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Abstract
Background Periprosthetic infection develops in 0.5 to 5.0 % of cases after knee replacement, which is a social and economic problem. The most common 
causes of periprosthetic infection are methicillin-resistant staphylococcus aureus (MRSA) (36 %), gram-negative bacteria, and microbial associations.  
The study was aimed at improving the results of the sanitizing stage of revision arthroplasty in patients with periprosthetic infection 
of the knee joint by a developed long-acting antimicrobial composition and improving the designs of articulating spacers of the knee joint.  
Materials and Methods The treatment results of 121 patients with knee joint periprosthetic infection were analyzed. Nine patients had an early 
periprosthetic infection and 112 had a late one. Patients in satisfactory condition with stable implant components who had early periprosthetic 
infection underwent surgical treatment of the purulent focuses, replacement of a polyethylene tibial insert, thorough surgical wound washing using 
pulse lavage, drainage, and VAC-therapy. Patients with late periprosthetic infection were divided into 3 groups on the basis of the spacer used. 
An articulating spacer based on the developed antimicrobial composition of prolonged action (RU 191236 patent) was used in 59 patients of the 
first group. Preformed spacers were implanted in 29 patients of the second group, and 18 patients of the third group got a block-shaped spacer.  
Results An antibacterial anti-adhesive non-toxic composition with a prolonged action based on bone cement with gentamicin and such antiseptics 
as poviargol, dioxydine, and high-molecular polyvinylpyrrolidone has been developed. All the patients underwent the sanitizing stage of revision 
arthroplasty, implant removal, and spacer installation. Periprosthetic infection recurrence developed in 3 patients of the first group, 9 patients of the second 
group and 7 patients of the third one. The average time from the sanitizing stage to the second final stage of revision was 3-6 (4.8 ± 1.9) months.  
Discussion According to scientific data, the impregnation of new antibiotics into bone cement with gentamicin does not improve the antimicrobial 
effect of a spacer, especially in case of antibiotic-resistant strains. Block-shaped and preformed spacers lead to infection recurrence and complications. 
Antiseptic impregnation with different mechanisms of action is able to affect antibiotic-resistant bacteria, and the polymer is able to prolong the effect.  
Conclusion The use of articulating spacers for the knee joint, which include an antimicrobial composition, allows preserving the function of the joint 
and reducing the number of infectious complications, which facilitates the final stage of revision arthroplasty.
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INTRODUCTION

The main indications for knee arthroplasty are 
idiopathic gonarthrosis and secondary gonarthrosis 
developed after osteosynthesis of intra-articular 
fractures. The widespread introduction of total 
knee arthroplasty (TKA) into orthopedic practice 
improves joint function and the patient's quality of 
life [1–5]. However, despite the fact that a significant 
improvement in the patient's condition is observed 
after TKA, there is a risk of complications such as 
periprosthetic joint infection (PJI), which occurs in 0.5 
to 5.0 % of cases [6-8]. 

At the same time, the cost of treating patients 
who undergo revision interventions due to infectious 
complications increases by 8 times compared to primary 
arthroplasty. This is due to the complexity of treatment 
and the significant costs of the implants used.

The formation of microbial biofilms on the implant 
surface by weeks 3 to 4 prevents the penetration 
of antibacterial drugs into the infected joint [7, 9-11]. 

Frequent PJI recurrence after the first sanitizing stage 
(SS) of revision arthroplasty are associated with 
the short-time action of antibiotics (gentamicin and 
vancomycin) in the composition of the preformed spacer 
used without taking into account the type of isolated 
microorganisms and their sensitivity to antimicrobial 
drugs, as well as the design of the spacer and its 
installation without considering anatomical changes 
in the knee area [12-15]. To enhance the antimicrobial 
effect, compositions containing antibiotics (vancomycin, 
gentamicin) and antiseptics of different range of action 
(dioxidin, poviargol) have been used, which allow 
achieving positive outcomes during the sanitizing stage 
of revision arthroplasty [1].

Purpose: to evaluate the effectiveness 
of the sanitizing stage of revision arthroplasty in patients 
with PJI of the knee joint by developing an antimicrobial 
composition of prolonged action and improving 
the designs of articulating spacers of the knee joint.
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MATERIALS AND METHODS

In the clinic of purulent osteology of the Mechnikov 
North-Western State Medical University, 121 patients 
aged 31 to 78 years were treated for knee PJI; women 
accounted for 68 % and men for 32 %. The mean age 
of patients was 64 years (95 %, CI: 38-77).

Among our patients, PJI developed after primary 
KJ arthroplasty within up to 3 months in 44 cases; 
from 3 to 8 months in 57 and after 8 months in 20. 
Inclusion criteria were: PJI of the knee joint after 
primary and revision arthroplasty with bone defects 
of the metaepiphyses (AORI types 1–2A). Exclusion 
criteria: sepsis, patients with significant bone defects 
of the metaepiphyses (AORI types 2B, 2C, 3A-3C).

Early knee PJI (Tsukayama classification) was 
observed in 9 patients (7.4 %) [16]. The remaining 
112 patients with late PJI were divided 
into 3 comparison groups. The first group included 
59 (52.7 %) patients who received an articulating spacer 
proposed by us (Patent RU 206668) [17] (Fig. 1.) 
based on the developed antimicrobial composition 
(Patent RU 2707734) [1]; the second group included 
29 (25.9 %) patients who received a preformed 
spacer and 18 (16.1 %) patients were included 
in the third group who received a block-shaped mold 
spacer due to the presence of bone defects.

Among our patients, 95 (78.5 %) patients had 
idiopathic gonarthrosis as an indication for primary 
arthroplasty; secondary gonarthrosis after intra-articular 
fractures of the knee joint developed in 26 (21.5 %). 
In patients of this group, type 2A defect was more 
common due to the development of necrosis of the 
distal part of the femur or proximal part of the tibia after 
intra-articular fractures. 

The groups were comparable by the nature 
of concomitant pathology and the size of bone defects. 
However, more than half of patients with idiopathic 
gonarthrosis had a high average body mass index that 
corresponded to grade II of obesity. Diagnosis of PJI 
was based on clinical, laboratory, radiological and 
bacteriological study methods.

Most patients (85 %) complained of knee dysfunction 
and pain of varying intensity from 9 to 4.5 on the VAS 
scale. Additional means of support (crutches, canes) 
were used by 62 % of patients. Signs of local wound 
infection were edema, hyperemia, hyperthermia in 
53 % of patients. Fistulas with purulent discharge 
were present in 59 (48.7 %) patients: in patients of the 
first group in 31 (52.6 %) cases, in the second one in 
19 (32.2 %), in the third group in 9 (15.2 %) patients. 

In all patients, the dynamics of blood parameters 
(leukocytosis, LII, CRP and ESR) was assessed 
before and after SS surgery, which were characteristic 
of the inflammatory process.

One of the most important diagnostic methods 
for studying PJI is microbiological [15, 18, 19]. 
Cultures from sinuses were seeded in all patients if any; 
or the joint was punctured at least three times under 
ultrasound control. Identification of microorganisms 
and sensitivity to antibacterial drugs was performed 
on a VITEK® 2 Compact bacteriological analyzer 
and a Triple Quad 6500+ LC-MS mass spectrometer. 

Gram-positive pathogens (S. aureus and 
S. epidermidis) were detected in more than half 
of the patients, 77 (63.7 %) before SS stage 
of revision: in the first group in 38 (65.1 %) cases, 
in the second group in 18 (62.8 %), in the third one 
in 13 (69.7 %) patients. Methicillin-resistant strains 
were found in 8 (7.2 %) patients. Microbial associations 
(S. aureus, S. epidermidis, P. aeruginosa, E. coli) 
were second to be detected in 20 (16.5 %) patients, 
and gram-negative microorganisms were isolated 
in 8 (6.6 %) patients.

During a sanitizing operation, 5 tissue biopsies and 
removed implant components of each patient were taken 
to identify the type of microflora and for histological 
examination.

Fig. 1 Articulating spacer of the knee joint: 1 – femoral component; 
2 – two conjugated hemispheres; 3 – tibial component; 4 – plateau 
of the tibial component; 5 – threaded axial rod, made in the form 
of a screw

Instability of implant components was observed 
in 23 (19.0 %) patients, including 11 (18.6 %) 
of the first, 8 (27.6 %) of the second and 4 (22.2 %) 
of the third groups.

According to the bone defect size in the first group, 
26 (44.1 %) patients corresponded to type 1 
and 33 (55.9 %) to type 2A; in the second group – 
18 (62.1 %) and 11 (37.9 %), and in the third – 
6 (33.3 %) and 12 (66.7 %), respectively. 
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Radiological methods for diagnosing knee joint PJI 
such as plain radiography, fistulography (in the presence 
of fistulas) were performed in all patients, and, according 
to indications; computed tomography to detect bone 
destruction was used in 38 cases. Plain radiography 
revealed instability of implant components, bone 
resorption, especially at the bone-cement interface. 
Fistulography with double contrast (Verografin and 
hydrogen peroxide) revealed purulent influxes and 
transcortical fistulas.

The treatment option was chosen depending on the 
etiology, the size of bone destruction and soft tissue 
involvement of the knee joint, the type of microorganisms 
and the general condition of the patients. In the treatment 
of patients in a satisfactory condition with early PJI 
and stable implant components, surgical treatment of 
the purulent focus, replacement of the liner, thorough 
washing of the surgical wound using pulse lavage, 
wound closure and drainage were used. 

Among 112 patients with late PJI, 106 (94.6 %) 
patients underwent two-stage revision arthroplasty. The 
first step was to remove the implant components, bone 
cement and other foreign bodies.

We have developed an articulating spacer of the knee 
joint (Patent RU 206668), which produced customized 
according to silicone molds and using the antimicrobial 
composition developed by us that consisted of 
gentamicin, poviargol, dioxidine, and high molecular 
weight polyvinylpyrrolidone, which has a prolonged 
antimicrobial effect (Fig. 1) [17]. In significant 
destruction of the articular ends of the knee bones 
and a relatively serious condition of patients, a block-
shaped spacer made of bone cement with gentamicin 
was installed in 16.1 % of cases in order to eliminate 
the purulent process. Six (5.3 %) patients rejected the 
second stage of revision arthroplasty and after surgical 
treatment of the purulent focus underwent arthrodesis of 
the knee joint with the help of external fixation devices. 
The nature of the operation in the treatment of deep PJI 
of the knee joint depended on the type of bone defects, 
extension of the purulent process, and the condition of 
the patients. The main methods of surgical treatment are 
presented in Table 1.

In the postoperative period, a drainage system was 
installed. Draining term was individual, it was 3-6 days, 
depending on the amount of discharge. In addition, 
during this period, all patients underwent treatment 
of concomitant therapeutic pathology and correction 
of the immune status and, according to indications, 

with the use of immunomodulators. Patients with 
block-shaped spacers were recommended to wear an 
orthosis and walk with a dosed load on the operated 
limb. For patients with articulating spacers, wearing 
an orthosis was recommended only if there were signs 
of instability in the operated joint, for 4-6 weeks. During 
this period, they were advised to use crutches, and later 
a cane. In cases of the absent laxity of the ligamentous 
apparatus of the knee joint, the patients ambulated 
without additional support. In cases of preformed 
spacers, patients were recommended to walk for up 
to 6 weeks with a dosed load on the operated limb, 
using a walker or crutches, and then with a cane until 
the final stage of revision.

Table 1
Surgical interventions at the sanitizing stage 

of treatment of patients 
with deep periprosthetic infection of the knee joint

Surgical intervention
Number of cases

No %
Surgical debridement and installation 
of an articulating spacer 59 48.7

Surgical debridement and installation 
of a preformed spacer 29 24.0

Surgical debridement and installation 
of a bock-shaped static spacer 18 14.9

Surgical debridement and insert 
change and VAC therapy 9 7.4

Knee arthrodesis 6 5.0

Targeted antibiotic therapy was carried out 
in the postoperative period for up to 6-8 weeks. 
In gram-positive microflora, Vancomycin and 
Daptomycin were prescribed. In gram-negative 
microorganisms, Ceftazidime / Cefoperazone and 
Ciprofloxacin / Levofloxacin, and for microbial 
associations Vancomycin and 3rd generation 
Cephalosporins were prescribed. 

In all patients, the function of the knee joint and 
quality of life were assessed using the WOMAC, VAS, 
and KOOS scales before the second (final) stage of 
revision [18, 20, 21]. 

Statistical processing of the study results was 
performed using the STATISTICA program for Windows 
(version 10.0). Descriptive statistics indicators were 
used, including median (Me) and quartiles (Q25-Q75), 
Wilcoxon test. Differences between the groups were 
considered significant at p < 0.05.
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Out of 106 patients with late PJI of the KJ who 
underwent two-stage revision, infection recurrence 
occurred in 19 (17.9 %) cases. Among them, there were 
3 patients (15.7 %) of the first, 9 (47.4 %) of the second 
and 7 (36.9 %) of the third group. Consequently, 
out of 59 patients of the first group who received 
an articulating spacer, PJI recurrence was observed only 
in 3 (5.0 %) patients. In the second group of 29 patients 
in 9 (31.0 %), and in the third group of 18 patients 
PJI relapsed in 7 (38.8 %). Thus, the number 
of recurrences of infection in the first group of patients 
was statistically significantly less than the number 
of recurrence in the second and third groups (p < 0.05); 
at the same time, these indicators between the second 
and third groups were not significant (p > 0.05).

Out of 19 cases of recurrence, eradication 
of the infection was achieved in 12 after repeated 
debridement operations, and the final stage 
of revision was performed. Six patients (1 from 
the first, 2 from the second and 3 from the third 
groups) after repeated failure underwent arthrodesis 
of the knee joint with external fixation devices. One 
patient of the first group with a satisfactory function 
of the joint, a supportable limb and a stable spacer, 
and a fistula with a scanty discharge rejected further 
surgical treatment.

In the postoperative period, patients with recurrent PJI 
of the knee joint underwent bacteriological examination 
of the punctats from the joint cavity. In most cases, 
gram-positive strains were detected in all three groups, 
which averaged 61.3 %. Methicillin-resistant strains 
were on average in 9.5 % of cases. Microbial associations 
averaged 19.3 %, and gram-negative microorganisms 
were identified in 8 % of cases (Fig. 2). 

The data presented in Figure 2 indicate that one of 
the possible causes of PJI recurrence is methicillin-
resistant isolates, as well as associations of microbial 
cells and gram-negative microorganisms.

The effectiveness of the first SS treatment was 
achieved in 99 (93.4 %) patients: in the first group 
in 57 (96.6 %), in the second – in 27 (93.1 %), 
and in the third – in 15 (83.3 %) patients. At the same 
time, this indicator in the third group is significantly 
less than in patients of  the first and second groups 
(p < 0.05). This difference is explained by the fact that 
block-shaped spacers were more frequently implanted 
in patients with PJI after knee bone fractures who 
underwent osteosynthesis and often in cases after 
the elimination of osteomyelitis.

The spacer was reinstalled in 2 cases in the first group, 
in 7 cases in the second group, and in 4 cases in patients 
of the third group. In one case, the block-shaped spacer 
was replaced with an articulating one, and, conversely, 
in 1 patient, the articulating spacer was replaced with 
a block-shaped one. In all 9 patients with preformed 
spacers, the latter were replaced by articulating ones, 
which we proposed on the basis of the developed long-
acting antimicrobial composition. Stable remission was 
achieved in 57 patients in the first group, 27 in the second 
and 15 in the third group. 

The average bed-day after SS revision in the first group 
was 18 ± 2.6 days, in the second group – 23 ± 8.7 days, 
in the third – 31 ± 6.2 days. The increase in the rate of 
bed-day in patients of the second and third groups is 
associated with the treatment of complications in the 
postoperative period, which were more common in 
patients of those groups.

Prior to SS revision, hematological parameters 
(leukocytosis, LII, ESR, CRP) in patients of all three groups 
were higher than the reference values. On the 10th day after 
SS revision, their significant decrease was observed (p < 
0.05) in the first group, and by the 21st day, the indicators 
were close to normal. On the contrary, in patients of the 
second and third groups, they remained elevated, mostly 
in patients of the third group, where a block-shaped spacer 
was used. That indirectly could indicate the preservation 
of the inflammatory process. Three patients of that group 
had a history of postoperative osteomyelitis of the knee 
bones that occurred after osteosynthesis of intra-articular 
fractures of this localization (Table 3).

In the postoperative period, three to six months 
(mean 4.8 ± 1.9) after antibiotic therapy, 99 (89.3 %) 
patients underwent definitive knee replacement. 
Indications for final revision arthroplasty stage were 

RESULTS

Fig. 2 The nature of the microbes before and after the debridement 
stage of revision in patients with recurrent PJI
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three negative results of cultures of KJ punctate. 
In 97 out of 99 (97.9 %) cases, no signs of recurrence 

of the infectious process were detected after a year. 
The effectiveness of the first stage of treatment after one 
year was 96.6 % in the first group, 89.6 % in the second, 

and 77.8 % in the third. Non-infectious complications 
such as spacer instability and its dislocation/subluxation 
were observed in 3 patients with preformed spacers, 
in 2 patients with block molds, and in 1 patient with 
an articulating spacer.

Table 2
Character of surgical interventions in PJI recurrence

Intervention
Patients groups

Total
1 2 3

No % No % No % No %
Repeated surgery with reinstallation of spacer 2 15.4 7 53.8 4 30.8 13 100
Spacer removal, arthrodesis 1 16.6 2 33.4 3 50 6 100
Total 3 15.9 9 47.3 7 36.8 19 100

Table 3
Blood counts before and after the debridement stage

Group Indices 
Findings at a definite term, Me (Q25-Q75)

Before surgery Day 10 after surgery Day 21 after surgery

Group 1 (n = 59)

Leukocytosis, 109/l 10.3 (6.9-10.8) 8.8 (7.1-9.7) 5.9 (5.3-6.7)
LII, mm/h 1.9 (1.3-2.9) 1.4 (0.8-1.5) 1.2 (0.4-0.7)
ESR, mm/h 29.2 (26.7-42.1) 24.1 (15.7-21.9) 10.9 (9.1-11.8)
СРБ, mg/l 15.9 (13.6-25.1) 13.1 (10.3-18.2) 10.8 (9.4-11.2)

Group 2 (n = 29)

Leukocytosis,109/l 10.7 (7.6-11.8) 11.5 (8.9-13.6) 11.0 (9.2-12.0)
LII, mm/h 2.4 (0.8-3.1) 2.1 (1.8-2.6) 1.7 (1.1-2.3)
ESR, mm/h 31.2 (27.3-42.1) 24.1 (20.3-28.8) 16.1 (10.2-18.1)
СРБ, mg/l 24.1 (15.8-28.7) 16.7 (12.9-24.5) 9.7 (8.8-13.1)

Group 3 (n = 18)

Leukocytosis, 109/l 12.1 (8.9-13.3) 11.0 (9.9-15.1) 9.9 (8.8-13.7) 
LII, mm/h 2.6 (1.3-2.9) 2.8 (1.7-3.1) 1.9 (1.3-2.2) 
ESR, mm/h 31.3 (24.5-43.2) 24.2 (20.6-26.4) 17.2 (11.9-18.0) 
СРБ, mg/l 23.1 (17.8-28.8) 18.7 (15.5-24.9) 9.8 (8.1-19.8) 

DISCUSSION

In recent years, two-stage knee replacement in 
patients with PJI has been the method of choice and 
depends on the SS quality in most cases [10, 11, 15, 
20, 22]. Comparison of the results of the use of three 
types of spacers at the first stage of revision arthroplasty 
during the year revealed the advantage of articulating 
spacers, which include an antimicrobial composition, 
over preformed and block-shaped ones. The results of 
the staged treatment of patients with PJI indicate the 
effectiveness of the use of all three types of spacers: 
articulating structures (efficiency was 96.6 %), 
preformed (89.6 %) and block-shaped (77.8 %). 

The obtained indicators coincide with the results 
of publications by other authors, which demonstrate 
the advantage of the articulating spacers over the static 

ones. Articulating spacers allow maintaining mobility 
in the joint between the two stages. Moreover, the number 
of infectious and non-infectious complications 
decreases [9, 10, 11]. The use of articulating spacers 
simplifies the final revision arthroplasty and improves 
the function of the replaced joint [11, 10].

The use of the antimicrobial composition developed 
by us provides an increase in the action of gentamicin 
or vancomycin, which are impregnated in the bone 
cement, against isolates of microorganisms resistant 
to it, while the use of preformed and block-shaped 
spacers causes an increase in the number of recurrence, 
lengthens the treatment time due to a short antimicrobial 
effect of the spacers made from bone cement with 
gentamicin [1, 18, 26].
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