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Abstract.13

BACKGROUND: Graphic type differentiation of cell count data of synovial aspirates is a new method for the diagnosis of early14

and late periprosthetic joint infection.15

OBJECTIVE: The aim of the study was to analyse if the same 6 LMNE-types can be differentiated in the new Yumizen H50016

cell counter as it was the case for the old cell counter ABX Pentra XL 80 of previous publications, to verify if the erythrocyte17

and thrombocyte curves of the new device give additional information and to calculate the difference of cell count in LMNE-type18

I and III (with abrasion) in the cell counter and in the manual counting chamber (Neubauer improved).19

METHODS: 450 aspirates of 152 total hip arthroplasties and 298 knee arthroplasties obtained for the diagnosis of periprosthetic20

joint infection were analysed with the Yumizen H500.21

RESULTS: All LMNE-matrices of the 450 aspirates could assigned to one of the six LMNE-types. There were 76 LMNE-type22

I, 72 LMNE-type II, 14 LMNE-type III, 241 LMNE-type IV, 36 LMNE-type V and 12 LMNE-type VI. The erythrocyte and23

thrombocyte distribution curves were very helpful for differentiation of hematoma and infection. The cell count in the manual24

counting procedure was lower than in the cell counter: for the LMNE-type I (abrasion type) the median of the difference was25

925/µL (median) and for the LMNE-type III (combined type of infection and abrasion) 3570/µL (median).26

CONCLUSION: The described graphic type differentiation is a new and helpful method for differentiation of hematoma and27

early PJI as well as abrasion and late PJI.28

Keywords: Leucocyte count, synovia, periprosthetic joint infection, cell counter29

1. Introduction30

Periprosthetic joint infection (PJI) is a devastating complication of arthroplasty procedures and has31
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many consequences. The level of incidence for primary total hip and knee arthroplasties ranges between32

1% and 2% on average [1–4]. With regard to revision arthroplasty, it is even higher and ranges between33

2% and 7.5% [5–7]. The accuracy of the preoperative diagnosis of possible PJI is critical because, if it34

remains unrecognized before or during revision, it leads to a high risk of failure due to recurrence of the35

infection [8,9].36

There is no single diagnostic test with an accuracy of 100% to verify or rule out an early/acute or37

late/chronic periprosthetic joint infection; thus, combinations of different diagnostic tests are helpful [10–38

13]. One important diagnostic method for PJI is the determination of the leukocyte count (WBC) in the39

joint synovia. Some authors consider it one of the most important diagnostic parameters [14–16] and it is40

included as one of the minor criteria in the definition of the PJI, the MSIS criteria and the more recent41

ICM criteria [10,17,18].42

To set the cut-off value of WBC for early/acute and late/chronic periprosthetic joint infection is difficult43

for several reasons and therefore varies between the different published reports. In a consensus meeting,44

the threshold of WBC in the aspirate for acute periprosthetic infection (within 4 weeks after implantation45

or onset of symptoms in acute hematogenous infections) was set at 10,000 cells/µL, because different46

publications quoted threshold values between 8,910 cells/µL und 12,800 cells/µL [19–24]. However, this47

value corresponds to leukocyte numbers that may also be present in normal blood, so that postoperative48

hematomas in the joint may also exhibit leukocyte counts at this level [19,21]. Another important reported49

parameter is the percentage of polymorphonuclear leukocytes in the aspirate [10,17,18,23], whereby50

the cut-off value was determined to be 89% in several studies [19–21] and 79.5% in another study [24].51

The International Consensus Group meeting fixed the cut-off value at 90% PMN in the aspirate [23].52

However, the percentage of polymorphonuclear leukocytes in the aspirate can also be influenced by the53

presence of a hematoma. Because postoperative edema and swelling can make it difficult to distinguish54

clinically between early periprosthetic infection and hematoma, additional tools or parameters for the55

differentiation of these two situations would be helpful.56

In chronic/late periprosthetic joint infections, the variance of thresholds for leukocyte number in the57

synovial aspirate is even higher [25]. Thresholds between 1,100 cells/µL [26] and 5,000 cells/µL [27] are58

described in the literature [16,25]. This leads to the setting of the threshold at > 3,000 cells/µL (where PJI59

is confirmed) [23,28], and < 1,500 cells/µL (where PJI is unlikely) [28]. Factors that lead to this broad60

variance of thresholds include the time after the operation, the duration of the symptoms, the detected61

microorganisms, administered antibiotics, and the authors only setting the cut-off value after receiving62

the results, depending on the prevalence of high sensitivity or specificity [29].63

In a previous paper, we could show that this variance was also caused by abraded wear particles from64

the articulating surface of the artificial joint (polyethylene particles or metal particles) that were detected65

and counted by the cell counter in addition to the leucocytes in the aspirate [25]. We could differentiate66

between leucocytes and wear particles in the aspirate because of the different behaviour with regard67

to light absorption and we could also identify different graphical types (so called LMNE-types) of the68

aspirate: type I (abrasion type), type II (infection type), type III (mixed type of infection and abrasion),69

type IV (indifference type) [25]. We could show that these graphical LMNE types had a significantly70

high correlation to the histological types I–IV (with the same names) according to Krenn et al. [30,31]71

and Morawietz [32].72

In a second paper, we expanded the number of graphical LMNE-types to include the differentiation of73

periprosthetic infection and hematoma: type V (hematoma) and type VI (mixed type of infection and74

hematoma) [33]. Differentiation of LMNE types into infection (types II and VI) and non-infection (types75

IV and V) resulted in a sensitivity of 100%, a specificity of 97.3%, and a positive likelihood ratio of76

37.0 [33].77
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Fig. 1. a: LMNE matrix with the different areas corresponding to the leukocyte populations and the NOISE area of the ABX
Pentra XL 80. b: LMNE matrix with the different areas corresponding to the leukocyte populations and the NOISE area of the
Yumizen H500.

The cell counter ABX Pentra XL 80 (Horiba Medical, Montpellier, France) was used for the investiga-78

tions described in those two papers. In the meantime, the next generation of these cell counters is on the79

market – the Yumizen H500 (Horiba Medical, Montpellier, France) – and has replaced the old ones. As a80

result, the LMNE-plots look somewhat different to those of the ABX Pentra XL 80 (Fig. 1a and b).81

Therefore, the questions of the current study were:82

1. Can the same 6 LMNE-types be differentiated in the new Yumizen H500 as was the case for the old83

ABX Pentra XL 80?84

2. Does the new cell counter give additional information for the differentiation of these 6 types?85

3. What difference of cell count are measured in LMNE-type I and III (with abrasion) in the cell86

counter and in the manual counting chamber (Neubauer improved).87

2. Material and methods88

450 aspirates of 152 total hip arthroplasties and 298 knee arthroplasties obtained for the diagnosis of89

periprosthetic joint infection were analysed with the Yumizen H500. There were 239 female and 2119091
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Fig. 2. LMNE matrix of a type I with metal debris particles of a 84-year old female patient with knee arthroplasty. The cluster in
the NOISE-area. The measured “cell count” was 1970 cells/µL and the percentage of polymorphnuclear neutrophil leukocytes
(PMN) was 23.4%.

male patients with a mean age of 70.5 ± 16.8 (range 50–90) years. Systemic inflammatory diseases like92

rheumatoid arthritis were excluded, because these diseases can have leukozytes in the joint beside a93

PJI [34]. The Yumizen H500 (Horiba Medical, Montpellier, France) is a laboratory diagnostic device for94

the analysis of the cell count and the WBC-differentiation of blood and also of other body fluids. Here we95

selected the so-called 5-DIFF mode from the various processing modes available. A total of 26 laboratory96

parameters are recorded, including the 5 cell types – eosinophils, neutrophils, monocytes, lymphocytes97

and basophils – as well as atypical lymphocytes and large, immature cells. These cell types are graphically98

mapped in a so-called LMNE matrix depending on their cell volume (x-axis) and their light scattering or99

refraction and absorption (y-axis) (Fig. 1b). The analysis is based on an impedance measurement, flow100

cytometry and cytochemistry. The volume difference of the cells due to the impedance measurement is101

shown graphically on the X-axis and the differentiation of the light absorption in flow cytometry on the Y-102

axis of the LMNE matrix. This enables the graphical assignment and thus differentiation of the 4 leukocyte103

populations: lymphocytes, monocytes, neutrophils and eosinophils (Fig. 1b). Impurities appear in the104

so-called NOISE area of the LMNE matrix; in our synovial analyses of joints with prostheses these are105

abraded wear particles (Fig. 1b). The LMNE-matrices of each patient were allocated to one of the different106
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Fig. 3. LMNE matrix of a type II (infection type) with a cluster of data points in the area of the neutrophil leukocytes and no
peak in the erythrocyte field in a 57-year old patient with a late periprosthetic joint infection of a total knee arthroplasty. The
measured cell count was 9840 cells/µL and 89.4% PMN.

LMNE-types (I to VI) (if possible). Additionally, the cell count and percentage of polymorphonuclear107

leucocytes were also measured by the Yumizen H500 cell counter. When a LMNE-type with abrasion108

(types I and III) was identified, the cell count was also determined manually using a Neubauer improved109

counter chamber (Carl Roth GmbH, Karlsruhe, Germany). Additionally the cell counter Yuminzen H500110

gave curves for the erythrocyte and thrombocyte distribution of the aspirate with the size of the cell on111

the x-axis and the amount of cells on the y-axis (Figs 2–7).112

The evaluations and assignment of the matrices to the different types were carried out twice by 2113

examiners (BF and MH) independently of one another. IBM SPSS Version 24 (IBM Corp., Aemonk,114

NY, USA) and Microsoft Excel (Microsoft, Redmond, WA, USA) were used for statistical analysis.115

Categorical variables are depicted as frequencies, while continuous variables are shown as medians,116

standard deviation and ranges.117

3. Results118

All LMNE-matrices of the 450 aspirates could assigned to one of the six LMNE-types. There were119
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Table 1
Assignment of the aspirates to the different LMNE-types and additional identification
of abrasion debris (substantial in type I and III and slight in the other types) as well as
hematoma (substantial in type V and VI and slight in the other types)

LMNE-type N With abrasion With hematoma
I (abrasion type) 76 76 3
II (infection type) 72 9 20
III (mixed type = infection + abrasion) 14 14 2
IV (indifference type) 241 88 37
V (hematoma type) 36 7 36
VI (mixed type = infection + hematoma) 12 3 12

Fig. 4. LMNE matrix of a type III (combined type of infection and abrasion) with a cluster in the area of the neutrophil leukocytes
and a second cluster in the NOISE area as well as no peak in the erythrocyte field in a 83-year old female patient with a
periprosthetic joint infection of a hip arthroplasty. The measured cell count was 2940 cells/µL with 79.6% PMN.

76 LMNE-type I, 72 LMNE-type II, 14 LMNE-type III, 241 LMNE-type IV, 36 LMNE-type V and 12120

LMNE-type VI (Table 1). The assignment by the two examiners (BF, MH) showed a high reliability, with121

an intrarater intraclass correlation coefficient of 0.99 and of 0.98 between raters, respectively.122

For the detection of hematoma, the erythrocyte and thrombocyte distribution curves were very helpful123
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Table 2
Cell counts and percentages of polymorphonuclear leucocytes
of the different types

LMNE-type Cell count (/µL)
(median; min–max)

% PMN
(median; min–max)

Type I 1,195; 274–158,070 24.6; 4.0–59.2
Type II 6,595; 1,130–179,510 81.2; 69.1–94.1
Type III 9,105; 1,620–93,290 69.5; 39.3–89.8
Type IV 560; 90–3,120 31.8; 3.7–77.9
Type V 2,740; 220–12,980 58.2; 20.6–89.0
Type VI 56,880; 6,380–287,630 80.8; 52.9–91.5

Fig. 5. LMNE matrix of a type IV (indeterminate type) with no obvious data point clusters or increase in cell types or particles in
a 62-year old female patient. The measured cell count was 400 cells/µL with 22.5% PMN.

in indicating the existence of a significant number of erythrocytes and thrombocytes. This allowed the124

differentiation between the hematoma (type V) with a high number of leucocytes, and infection (type II)125

to be carried out more easily: the hematoma exhibited a peak in the erythrocyte and thrombocyte curve126

whereas the infection type did not (Figs 3 and 6). The higher the peak of the erythrocyte and thrombocyte127

curve, the more erythrocytes and thrombocytes (and more hematoma) were in the aspirate.128

The cell counts and percentages of polymorphonuclear leucocytes of the different types are shown129
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Fig. 6. LMNE matrix of a type V (hematoma) 75-year old female patient with a hematoma 6 weeks after knee arthroplasty. There
is a cluster in the field of the lymphocytes and another clear cluster in the fleld of the neutrophils and a peak in the erythrocyte
field. The measured cell count” was 10,120 cells/µL with 59.2% PMN.

in Table 2. The cell count in the manual counting procedure was lower than in the cell counter: for the130

LMNE-type 1 (abrasion type) the median of the difference was 925/µL with a range of 90 to 45,370131

cells/µL and for the LMNE-type III (combined type of infection and abrasion) 3570/µL (median) with a132

range of 1,200 to 10,210 cells/µL, respectively.133

4. Discussion134

The analysis of the aspirates by differentiating the LMNE-matrices into the LMNE-types I to VI135

with the ABX Pentra XL 80 (Horiba Medical, Montpellier, France), as described in the two previous136

publications, could clearly be reproduced with the new generation of this laboratory diagnostic device,137

the Yumizen H500 (Horiba Medical, Montpellier, France) [25,33]. Therefore, it can be expected that138

analysing joint aspirates with this new device will give additional information for the diagnostic of139

periprosthetic joint infections, as was the case for the older device.140

On the basis of the results of an earlier paper, in late/chronic PJI, the additional use of the LMNE-type141

classification can help to distinguish between a true infection type and a debris type, which would142
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Fig. 7. LMNE matrix of a type VI (combined type II of hematoma and infection) 5 weeks after implantation of a hip arthroplasty
with a cluster in the area of the neutrophil leukocytes and increases in the other areas of the white blood cells as well as a peak in
the erythrocyte field in a 72 old female patient with an early periprosthetic joint infection. The measured cell count was 15200
cells/µL with 84.4% PMN.

otherwise lead to concluding an incorrectly high cell number [25]. The much lower number of cells143

counted in the manual counting chamber support the hypothesis that abraded wear particles can be144

mis-counted as leucocytes in the cell counter, especially in LMNE-type I and III aspirates. Above all,145

this method can be used to differentiate leukocytes from metallic abrasion particles, which appears to146

be of particular importance, since joint aspirates with metal abrasion can look like pus, can have very147

high cell counts, elevated CRP- and alpha-defensin values and can thus wrongly be interpreted as a148

periprosthetic infection [35–40]. Furthermore, the combination of cell count-analysis and LMNE types II149

or III-determination enabled us in the first paper to reduce the cut-off value for late PJI of the cell count150

in the aspirate to 1,400 cells/µL without losing high sensitivity (sensitivity of 90.2% and a specificity of151

91.9%, receiver operation characteristics curve) [25]. The combination of cell counting and the graphic152

representation in the LMNE matrix means that fewer periprosthetic infections are overlooked and the153

diagnostic value of the cell count analysis in the joint aspirate is increased.154

Based on the results of another previous paper, the LMNE matrix evaluation during the first weeks155

after implantation of an endoprosthesis can help to differentiate infections from hematomas, especially156

in the cases with cell counts in the borderline range of the threshold value chosen by the ICM. This157
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is because cluster plots in the LMNE-fields representing lymphocytes, basophils and/or eosinophils158

show that a significant part of the cluster in the neutrophil leukocyte field must be due to a hematoma.159

Therefore, cell count values in the borderline range can be corrected downward and thus not be interpreted160

as an infection. Hereby, the additional erythrocyte and thrombocyte distribution plot of the Yumizen161

H500 helps to identify a hematoma and distinguish it from an infection. Therefore, this method can be162

used to differentiate infections from hematoma. This is of particular importance because postoperative163

edema and swelling can make it difficult to distinguish these two situations clinically and the cell count164

in a hemarthrosis can be at the level of the threshold for infection described by the ICM and other165

authors [19–24].166

This study has some limitations. First of all, only the reproducibility of the differentiation of the 6167

LMNE-types with the new laboratory device was analyzed. The accuracy, sensitivity and specificity of the168

LMNE-type-differentiation with the Yumizen H500 have to be analyzed in further studies using criteria169

like that of the MSIS for comparison. Moreover, the type classification is somewhat dependent on the170

personal interpretation and experience of the examiner. Even if the reliability of this type classification171

was very high in our study, this does not rule out a certain subjectivity in the interpretation of the LMNE172

matrices.173

5. Conclusion174

The graphic representation of the cell count analysis of synovial aspirates of joints with endoprostheses175

is a new and helpful method for determining the cell count of the aspirate and to differentiate between true176

early periprosthetic infections with increased leukocyte count and hematomas in the early postoperative177

period. In addition, the ability to differentiate real late PJIs with increased leukocyte counts and apparently178

increased numbers due to particle abrasion increases the diagnostic value of the cell count analysis in such179

cases. In our opinion, it should therefore be included in the diagnostic armamentarium used to identify180

periprosthetic joint infections in future.181

Conflict of interest182

None to report.183

References184

[1] Li C, Renz N, Trampuz A. Management of periprosthetic joint infection. Hip Pelvis. 2018; 30: 138-146.185

[2] Bohl DD, Sershon RA, Fillingham YA, Della Valle CJ. Incidence, risk factors, and sources of sepsis following total joint186

arthroplasty. J Arthroplasty. 2016; 31: 2875-2879.187

[3] Kurtz SM, Lau E, Watson J, Schmier JK, Parvizi J. Economic burden of periprosthetic joint infection in the United States.188

J Arthroplasty. 2012; 27: 61-65.189

[4] Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J. Periprosthetic join infection: The incidence, timing, and predisposing190

factors. Clin Orthop Relat Res. 2008; 466: 1710-1715.191

[5] Fink B, Urbansky K, Schuster P. Mid-term results with the curved modular tapered, fluted titanium Revitan stem in192

revision hip replacement. Bone Joint J. 2014; 96-B: 889-95.193

[6] Quinlan ND, Werner BC, Brown TE, Browne JA. Risk of prosthetic joint infection increases following early aseptic194

revision surgery of total hip and knee arthroplasty. J Arthroplasty. 2020; 35: 3661-3667.195

[7] Zingg M, Kheir MM, Ziemba-Davis M, Menethini RM. Reduced infection rate after aseptic revision total knee arthroplasty196

with extended oral antibiotic protocol. J Arthroplasty. 2022; 37: 905-909.197



co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 14/11/2023; 10:54 File: thc–1-thc231006.tex; BOKCTP/xjm p. 11

B. Fink et al. / Graphic type differentiation of cell count data for diagnosis of early and late PJI 11

[8] Della Valle CJ, Zuckermann JD, Di Cesare PE. Periprosthetic sepsis. Clin Orthop Rel Res. 2004; 420: 26-31.198

[9] Hanssen AD. Managing the infected knee: As good as it gets. J Arthroplasty. 2002; 17(4 Suppl 1): 98-101.199

[10] Parvizi J, Tan TL, Goswami K, Higuera C, Della Valle C, Chen AF, Shohat N. The 2018 definition of periprosthetic hip200

and knee infection: An evidence-based and validated criteria. J Arthroplasty. 2018; 33: 1309-1314.201

[11] Fink B, Schuster P, Braun R, Tagtalianidou E, Schlumberger M. The diagnostic value of routine preliminary biopsy in202

diagnosing late prosthetic joint infection after hip and knee arthroplasty. Bone Joint J. 2020; 102-B: 329-335.203

[12] Fink B, Makowiak C, Fuerst M, Berger I, Schäfer P, Frommelt L. The value of synovial biopsy, joint aspiration and204

C-reactive protein in the diagnosis of late peri-prosthetic infection of total knee replacements. J Bone Joint Surg Br. 2008;205

90: 874-878.206

[13] Fink B, Gebhard A, Fuerst M, Berger I, Schäfer P. High diagnostic value of synovial biopsy in periprosthetic joint207

infection of the hip. Clin Orthop Relat Res. 2013; 471: 956-964.208

[14] Della Valle CJ, Sporer SM, Jacobs JJ, Berger RA, Rosenberg AG, Paprosky WG. Perioperative testing for sepsis before209

revision total knee arthroplasty. J Arthroplasty. 2007; 22(6 Suppl 2): 90-93.210

[15] Trampuz A, Hanssen AD, Osmon DR, Mandrekar J, Steckelberg JM, Patel R. Synovial fluid leukocyte count and211

differential for the diagnosis of periprosthetic knee infection. Am J Med. 2004; 117: 556-562.212

[16] Jandl N, Kleiss S, Mussawy, Beil FT, Hubert J, Rolvien T. Absolute synovial polymorphonuclear neutrophil cell count as213

a biomarker of periprosthetic joint infection. Bone Joint J. 2023; 105-B: 373: 381.214

[17] Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ, Garvin KL, Mont MA, Wongworawat MD,215

Zalavras CG. New definition for periprosthetic joint infection: From the Workgroup of the Musculoskeletal Infection216

Society. Clin Orthop Relat Res. 2011; 469: 2992-2994.217

[18] Workgroup Convened by the Musculoskeletal Infection Society. New definition for periprosthetic joint infection. J218

Arthroplasty. 2011; 26: 1136-1138.219

[19] Bedair H, Ting N, Jacovides C, Saxena A, Moric M, Parvizi J, Della Valle CJ. Diagnosis of early postoperative TKA220

infection using synovial fluid analysis. Clin Orthop Relat Res. 2011; 469: 34-40.221

[20] Kim SG, Kim JG, Jang KM, Han SB, Lim HC, Bae JH. Diagnostic value of synovial white blood cell count and serum222

C-reactive protein for acute periprosthetic joint infection after knee arthroplasty. J Arthroplasty. 2017; 32: 3724-3728.223

[21] Yi PH, Cross MB, Moric M, Sporer SM, Berger RA, Della Valle CJ. Diagnosis of infection in the early postoperative224

period after total hip arthroplasty. Clin Orthop Relat Res. 2014; 472: 424-429.225

[22] Yu BZ, Fu J, Chei W, Hao LB, Chen JY. Neutrophil to lymphocyte ratio as a predictor for diagnosis of early periprosthetic226

joint infection. BMC Muscuoloskeletal Disorders. 2020; 21: 706.227

[23] Parvizi J, Gehrke T. International Consensus Group on Periprosthetic Joint Infection. Definition of periprosthetic joint228

infection. J Arthroplasty. 2014; 29: 1331.229

[24] Sukhonthamarn K, Tan TI, Xu C, Ku FC, Lee MS, Citak M, Gehrke T, Goswani K, Parvizi J. Determining diagnostic230

thresholds for acute postoperative periprosthetic joint infection. J Bone Joint Surg Am. 2020; 102-A: 2043-2048.231

[25] Fink B, Hoyka M, Weissbarth E, Schuster P, Berger I. The graphical representation of cell count representation: A new232

procedure for the diagnosis of periprosthetic joint infections. Antibiotics (Basel). 2021; 10: 346.233

[26] Ghanem E, Parvizi J, Burnett RS, Sharkey PF, Keshavarzi N, Aggarwal A, Barrack RL. Cell count and differential of234

aspirated fluid in the diagnosis of infection at the site of total knee arthroplasty. J Bone Joint Surg Am. 2008; 90-A:235

1637-1643.236

[27] Spangehl MJ, Masri BA, O’Connell JX, Duncan CP. Prospective analysis of preoperative and intraoperative investigations237

for the diagnosis of infection at the sites of two hundred and two total hip arthroplasties. J Bone Joint Surg Am. 1999;238

81-A: 672-683.239

[28] McNally M, Sousa R, Wouthuyzen-Bakker M, Chen AF, Soriano A, Vogely HC, Lauss M, Higuera CA, Trebse R. The240

EBJIS definition of periprosthetic joint infection. A practical guide for clinicians. Bone Joint J. 2021; 103-B: 18-25.241

[29] Choi H-R, Agrawal K, Bedair H. The diagnostic thresholds for synovial fluid analysis in late periprosthetic infection of242

the hip depend on the duration of symptoms. Bone Joint J. 2016; 98-B: 1355-1359.243

[30] Krenn V, Otto M, Morawietz L, Hopf T, Jakobs M, Klauser W, Schwantes B, Gehrke T. Histopathologic diagnostics in244

endoprosthetics: periprosthetic neosynovialitis, hypersensitivity reaction, and arthrofibrosis. Orthopäde. 2009 Jun; 38(6):245

520-30.246

[31] Krenn V, Morawietz L, Perino G, Kienapfel H, Ascherl R, Hassenpflug GJ, Thomsen M, Thomas P, Huber M, Kendoff247

D, Baumhoer D, Krukemeyer MG, Natu S, Boettner F, Zustin J, Kölbel B, Rüther W, Kretzer JP, Tiemann A, Trampuz248

A, Frommelt L, Tichilow R, Söder S, Müller S, Parvizi J, Illgner U, Gehrke T. Revised histopathological consensus249

classification of joint implant related pathology. Pathol Res Pract. 2014; 210: 779-786.250

[32] Müller M, Morawietz L, Hasart O, Strube P, Perka C, Tohtz S. Histopathological diagnosis of periprosthetic joint infection251

following total hip arthroplasty: Use of a standardized classification system of the periprosthetic interface membrane.252

Orthopade. 2009; 38: 1087-1096.253

[33] Fink B, Hoyka M, Weissbarth E, Schuster P, Berger I. A new graphic type differentiation of cell account determination254

for distinguishing acute periprosthetic joint infection from hemarthrosis. Antibiotics (Basel). 2022 Sep 21; 11(10): 1284.255



co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 14/11/2023; 10:54 File: thc–1-thc231006.tex; BOKCTP/xjm p. 12

12 B. Fink et al. / Graphic type differentiation of cell count data for diagnosis of early and late PJI

[34] Tahta M, Simsek ME, Isik C, Akkaya M, Gursoy S, Bozkurt M. Does inflammatory joint diseases affect the accuracy of256

infection biomarkers in patients with periprosthetic joint infections? A prospective comparative reliability study. J Orthop257

Sci 2019; 24: 286-289.258

[35] Yi Ba PH, Corss MB, Moric M, Levine BR, Sporer SM, Paprosky WG, Jacobs JJ, Della Valle CJ. Do serologic and259

synovial tests help diagnose infection in revision hip arthroplasty with metal-on-metal bearings or corrosion? Clin Orthop260

Relat Res. 2015; 473: 498-505.261

[36] Cooper HJ, Della Valle CJ, Berger RA, Tetreault M, Paprosky WG, Sporer S;, Jacobs JJ. Corrosion at the head-neck taper262

as a cause for adverse local tissue reactions after total hip arthroplasty. J Bone Joint Surg Am. 2012; 94-A: 1655-1661.263

[37] Cooper HJ, Urban RM, Wixson RL, Meneghini RM, Jacobs JJ. Adverse local tissue reaction arising form corrosion at the264

femoral neck-body junction in a dual-taper stem with a cobalt-chromium modular neck. J Bone Joint Surg Am. 2013;265

95-A: 865-872.266

[38] Earll MD, Earll PG, Rougeux RS. Wound drainage after metal-on-metal hip arthroplasty secondary to presumed delayed267

hypersensitivity reaction. J Arthroplasty. 2011; 26: 338.e5-7.268

[39] Mikhael MM, Hanssen AD, Sierra RJ. Failure of metal-on-metal total hip arthroplasty mimicking hip infection. A report269

of two cases. J Bone Joint Surg Am. 2009; 91-A: 443-446.270

[40] Wyles CC, Larson DR, Houdek MT, Sierra RJ, Trsoudale RT. Utility of synovial fluid aspirations in failed metal-on-metal271

total hip arthroplasty. J Arthroplasty. 2013; 28: 818-823.272




