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Surgeries aimed to restore bone integrity
using various types of permanent or tempo-
rary implants have long proved their effec-
tiveness. However, development of implant
associated infection is one of the severest
complications after such procedures, patho-
geneses of which is driven to the major ex-
tent by the formation of microbial biofilm on
the foreign body surface. Implant surface is
the key factor for bacterial colonization and
subsequent biofilm formation [1]. The study
of Koseki et al. (2014) demonstrated reduced
S. epidermidis biofilm formation on the co-
balt chromium molybdenum alloy (CoCrMo),
which the authors attributed to a higher hy-
drophobic properties of the alloy [2]. Another
group of researchers observed reduced met-
abolic activity of Candida albicans on poly-
carbonate and stainless steel in contrast to
Teflon [3]. It was experimentally proven that
the overall bacterial adhesion and biofilm
formation is reduced by low rigidity of the

e Comment on the Article

Tapalski D.V., Nikolaev N.S., Ovsyankin A.V.,
Kochakov V.D., Golovina E.A., Matveenkov M.V.,
Sukhorukova M.V., Kozlov R.S. [Coatings Based
on Two-Dimensionally Ordered Linear Chain
Carbon for Protection of Titanium Implants from
Microbial Colonization]. Travmatologiya i orto-
pediya Rossii [Traumatology and Orthopedics
of Russia]. 2019;25(2):111-120. (In Russian).
DOI: 10.21823/2311-2905-2019-25-2-111-120.

nanostructure [4], presence of nanoscale pro-
trusions and recesses in contrast to smooth
surfaces [5]. Besides, calcium-containing ox-
ide coatings on the titanium surface reduce
bacterial colonization as compared to tita-
nium without calcium coating [6].

In the present research the authors exam-
ined antimicrobial activity and cytotoxicity
of titanium samples with innovative silver
and nitrogen alloyed coatings based on two-
dimensionally ordered linear chain carbon
in comparison with samples without coat-
ing and with unalloyed coating. Bactericidal
properties of test samples against gram-pos-
itive (Staphylococcus aureus and Enterococcus
faecalis) and gram-negative (Pseudomonas
aeruginosa) agents were evaluated. Presented
results demonstrate that silver alloyed carbon
coatings exhibit bactericidal activity against
all tested bacteria strains irrespectively of
their antibiotic sensitivity, allow to prevent
formation of microbial biofilms on coated
surfaces and demonstrated no cytotoxicity.

At the present stage antibacterial implant
coatings used in orthopaedics can be divided
into three groups [7]:

1. Passive processing/modification of the
surface. Surfaces that prevent adhesion with-
out releasing antibacterial agents.

2. Active processing/modification of the
surface. Surfaces that release antibacterial
agents.
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3. Perioperative  antibacterial  carri-
ers or coatings. Carriers and coatings with
antibacterial properties that are applied
during surgery and are either biodegrad-
able or not.

According to the above classification the
experimental samples studied in the pre-
sent paper can be attributed to group 2 while
antibacterial activity for extended time is
determined by presence of silver. The most
notable advantage of silver coated surfaces
is the ability to continuously release active
agents in the peri-implant area for a signifi-
cant period of time, thus acting both on the
superficial layer and in the immediate adja-
cent structures. It is assumed that the anti-
microbial effect of silver is due to the forma-
tion of reactive oxygen forms and biologically
active ions that damage the bacteria walls
and prevent bacterial growth by binding to
nucleic acids [8]. Recent study of Aurore et
al. (2018) reported that Ag nanoparticles in-
tensify bactericidal activity in osteoclasts [9].
A number of other papers emphasize that sil-
ver acts against surface adhered bacteria that
do not have significant drug resistance [10,
11]. However, Tapalsky et al. demonstrated
in their research that carbon coating alloyed
by silver developed by the authors exhibits
also the activity against extremely antibiotic
resistant Pseudomonas aeruginosa isolate
obtained from a patient with posttraumatic
osteomyelitis.

Thus, further study of Ag-alloyed coating
based on two-dimensionally ordered linear
chain carbon seems rather promising due to
evident anti-biofilm potential, wide spec-
trum of antimicrobial effect and no cytotox-
icity for human cells. In particularly, early
and delayed peri-focal response of surround-

ing tissues to samples implantation should
be studied in order to evaluate the possibility
of clinical trials.
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