J Turk Spinal Surg 2021;32(2):84-90

ORIGINAL ARTICLE
84

DOI: 10.4274/jtss.galen0s.2021.46855

[ |
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Objective: Instrumentation is used for treating spinal fractures. Degenerative and neoplastic spine diseases have gradually increased in recent
years because of advancements in spine surgery. The major disadvantage of instrumentation is implant-associated infections that result in
morbidity and mortality, in addition to considerable financial losses because of increased treatment costs. This study examined the effectiveness
of Ti alloy screws coated with Silver (Ag) ion nanoparticles in preventing infection in the rat spine.

Materials and Methods: In this study, 24 male, six-month-old white Sprague-Dawley rats were used. The animals were divided into three groups,
each with an equal number of animals. A pedicle screw of appropriate size was placed in the lumbar vertebrae of animals and inoculated with a
1 million CFU/10 microliter Staphylococcus Aureus ATCC 29213 strain. A Ti alloy microscrew with a surface area of 25 mm? was placed in the first
group,Ag-coated Ti alloy microscrew with a surface area of 25 mm? was placed in the second group, and a Ag-coated Ti alloy microscrew with a
surface area of 50 mm? was placed in the third group.

Results: Screw and tissue samples were taken and microbiologically examined. After microbiological evaluation, no statistically significant
difference was reported between these groups in terms of the number of microorganisms growing on the screw and tissue.

Conclusion: Because of the difficulties and financial burdens that arise after the occurrence of an infection, the importance and necessity of
developing anti-infective biomaterials are very clear. No anti-infective effect was observed in the Ag-coated pedicle screws in our study. Solution-
focused studies are required for developing implants with better biocompatibility, lower infection rates,and lower costs in the following years.
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INTRODUCTION

Beyond enabling daily basic functions of patients with the aim
of a painless and disability-free life, in recent years, the aim has
been to have patients recover to an extent that enables them
to have a comfortable social life. Therefore, surgical techniques
based on preserving the biodynamic properties of the spine are
being developed. With new developments in spine surgery and
advances in the instrumentation industry, the use of implants
in surgical treatment has gradually increased. In addition to
the remarkable advantages of implants in the treatment of
spinal diseases, they have considerable disadvantages such as
neural injury, host incompatibility with foreign body, technical
failures in implant application, high postoperative infection
rates, and increased treatment costs. Among these, one of the
most common implant-associated complications is implant-
associated infection®?. The literature review shows that this
rate varies between 1% and 8.5% in large case series®®. These
types of infections can cause considerable morbidity and even

mortality®. The treatment of implant-associated infections
requires intensive antibiotherapy and impairs patients’ quality
of life as a result of removal of the implant, long hospital-stay,
and long periods of immobilization?”. The use of prophylactic
systemic antibiotics is insufficient in combating these types of
infections®. The risk of serious toxicity arises because of the use
of high doses in treatment with systemic antibiotics, and local
administration involves technical difficulties®. Consequently,
medical treatment is insufficient for such infections because
there is a different mechanism originating from biomaterials
in the development of implant-associated infections. Based on
the available information, it was considered that shaping the
implant surface in a manner that prevents bacterial adhesion
may reduce implant-associated infection®®, Based on this
view, in our study, titanium alloy screws (Ti6Al4V), which are
frequently used today in spinal surgery,and Ti alloy screws with
a Silver (Ag)-coated surface of different sizes were compared by
creating an experimental model in the rat spine to test their
effect on bacteria.
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MATERIALS AND METHODS

The microscrews used Ti6A14V alloy microscrews with a
surface area of 25 mm? were used in the first group (Normed,
Germany). Ti6A14V alloy microscrews with a surface area of 25
mm?, which were coated in Ag using the sol-gel method, were
used in the second group (Tasarimmed, Turkey). In the third
group, Ti6A14V alloy microscrews with a surface area of 50
mm?, which were coated in Ag using the sol-gel method, were
used (Tasarimmed, Turkey). In this study, the Staphylococcus
aureus ATCC 29213 strain,which was previously shown to cause
osteomyelitis in the rat spine, was used.

Preparation of Animals and Surgical Intervention

This research was approved by Bakirkoy Prof. Dr. Mazhar Osman
Training and Research Hospital, Clinic of Psychiatry, Neurology
and Neurosurgery Ethics Board (2012-47773). In this study,
24 male, white six-month-old Sprague Dawley rats weighing
between 300 and 350 g were used. Each group was maintained
in two separate cages. Moreover, each animal was observed
in a separate cage on the first postoperative day. The animals
were randomly numbered, and three different groups of eight
were formed. The animals that were planned to undergo
surgery were separated from the group one day before the
operation, and their lumbar back region was shaved with the
help of a depilatory cream (Figure 1). The instruments to be
used in the surgery were sterilized in a steam autoclave (Amsco,
USA) at 134 °C the night before. After being sedated with
sevoflurane (Sevorane, Abbott, USA), the animals were taken in
for surgery under general anesthesia induced with a 60 mg/kg
intraperitoneal injection of ketamine hydrochloride (Ketalar®,
Pfizer,USA). The animals were secured to the operating table in
prone position (Figure 1).

At the start of the surgery, the incision area was cleaned with
povidone-iodine and covered with sterile fabric. A vertical skin-
subcutaneous incision of 1.5-2 cm length was made in the
lumbar region (approximately the L3-4 region) with a no. 11
scalpel (Figure 2A).

The fascia was seen and opened in a vertical plane with a
new no. 11 scalpel parallel to the skin incision (Figure 2A). The
paravertebral muscles were stripped from the unilateral spinous

Figure 1. The thoracolumbar region of the animal was shaved and
cleaned with povidone-iodine, and it was placed on the operating
table in prone position.
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process and laminae. The lamina and facet joints were seen
(Figure 2B). The surface of lamina was decorticated with a no.
11 scalpel. A screw insertion slot was opened with a 20-gauge
needle in a lateral direction to the junction point of the lamina
and facet joint (Figure 3A). In the slot on the lamina, Ti alloy
microscrews with a surface area of 25 mm? was inserted in the
first group; Ti alloy microscrews with a surface area of 25 mm?
that are coated with 5 to 8 mcm-thick silver layer were inserted
in the second group; and Ti alloy microscrews with a surface
area of 50 mm? that are coated with 5 to 8 mcm-thick silver
layer were inserted in the third group; and the inserted screws
were tightened with a screwdriver (Figure 3B). For consistent
growth of both soft tissue and implant infection, inoculation
with 105 CFU was required®?. Bacterial solutions in a volume of
10 pl were applied onto the screw in the surgical field using a
50 ul micropipette in all groups,and the fascia was closed. Note
that follow-up was performed for 21 days. During the follow-up
period, the animals were closely followed up to monitor their
feeding,behaviors and wounds (redness and discharge),and the
changes were noted on a daily basis.

The incision sites of animals had the same characteristics for
all groups. In 90% of all groups, skin rash and swelling were
present at the wound site; however, there was no discharge in
any of the animals. When the swelling was palpated, it was hard
to touch and fixed under the skin (Figure 4A, B).

There were no neurological complications developed in any
of the animals. Two animals died in the preoperative period
because of respiratory failure caused by anesthesia, and one

Figure 2. A) Paravertebral muscles of the thoracolumbar region and
the lumbar fascia are seen following the skin incision (left image),
B) Paravertebral muscles are stripped away, and the lamina and
facet joints are exposed (right image).

Figure 3. A) The screw entry slot that has been opened can be seen
in the image on the left, B) The screw has been placed through the
slot that was opened, as seen in the image on the right.
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animal died in the early postoperative period because of
respiratory failure caused by anesthesia. The animals that died
were replaced with new animals.

Statistical Analysis

The NCSS (Number Cruncher Statistical System) 2015 and
PASS (Power Analysis and Sample Size) 2015 Statistical
Software (Utah, USA) were used for statistical analysis when
evaluating the results obtained from the study. The study data
were assessed using descriptive statistical methods (mean and
standard deviation). Moreover, for comparing quantitative data,
the Kruskal-Wallis test was used for inter-group comparison of
parameters that did not show a normal distribution, and the
Mann-Whitney U test was used to determine the group causing
the difference. The Spearman’s correlation analysis was used to
evaluate the relations between parameters. P values of <0.05
were considered to be statistically significant.

RESULTS

Method and Follow-up Duration

Three animals died on the postoperative day zero because of
anesthesia-associated complication. All three animals were
replaced with new animals on the same day. No other animal
died during the 21-day follow-up period. The body weight and
body temperature of the animals were measured on days 0, 3,

Figure 4. A) The stage of obtaining a sample from an animal in the
first group after sacrification. The incision and abscess formation
under the skin in the incision area is seen in the image. B) The
skin-subcutaneous tissue has been cut through and the fascia and
paravertebral muscles are exposed, as seen in the image. There is
an abscess formation extending from the paravertebral muscles to
the subcutaneous area in the surgical site.

Table 1. Number of microorganisms that grew on the screws

7,15 and 21.No changes were detected in the body weight and
body temperature in any of the animals.

Evaluation of Infection

Bone-related infection developed in all groups that were
inoculated with bacteria. Bacterial growth occurred in all of
the screws and bone samples. All animals had swelling that
was palpable on the skin. When an incision was made on this
swelling, purulent effusion was observed in three animals in the
first group, four animals in the second group, and three animals
in the third group. A stiffer and more organized tissue was
encountered in other animals. The number of microorganisms
that grew on the screw and in the tissue was then statistically
compared (Table 1).

Microbiological Evaluation

Bone samples taken from each animal under aseptic conditions
were placed in sterile falcon tubes. The bones were then
weighed in a precision balance (Shimadzu, Libror AEG-120,
Japan) and mechanically homogenized in 10 mL of serum in a
sterile mortar. After homogenization, the samples were spread
on tryptic soy agar after serial dilution. After 24 h of incubation
at 37 °C, the bacterial count was quantitatively determined
(CFU/Qg). The presence of growth on screws was investigated by
placing the screws in 0.5 mL of TSB and vortexing it and then
inoculating that onto TSA growth medium. No bacteria other
than Staphylococcus aureus was detected in the inoculated
media (Table 2).

Comparison of groups revealed no statistically significant
difference between the number of microorganisms on the
screw (p=0.968>0.05). Paired comparisons between these
groups did not reveal any statistically significant difference in
terms of the number of microorganisms on the screw (p>0.05).
Comparison of the number of microorganisms per gram in
tissue revealed no statistically significant difference between
the groups (p=0.403>0.05). Paired comparisons did not reveal
any statistically significant difference between these groups
in terms of the number of microorganisms per gram in tissue
(p>0.05).

Ti alloy microscrew with a
surface area of 25 mm?

Ti alloy Ag-coated microscrew with a
surface area of 25 mm?

Ti alloy Ag-coated microscrew with
a surface area of 50 mm?

n=1 2,100 2,725 81
=2 235 2,800 1,970
n=3 3,900 7,020 3,440
n=4 1,280 5,792 3,100
n=5 3,193 1,620 1,930
=6 3,365 2,110 1,680
n=7 5,497 2,200 6,400
n=8 2,480 1,800 4,890
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The group in which a Ti alloy
microscrew with a surface area of
25 mm? was placed

The group in which a Ti alloy Ag-
coated microscrew with a surface
area of 25 mm? was placed

The group in which a Ti alloy Ag-coated
microscrew with a surface area of 50
mm? was placed

n=1 66,877 53,611 184,872
n=2 6,486 1,713,910 139,024
n=3 121,132 414,787 331,250
n= 175,291 278,422 223,502
n=5 322,656 243983 98,918
n=6 171,755 279,117 770,718
=7 287,577 183,457 333,512
n=8 250,555 315,080 304,550
DISCUSSION structure have made Ti implants become more preferable®.

In the last two decades, rapid advances have been made in
general medicine, as well as in the field of spine surgery in
terms of diagnosing and treating diseases. Because of the
developments in biomaterial technology and nanotechnology,
considerable changes have been achieved in the implants used
in spine surgery. These developments significantly increased
the number of surgeries using biomaterials, and consequently
brought about biomaterial-associated problems. In particular,
in spine instrumentation, there are many complications arising
from the most frequently used metal alloy screws. Among these
complications,implant-associated infections are most common.
While the infection rate is ~1% in the interventions where metal
implants are not used in spinal surgery, this rate varies between
1% and 8.5% in cases where metal implants are used®->!213),
Implants act as passive surfaces prone to bacterial adhesion
and biofilm formation. A recent study reported an infection rate
as high as 21% after complex adult spine deformity surgery
where the operation duration was long®¥. Antibiotherapy
alone is insufficient in the presence of implants infection, and
revision surgery is inevitable in patients who do not respond
to medical treatment and especially in late-onset infection®®.
In addition to the medical and social problems caused by all
these situations, the financial burden that arises is a serious
problem®®),

Staphylococcus epidermidis and S. aureus are most commonly
isolated in biomaterial-associated infections®”1®), Although less
frequently, other microorganisms that are isolated include E.
coli, Peptococcus, Pseudomonas aeruginosa, Proteus mirabilis and
group A beta hemolytic streptococci®®. The major pathogenic
cause of biometal, bone, joint and soft tissue infections is S.
aureus??, Therefore, in this study, a S. aureus ATCC 29213 strain,
which is known to lead to the development of osteomyelitis,
was used.

In recent years, Ti alloy metal implants have frequently been
preferredinsurgicalinstrumentation.Greater bone adhesionand
a more stable structure is achieved with Ti implants compared
to other metals. Their better adhesion to bone and stable

Placement of implants into tissue causes certain changes in the
natural response that normally occurs in a damaged tissue®@?,
Therefore, the implant surface provides a suitable surface for
bacteria to settle and colonize and paves the way for infection
by disrupting the host defence mechanisms.

It was thought that coating the surface of biomaterials with
antibacterial agents to prevent them from constituting a
ground for bacterial settlement and biofilm formation could
be a solution, and many materials were used for this purpose.
One of these materials is Ag, which has been known since
ancient times to have an anti-infective effect and is used in
many areas today for its anti-infective characteristic. The first
written document on the antiseptic effect of Ag is the book of
King Menes of Egypt that dates back to around 3600 B.C.%%. Ag
is a noble metal that lies in Group 1B with the atomic number
47 in the periodic table®®. It has the highest electrical and
thermal conductivity compared to other metals and is resistant
to corrosion. It is known that both its free form and Ag salts
have an antimicrobial effect?”. However, many studies have
shown that Ag exhibits its antiseptic effect best in its oxidative
state, which is the +1 ion form®®. Moreover, the dimensions of
nanoparticles are of great importance in antibacterial efficacy.
As the particle size gets smaller, the antibacterial efficacy
increases. Several studies have shown that Ag nanoparticles
have antimicrobial efficacy?%. Ag exhibits antibacterial
activity through its oligodynamic properties. Ag ions coming
out of metallic Ag with the oligodynamic effect are adsorbed
by bacterial cells and this leads to a toxic effect and activates
its antibacterial efficacy®?. Ag ions liberated from metallic Ag
are positively charged. The electronegative surface of bacteria
attracts positively charged Ag ions. Positively charged Ag ions
have an affinity to negatively charged sulfhydryl groups in the
enzyme system of the cell wall. By binding these groups, they
prevent the transmembranous energy transfer and electron
transport of bacteria. Moreover, they inhibit the formation of a
protective film®?,

In the literature, Ag compounds and salts in various forms and
different chemical structures such as impregnation and coating
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are used with many different medical products. Silver nitrate
and silver sulfadiazine are among the ones that are used most
frequently®**%. Antimicrobial activity is related to the method in
which Ag is used and the number of ions released as a result®?.
Most in vitro tests performed have yielded positive results®é37),
In vivo studies, however, have revealed that the results can take
a very different shape within the organism. Clinical studies have
been conducted, especially with arterial grafts, central venous
catheters, urinary catheters and ventricular drainage catheters.
Ag has been used for antibacterial efficacy not only in medical
interventional applications but also in many other fields. It
has been used in fabrics because it can prevent nosocomial
infections and its bactericidal effects have been demonstrated
as a result®®. Moreover, its antiseptic effects have been shown
in environmental cleaning and cleaning of dishwater®9.

In the study where Secinti et al.#? used Ag-coated metal alloy
implants, it is reported that these implants had antibacterial
efficacy. Direct electrical current was applied to the implants
in the same study; it was shown that the ion release and
antibacterial effect increased significantly. It was reported that
uncoated metal alloy screws to which direct current was applied
had significant antibacterial efficacy compared to the ones to
which current was not applied®?. The long-term protective
effects of Ti implants coated with Ag ion-doped ceramic
nanopowder against antibacterial activity have been shown
in an in vivo experimental study by Kose et al.#Y. In a clinical
study by Riley et al.“? that included 1309 patients, it was found
that silver oxide-coated urinary catheters increased bacteriuria.
Silver acetate-coated arterial grafts were prophylactically used
in 430 patients in the study by Larena-Avellaneda et al.*®, and
no difference was observed compared with the control group.
In the experimental study by Schneider et al.*9 where they
performed vascular grafts, no difference was observed between
silver-coated and rifampin-impregnated grafts. In the study
by Camargo et al.* where they performed on 109 patients
hospitalized in the intensive care unit, no significant difference
was reported in Ag-coated central venous catheters in terms
of infection compared with the control group. When applied
locally and topically on the body surface, many different forms
of Ag such as silver sulfadiazine, silver hydroalginate, silver-
coated silicon and silver nitrate have been shown to have
antibacterial efficacy at various levels in clinical studies with
large case series and meta-analyses®“¢9,

There are two handicaps to using Ag in implants. The first
handicap is that the presence of ions is temporary depending
on the amount of material. The other handicap is the risk of
toxicity. It has been stated in the literature that no toxic effects
were observed in the amounts used in many experimental and
clinical studies®?. However, different results were obtained in
the clinical study by Massé et al.®V in which they placed 50 Ag-
coated stainless steel screws and 56 uncoated stainless steel
screws in the lower extremities of 106 patients. Although there
was no statistically significant difference between the screws

in terms of culture positivity, the study was terminated because
of a significant increase in the serum Ag levels®?. In vivo study
by Hazer et al.®? Ag nanoparticle coated Ti screws were shown
to have antimicrobial effect. However, in our study comparing
Ag coated Ti screws with Ti screws, there was no significant
difference between the groups®?. The silver +1 nanoparticle
count is the primary factor that provides antibacterial efficacy;
however,the implant surface area is the main factor that affects
the number of ions that are released. Therefore, Ag-coated
microscrews with two different surface areas, one with a 25
mm? and the other with a 50 mm? surface area, were used
in our study. However, no difference was reported between
these two microscrews, and antibacterial efficacy could not
be demonstrated. It is understood that although the release
of nanoparticles from Ag-coated implant surfaces does mostly
provide antibacterial efficacy in in vitro tests performed with
proper solutions; this effect is not at the desired level in
the body where there is an environment that is dense with
electrolytes. It is thought that this may be related to the fact
that the oxidation of silver and the release of nanoparticles
in the body does not occur in the same way as it does under
in vitro conditions. Furthermore, the nanoparticle release takes
place in a limited time in relation to the amount of coating that
is present.

CONCLUSION

Today, implant-related infections remain as a serious problem
and the financial losses in addition to medical and social losses
that occur as a result cannot be underestimated. It is of great
importance to develop biomaterials that can prevent infection.
Ag-coated Ti alloy microscrews with two different surface
areas and uncoated standard Ti alloy microscrews were used
in our study. When compared with the other group that was
implanted uncoated titanium alloy screws, the two groups that
were implanted with Ag-coated screws revealed no statistically
significant difference, and no anti-infection effect was
observed. Considering the difficulties and financial burdens
that arise after the occurrence of an infection, the importance
and necessity of developing anti-infective biomaterials are
very clear today. Solution-focused further studies are required
for developing implants with better biocompatibility, lower
infection rates and lower costs in the following years.
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