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Abstract

Background. Periprosthetic joint infection (PJI) is a severe complication of arthroplasty. The widely
accepted treatment standard for PJI is a two-stage revision arthroplasty involving the articulating
spacers. The implant surface provides an ideal environment for bacterial adhesion, facilitating
mature biofilm formation. To prevent bacterial adhesion effectively, the surface of the implanted
device must be modified with an efficient coating. The ability of a modified coating based on two-
dimensional linear carbon chains (2D LCC) with silver (Ag) impregnation to inhibit biofilm formation
and provide efficient bacterial eradication has been investigated in several experimental studies. However,
there is a lack of publications on clinical studies evaluating the effectiveness of such coatings.

The aim of the study — to assess mid-term outcomes of knee and hip PJI treatment using spacers coated with
two-dimensional linear carbon chains impregnated with silver.

Methods. This study is based on the results of the examination and two-stage revision arthroplasty of 144
patients with newly diagnosed knee and hip PJI. Patients were divided into two groups: the first (main) group
received articulating spacers coated with 2D LCC+Ag, while the second (control) group received articulating
spacers with antibiotics. Anamnestic, clinical, laboratory, microbiological, and statistical methods were used
in this study. The evaluation of short-term results was performed using the KSS, Harris, VAS, and EQ-5D-5L
scales at 3 months after surgery, and mid-term results were assessed at 2 years.

Results. The study confirmed the high antibiofilm activity and safety of spacers coated with 2D LCC+Ag. Both
groups showed a reduction in inflammation markers during treatment. Before the second stage of treatment,
both groups experienced a statistically significant decrease in CRP, procalcitonin, and presepsin levels, as
well as synovial cytosis and neutrophil content. The frequency of recurrences after two-stage treatment was
significantly lower in the first group compared to the second group. In the mid-term period, the first group
had higher scores on the KSS and Harris scales by 20.5 and 7.0 points, respectively. Results on the EQ-5D-5L
were 10/0.08 points higher, and the intensity of pain according to VAS was three times lower in the first group.

Conclusions. The use of spacers coated with 2D LCC+Ag allows for a faster resolution of the inflammatory
process, reduces the incidence of PJI recurrences, and predicts active protection of the implant surface
from microbial colonization and biofilm formation. This, combined with antibiotic prophylaxis, provides a
favorable therapeutic and preventive effect against PJI recurrence.

Keywords: arthroplasty, periprosthetic infection, implant-associated infection, microbial biofilms,
antibacterial coating.
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Pedepar

AxmyansHocms. Tlepunporesnas nHbekius (TIIIM) — Tskenoe OCIOKHEHME SHAONPOTe3upoBanus. O6Ienpu-
3HaHHBIM cTaHAapToM jedeHus [1I1IU gBisgeTcs AByX3TallHOE PEBU3MOHHOE SHAONPOTEe3UPOBaHMe C IPUMeHeHMeM
apTUKYIUPYIOIIMX crieficepoB. [I0BEPXHOCTh UMILIAHTATOB — UAEATbHOE MECTO JIJIst 6aKTepuabHOI afre3uu, CIo-
co6CTBYIONIEI 00pa3s0BaHMIO 3pesioit 6MoTIeHKHM. ik co3maHus MpeIoTBpalaoliero aaresuio 6akrepuii 6apbepa
HeoO6X0IMMO M3MEHUTh MOBEPXHOCTh MMIUIAHTUPOBAHHOTO YCTPOICTBA C MOMOIIBI0 3(PPEKTUBHOTO TMOKPBITHS.
CrocobHOCTh MOAVGUIIMPOBAHHOTO TOKPBITUSI HA OCHOBE ABYMEPHO YIOPSILOYEHHOTO JIMHEHO-[eTI0YeYHOTO
yrieponma (OY JILIY+Ag) uHruoupoBaTh 00pa3oBaHue OGMOIUIEHKM U oOecreunBaTh 3(DPEKTUBHOE YHUUTOXKEHME
GaKkTepuit M3ydyanachb B HECKOIbKMX SKCIIEPUMEHTANTbHBIX MCC/IeA0BaHMSX. OIHAKO OTCYTCTBYIOT ITyGAMKAIIVY O pe-
3y/bTaTaxX KIMHUYECKUX UCCIeOBaHMIi 9PGhEKTUBHOCTM TaKUX MTOKPBITHUIA.

Llenws uccnedosarHusi — OLEHUTH CPeSHECPOYHBbIE Pe3yAbTaThl MCIIOIb30BAHMS CIIEICePOB C TTOKPBITMEM HA OCHOBE
JIBYMEPHO YIIOPSIAOYEHHOTO JIMHENHO-1IETIOYEUHOTO YIJIEPOJa, JIETMPOBAHHOTO cepeGpoM, TIPU JIeUeHUM TTEPUTTIPO-
Te3HOI MHGEKINYM KOJIEHHOTO ¥ Ta300eIpeHHOTO CyCTaBOB.

Mamepuan u memoodesl. VicciienoBaHue OCHOBAHO Ha pe3y/bTaTax 00C/IeqoBaHUs U JBYX3TAITHOTO PEBU3MOHHOTO 3H-
IOIpoTe3MpoBaHys 144 maiyueHToB ¢ BIiepBbie BbisiBaeHHOI [T konenHbix (KC) 1 Tazo6enpenHbix (TBC) cycTaBoB.
[MamyeHThI 6bUIM pa3/ieseHbl Ha ABE IPYIIIIbI: IEPBYIO IPYIIY COCTABU/IU MAIMEHTDI C aPTUKYIMPYIOUIUM CIIeiicepoM,
MOKPBITHIM Y JILY+Ag, BTOPYIO IPYIIITY — HAlMEHTbI, KOTOPHIM ObLT YCTAHOBJIEH apTUKYIMPYIOLINIA CIIelicep ¢ aHTU-
6uoTMKaMM. B MccieqoBaHUM UCIIONb30BAIM aHAMHECTUUECKUIA, KIMHUKO-Ta60paTOPHBIN, MUKPOOGUOIOTUYECKUIA,
CTaTUCTUUECKMi MeTombl. OlieHKa O6/MKaiIInX pe3ylIbTaToB BhIIOJIHSIACK Mo ImKanam KSS, Harris, BAII, EQ-5D-5L
yepes 3 Mec. IMOC/Ie oIepalyin, cCpegHeCpoOYHbIX — yepe3 2 roaa.

Pesynvmamelt. ViccrienoBaHue TOATBEPOMIO BHICOKYIO aHTUMOMOIUIEHOUHYIO aKTMBHOCTh M 6e30TacHOCTD Criejicepa
C TTOKpBITHEM Ha OcHOBe Y JII[Y+Ag. B ayMHaMyKe MpOM30IUIO CHMUKEHME YPOBHS MapKepOB BOCIAJIEHUs B 00enx
rpynmnax. Ilepe BTOpbIM 3TaroM je4eHus B TPyIIax MIPOU30LITIO CTaTUCTUUECKM 3Hauumoe cHipkeHue CPB, mpo-
KaJIbIIUTOHVHA U TIPECENCUHA, IIUTO3a U COAepskaHMs HeTPODUIIOB B CyCTaBHOM ITyHKTaTe. YacToTa peluauBOB M0-
CJle IBYX3TAITHOTO jieueHus] Obula CTaTUCTUYECKY 3HAUMMO HMKe B IepBOJi TPYIIe 10 CPaBHEHUIO cO BTOpoii. 1o
mkasam KSS u Harris B cpegHecpoYHOM Tepuojie pe3yibTaT B IIepBoii rpyrimne 661 Boiiie Ha 20,5 u 7,0 6a/u10B co-
OTBETCTBEHHO. Pe3ybTaThl 110 IiKaje KauecTBa sku3uu EQ-5D-5L 6butn Bhiine Ha 10/0,08; mo BAII BripaskeHHOCTh
60JIeBOTO CMHAPOMA B TIEPBOII I'pyIINe Obljia B 3 pa3a MeHbIIIe.

3axntouerue. Vicrionb30BaHme cIieiicepa ¢ MOKPbITHMEM Ha ocHoBe 1Y JILIY+Ag ro3BossieT 6pICTpee TMKBUAVPOBATD
BOCITA/INTEIbHBIN MPOLIecC, CHU3UTDb UnciIo petnansos I1IINM, mporHo3upoBaTh aKTUBHYIO 3aIIUTY TOBEPXHOCTU UM-
TUTAHTATa OT KOJIOHU3aLMM MUKPOOPTaHM3MaMu U HOpMUPOBAHUS MUKPOOGHBIX GMOIJIEHOK, UTO BKYIIE C MeIMKa-
MEHTO3HOJ aHTUOMOTUKOIIPOMDUIAKTUKONM 06ecrieunBaeT XOPOouLnii JeuebHO-TIpoduIakKTMIecKuit 3¢peKT B OTHO-
mweHnu peungusa I,

KitroueBble cj10Ba: SHIOMIPOTE3MPOBaAHME CYCTABOB, IEPUIIPOTE3HAS MHDEKIMS, MUMILIAaHTaT-aCCOLMUPOBAHHAS VH-
dexuys, MUKpOOHbIE OMOTUIEHKY, aHTHOAKTEepMaTbHOE IIOKPBITHE.

IOna uurupoBaHusa: Mamouenko JI.M., Hukomaes H.C., fIkoBneB B.B., IIpeo6paxkenckas E.B. CpemHecpouHbie
pes3yabTaThl JIeueHus TIepUIIPOTE3HOI UHpEKIUA C [IpMMeHeHeM creiicepoB ¢ YI7IepOLHbIM
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BACKGROUND

Joint arthroplasty is currently recognized as the
gold standard for the treatment of patients with
stage III-IV osteoarthritis. Joint arthroplasty
offers several advantages, including rapid relief of
pain and full restoration of the patient’s mobility
within a short rehabilitation period [1, 2].

However, one of the major complications of
joint arthroplasty is periprosthetic joint infection
(PJI). PJI is a severe complication both for the
patient, necessitating repeat surgeries, and for
the healthcare system, leading to increased
hospitalization duration and high economic
costs [3]. The frequency of PJI after primary joint
arthroplasty ranges from 0.5% to 3.0% [4], and
it can reach up to 30% in revision procedures
5,6, 7].

A significant complicating factor in the course
of P]I is the rapid formation of bacterial biofilms
on implanted metal structures [8]. The primary
goal in treating implant-associated infections is
the prevention of these processes [9].

The widely accepted treatment standard
for PJI is a two-stage revision arthroplasty
involving the use of articulating spacers, typically
impregnated with antibiotics [10]. These spacers
can be made of a single material, most commonly
polymethylmethacrylate (PMMA), or can be
composite (cement-metal, cement-polyethylene,
cement-ceramic, etc.) [11]. PMMA is used as a
matrix to provide antibiotic depot [10, 11].
Attempts have been made to incorporate
antiseptics or particles of halogens and metals with
antimicrobial activity (silver, zinc, copper, etc.)
into PMMA, but such studies are scarce [12, 13].
Since microorganisms do not develop resistance
to substances with broad bactericidal activity,
creating new antimicrobial coatings for implant
components represents a promising direction in
the treatment of infectious complications in joint
arthroplasty with spacer use [14, 15].

The implant surface provides an ideal
environment for bacterial adhesion, facilitating
mature biofilm formation [16]. To prevent
bacterial adhesion effectively, the surface of the
implanted device or material must be modified,
either directly or with the use of an efficient
coating [17].

The ability to modify the implant surface to
minimize bacterial adhesion, inhibit biofilm
formation,andensureeffectivebacterialeradication
for the protection of implanted biomaterials
has been studied in several investigations.
Some authors have demonstrated low efficiency
in using diamond-like coatings containing a
combination of sp2- and sp3-carbon high-energy
bonds, limiting their application in traumatology
and orthopedics [18, 19]. Results from other
studies have revealed the advantages of coatings
based on two-dimensional linear carbon chains
(2D LCC) due to their structural characteristics,
such as good adhesion to the surface of metal
implants, strength, and biological compatibility
[20]. D.V. Tapalsky and colleagues conducted
a multicenter study aimed at assessing the
antibacterial activity and biological compatibility
of coatings for metal structures based on 2D LCC.
The results showed that coatings based on 2D
LCC+Ag provide a pronounced surface bactericidal
effect and have the ability to prevent the formation
of microbial biofilms on metal surfaces. Coatings
based on 2D LCC are safe and do not induce
cytotoxic effects [21].

However, there is a lack of publications in the
literature regarding the results of clinical studies
on the effectiveness of coatings based on 2D LCC..

The aim of this study — to assess mid-term
outcomes using spacers coated with two-
dimensional linear carbon chains impregnated
with silver (2D LCC+Ag) in the treatment of
periprosthetic joint infection in large joints of
the lower extremities

METHODS
Study design

An open prospective cohort randomized study
was conducted at the Center from 2017 to 2021.
It was based on the results of examination
and surgical treatment of patients with newly
diagnosed periprosthetic joint infection (PJI) of
the knee and hip joints.

The inclusion criterion for patients in the
study was a confirmed case of PJI according to
the criteria of the 2013 International Consensus
Meeting on Periprosthetic Joint Infection [22].
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Exclusion criteria patients under 18 years of age,
pregnancy, and patient refusal to participate at
any stage of the study.

After applying the inclusion and exclusion
criteria, 144 patients were selected for the study:
82 with PJI of the hip and 62 with PJI of the
knee, including 71 females (49.3%) and 73 males
(50.7%).

Patients were randomized into two groups
using random number generation with Excel
software.

In the first (experimental) group, patients
were implanted with an articulating spacer
coated with two-dimensionally ordered linear-
chain carbon with silver (DU LCUC+Ag). In the
second (control) group, traditional articulating
spacers with antibiotics were used (see Figure 1).

Patients in both groups were comparable in
terms of gender and age (Table 1).

During the study, a thorough medical history
was collected to identify comorbidities and
potential risk factors that could have contributed

Total number of patients
n=144
First group Second group
Spacer with 2D-LCC+Ag Spacer with antibiotics
n=72 n=72
AN AN
[ [ [ [

Subgroup PJI Subgroup PJI || Subgroup PJI Subgroup PJI

hip knee hip knee
41 patients 31 patients 41 patients 31 patients

23 males 12 males 27 males 11 males
18 females 19 females 14 females 20 females

Fig. 1. Study flowchart

to the development of PJI. An analysis of the
most commonly occurring somatic pathology
was performed.

The treatment of PJI was performed using
a two-stage revision arthroplasty method.
The goal of the first stage was joint sanitation
using a spacer in combination with mechanical
treatment of pathological tissues. In the second
stage, after infection control and assessment of
clinical and laboratory parameters, a permanent
endoprosthesis was implanted. All patients
received empirical or etiotropic antibiotic
therapy based on the antibiotic susceptibility of
the pathogen isolated from the focus.

Outcome assessment

Comparative evaluation of pain syndrome and
laboratory parameters (CRP level, ESR, D-dimer)
in the first and second groups was conducted
before and after treatment. The assessment of joint
function based on functional rating scales was
performed separately for the hip and knee joints.
The interval between the two stages of re-
endoprosthesis was assessed in days and was
statistically significantly shorter in the first group
of patients than in the second group, with 64.5
(53-103) days in the experimental group and 78
(63.5-111.0) days in the control group, p =0.010.
After treatment, a comparative assessment of the
severity of pain syndrome, quality of life, joint
function (based on rating scales), and laboratory
parameters (CRP level, ESR, procalcitonin,
presepsin, cytosis, and neutrophil content in joint
punctate before I and II stages of treatment) was
conducted. The assessment of midterm functional

Table 1
Distribution of patients by gender and age
First group Second group
Indicator p
n % n %

Males 35 48.6 38 52.8 0.617
Females 37 51.4 34 47.2 0.617
Mean age, years

Me (Q1-03) 63.5 (57.5-70.0) 62.0 (54.5-69.0) 0.500
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treatment results was performed 2 years after
treatment using the KSS, Harris, VAS pain, EQ-5D-
5L scales.

Statistical analysis

Statistical data processing involved calculating
the mean and standard deviation (M*c). In the
absence of a normal distribution or for rank data,
the median (Me), upper and lower quartiles (Q1-
Q3) were determined.

Statistical significance of differences between
data with a normal distribution was assessed
using Student’s t-test, and for non-normally
distributed or rank data, the Mann-Whitney
nonparametric test was used. Differences in
dynamics were evaluated using the Wilcoxon
criterion. For qualitative data, differences were
assessed using the y? criterion. Statistical analysis
was performed using Statistica for Windows 10.0,

and data were considered statistically significant
at a probability of error (p) less than 0.05.

RESULTS

At baseline, there were no significant differences
in general blood analysis parameters between
the study groups. Baseline levels of inflammation
markers were also comparable. However, both
groups experienced a decrease in these markers
during the course of treatment. The level of
CRP was lower in the first group, while levels of
procalcitonin and presepsin were comparable.
The cellular count and neutrophil count in the
joint punctate normalized in both groups, with
all values falling within the reference range
(Table 2).

The recurrence rate after the first stage of
treatment in the first group was 2.8% (2 out of
72) compared to 11.1% (8 out of 72) in the second

Results of laboratory examination of patients before stages I and II of treatment Table 2
Indicator Term First group (n =72) Second group (n = 72) p
White blood cells, Before stage I 7.9 (7.0-9.8) 8.5 (7.1-10.3) 0.287
“107L Before stage II 6.5 (5.9-8.0)* 7.2 (5.8-8.6)* 0.275
ESR (Erythrocyte Before stage I 46.5 (29.5-69.5) 43.0 (25.5-73.5) 0.694
sedimentation rate), )
mm/h Before stage 11 20.5 (12.0-32.0)* 18.0 (10.0-34.0)* 0.379
Hemoglobin, g/L Before stage I 121.0(112.0-132.0) 122.0 (110.0-140.5) 0.361
Before stage II 121.0 (111.0-130.0) 124.0 (113.5-136.0) 0.145
Red blood cells, x10'%/L Before stage I 4.3 (4.0-4.7) 4.45 (4.1-4.8) 0.210
Before stage II 4.4 (3.9-4.9) 4.4 (4.2-4.9) 0.225
Platelets, x10%/L Before stage I 316.5 (275.5-385.5) 337.5(283.0-420.5) 0.266
Before stage II 270.5 (232.0-314.0) 267.0 (222.0-330.5) 0.951
CRP (C-reactive Before stage I 17.6 (7.9-73.5) 39.1 (12.7-71.3) 0.082
protein), mg/L Before stage II 5.0 (2.6-8.2)* 5.0 (4.5-11.8)* 0.029
Procalcitonin, pg/mL Before stage I 0.032 (0.02-0.076) 0.04 (0.02-0.0655) 0.414
Before stage II 0.02 (0.02-0.032)* 0.023 (0.02-0.04) 0.09
Presepsin, pg/mL Before stage I 300.0 (204.5-300.0) 300.0 (250.0-448.0) 0.055
Before stage II 190.0 (150.0-191.0) 200.0 (200.0-200.0) 0.085
Cytosis, cells x10%/L Before stage I 17500.0 (4312.5-49250.0) 15000.0 (5370.0-45500.0) 0.881
Before stage II 382.5(110.0-1100.0)* 300.0 (150.0-814.0)* 0.921
Neutrophils, % Before stage I 93.0 (88.5-95.0) 92.0 (88.5-95.0) 0.854
Before stage II 12.0 (12.0-48.0)* 12.0 (12.0-70.0)* 0.885

*Differences in dynamics according to the Wilcoxon test at p<0.05.
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group (p = 0.049). There were no recurrences
after the second stage in the first group, and the
values remained the same at 2.8% (2 out of 72)
compared to 20.8% (15 out of 72) in the second
group (p < 0.001).

Functional status and pain levels, despite
similar baseline values, were more favorable
in the first group after the second stage of P]I
treatment and in the midterm postoperative
period. Pain levels among individuals without
PJI recurrence were also better in the first group.

Quality of life was assessed using the EQ-5D-5L
questionnaire, and the results after treatment
were better in the first group than in the second
group based on the EQ-VAS general well-being
score and EQ-5D-5L score (Table 3).

The positive dynamics of laboratory
parameters were accompanied by improved
joint function. Two years after the completion of
treatment, joint function was better in the first
group, as assessed by the Harris score for hip
joint and the KSS score for knee joint (Table 4, 5).

Midterm results on the EQ-5D-5L questionnaire for patients without PJI recurrence fable 3
Indicator First group (n = 70) Second group (n = 57)
EQ-5D-5L, proportion 0.88 (0.84-1.00) 0.80 (0.64-0.88)
EQ-VAS, points 90.00 (90.00-95.00) 80.00 (70.00-90.00)
p<0.001.
Table 4
Functional status of the hip joint according to the Harris scale in patients with PJI
Follow-up period First group Second group p
Before stage I 28.0 (23.0-37.0) 28.0 (20.0-42.0) 0.286
Before stage II 38.0 (31.5-41.0) 37.0 (31.3-40.0) 0.818
2 years after stage 11 91.0 (87.0-93.3) 84.0 (77.5-87.0) <0.001
Table 5
Functional status of the knee joint according to the KSS scale in patients with PJI
Assessment scale Follow-up period First group Second group p
KSS Knee Score, points Before stage I 32 (32-35) 32 (32-35) 0.946
Before stage II 50 (37-50) 45 (31-45) 0.046
2 years after stage II 90 (74-95) 70 (30-84) 0.002
KS_S Functional Score, Before stage I 30 (30-30) 30 (30-30) 0.966
points
Before stage II 35 (35-45) 35 (35-35) 0.047
2 years after stage II 75 (71-95) 65 (47-83) 0.005
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Pain levels before the first and second stages
of treatment in the first and second groups were
comparable (Table 6). However, midterm results
were significantly better in the main group.

Microbiological analysis of biological material
samples did not identify the pathogen in 21

patients (14.6%), and multiple microorganisms
were isolated in 6 patients (4.2%). Staphylococci,
including S. aureus (27.6%), and coagulase-
negative staphylococci (38.3%) were the most
common isolates, while streptococci were cultured
in 13% of cases (Table 7).

Table 6
Pain score according to the VAS
Follow-up period Main group Control group p
Before stage I 8.0 (7.0-8.5) 8.0 (7.0-9.0) 0.532
Before stage II 5.0 (4.0-6.0) 5.0 (5.0-6.0) 0.137
2 years after stage II 1.0 (1.0-2.0) 3.0 (1.0-4.0) <0.001
Table 7
Results of microbiological examination of synovial fluid, tissue biopsies,
and swabs from removed components
Positive results
Microorganism

n %
Anaerobes 2 1.6
Gram-negative microorganisms 10 8.0
Coagulase-negative staphylococci 41 33.3
Staphylococcus aureus 34 27.6
Staphylococcus epidermidis 13 10.6
Staphylococcus hemolyticus 1 0.8
Staphylococcus lugdunensis 3 2.4
Staphylococcus warneri 1 0.8
Streptococcus sp. 16 13.0
Corynebacterium striatum 2 1.6
Total 123 100.0

DISCUSSION

The study showed a statistically significant
reduction in the recurrence rate of infection after
using the 2D LCC+Ag coating compared to the
results in the second group. It is worth noting
that in most studies, an absolute reduction in the
recurrence rate of 1.5-2.0 times was observed, but
without statistical significance. This fact may be
explained by the small number of observations,
which is supported by the results of a meta-
analysis conducted by M. Fiore and colleagues.
The analysis of studies showed that the infection
rate after revisions was 13.7% in the group of

patients with silver-containing coating implants
and 29.2% in the group using implants without
coating, indicating the effectiveness of silver-
containing coatings in preventing infections
(p =0.019) [23].

In our study, the recurrence rate in the
second group was 20.8%, which is consistent
with the literature. For example, V.V. Pavlov and
colleagues reported a recurrence rate of 19.5%
in patients treated for hip and knee PJI [24].
V.A. Ivantsov and colleagues reported a 14.4%
unsatisfactory outcome rate in knee joint P]I
treatment [25]. The recurrence rate of hip joint
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PJI in F. Schwolow’s study was 14.4% with an
average follow-up of 8 years [26]. According to
A.S. Steinicke and colleagues, the infection-free
survival of knee and hip endoprostheses was 77%
(95% CI 64-89) after 1 year and 38% (95% CI 18-
57) after 5 years [27]. The variation in recurrence
rates among studies may be due to differences in
the duration of follow-up.

The use of the new coating in our study
resulted in lower leukocyte and neutrophil
counts and a lower recurrence rate in the first
group of patients. This indicates effective control
of the infection process. T. Shirai and colleagues
observed a less severe inflammatory response in
patients using iodine-coated spacers [28].

The use of the new coating can also impact
joint function and pain levels. Better joint
function results (reference values of cell count
and neutrophil content in the punctate, reduction
in blood inflammatory markers) after the second
stage of debridement were observed in the first
group. This suggests faster infection control with
the use of silver-doped carbon coating, better
biocompatibility compared to uncoated spacers,
which ultimately may positively affect joint
function. The joint function assessed by Harris
score for hip joint and KSS score for knee joint was
better in the first group, and pain levels were less
pronounced than in the second group [29, 30].

The effectiveness of PJI treatment is further
confirmed by improved quality of life for patients.
For example, J.L. Cahill and colleagues reported
that patients whose PJI resolved had higher scores
on quality of life and VAS compared to patients
with PJI recurrence after two-stage revision [31].
A decrease in quality of life with the development
of PJI is supported by the results of a study by
N.R. Poulsen and colleagues, in which patients
with PJI recurrence had worse quality of life than
patients with resolution after two-stage revision
[32]. Our study showed similar results.

CONCLUSIONS

The use of a spacer with a coating based on
2D LCC+Ag allows for faster resolution of the
inflammatory process, achieving lower neutrophil
and CRP levels in the blood, as well as reduced
cytosis and neutrophil content in joint punctate.
It also leads to a decrease in the recurrence rate
of PJI in both knee and hip joints.

The faster and more effective resolution of
PJI in the main group contributes to improved

prosthesis function. Patients in the main group
achieved better knee and hip joints function
results, higher quality of life according to the EQ-
5D-5L and lower pain levels on the VAS scale.

The assessment of midterm results of PJI
treatment provides grounds to predict active
protection of the implant surface from microbial
colonization and biofilm formation. This,
combined with antibiotic prophylaxis, ensures
a good therapeutic and preventive effect against
PJI recurrence. To study the long-term results of
using spacers coated with 2D LCC+Ag, further
research is planned.

The results obtained confirm the justification
for the wider use of spacers coated with 2D LCC+Ag
for the treatment of periprosthetic infection,
considering the need for revision surgery.
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