing this process, they were placed in sterilization
packaging and were sterilized with cobalt-60 (Co-60)
gamma rays at a dose of 25.2 kilograys (kGy).

Surgery

All the operations were performed by the same
surgery team in a blinded fashion. Following general
anesthesia induction with ketamine HCI 35 mg/kg, it
was maintained with intramuscular (im) application
of xylazine HCI and ketamine HCI 0.3 mg/kg. Pro-
phylactic antibiotic administration was started 30 min-

Fig. 1. Postoperative X-Ray of rabbit shows the 2 screws in
the metaphyseal area of the femur.
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utes (min) preoperatively with 40 mg/day cefazolin
sodium im and was continued for 72 hours. Carprofen
SC was administered as pain relief preoperatively
and immediately postoperatively, then was continued
for 3 days at a dose of 4 mg/kg. Preoperatively, the
right hind leg of each rabbit was shaved and washed
with benzalkonium chloride solution, then stained
with 10% iodine-povidone solution (Batticon®). Fol-
lowing the necessary draping, a 3 cm straight skin in-
cision was made from the lateral side of the right
patella. Skin and subcutaneous tissue were dissected,
then arthrotomy was made with a lateral parapatellar
cut and the femoral lateral condyle was reached. The
bed for the screw was prepared in the bone with a
drill bit of 1.5 mm in diameter and irrigation with an
isotonic solution to prevent overheating. Using a
screw-driver, 2 screws were placed in the metaphyseal
area of each femur at a distance of 10 mm from each
other (Fig. 1). In Group 1 (n = 10) rabbits, 20 titanium
mini-screws with teicoplanin coating were placed and
in Group 2 (n = 10), 20 titanium mini-screws with no
coating. The skin was sutured with 3/0 monofilament
nylon. The wound was closed with a sterile dressing.
Postoperatively, anterior-posterior and lateral radiographs
were taken to check the position of the screws. All the
screws were seen to be in the lateral side of the distal
femoral region, with 1 screw distal and 1 proximal.
At the end of 4 weeks, all the rabbits were sacrificed
by im pentobarbital (100 mg/kg) injection. The distal
femurs containing the implants were removed with
en bloc resection and were prepared for testing.

Biomechanical evaluation and Histomorphometry

The biomechanical evaluation was applied to a
total of 14 rabbits (randomly 7 rabbits from each
group), with the pull-out test applied to 14 screws and
the removal torque test to 14 screws. The remaining 6
rabbits (3 from each group) were prepared for histo-
morphometricanalysis by cleaning the surrounding
soft tissues from the right femurs and then fixing in
10% formaldehyde. For the removal torque test, the
implants were resected together with the surrounding
bone. For this test, 1 of the 2 implants in the femur
was prepared. The removal torque test was applied to
7 implants from each group. The resected samples
were wrapped in saline-soaked sponges and were
stored at -80°C until testing. For the test, the samples
were thawed at room temperature, then fixed in

standard testing equipment. After fixing the part with
the implant into the testing device, removal force was
applied manually, slowly and in a gradually increasing
manner in an anti-clockwise direction with the digital
torquemeter device probe. The process was halted
when the bone with the implant started to turn within
its bed. The highest torque value obtained at the
moment of breaking was recorded on the digital screen
as Newton/centimeter (N/cm) (Fig. 2). For the pull-
out test, 1 of the 2 implants in the femur was prepared.
An incision was made to the lateral femur. Without
putting pressure on the screws, the bone was reached
with careful dissection. The torque test was applied at
a speed of 1.0 mm/min of the pull-out apparatus of
the device (Lutron TQ-8800, Taiwan) (Fig. 3). The
highest torque value obtained at the moment of
breaking was recorded on a graphic and the digital
screen as Newton units (N).

Histomorphometry allows evalution of the biological
fixation of the implant at the microscopic level and
provides quantitative data. With this method, metallic
implants are cut in situ and implant- bone interface is
evaluated while the damage during removing is pre-
vented. This assesment method prolonged use with
mechanical test in orthopedic implants, oral surgery

Fig. 2. Photograph shows the torque-meter device
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Fig. 3. Photograph shows the pull-out apparatus.

and maxillofacial surgery, and in the evalution of os-
teointegration so determine long- term implant sur-
vival.

In 3 rabbits of each group (6 rabbits, 12 screws),
the distal femoral metaphysis was resected as the
screws together with the surrounding bone for histo-
morphometric evaluation. Sections were taken and
stained without decalcification of the samples and
histomorphometric evaluation was made for comparison
between the groups at the microscopic level. Digital
photographs of the prepared sections were taken under

a light microscope at x4 magnification and the images
were recorded on the computer (Olympus DP 70,
Tokyo, Japan). Measurements on the recorded images
were calculated as Bone Implant Contact (BIC)per-
centages using a semi-automatic image analysis
program (Image J 1.43u, Wayne Rasband, National
Institute of Health, USA). The BIC calculation was
made using the following formula:

Bone-Implant contact length
BIC =
Surrounding length of the whole implant

%100

Statistical Analysis

For statistical analysis, SPSS 13.0 (Windows v
13.0, SPSS Inc, Chicago, IL, USA) statistical software
program was used. Pull-out torque, removal torque
and BIC values were compared between the groups
with and without antibiotics using the Mann Whitney
U-test. Correlations of these values for the groups
were examined with Pearson correlation analysis.
Data were expressed as a mean, median, and standard
deviation. A value of p < 0.05 was accepted as statis-
tically significant. This experimental study was per-
formed with the least number of animals because of
ethical principals and animal rights. The biomechanical
and histomorphometric evaluation was performed
with a similar number of subjects in the literature.
Power analysis was calculated according to the ex-
perimental animal study of Moojen et al. [15] and 20
rabbits were included in the study.

RESULTS

In Group 2 (not antibiotic-coated), 1 rabbit died
due to diarrhea and was replaced by the addition of a
new rabbit that had been operated on. No other
problems were encountered throughout the experiment.

In the pull-out test, the values of the screws in
Group 2 (not antibiotic-coated) were higher than those
of the screws in Group 1 (antibiotic-coated) [290.90N
(Newton) (238.50-330.60), 195.41N (129.20-281.50);
p = 0.009). In the removal torque test, the values of
the screws in Group 1 (antibiotic-coated) were higher
than those in Group 2 (not antibiotic-coated) [10.07N/cm
(6.3-11.7), 7.17N/cm (4.8-10.2); p=0.017] (Table 1).
No positive correlation was determined between the
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Table 1. Bone implant contact percentages, pull-out test values and removal torque test values

Antibiotic coated group Control group p value
median (min, max) median (min, max)
Bone Implant Contact (%) 48.11 (36.90, 79.10) 57.66 (47.80, 73.50) 0.132
Removal Torque (N/cm') 10.07 (6.30, 11.70) 7.17 (4.80, 10.20) 0.017
Pull-out (N?) 195.41 (129.20, 281.50) 290.90 (238.50, 330.60) 0.009

INewton/centimeter, 2Newton

pull-out test and the removal torque test (r = 0.88).
From the histomorphometric results, osteointegration
was determined in both groups. Following the 4weeks
healing period, new bone formation was seen on the
implant-bone interface under polarised light microscope
imaging with toluidin blue staining. In Group 1, mean
BIC was calculated as 48.11% (36.9-79.1) and in
Group 2, mean BIC was 57.66% (47.8-73.5). In the
general evaluation of the groups, although the BIC
value of Group 1 was lower than that of Group 2, the
difference was not determined as statistically significant
(p=0.132).

DISCUSSION

In this study, the effect on bone-implant osteoin-
tegration of a direct coating of teicoplanin on titanium
screws was investigated and the results showed that
teicoplanin coating did not interfere with osteointegration
biomechanically or histomorphometrically. To the
best of our knowledge, there are no other studies in
the literature which have researched the effect of te-
icoplanin coating on osteointegration.

In an experimental study, the application of to-
bramycin to PA coated titanium foam on cylindrical
titanium rods appeared to have a beneficial effect on
implant fixationin a rabbit Staphylococcus aureus in-
fection model histomorphometrically, which would
result in improved longterm implant survival. Although
the difference was not statistically significant (21 +
3% for PA-tobra, 16 £ 3% for PA), it was reported
that the effect of tobramycin and periapatite coating
on osteointegration was relatively better. In the same
study, it was reported that there was a high local an-
tibiotic effect of tobramycin and periapatite coating
as infection prophylaxis in uncemented implants and
it was concluded that it could be useful for biological

fixation which is important for the longterm survival
of the prosthesis. However, due to the suppression of
infections with local tobramycin coated implants of a
group of rabbits in that study, the effect of the antibiotic
coating on osteointegration could not be evaluated in-
dependently [15]. Gentamycin hydroxyapatite and
gentamycin RGD (arginine-glycine-aspartate) coatings
of wires expressed antibiotics for up to 2 days and
new bone formation were not inhibitedas well [5]. In
another experimental rabbit study in which antibiotic
soaked microparticles were used, it was shown that
the coating with these microparticles was both pro-
tectives against infection and did not affect osteointe-
gration [9]. In our study, we used titanium screws in
metaphyseal area of rabbit femurs which we think
screws imitate the cementless femoral stems and ac-
etabular cups because they actually have primary sta-
bilization through the metaphyseal region and as if
they lock in with increasing diameters. In addition,
we did not use an infection model in the current study
and eliminate the disadvantage of suppression of in-
fection so that we could evaluate the effect of antibiotic
coating just on osteointegration contrary to the above-
mentioned study.

In the current study, to evaluate the connecting
force of the implant to the bone, the pull-out and
removal torque tests were applied as biomechanical
test methods. Using the removal torque test, three-di-
mensional evaluation is made possible of the interface
between the bone and the implant and is accepted as
an important test in the evaluation of osteointegration
[16, 17]. This method focuses primarily on the
properties of the conflicting forces related to the
interface [13]. In cases where the removal torque test
could be standardized, it has been reported to be a re-
liable method by many researchers [13]. There are a
limited number of studies on the use of temporary im-
plants such as mini implants in clinical studies as it is
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an invasive test [14]. By creating shearing force in
the implant-bone interface, this test aims to measure
the breaking resistance of this connection. Forced ro-
tation against the direction in which the implant has
been tightened inside the bone results in increased
tension in the interface and a break occurring at the
point at which it exceeds maximum resistance strength
of the implant-bone connection, which causes movement
of the implant [18]. In studies where the removal
torque test has been applied, force scales such as
digital torquemeter and digital dynamometer have
been used [13, 18].

One of the findings of the current study was that
different results were obtained from the groups in the
pull-out and removal torque tests. The removal torque
test is known to be used in the measurement of bio-
mechanical properties of the implant-bone interface,
whereas the pull-out test shows the biomechanical
properties of the bone surrounding the implant [19].
In the pull-out test evaluating the bone around the im-
plant, the nonantibiotic coating group values were
higher but these values were not as valuable as the re-
moval torque test, as 4-week-time was early in terms
of completely mature bone formation around the im-
plant. Long periods of up to 24 weeks are required for
the complete connection between the bone and the
implant material and for bone remodeling to be fully
completed [20]. Therefore, as can be understood from
this, the results of the removal torque test are more
useful in the evaluation of osteointegration. The lower
values of the antibiotic coating group in the pull-out
test can be considered to be because of the relatively
minor percentage values in the bone-implant contact
of the screws of this group in the histomorphometric
analysis.

In our study, the connection between the bone
and the implant was examined with the histomorpho-
metric method. Histomorphometry presents data which
provide the possibility of quantitative evaluation of
the biological fixation of theimplant at the microscopic
level [5]. With this method, metallic implants are
evaluated in situ thus avoiding cutting and damage to
the implant-bone interface when removing the implant.
Therefore, osteointegration is an evaluation method
which has been used for a long time together with
mechanical tests in the determination of implant
survival in dental surgery and maxillofacial surgery

and in the evaluation of orthopedic implants [12, 19,
21].

One might argue that the mini-screws that we
used in our study did not reflect all the orthopedic de-
vices. But, we put the screws in metaphyseal area of
the long bone of rabbit femur and this site is the
primary stabilizing site of cementless femoral stems
and acetabular cups in terms of arthroplasty. We think
that this site reflects osteointegration of the cementless
prosthesis. A Kirschner wire coated with phage and
linezolid was used in one study and authors made
conclusions about arthroplasty. Gentamycin hydrox-
yapatite and gentamycin RGD (arginine-glycin-as-
partate) coatings of wires had similar amounts of new
bone formation regarding the proximal and distal
metaphyseal area of rabbit tibia [5]. It is hard to
simulate the cementless prosthesis in animals since a
wire which has been implanted intramedullary had
been used in animal studies and biomechanical loading
of these wires which is crucial for new bone formation
is not an appropriate method. Because of those reasons,
we studied the metaphyseal region for osteointegration
which is important for primary stability of cementless
femoral stems and acetabular cups in joint replacement.
Additionally, we used screws and we think that it also
imitates the acetabular prosthesis since it also locks
into the acetabulum. Besides, the screws naturally
reflect the other orthopedic fixation devices. We also
studied the effect of direct teicoplanin coverage on
bone ingrowth. One advantage of our study is the his-
tomorphometric analysis showing the bone-implant
contact directly and numeric comparison could be
done easily between groups. In the study of Moojen
et al. [15],tobramycin periapatite coating on titanium
implantshas been shown to have better osteointegration
histomorphometrically.

Teicoplanin is a glycopeptide antibiotic and has a
broad spectrum, including gram-positive aerobic and
anaerobic bacteria as well as methicillin-resistant S.
Aureus (MRSA) [22-26]. The observation that te-
icoplanin can penetrate into muscle and bone tissues
has made its use parenterally common in bone and
joint infections [27]. It is very effective against all
staphylococci, streptococci, enterococci, and pneu-
mococci. In the current study, we used the technique
described by Darouiche et al. [12] for antibiotic
coating. In this technique, there is a direct antibiotic
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coating. It has been shown to be effective in vitro and
in vivo against Staphylococcus aureus infection in a
rabbit model [11].

CONCLUSION

In conclusion, when it is considered that direct
coating of titanium screws with teicoplanin did not
inhibit osteointegration, which is important in the bi-
ological contact of prosthetic implants, this method
can be recommended to be used especially in implants
with expected long-term function. Further experimental
and clinical studies are required on this subject.
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