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Abstract. Introduction Re-infection rates remain high after revision for periprosthtic joint infection (PJI). We conducted a complex diagnostic study
of hip PJI and studied bone tissue involvement into the infectious process. Material and methods Twenty-nine patients treated for PJI were examined.
Ten patients had acute, seven had late and 12 hematogenous infection (Tsukayama, 1996). Clinical, laboratory, microbiological, radiographic and
histological methods were used for PJI detection. Results ESR exceeded the threshold in 16 and CRP in 23 cases. Pathogenic microorganisms were
confirmed in 23 cases. Radiographic manifestations of periprosthetic bone destruction were seen in 14 patients with late and hematogenous infection.
The histological study showed signs of osteomyelitis in 19 patients, including five cases with acute PJI. Histological study of periprosthetic and
pseudosynovial membranes revealed PJI in 20 patients. The histological and microbiological tests together confirmed PJI in 27 cases (92 %). ROC
analysis showed that the accuracy of CRP in the diagnosis of osteomyelitis exceeded that of ESR due to its higher sensitivity. Microbiological tests
showed satisfactory sensitivity but low specificity. The radiographic study had an extremely low sensitivity and low specificity. Histology of membranes
was quite sensitive and specific for the diagnosis of osteomyelitis but did not reach the level of bone histology. Conclusions Our complex diagnostic
study has enabled to accurately characterize the septic process in revision arthroplasty. The histological findings show that osteomyelitis of different
severity might develop in each PJI type. This fact may be a key factor for a surgeon in choosing a more reliable treatment option.
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KomnnekcHbili n00X00 U 3HaYeHue 2UCmosio2u4ecKo20 Ucc1e008aHus 8 OUAz2HOCMUKe nepunpome3Ho20
ocmeomueauma y 29 nayueHmos Ha 3mane pesu3uoHH020 3HO0NPoMe3UposaHusl UHPUULUPOBAHHO20
masobedpeHHoz20 cycmasa
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Annomayus. Beegenue. YacTora MOBTOPHBIX MHQEKIMOHHBIX OCIOXKHEHWI IMOC/e PEeBU3MOHHBIX OINepaluii 1O TOBOALY IePUNPOTe3HON MHGbEeKLn
cycraBoB (IITIM) ocraercsi HeMaMeHHO BbICOKONM. Ha wimHMueckom Mmarepuase 29 manyeHTOB IpoBeneHa KOMIUIEKCHasi amarHoctuka 1T
Ta306eAPeHHOr0 CyCTaBa, BKIIOYAIOIIAS MCCIeNOBaHMe BOBJIEUEHMsT KOCTHOM TKaHM B BOCIAIMTENbHbIA mporecc. Marepuansl u Meroabl. [pymimy
TMalMeHTOB, IIOBTOPHO ONeprpoBaHHbIX 1o noBoxy I1TTY tazobenpeHHoro cycrasa, coctaBmim 10 GObHBIX C OCTPOIA, 7 — € TTO3aHel 1 12 — ¢ reMaToreHHOM
nHdexupeit (o knaccubukanmu D.T. Tsukayama, 1996). st oguarsoctyku TTITU mcnonb3oBamm KIMHUYECKUIA, TaOOPATOPHBIN, MUKPOOMOIOTMY€e CKUIA,
PEHTTeHOJIOTMYECKIUIA U TUCTOJIOTMYECKMI MeToAbI nccaenoBanyst. Pesynabrarsr. COO mpeBbiiiiano noporosoe 3Hauenue B 16 u CPB - B 23 kMHMUeCKUX
cmyyasix. [TaToreHHble MVKPOOPraHM3Mbl ObLIM OGHApY)KeHbI y 23 GOJbHBIX. PeHTreHoIornyeckye MposiBIeHNs TIEPUIIPOTE3HON HeCTPYKIMU KOCTHU
Habmofamich y 14 manmMeHToB C TIO3MHEN M reMaToreHHo MHQeKimeid. I'MCToornyeckoe MCCaenoBaHue BbISIBUIO MPU3HAKM OCTEOMMENUTA Y
19 nmaumeHTOB, B TOM unMcJie B 1sAti caydasx ¢ octpoint [TTIN. I'ncronornueckoe nccienoBaHme mepupotesHbix Memopan BoisiBiio TN y 20 60bHBIX.
COBOKYITHbIE Pe3yJIbTaThl TMCTOJIOTMYECKOTO M MUKPOOMOIOTMUeCKoro mcciaemoBanust moarsepmum [T B 27 kmmunueckux ciaydasx (92 %). ROC-
aHa/IM3 OTHOCUTEJILHO DPEe3Y/IbTaTOB TIVMCTOJIOTMUYECKOrO JICCIeNOBAHysl IIePUIIPOTE3HO) KOCTM B KauecTBe «30JI0TOrO CTaHAApTa» AMarHOCTUKM
OCTeoMMesnTa ToKasas, yTo ToyHOCTh TectoB CPB mpesbiiiana touHocts COD BeienctBye 6omee BHICOKOH YyBCTBUTEIBHOCTU. MIUKPOGHOIOrnyecKme
TECTbl TPOINEMOHCTPUPOBAIN YIOBIETBOPUTEIbHYIO UYYBCTBUTEIBHOCTb, HO HM3KYIO CIEIM(GUYHOCTb. PeHTreHoNornyeckoe MCC/IeNoBaHMe MMeNo
KpaiiHe HU3KYIO YYBCTBUTEIbHOCTb M HMU3KYIO Crienu(uuHOCTb. TOUHOCTh IMCTONOIMYECKOTO MCCIINOBAHMS TIEPUIIPOTE3HBIX MEMOPaH B OTHOLIEHMUY
JIMAarHOCTMKY OCTEOMMeNMTa OblIa JOCTATOYHO BBICOKOM, HO He NOCTMIrasia YPOBHS IMCTOJIOTMYECKOTO MCCIeNOBAHYS IEPUIPOTE3HOI KOCTU. BbhIBOABI.
[TpoBeneHHOE KOMITIEKCHOE AMArHOCTMYECKOe VCCIIeI0BaHNe TI03BO/IMIIO G0JIee MOHO OXapaKkTepyu30BaTh MH(GEKLIVOHHbIN BOCIIAIUTEIbHBIN MPOIeCC Ha
9Tare PeBU3MOHHOTO SHIOIPOTE3VPOBaHMS. ['MCTOIOrMYeCKue NaHHbIe TIOATBEPIVIIN, UTO OCTEOMMUETUT PA3HON CTENEHU TSDKECTM MOKET HabIonaTbCst
nipyu Kakaom ture T, 3ToT dakt MoskeT cTaTh KIHOYeBbIM (haKTOPOM IIPU BbIGOpE Gostee HaIeXKHOTO BapMaHTa XUPYPruueckoro JedeHust.

Kniouessie cnoea: apTporiacTiika, Ta3o6epeHHbI CyCTaB, MepuIipoTe3Hast MHQEeKIVsI, TepUIpoTe3Hast / ICeBIOCHHOBUAIbHAS MeMOPaHa, OCTeoMye-
JIAT, KJIIMHUKO-Ta60PaTOPHbIE UCCIIEIOBaHMSI, [YCTOJIOTUS

Ana uumuposanus: Complex diagnostic study of twenty-nine patients revised for periprosthetic hip joint reinfection and the role of the
histological method in detection of osteomyelitis / A.M. Ermakoy, TA. Silanteva, Z.S. Naumenko, N.M. Kliushin, T.A. Malkova,A.V. Burtsev // Tenui
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INTRODUCTION

Periprosthetic infection (PJI) is a devastating arthroplasty [1-3]. Its management is not always successful

complication of major joint arthroplasty and requires
urgent management. Several studies show that despite all
preventive measures utilized, there has been no decrease
in the PJI rates over time [1, 2]. The incidence of PJI is
anticipated to grow proportionately to the growing number
of total hip and knee arthroplasties (THA, TKA). PJI
develops in one to three percent of cases after primary joint
replacement and is among the top three causes of revision

due to aggressive and resistive character of infectious
pathogens. Thus, re-infection rates after PIJ revision may
riseto 15 % and even 50 % [1,4-7]. Reasons of re-infection
have not been sufficiently studied. The international
bodies and consensus meetings agreed that the diagnostic
means of implant-associated infection should include
hematological, microbiological, cytological, radiological,
and morphological methods of study [6-10].
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However, the diagnostic algorithm for identifying
PJI has been still under development due to objective
difficulties [7, 10]. There is an opinion that re-infection
may largely depend on underestimation of PJI that results
in the erroneous choice of treatment tactics and revision
operation [1, 11]. Bacteriological and histological findings
of studying the biological material are of great diagnostic
value for planning an appropriate therapy, especially in
two-stage revision arthroplasty [3, 12]. It was shown
that the histological method of studying intraoperative
tissue samples is more sensitive in comparison with the
bacteriological one [12, 13]. Moreover, microbiological
identification of microorganisms is impossible in 10 % to
30 % of cases due to the difficulty of culturing and intake
of antibiotics by patients before sampling [3, 14, 15].

Detection of osteomyelitis is of primary importance for
decision making in PJI revision to choose between the three

options (debridement and implant retention, one-stage or
two-stage revision). However, in contrast to the diagnostic
algorithms for connective tissue study (joint fluid, and
periprosthetic/pseudosynovial membranes) which have
been developed and widely used in clinical practice, the
morphological study of periprosthetic bone tissue has not
been given due attention yet [11, 13]. This issue is very
relevant since there is still no consensus regarding the
detection of periprosthetic osteomyelitis and the criteria
for its diagnosis [5, 16, 17].

We aimed to conduct a complex diagnosis of hip PJI
in revision arthroplasty that included a histological study
of bone tissue involvement into the infectious process. We
hypothesized that signs of bone tissue destruction might be
histologically seen not only in the late P]JI stage but also
in its acute phase when plain radiography is not capable to
show them.

MATERIAL AND METHODS

Our study analysed a complex of diagnostic findings in a
group of 29 patients that were referred to our bone infection
clinic from other hospitals to be treated for hip P]I after
primary THA in the period from 2016 to 2019 (Table 1).

Indications for hospitalization were pain and inflammation
in the area of the previous operation, sinuses and wound
discharge, and/or two positive pre-operative cultures after
aspiration of the joint fluid. Exclusion criteria were patients
with bilateral THA, purulent arthritis without implants, and
cases of improper harvesting of tissues. Patients were included
prospectively into the study and were grouped according to
PJI classification of Tsukayama et al [18]. Subgroup 1 was
patients with acute PJI; patients of subgroup 2 and subgroup
3 had late and hematogenous PJI, respectively. Table 1 shows
demographic data, some clinical findings at admission and
outcomes. Unhealed wounds, sinuses or both were present in
25 patients. Twenty patients had comorbidities associated with

the PJI risks. Informed consents for treatment and inclusion
into the study were obtained from all patients. The study was
approved by the ethics board of the institution.

Revision interventions were performed by one surgical
team. Types of revision operations are presented in Table 1.
One patient rejected revision THA in favour of resection
arthroplasty [19].

All patients underwent a complex of diagnostic measures
used by us in routine practice and recommended by the
international consensus on periprosthetic infection [9, 20].
Hip joint radiography and fistulography were performed in
the anteroposterior and lateral projections. Anteroposterior
X-rays of the pelvis were taken at a focal length of one
meter on RAYMAT system (Raymed, Switzerland) and
Clearscope-1000 (TOSHIBA, Japan). Urografin was used
as a contrast substance in fistulography. Severity of pain
was rated subjectively.

Table 1
Demographic data, some clinical characteristics of patients and revision interventions
Subgroup 1 (n=10) 2(n=17) 3(n=12)
Mean age, years (Me (95 % CI)) 61.5 (33+70) 69 (44+78) 57 (38+77)
Male/female number 4/6 2/5 7/5
Mean time of infection manifestation (Me (95 % CI)) 21 (14+28) days 4 (1.2+11) months 47 (13+84) months
Wound/sinus 10/1 0/6 2/7
Patients with associated diseases
Diabetes 2 3
Renal pathology 1 1
Immunocompromised conditions (HIV, viral hepatitis) 2 2
Malignancy 1 1
Obesity 2 2
Anemia 7 4 3
Systemic disorders 2 1 1
Patients with cultured microorganisms
Monocultures 7 5 7
Mixed cultures 2 - 2
No growth 1 2 3
Staphylococcus species 5 4 6
Revision surgeries and re-infection
Debridement 5
One-stage 1 1 3
Two-stage 4 6 8
Resection arthroplasty 1
Re-infection 1 1 1

Notes: HIV - human immunodeficiency virus
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The erythrocyte sedimentation rate (ESR) was
determined with an automatic analyzer Roller 20pn (Alifax,
Czech Republic). Concentration of C-reactive protein
(CRP) in blood serum was measured with a Hitachi/BM
902 automatic biochemical analyzer (Hitachi, Japan) using
reagent kits (suspension of latex particles sensitized with
antibodies to human CRP), manufactured by BioSystems
(Spain). Values of 54.5 mm/h for ESR and 23.5 mg/l for
CRP were threshold values in the early post-operative
period after THA [21], and the threshold values were
48.5 mm/h for ESR and 13.5 mg/l for CRP in late PJI [22].

Samples of bone tissue and of periprosthetic (PM) or
neo-synovial membranes were harvested intraoperatively
for microbiological and histological studies. The following
nutrient media were used to isolate aerobic, facultative
anaerobic and anaerobic bacteria, or fungi: nutrient agar
containing 5 % sheep blood, yolk-salt agar, Levin medium,
Sabouraud medium and Colombia agar. Tissue biopsies
were homogenised; joint fluid samples were centrifuged
and the sediment was studied. Plates for culturing on blood
agar and on selective nutrient media were incubated in a
thermostat at a temperature of 37°C for 24-48 hours. To
isolate fungi, cultures were grown at a temperature of
30 °C for five days. AnaeroPack-Anaero Anaeroc gas-
generator (Mitsubishi, Japan) was used for the isolation of
anaerobic microbial cultures under anaerobic conditions at
37 °C for 72 to120 hours, depending on the strain.

Samples of bone tissue harvested from the periprosthetic
femur and acetabulum in 25 clinical cases and samples of
periprosthetic/neo-synovial membranes in 28 clinical cases

were studied histologically. At least five pieces of tissues from
one patient were fixed in 4 % neutral formalin. Bone samples
were decalcified in the Richman-Gelfand-Hill mixture.
Histological sections, 5 to 7 pm thick, were cut from embedded
in paraffin tissue blocks and stained with hematoxylin and
eosin. Light-optical microscopic investigation of histological
preparations and digitilization of visual field images were
performed using an AxioScope.Al stereo microscope and
an AxioCamICc5 camera, complete with Zenblue software
(CarlZeiss Microlmaging GmbH, Germany).

The histological osteomyelitis evaluation score (HOES)
was calculated to objectify the histopathological signs of
osteomyelitis [16]. Histological types of periprosthetic
or neo-synovial membranes were identified according
to the consensus classification of Krenn et al [13]. The
Feldman test was used for histological confirmation of the
infectious process in periprosthetic tissues (more than five
neutrophils in no less than five visual fields at microscopic
magnification x400) [23]. At least 10 visual fields in each
tissue sample were examined.

One case from each subgroup was randomly chosen
for scanning electron microscopy (SEM). Preparation
and study of periprosthetic bone tissue fragments and of
implant component surfaces for SEM was performed
according to a certified method [24].

The AUC ROC test (area under the receiver operating
characteristic curve) was used to assess the diagnostic methods
for PJI and osteomyelitis detection [25]. The sensitivity and
specificity of the methods were assessed binary relative to
bone histology as a "gold standard" (Table 3, Fig. 4).

RESULTS

ESR exceeded the threshold in 16 patients and CRP in
23 cases. Both ESR and CRP were elevated in 14 out of
29 cases. Elevated values in at least one of the laboratory
tests were found in 25 patients.

Microbiological tests were negative in six individuals.
Patients in subgroup 1 and subgroup 3 had a more diverse
microflora: mixed bacterial cultures, methicillin-resistant
staphylococci, enterococci and anaerobic bacteria of the
Peptostreptococcus genus. One patient in subgroup 3 had
slow developing mycelial prokaryotes of the Actinomyces
genus. In subgroup 2, either monocultures of pathogens
were isolated or bacterial growth was not detected. Various
types of staphylococci were the dominant pathogens,
coagulase-negative species being the most common.
Microbiological tests revealed mostly monocultures of
staphylococci (S. aureus, S. saprophyticus, S. epidermidis).
Pathogenic strains of S. aureus were isolated in three out
of six patients with a positive bacterial culture in subgroup
2 and all three had both a radiographic and histological
confirmation of osteomyelitis and infected membranes.

Radiographic study did not reveal osteomyelitis in any
patient of subgroup 1 (Table 2). Radiographic manifestations
of periprosthetic bone tissue destruction were seen in 14 out of
19 patients of the other two subgroups (instability and implant
components migration, osteolysis between the bone surface

and implant component measuring more than 2 mm, periosteal
and endosteal bone response around the implant stem).

Histological evaluation of bone tissue samples
available did not identify any stage of osteomyelitis only
in six individuals (Table 2).

Insubgroup 1, acute osteomyelitis was detected histologically
in two patients (Fig. 1, a, b) and a subsided one in four patients.
Osteomyelitis was confirmed in all patients of subgroup 2,
mostly its chronic type, including chronic active (florid) stage
(Fig. 1, ¢, d). Chronic osteomyelitis was also revealed in one
patient of subgroup 3 with S. aureus (Fig. 1, e, f). Eleven patients
out of 25 studied had histological signs of latent bone tissue
infection, i.e. calmed or subsided osteomyelitis (Fig. 1, g, h).

Histological study of periprosthetic/pseudosynovial
membranes (Fig. 2) showed that the infected type-II and type-III
membranes were found in 20 out of 28 cases studied (Table 2).

Scanning electron microscopy of periprosthetic tissue
samples from randomly selected patients supplemented the
microbiological findings. In addition to the strains isolated
and identified from culture media, other microbial cells
were visualized directly on tissue samples and implant
surface in two patients from subgroup 1 and subgroup 2
(Fig. 3, a, b). Mature biofilms of the pathogenic bacteria
previously found by the standard method were seen in the

tissues of a patient from subgroup 3 (Fig. 3, c).
Table 2

Radiographic and histological data on osteomyelitis and histological types of pseudosynovial/periprosthetic membranes in the patients studied

Subgroup Number of | Radio-graphic Histological osteomyelitis stage / number of patients Histological mergg[riiérrlgstype / number of
patients signs n/a |absent| acute | chronic active | chronic | subsided | n/a I 11 111 v
1 10 none 1 3 2 0 0 4 1 1 3 3 2
2 7 5 0 0 0 3 2 2 0 2 4 1 0
3 12 9 3 3 0 0 1 5 0 3 5 4 0
Total 29 14 4 6 2 3 3 11 1 6 12 8 2

Note: n/a - not available
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Fig. 1. Radiographic (left) and histological (right) osteomyelitic changes in the periprosthetic bone in acute PJI without radiographic signs of
osteomyelitis (a) but with histological signs of acute osteomyelitis such as purulent swelling, necrosis of bone marrow and bone trabeculae (b);
late PJI case with radiographic signs of osteomyelitis in the proximal femur, periostitis of the femoral cortex (c) and histological signs of chronic
active osteomyelitis such as jagged bone sequestration surrounded by granulation tissue with micro-abscesses (accumulations of neutrophilic
granulocytes), infiltration with lymphocytes and monocytes (d); patient (hematogenous PJI subgroup) without radiographic signs of osteomyelitis
(e) but with histological signs of chronic osteomyelitis such as productive inflammation with infiltration mainly by lymphocytes and monocytes,
and to a lesser extent by neutrophils, fibrosis, thrombosis of intraosseous microvessels, reactive endosteal osteogenesis (f); radiographic signs of
osteomyelitis, osteolysis, destruction of the bone tissue of the femur at the bone/implant interface in a patient with hematgenous type of infection
(g) and histological manifestations of subsided (calmed) osteomyelitis such as sluggish bony remodelling, fatty bone marrow degeneration, weak
infiltration by lymphocytes and monocytes (h). Paraffin sections, haematoxylin and eosin stain. Original magnification x400; scale bar = 50 pm

Fig. 2. Location of the inflammatory/infection process and histological features of neosynovial/periprosthetic membranes according to Krenn et al.
The contrast agent is visualized in the joint cavity in the fistulogram, in the area of the lesser trochanter of the femur and washes the pelvic component
of the articulating spacer, in the inguinal soft-tissue and on the medial surface of the femur (a); histological type-I membrane identified in a case of
hematogenous PJI, characterized by small-cell loose fibrous connective tissue, rarely infiltrated by histiocytes and lymphocytes with inclusions (arrow)
of metal wear particles (b). The contrast agent in the fistulogram is distributed in the joint cavity and under the elements of an unstable cement spacer
(c); type-II membrane (late P]I case) featuring reactively and destructively altered edematous loose connective tissue which is abundantly infiltrated by
inflammatory cells with dominant neutrophilic granulocytes (d). Hyperemia and swelling of the thigh soft tissues in the area of the surgical suture in acute
PJI (e); type-IIIl membrane presenting reactively-changed loose connective tissue with accumulation (arrows) of wear particles (polyethylene) surrounded
by multinuclear giant cells and numerous mononuclear inflammatory cell elements; the number of neutrophils exceeds 5 in the vision field (f). Wound
and a sinus with serous discharge in the thigh in a case of acute P]I (g); type-IV membrane featuring the connective tissue rich in collagen fibers, slightly
edematous with severe hyperemia of blood vessels, not infiltrated by inflammatory cells (h). Paraffin sections, hematoxylin and eosin staining. Original
magnification x400; scale bar = 50 pm. Paraffin sections, hematoxylin and eosin staining. Original magnification x400; scale bar = 50 pm
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Fig. 3. Microorganisms on the surface of samples detected with SEM method. Associations (long arrow) of cocci microcolonies (bacteriological
finding was S. aureus MRSA) and hyphoid-like structures (short arrow), presumably fungi, in the periprosthetic bone tissue (a); biofilm
formation of two unidentified types of microorganisms (arrows) on the surface of the femoral component (bacteriological finding was
S. saprophyticus) (b); mature biofilms (arrows) in the periprosthetic connective tissue membrane (bacteriological finding was E. faecalis) (c).
Electron scanograms, scale bar = 2 um (a); = 10 um (b, c)

ROC analysis revealed low accuracy of radiographic
diagnosis for osteomyelitis, approaching to the probability
of random selection of 0.5 (Table 3).

Among the laboratoty diagnostic indicators, the best
result was obtained for CRP. The diagnostic accuracy of
microbiological tests had low specificity despite its satisfactory
sensitivity. Histology of periprosthetic and pseudosynovial
membranes was found to be quite sensitive and specific in the
diagnosis of osteomyelitis. Its diagnostic accuracy approached,
but did not reach the level of bone histology (Fig. 4).

The re-infection rate in our study was 10.3 % due to
underestimation of PJI in one case with mixed flora and
subsided osteomyelitis in whom one-stage revision was
used (subgroup 1), aggressive nature of S. aureus MRSA
and chronic active osteomyelitis in the second case
(subgroup 2), and rejection of two-stage revision by one
more patient with E. faecalis and subsided osteomyelitis
(subgroup 3). Re-infection developed within a month after
the revision.

Table 3
Data for construction of the ROC-curve in osteomyelitis detection
Methods TPR (SEN) SPE FPR (1-SPE) AUC ROC
Histology of bone 1.00 1.00 0 1.00
Histology of membranes 0.83 1.00 0 0.92
CRP 0.81 0.60 0.40 0.71
ESR 0.63 0.67 0.33 0.65
Microbiology 0.84 0.33 0.67 0.59
Radiography 0.38 0.67 0.33 0.52

Notes: TPR - true positive rate; FPR - false positive rate; SEN - sensitivity; SPE - specificity; AUC ROC - area under ROC-curve
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Fig. 4. AUC ROC-curve (area under
the receiver operating characteristic
curve) for the methods used in the
diagnosis of osteomyelitis. TPR - true

FPR (1 - specificity)

positive rate; FPR - false positive rate

DISCUSSION

Infection remains a challenging complication of
arthroplasties that is difficult to resolve. Our study revealed
considerable PJI variations and heterogeneity of its clinical,
laboratory and histological manifestations in the patients
studied but each patient of our series, except one, featured
several diagnostic findings that could verify P]JI.

The generally accepted laboratory tests for diagnosis
of periprosthetic inflammation are ESR and CRP [1, 9,
20]. Elevated values in at least one of these indicators
were found in 86 % of our patients. It was established
that they have sensitivity of not more than 75.0 % and
low specificity [25]. Thus, their values within the normal

range do not prove the absence of PJI [15, 27], what was
also observed in our study. Normal ESR and CRP were
reported in chronic low-grade PJI caused by low-virulent
microorganisms. Another study found their values within
the norm in 4 % of patients who underwent revision
operations for hip and knee P]JI [27].

Microbiological culturing has been considered the
“gold standard” for diagnosing PJI in joint replacement
[9, 20] According to several studies, five-year re-
infection rate is 6 % after THA revision and is the same
for both microbiologically negative and microbiologically
positive groups of patients. It is indirect evidence that the
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microbiological method of infection diagnosis may not be
so accurate [28]. Moreover, the literature sources show
that bacteriological cultures may be negative in 15 to 20 %
of PJI cases [15]. It was also shown that microbiological
identification of PJI pathogens is not always correct
in chronic osteomyelitis, and/or if antibiotic therapy is
administered, or in the case of low-virulent bacteria [16].
Infectious microorganisms were confirmed in 79 % of our
patients. According to our findings, various staphylococci
were the dominant pathogens, coagulase-negative species
being the most common. It is worth noting the “established”
microbiocenosis of the inflammatory process featuring
monocultures in most cases, including low-virulent
strains of staphylococci (Staphylococcus saprophyticus)
the role of which in implant-associated infection requires
additional studies. However, the data obtained about
the microbiocenosis are not enough to differentiate the
studied patients by severity, location and prevalence of the
inflammatory process in the affected joint.

The radiographic study of our patients revealed that
the longer was the post-operative term after primary THA
the more frequent and pronounced was bone destruction in
the conditions of PJI. Bone destruction was not found with
radiography in subgroup 1. However, radiographic bone
tissue changes are not specific for PJI, especially in acute
infection [29].

Histological investigation of periprosthetic tissues is
seen as one of the most reliable methods [3, 7, 8, 14] and
was recommended for PJI diagnosis [9, 20]. Moreover, the
biopsy material studied histologically was found even more
informative than the one studied microbiologically [12].
There is an opinion that arthrocentesis is mandatory in
the diagnosis of PJI and the resulting samples should be
examined both microbiologically and histologically [3].
However, given the additional costs and possible
complications of invasive procedures, especially if patients
are planned for two-stage revision, it is preferable to study
the tissues harvested intraoperatively [11].

The incidence of occult PJI that was confirmed in
the study of septic THA revisions justifies systematic
intraoperative sampling [30]. Histological examination of
periprosthetic tissues removed at revision, although not
mandatory in many countries yet, has been considered
instrumental in the classification, cell composition/
subtyping, and grading of the adverse biological events.
However, in clinical practice, pseudosynovial membranes
or periprosthetic membranes are commonly studied with
histological methods [5, 13] while osteomyelitis is judged
mainly by radiographic imaging [31]. The histological
study of PMs showed signs of infectious inflammation in
20 out of 28 our patients (71 %).

We found that the histological study of periprosthetic
bone tissue using the semi-quantitative HOES score [16]
enabled to identify and more objectively differentiate the
stages of osteomyelitis in 19 cases out of 25 samples studied.
Thus, subsided osteomyelitis was found in four patients
in subgroups 1 and the majority of patients in subgroup 3
while more pronounced signs of osteomyelitis prevailed in
subgroup 2 (Table 2). The radiographic and histopathological
diagnosis of periprosthetic osteomyelitis coinsided in 47 %
only. Our data confirm the significance of histological bone
destruction diagnosis in hip P]1. The evidence of osteomyelitic
lesions detected by us in the periprosthetic bone proves the
concept about the ways by which periprosthetic infection
spreads from the joint cavity to the peri-articular tissues and
from the bone metaphysis to the joint cavity [11].

The histological study of periprosthetic bone and/
or membranes was very informative. Thus, it revealed
PJI in 24 of 29 patients (81 %). Infected membranes and
osteomyelitic changes were histologically seen together
in 15 patients. A selective SEM study also added to the
findings as it was able to reveal the microorganisms which
were not identified microbiologically and showed the
formation of microbial biofilms in the tissues and on the
implant surface.

The histological and microbiological tests together
confirmed PJI in 27 cases (92 %) of our clinical cases. The
results obtained are consistent with the statement that the
combination of bacteriological and histological methods
has the highest diagnostic value in the diagnosis of hip PJI
with a sensitivity of at least 87.5 %, specificity of 100 %,
and accuracy of 95 %. [25]. Thus, the total number of
infected cases confirmed with the complex of diagnostic
measures recommended and utilized by us in this study
was 28 patients (96 %) which is significantly higher than
separate methods alone are able to detect [9, 20].

Unfortunately, histological study of periprosthetic
tissues takes time and is not applicable for fast decision
making. Therefore, low accuracy of routinely used methods
for diagnosing periprosthetic osteomyelitis, shown by our
preliminary ROC analysis, may be improved by additional
tests and instrumental imaging techniques. These may include
alpha defensin levels and leukocyte esterase, CT, MRI,
sonography, nuclear medicine, or hybrid procedures [7, 32].
Most of these tools are available in clinical settings.

Our study confirms that current approach to the treatment
of PJI in secondary arthroplasty should be similar to the
treatment of chronic osteomyelitis [11]. It means that radical
management involving proper debridement, excision of
affected bone tissue and administration of proper antibiotics
remains the most important clinical condition for prevention
of re-infection and revision success [31]. Following these
principles in PJI revision arthroplasty would provide low
recurrence of infection [5, 11, 16, 30]. Moreover, risk factors
such as age and associated conditions that aggravate the
immunity and facilitate the development of infection should
not be underestimated.

The patients of our diagnostic study were referred to
our bone infection clinic for PJI management and were
a random prospective consecutive series of cases. We
acknowledge the limitations which are 1) a small group
and its heterogeneity and 2) lack of histological findings
in several cases due to improper collection or storage.
Moreover, it was not always possible to harvest tissues
from one and the same site as different techniques for PJI
revision were used.

Our preliminary study investigated PJI with a complex
of diagnostic tools. We did not aim to identify differences
between the subgroups and investigate the risks of infection
due to associated diseases. Our research focused on PJI and
osteomyelitis detection with combined methods. It found
that the diagnostic tools used for detection of periprosthetic
osteomyelitis should be wider used. The study needs to
be continued, especially in regard to the relationship of
osteomyelitis and acute infection. Nevertheless, it revealed
that osteomyelitic changes may appear in the periprosthetic
bone early after primary THA. We believe that the histological
findings of our study have direct clinical relevance. The
surgeon should be aware that hidden osteomyelitis is
possible in cases of acute PJI and hematogenous way of
infection. Two-stage revision in doubtful and compromised
cases would be then a better solution.
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CONCLUSION

A complex of clinical, laboratory, microbiological, show that osteomyelitis of different severity might develop
radiographic and histological methods of study in septic  ineach PJI type. This fact may be a key factor for a surgeon
hip joint revision arthroplasty enables to accurately in choosing a more reliable treatment strategy, especially
diagnose periprosthetic infection. The histological findings  in cases of acute post-operative periprosthetic infection.
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