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Background: Previous studies have speculated on elevated synovial inflammatory markers in patients
undergoing surgical revision for total hip arthroplasty (THA) dislocation. However, this assumption is
based on small patient series and a full investigation according to International Consensus Meeting (ICM)
criteria has not yet been performed.
Methods: Patients who had aseptic THA dislocation indicated for revision surgery were identified retro-
spectively. Only patients who had available diagnostic workup according to ICM 2018 criteria, including
preoperative and intraoperative parameters, were included. For comparison, we analyzed a matched
cohort of patients indicated for aseptic THA revision for other conditions. The 2 cohorts each consisted of 55
patients and were not different regarding age, sex, BMI, or implant fixation.
Results: There was no difference in synovial white blood cell count (2,238 ± 2,544 versus 2,533 ± 3,448 c/
mL; P ¼ .601), alpha-defensin quotient (0.14 ± 0.11 versus 0.19 ± 0.28; P ¼ .207), or polymorphonuclear
neutrophil percentage (% PMN) (36.7 ± 22.6 versus 31.3 ± 24.5%; P ¼ .312) between the groups. In the
dislocation cohort, 20% of patients had a synovial white blood cell count of 3,000 c/mL or higher,
compared with 18% in the control cohort. However, all patients in the dislocation cohort were below the
cutoff for alpha-defensin or % PMN.
Conclusion: In patients who have aseptic THA dislocation, synovial inflammatory markers are not
elevated compared with patients undergoing aseptic revision for other complications. A detailed pre-
operative analysis of synovial inflammatory markers using ICM criteria appears critical in patients who
have a THA dislocation to exclude periprosthetic joint infection.
Level of Evidence: Level III, retrospective, comparative study.

© 2023 Elsevier Inc. All rights reserved.
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There is a noticeable increase in the number of arthroplasties
worldwide, leading to a potential increase in complications associ-
ated with this surgical procedure. Dislocation is a common compli-
cation after total hip arthroplasty (THA) [1],with anannual incidence
of around 2% [2]. Individual reasons for dislocation are diverse and
include malpositioning, impingement, neuromuscular disease (eg,
Parkinson's disease, epilepsy), trauma, fractures, spine pathologies,
and nonosteoarthritis indications for THA such as hip osteonecrosis
or femoral neck fracture [3e6]. Treatment of dislocation often re-
quires surgical revision to restabilize the joint andminimize the risk
of further dislocations. In patients scheduled for revision, concomi-
tant periprosthetic joint infection (PJI) should be ruled out by pre-
operative joint aspiration with synovial fluid analysis, as the
therapeutic concept differs with the presence of a PJI (eg, 2-stage
versus 1-stage revision, antibiotic treatment) [7]. In supposedly
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Fig. 1. Flowchart. Retrospective identification of the study population, consisting of
patients with total hip arthroplasty dislocation in whom revision surgery was per-
formed and diagnostic workup based on international consensus meeting criteria was
available. rTHA, revision total hip arthroplasty; CRP, c-reactive protein; PJI, peri-
prosthetic joint infection; ICM, international consensus meeting.
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aseptic revisions, dislocation has been identified as the most com-
mon reason for occult PJI [8]. It is also possible that PJI accompanied
by septic loosening leads to implant migration or muscular insuffi-
ciency and thus may be the cause of the dislocation [9].

Diagnostic criteria for PJI were inconsistent until standardized
criteria were developed by the Musculoskeletal Infection Society
(MSIS) and the Infectious Diseases Society (IDSA) [10,11]. In 2013
and 2018, these criteria were revised and adapted by the Interna-
tional ConsensusMeeting (ICM) and its definition is now based on a
scoring system including preoperative assessment of laboratory
inflammatory markers such as serum c-reactive protein (CRP), sy-
novial white blood cell (WBC) count, alpha-defensin, and per-
centage of polymorphonuclear neutrophils (% PMN), as well as
microbiological and histological analyses of intraoperatively ob-
tained tissue samples, among others [12]. Meanwhile, there is still
some debate in the literature about the optimal cutoff values for
individual inflammatory markers [13,14] and the impact of other
conditions such as THA dislocation [15]. To date, there is 1 study
showing that synovial WBC count is increased in patients suffering
from THA dislocation [15], postulating that THA dislocation could
be a cause for false-positive results regarding PJI diagnosis. How-
ever, this previous study assessed only a subset of inflammatory
markers in a rather small cohort of 28 patients.

In this study, we aimed to assess additional inflammatory
markers based on ICM 2018 criteria (including alpha-defensin and
% PMN) in a larger cohort of patients who had a THA dislocation.We
also aimed to investigate the potential association between the
time interval from dislocation to synovial fluid analysis and in-
flammatory markers. Our overall aim was to improve preoperative
clinical decision-making in these patients. Specifically, we aimed to
answer the following questions [1]: Are synovial inflammation
markers increased in aseptic THA dislocation compared with
aseptic revisions for other conditions? [2] Is there a divergence
between synovial WBC count and other markers such as synovial
alpha-defensin? [3] Is there a time-dependent variation in synovial
inflammatory markers in relation to the time between dislocation
and synovial fluid analysis?

Materials and Methods

Study Cohort

We performed a retrospective analysis of patients treated sur-
gically for THA dislocation at our institution between January 1,
2015, and December 31, 2022. We are affiliated with a large reha-
bilitation facility that admits patients after THA from several
regional hospitals. A total of 66 radiologically confirmed THA dis-
locations scheduled for revision THA were identified during this
period (Figure 1). To be included, patients had to have available
serum CRP, synovial WBC count, and alpha-defensin data. Nine
patients who had missing documentation of serum CRP (n ¼ 1), or
punctio sicca (dry tap) (n ¼ 8) were excluded, resulting in 57 pa-
tients. Furthermore, 2 patients who had a THA dislocation and
multiple positive microbiological cultures were diagnosed with PJI,
leaving 55 patients for final analysis (Figure 1). Osteoarthritis was
the indication for primary THA in all patients. Metal-on-metal
bearings had not been used in any of the patients in the previous
surgery. None of the patients had a history of septic arthritis.

For comparison, a total of 55 consecutive patients who had an
aseptic complication scheduled for revision surgery were retro-
spectively identified. The individual diagnoses included aseptic
loosening, polyethylene (PE) wear, or acetabular bone defects;
however, dislocation was considered as exclusion criterion. Other-
wise, the same inclusion and exclusion criteria were applied as for
the aseptic dislocation cohort.
We evaluated several clinical parameters such as age, sex, body
mass index (BMI), type of implant fixation, prosthesis survival, and
time interval between dislocation and synovial fluid analysis. In
addition, we analyzed whether the procedure was the first revision
(ie, primary revision) or whether multiple THA revisions had been
performed in the past.

Synovial Fluid and Tissue Sample Analysis

To establish the aseptic origin and to exclude chronic PJI in both
cohorts, the scoring system according to ICM 2018 criteria was
applied [12,16]. A sinus tract and 2 or more positive microbiological
samples with the same pathogen immediately allowed the diag-
nosis of PJI (ie, major criteria). Therewere 6 tissue samples obtained
during revision surgery, of which 5 and 1 were used for microbi-
ological (conventional cultures) and histological analysis (paraffin
sections), respectively. The incubation time of all microbiological
samples was 14 days with daily control of bacterial growth.
Furthermore, the following parameters were assessed serving as
minor criteria: Serum CRP (>10 mg/L; 2 points), synovial WBC
count (>3,000 c/mL; 3 points) or synovial alpha-defensin quotient
(>1; 3 points), % PMN (>80% ; 2 points), histological assessment
(tissue sample positive; 3 points), microbiology (1 of 5 tissue
samples positive; 2 points). Cell count analyses were carried out in
an automated fashion. For % PMN, we used a cutoff of 80% [16].
Synovial alpha-defensin was measured by Enzyme-linked Immu-
nosorbent Assay (ELISA, CD Diagnostics, Claymont, DE) and was
expressed as a quotient. Only patients who had less than 6 points
were included. Although not included in the 2018 ICM criteria, we
additionally included the absolute synovial PMN count, with a
cutoff value of 3,300 c/mL as previously reported [17].

Sample Size Calculations and Statistical Analyses

Sample size calculation was performed using G*Power 3.1
(University of Düsseldorf, Düsseldorf, Germany) [18] based on the
results of a previous study [15], which showed that the synovial
WBC count is increased in the dislocation group compared to an
aseptic THA revision group (1,721.5 ± 2,335.5 c/mL versus 615.6 ±
367.1 c/mL; P ¼ .015). These results correspond to an effect size of
Cohen’s d ¼ 0.662. With an alpha level set at 0.05, a power of 0.8,
and an expectedmedium effect (d¼ 0.662), a required total sample
size of n ¼ 74 (n ¼ 37 each group) was determined to detect dif-
ferences in synovial WBC count between the dislocation group and
the aseptic revision group (unpaired 2-sided t-test).

Statistical analyses and visualizations were performed using
Statistical Product and Service Solutions (SPSS) Statistics 29.0 (IBM,
Armonk, NY) and GraphPad Prism 9.5.0 (GraphPad Software, San
Diego, CA). After confirming normal distribution, we used unpaired
2-tailed t-tests for comparison of 2 groups. Comparison of cate-
gorical data was performed using Fisher’s exact tests. Linear
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regression analyses were performed to analyze the relationship of
the time interval between dislocation and synovial fluid analysis
and individual inflammatory markers (such as synovial WBC count,
alpha-defensin, serum CRP, and % PMN). In addition, multiple linear
regression models (enter method) were applied to evaluate the
predictive value of the independent variables age, sex, BMI, pros-
thesis survival, and time between dislocation and synovial fluid
analysis on synovial WBC count and % PMN (dependent variables).
In addition to general model properties (R2, adjusted R2, F, and P
value), individual regression coefficients (B, b, and P value) were
calculated. The level of significance was defined as P < .05. Exact P
values are reported unless P < .001. All data are presented as ab-
solute values, means ± standard deviation (±SD), or medians with
95% confidence interval.

Results

Comparison of Inflammatory Markers Between the Dislocation and
Control Cohort

The 2 cohorts (aseptic dislocation and aseptic control) each
consisted of 55 patients andwere not different regarding age (mean
76 years (range, 44 to 90) versusmean 73 years (range, 42 to 92; P¼
.06), sex ratio (each 35 women and 20 men; P > .999), BMI (mean
27.8 kg/m2 (range, 18.4 to 43.7) versus mean 27.5 kg/m2 (range,19.4
to 42.5); P ¼ .117), presence of rheumatoid arthritis (4 versus 6
patients; P¼ .742), and implant type or fixation (Table 1). Prosthesis
survival time was shorter in the dislocation cohort compared to the
control cohort (mean 6.2 years (range, 0.0 to 30.3) versusmean 13.8
years (range, 0.2 to 33.2); P < .001).

We found higher serum CRP values in the dislocation cohort
(19.4 ± 31.5 versus 8.2 ± 19.6 mg/L; P ¼ .026). Of the dislocations,
42% of patients had a CRP of 10 mg/L or higher (ie, the ICM cutoff),
compared to 18% in the control cohort (Figure 2A). For synovial
WBC count, both groups showed similar values (2,238 ± 2,544
versus 2,533 ± 3,448 c/mL; P ¼ .601), with 20% of the dislocations
and 18% of the controls being above the ICM cutoff of 3,000 c/mL
(Figure 2B). The ICM scores of 2 to 5 (“possibly infected”) were
found in 32 (58%) of the patients who had a dislocation and in 21
(38%) of the patients who had an aseptic revision due to other in-
dications (P ¼ .056) when only preoperative diagnostic measures
were considered (Table 1). However, synovial alpha-defensin
Table 1
Comparison of Demographic, Clinical, and Laboratory Characteristics Between the Disloc

Characteristics (Unit) Dislocation n ¼ 55

Mean age (y) 76 (44 to 90)
Sex ratio (W/M) 35/20
Mean BMI (kg/m2) 27.8 (18.4 to 43.
Rheumatoid Arthritis (n) 4
Prosthesis survival (y) 6.2 (0.0 to 30.3
Dual mobility cup (n) 3
Cup screw fixation/reinforcement device (n) 16
Modular neck (n) 9
Uncemented/cemented cup (ratio) 50/5
Uncemented/cemented stem (ratio) 34/21
Serum CRP (mg/L) 19.4 (±31.5)
Synovial WBC (c/mL) 2,238 (±2,544)
Synovial alpha-defensin (quotient) 0.14 (±0.11)
Synovial %PMN 36.7 (±22.6)
Synovial abs. PMN (c/mL) 902 (±1,027)
Preoperative ICM score 1.44 (±1.37)
“Possibly infected” (n) 32
Final ICM score 1.70 (±1.52)

Bold indicates significant differences.
W: women, M: men, BMI: body mass index, CRP: c-reactive protein, WBC: white bloo
meeting.
quotient, % PMN, and absolute PMN count, were above the
defined cutoff in the dislocation cohort in 0, 0, and 2%, respectively.
No differences were detected in these markers compared to the
control group (Figure 2C through E).

To identify possible causes for increased synovial WBC count,
we evaluated individual data of all patients withWBC count >3,000
c/mL. In the dislocation cohort, the number of dislocations ranged
from 1 to 7, and the underlying clinical conditions included cup
loosening, malpositioning, or polyethylene wear (Table 2). Similar
conditions were also seen in the aseptic control group with
increased WBC count (Table 3).

Time-dependent Effects

The median interval between dislocation and synovial fluid
analysis was 15 days (95% confidence interval: 5 to 21 days). There
were 6 patients who underwent synovial fluid analysis more than 2
months after dislocation. These patients had initially decided on a
nonoperative approach and presented to us again for surgical
revision due to pain or subjective instability. To examine potential
time-dependent effects, we restricted the time frame between
dislocation and synovial fluid analysis to 30 days for our analyses
(n ¼ 40). There was no association with serum CRP, synovial WBC
count, or alpha-defensin quotient (Figure 3A through C). For % PMN,
we were able to detect a weak negative time-dependent associa-
tion, indicating decreasing % PMN counts with the time between
dislocation and synovial fluid analysis (R2 ¼ 0.26, P ¼ .004)
(Figure 3D). A multiple linear regression model confirmed this
relationship between time between dislocation until synovial fluid
analysis and synovial % PMN (Table 4). In addition, a sex-specific
effect could be shown, with men having higher synovial % PMN
counts. However, other possible influencing factors such as pros-
thesis survival or BMI could not be confirmed as independent
predictors on either WBC count or % PMN.

Influence of the Number of Dislocations and Revisions on
Inflammatory Markers

On average, 2.3 dislocations occurred per patient before revision
was indicated. We analyzed the influence of the number of dislo-
cations on synovial inflammatory markers. For this purpose, the
cohort was divided into patients with 1 dislocation andmore than 1
ation and Aseptic Revision Control Cohort.

Aseptic Revision n ¼ 55 P Value

73 (42 to 92) .060
35/20 >.999

7) 27.5 (19.4 to 42.5) .117
6 .742

) 13.8 (0.17 to 33.2) <.001
3 >.999
17 >.999
5 .392
50/5 >.999
36/19 .843

8.2 (±19.6) .026
2,533 (±3,448) .601
0.19 (±0.28) .207
31.3 (±24.5) .312

1,084 (±1,808) .584
1.16 (±1.64) .345

21 .056
1.46 (±1.78) .423

d cell count, PMN: polymorphonuclear neutrophils, ICM: international consensus



Fig. 2. Comparison of serum and synovial inflammatory markers between the dislocation and aseptic revision cohort. (A) Serum c-reactive protein (CRP), (B) synovial white blood
cell (WBC) count, (C) synovial alpha-defensin quotient, (D) percent synovial polymorphonuclear neutrophil (% PMN) cell count, and (E) absolute synovial PMN count. The cutoff
value of 3,300 c/mL for absolute synovial PMN is based on [17]. Median with 95% confidence interval is displayed. *P < .05, ns, not significant.
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dislocation. There was no difference in any of the inflammatory
markers (Supplemental Table 1). We also compared inflammatory
markers between patients who underwent revision for the first
time and those who underwent multiple revisions. Again, none of
the inflammatory markers differed between the 2 subgroups.
However, both the dislocation cohort and the control cohort
showed a trend toward lower synovial WBC counts in patients who
had multiple revisions (Supplemental Table 2).

Discussion

While the individual causes for THA dislocation are diverse, PJI
should be excluded in patients scheduled for revision surgery [11].
It has been unclear whether patients who have aseptic THA
dislocation exhibit elevated synovial inflammatory markers, which
would preclude the application of current diagnostic PJI criteria. In
this study of 55 patients who had aseptic THA dislocation, we did
not observe an increase in synovial inflammatory markers
compared to a control group of age-matched, sex-matched, and
BMI-matched patients indicated for aseptic revision for other
conditions. Moreover, there were no time-dependent effects with
respect to the interval of dislocation and assessment of inflamma-
tory markers, except for a notable negative associationwith % PMN.
These results are clinically relevant, as the established synovial
inflammatory markers appear suitable to exclude PJI in patients
who have aseptic THA dislocation. In this context, it must be noted
that there is no single preoperative parameter with a perfect
diagnostic accuracy to confirm and exclude PJI. In our cohort, 20% of



Table 3
Individual Presentation of Patients With False-Positive Synovial White Blood Cell (WBC) Count in the Aseptic Revision Control Cohort.

Pat. Age (y) Prosthesis Survival (y) Specifics Ser. CRP (mg/L) Syn. WBC (c/mL) AD (Quotient) % PMN Abs. PMN (c/mL) Histo. MiBi. ICM 2018 Score

1 74 5 Loosening, femoral defect 10 3,300 0.1 6 198 neg. sterile 5
2 63 26 PE wear 5.6 9,000 0.1 15 1,350 neg. sterile 3
3 79 22 PE wear 0 6,800 0.1 18 1,224 neg. sterile 3
4 78 29 Acetabular defect 0 7,900 0.1 81 6,399 neg. sterile 5
5 79 14 Acetabular defect 0 3,368 0.1 86 2,896 neg. sterile 5
6 58 4 Loosening 4.5 4,900 0.1 15 735 neg. sterile 3
7 73 5 Loosening 5.3 21,800 0.1 21 4,578 neg. sterile 3
8 82 11 Loosening, acetabular defect 16 9,900 0.2 77 7,623 neg. sterile 5
9 66 6 Loosening 1 3,177 0.1 / / neg. sterile 3
10 72 3 Loosening 5.2 7,600 0.3 72 5,472 neg. sterile 3

Pat.: patient, PE: polyethylene, CRP: c-reactive protein, WBC: white blood cell count, AD: alpha-defensin, PMN: polymorphonuclear neutrophils, Histo: histology, MiBi: microbiology, ICM: international consensus meeting.

Table 2
Individual Presentation of Patients With False-Positive Synovial White Blood Cell (WBC) Count in the Dislocation Cohort.

Pat. Age (y) Prosthesis Survival (y) Dislo. - SFA (days) Count Dislo. (n) Specifics Serum CRP (mg/L) Syn. WBC (c/mL) AD (Quotient) % PMN Abs. PMN (c/mL) Histo. MiBi. ICM 2018 Score

1 83 18 35 4 PE wear 1.3 5,500 0.1 25 1,375 neg. sterile 3
2 78 0 1 3 Cup loosening 49.6 7,300 0.3 76 5,548 neg. sterile 5
3 70 1 6 1 Malpositioning 1 4,000 0.1 4 160 neg. sterile 3
4 75 8 63 2 Malpositioning 4 4,053 0.1 / / neg. sterile 3
5 61 9 17 7 None 1 3,126 0.1 54 1,688 neg. sterile 3
6 72 16 192 4 PE wear 0.6 12,800 0.1 21 2,688 neg. sterile 3
7 75 2 122 2 PE wear 70 4,891 0.1 / / neg. sterile 5
8 89 16 0 1 PE wear 4.3 3,100 0.2 40 1,240 neg. sterile 3
9 78 15 3 2 Cup loosening 3 3,900 0.6 / / neg. sterile 3
10 60 0 1 2 Malpositioning 5.1 3,800 0.1 51 1,938 neg. sterile 3
11 75 5 56 5 Malpositioning 1 13,500 0.1 19 2,565 neg. sterile 3

Pat.: patient, Dislo.: dislocation, SFA: synovial fluid analysis, PE: polyethylene, CRP: c-reactive protein, WBC: white blood cell count, AD: alpha-defensin, PMN: polymorphonuclear neutrophils, Histo: histology, MiBi: micro-
biology, ICM: international consensus meeting.
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Fig. 3. Time-dependent trends of laboratory inflammatory markers between dislocation and synovial fluid analysis SFA. (A-D) Associations between time interval from dislocation
to synovial fluid analysis and measurement of serum c-reactive protein (CRP), synovial white blood cell (WBC) count, synovial alpha-defensin quotient, and percent synovial PMN
count. Linear regression analyses were performed in all panels. A period of up to 30 days after dislocation was covered in this analysis. Exact P values and R2-values are shown.
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patients who have aseptic THA dislocation had elevated synovial
WBC counts, but a similar frequency was detectable in the control
group. Application of synovial alpha-defensin or % PMN allowed
exclusion of PJI in patients who have THA dislocation before sur-
gical revision compared with the full set of ICM 2018 parameters
after intraoperative sampling.

Previous Investigations on Inflammatory Markers in THA Dislocation

To the best of our knowledge, there is only 1 other study that has
previously assessed synovial inflammatory markers in patients
who have aseptic THA dislocation [15]. In contrast to our findings,
the authors showed increased synovial WBC counts in these
Table 4
Multiple Linear Regression Model Analyzing Independent Factors Associated With Syno
trophils (% PMN) in the Dislocation Cohort.

Parameter Synovial WBC (c/mL)

B b

(Constant) 4,773.079
Age (y) �21.301 �0.142
Sex (W ¼ 0, M ¼ 1) �111.743 �0.041
BMI (kg/m2) �36.461 �0.159
Prosthesis survival (y) 2.041 0.012
Dislocation until SFA (d) �34.128 �0.249

R2 ¼ 0.061
R2 adjusted ¼ �0.077
F (5, 34) ¼ 0.441, P ¼ .817

Bold indicates significant differences.
W: women, M: men, BMI: body mass index, SFA: synovial fluid analysis, WBC: white blo
patients. They speculated on possible reasons including shearing of
the head, injuries to soft tissue or bone caused by dislocation, and
the influence of PE wear. While the previous study was limited to
28 patients and other synovial markers such as alpha-defensin had
not been determined, the parameter % PMN also showed no dif-
ferences compared to an aseptic control group without dislocation.

Explanations for Elevated WBC Count

In our study, 20% of the patients in the dislocation cohort and
18% in the control cohort had a WBC count above the ICM 2018
cutoff (>3,000 c/mL). We assume that PE wear especially led to the
increased synovial WBC count detected in both the dislocation and
vial White Blood Cell (WBC) Count and Percent Synovial Polymorphonuclear Neu-

Synovial % PMN

P B b P

.126 104.361 .034

.465 �0.629 �0.235 .165

.825 18.735 0.390 .024

.438 �0.372 �0.083 .632

.943 �0.327 �0.116 .449

.177 �1.138 �0.483 .004
R2 ¼ 0.486
R2 adjusted ¼ 0.379
F (5, 24) ¼ 4.537, P ¼ .005

od cell count, PMN: polymorphonuclear neutrophils.
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control group. In accordance with this assumption, a recent study
comparing WBC counts in different indications for aseptic revision
found that PE wear was shown to account for the largest proportion
of WBC count >3,000 c/mL [19]. These authors further noted that a
large proportion of patients had a WBC count of >3,000 c/mL,
regardless of the indication for aseptic THA revision. In our cohort,
some patients who did not have PE wear also had increased WBC
counts. These collective findings suggest that a sole evaluation of
synovial WBC count is not reliable for excluding PJI in patients who
have aseptic THA dislocation as well as other aseptic complications.

Role of Other Inflammatory Markers

Because of the above-mentioned limitations of synovial WBC
count, it is important to assess other inflammatory markers in the
context of aseptic THA dislocation. Synovial alpha-defensin is a
comparatively reliable laboratory parameter that is included in the
2018 ICM criteria, but also lacks optimal sensitivity [20]. In the
dislocation cohort, none of the patients were above the cutoff value
for synovial alpha-defensin. For % PMN and absolute PMN count,
none and 1 patient, respectively, were above the cutoff value,
underscoring that this parameter is equally reliable compared with
alpha-defensin, as previously demonstrated [17]. The only inflam-
matory marker for which we found higher values in the dislocation
cohort was serum CRP, which may reflect the trauma associated
with dislocation accompanied by a systemic inflammatory
response. In only 1 patient, the time between the previous surgery
and the CRP measurement was less than 14 days, which makes it
unlikely that the surgery was the cause of the CRP elevation. While
CRP is indeed an important screening tool and has always been
included in the criteria for diagnosis of PJI [21e23], there are also
false-positive and false-negative outcomes [24]. Therefore, synovial
analyses are recommended, particularly when CRP levels are
elevated [25].

Time-dependent Effects

As patients experiencing recurrent dislocations are typically not
prioritized for emergency revision surgery, the timing of preoper-
ative synovial fluid analysis may vary. We expected time-
dependent effects, that is, that the trauma resulting from the
dislocation is associatedwith a temporary increase in inflammatory
markers. We were unable to confirm this association for most pa-
rameters, but the detected negative association of the time be-
tween dislocation and synovial % PMN may suggest a local
inflammatory response directly related to dislocation.

Number of Dislocations and WBC Count

We hypothesized that patients who had multiple dislocations
would have lower values of synovial inflammatory markers
because of an attenuated inflammatory response due to joint laxity.
However, there were no differences between patients who had one
and patients who had multiple dislocations. Regarding the influ-
ence of the number of previous revisions, no differences in any of
the other inflammatory markers could be detected.

Potential Limitations

Our study is limited by the rare occurrence of dislocations with
concomitant presence of PJI. We excluded only 2 patients who had a
dislocation and PJI according to ICM 2018 criteria. Indeed, to calcu-
late the diagnostic accuracy of inflammatory markers for the pres-
ence of PJI in the dislocation cohort only, more patients who had a
dislocation and PJI would have had to be included. In our study we
compared inflammatory parameters to a control group of patients
who had other aseptic complications and additionally used the
cutoff valuesdefinedaccording to ICM2018.A limitationof our study
is thatmost revision surgerieswere performed in patientswho have
THA dislocations in whom the previous surgery was performed at
another institution. A further limitation of our study is that the
surgical approach of the previous procedure was not known in all
patients, although the posterior approachwas used inmost patients.
Although we believe that, for example, the surgical approach and
implants used have minor influences on synovial inflammatory
markers, these may be confounding factors. Another limitation of
our study is that although matching of preoperative with full ICM
criteria (including intraoperative/postoperative assessment) was
performed, even these gold-standard criteria do not have perfect
diagnostic accuracy, and thus PJI may not have been correctly
excluded in all patients. Other methods for PJI diagnosis, including
sonication and intraoperative frozen sections, were not used. We
performed conventional histological assessment on paraffin sec-
tions of periprosthetic tissue. Furthermore, we used automated cell
count analyses, the results of which may be influenced by various
factors, such as hemarthrosis due to dislocation [26].
Conclusions

In patients who have aseptic THA dislocation, synovial inflam-
matory markers are not elevated compared with patients under-
going aseptic revision for other complications. Irrespective of
dislocation, synovial WBC count exceeds the cutoff of 3,000 c/mL in
approximately one-fifth of patients. Since none of the patients
exceeded the cutoff for % PMN and alpha-defensin, a detailed
preoperative analysis of synovial inflammatory markers using the
ICM criteria appears critical in patients who have THA dislocation to
exclude PJI.
References

[1] Biedermann R, Tonin A, Krismer M, Rachbauer F, Eibl G, St€ockl B. Reducing the
risk of dislocation after total hip arthroplasty: the effect of orientation of the
acetabular component. J Bone Joint Surg Br 2005;87:762e9.

[2] Meek RM, Allan DB, McPhillips G, Kerr L, Howie CR. Epidemiology of dislo-
cation after total hip arthroplasty. Clin Orthop Relat Res 2006;447:9e18.

[3] Gausden EB, Parhar HS, Popper JE, Sculco PK, Rush BNM. Risk factors for early
dislocation following primary elective total hip arthroplasty. J Arthroplasty
2018;33:1567e15671.e2.

[4] Hailer NP, Weiss RJ, Stark A, Karrholm J. The risk of revision due to dislocation
after total hip arthroplasty depends on surgical approach, femoral head size,
sex, and primary diagnosis. An analysis of 78,098 operations in the Swedish
Hip Arthroplasty Register. Acta Orthop 2012;83:442e8.

[5] Zahar A, Rastogi A, Kendoff D. Dislocation after total hip arthroplasty. Curr Rev
Musculoskelet Med 2013;6:350e6.

[6] Rowan FE, Benjamin B, Pietrak JR, Haddad FS. Prevention of dislocation after
total hip arthroplasty. J Arthroplasty 2018;33:1316e24.

[7] Kapadia BH, Berg RA, Daley JA, Fritz J, Bhave A, Mont MA. Periprosthetic joint
infection. Lancet 2016;387:386e94.

[8] Renard G, Laffosse JM, Tibbo M, Lucena T, Cavaignac E, Rouvillain JL, et al.
Periprosthetic joint infection in aseptic total hip arthroplasty revision. Int
Orthop 2020;44:735e41.

[9] Soong M, Rubash HE, Macaulay W. Dislocation after total hip arthroplasty.
J Am Acad Orthop Surg 2004;12:314e21.

[10] Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ, et al.
New definition for periprosthetic joint infection: from the workgroup of the
musculoskeletal infection society. Clin Orthop Relat Res 2011;469:2992e4.

[11] Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W, Steckelberg JM, et al.
Executive summary: diagnosis and management of prosthetic joint infection:
clinical practice guidelines by the infectious diseases society of America. Clin
Infect Dis 2013;56:1e10.

[12] Shohat N, Bauer T, Buttaro M, Budhiparama N, Cashman J, Della Valle CJ, et al.
Hip and knee section, what is the definition of a periprosthetic joint infection
(PJI) of the knee and the hip? Can the same criteria be used for both joints?:
proceedings of international consensus on orthopedic infections.
J Arthroplasty 2019;34:S325e7.

[13] Ghanem E, Parvizi J, Burnett RS, Sharkey PF, Keshavarzi N, Aggarwal A, et al.
Cell count and differential of aspirated fluid in the diagnosis of

http://refhub.elsevier.com/S0883-5403(23)00864-1/sref1
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref1
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref1
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref1
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref1
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref2
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref2
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref2
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref3
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref3
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref3
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref3
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref4
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref4
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref4
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref4
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref4
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref5
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref5
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref5
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref6
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref6
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref6
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref7
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref7
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref7
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref8
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref8
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref8
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref8
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref9
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref9
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref9
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref10
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref10
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref10
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref10
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref11
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref11
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref11
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref11
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref11
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref12
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref12
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref12
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref12
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref12
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref12
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref13
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref13


J. Hubert et al. / The Journal of Arthroplasty xxx (2023) 1e88
infection at the site of total knee arthroplasty. J Bone Joint Surg Am 2008;90:
1637e43.

[14] Zmistowski B, Restrepo C, Huang R, Hozack WJ, Parvizi J. Periprosthetic joint
infection diagnosis: a complete understanding of white blood cell count and
differential. J Arthroplasty 2012;27:1589e93.

[15] B€acker HC, Hardt S, Richards JT, Perka C, Janz V. Increased synovial inflam-
matory markers in aseptic total hip arthroplasty dislocation. J Arthroplasty
2020;35:1412e6.

[16] Parvizi J, Tan TL, Goswami K, Higuera C, Della Valle C, Chen AF, et al. The 2018
definition of periprosthetic hip and knee infection: an evidence-based and
validated criteria. J Arthroplasty 2018;33:1309e13014.e2.

[17] Jandl NM, Kleiss S, Mussawy H, Beil FT, Hubert J, Rolvien T. Absolute synovial
polymorphonuclear neutrophil cell count as a biomarker of periprosthetic
joint infection. Bone Joint J 2023;105-B:373e81.

[18] Faul F, Erdfelder E, Lang AG, Buchner A. G *Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods 2007;39:175e91.

[19] Abdelaziz H, Aljawabra A, Rossmann M, Tien CS, Citak M, Klatte TO, et al. What
is the impact of automated synovial cell counting on different aseptic causes
and periprosthetic conditions associated with revision THA? Clin Orthop Relat
Res 2022;480:905e14.

[20] Kleiss S, Jandl NM, Novo de Oliveira A, Ruther W, Niemeier A. Diagnostic
accuracy of alpha-defensin enzyme-linked immunosorbent assay in the
clinical evaluation of painful hip and knee arthroplasty with possible pros-
thetic joint infection: a prospective study of 202 cases. Bone Joint J 2019;101-
B:970e7.

[21] Ghanem E, Antoci Jr V, Pulido L, Joshi A, Hozack W, Parvizi J. The use of
receiver operating characteristics analysis in determining erythrocyte sedi-
mentation rate and C-reactive protein levels in diagnosing periprosthetic
infection prior to revision total hip arthroplasty. Int J Infect Dis 2009;13:
e444e9.

[22] Parvizi J, Suh DH, Jafari SM, Mullan A, Purtill JJ. Aseptic loosening of total hip
arthroplasty: infection always should be ruled out. Clin Orthop Relat Res
2011;469:1401e5.

[23] Vasso M, Schiavone Panni A. Low-grade periprosthetic knee infection: diag-
nosis and management. J Orthop Traumatol 2015;16:1e7.

[24] Schiffner E, Latz D, Thelen S, Grassmann JP, Karbowski A, Windolf J, et al.
Normal CRP and WBC values in total hip arthroplasty (THA) with signs of
loosening. Do we need a joint aspiration? J Clin Orthop Trauma 2019;10:
566e70.

[25] Springer BD. The diagnosis of periprosthetic joint infection. J Arthroplasty
2015;30:908e11.

[26] Ottink KD, Strahm C, Muller-Kobold A, Sendi P, Wouthuyzen-Bakker M.
Factors to consider when assessing the diagnostic accuracy of synovial
leukocyte count in periprosthetic joint infection. J Bone Jt Infect 2019;4:
167e73.

http://refhub.elsevier.com/S0883-5403(23)00864-1/sref13
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref13
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref13
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref14
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref14
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref14
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref14
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref15
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref15
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref15
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref15
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref15
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref16
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref16
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref16
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref16
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref17
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref17
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref17
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref17
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref18
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref18
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref18
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref18
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref18
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref19
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref19
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref19
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref19
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref19
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref20
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref20
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref20
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref20
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref20
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref20
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref21
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref21
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref21
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref21
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref21
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref21
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref22
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref22
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref22
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref22
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref23
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref23
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref23
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref24
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref24
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref24
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref24
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref24
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref25
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref25
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref25
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref26
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref26
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref26
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref26
http://refhub.elsevier.com/S0883-5403(23)00864-1/sref26


J. Hubert et al. / The Journal of Arthroplasty xxx (2023) 1e8 8.e1
Appendix/Supplemental Material
Supplemental Table 1
Comparison of Clinical and Laboratory Characteristics in Patients With the First
Dislocation Versus Patients With Multiple Dislocations.

Characteristics (Unit) Dislocation ¼ 1
n ¼ 13

Dislocation >1
n ¼ 42

P Value

Prosthesis survival (y) 6.9 (±8.0) 5.8 (±1.7) .640
Serum CRP (mg/L) 28.4 (±36.8) 16.7 (±29.5) .243
Synovial WBC (c/mL) 1,758 (±986) 2,386 (±2,854) .442
Alpha-defensin (quotient) 0.16 (±0.10) 0.13 (±0.11) .424
% PMN 34 (±27) 38 (±22) .650
Abs. PMN (c/mL) 615 (±513) 987 (±1,130) .348

CRP: c-reactive protein, WBC: white blood cell count, PMN: polymorphonuclear
neutrophils.
Supplemental Table 2
Comparison of Demographic, Clinical, and Laboratory Characteristics in Patients Undergoing the First Versus Multiple THA Revisions.

Characteristics(unit) Dislocation Cohort Aseptic Revision Cohort

First Revision n ¼ 29 Multiple Revisions n ¼ 26 P Value First Revision n ¼ 34 Multiple Revisions n ¼ 21 P Value

Age (y) 77.1 (±7.2) 75.0 (±11.3) .407 71.5 (±10.2) 74.9 (±6.9) .181
No. Dislocations 2.3 (±1.1) 2.5 (±1.7) .762 / / /
Serum CRP (mg/L) 15.9 (±24.7) 23.4 (±37.8) .384 7.1 (±15.7) 9.9 (±24.9) .617
Synovial WBC (c/mL) 2,769 (±3,295) 1,645 (±1,063) .102 3,024 (±4,145) 1,737 (±1,632) .181
Alpha-defensin (quotient) 0.11 (±0.05) 0.17 (±0.15) .061 0.18 (±0.24) 0.21 (±0.39) .699
% PMN 36 (±25) 38 (±21) .825 34 (±26) 27 (±22) .434
Abs. PMN (c/mL) 974 (±1,266) 808 (±619) .625 1,326 (±1,978) 634 (±1,396) .253
ICM 2018 score 2.0 (±1.8) 1.4 (±1.2) .136 1.9 (±1.9) 0.7 (±1.4) .014

Bold indicates significant differences.
Comparisons were performed individually for the dislocation group and the aseptic revision group.
No.: number, CRP: c-reactive protein, WBC: white blood cell count, PMN: polymorphonuclear neutrophils, ICM: international consensus meeting.
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