
This study sought to evaluate the ability of C-reactive 
protein (CRP), neutrophil-lymphocyte ratio (NLR), as 
well as their association to predict a PJI recurrence 
before the second-stage revision procedure. To this 
end, we performed a diagnostic validity test of CRP 
and NLR based on a retrospective cross-sectional 
study. The sample on which this study was conducted 
consisted of a group of patients who underwent a two-
stage revision of their hip or knee prosthesis on account 
of PJI.

MATERIALS AND METHODS

This study was an analytical observational, retro-
spective, cross-sectional, and monocentric study, which 
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The treatment of prosthetic joint infections (PJI) regularly involves a two-stage surgical strategy. The second stage is 
generally performed when the surgeon estimates that the infection is under control based on either the treatment length 
or clinical and biological data. We have raised the question whether standardization of C-reactive protein (CRP) and 
neutrophil to lymphocyte ratio (NLR) values could be either indicative of infection control or predictive of infection 
recurrence. 
This was an analytical retrospective and monocentric cross-sectional observational study. The CRP and NLR values were 
recorded prior to the second-stage surgery in a sample of 100 patients who underwent a two-stage revision arthroplasty 
following a PJI, and these values were correlated with the absence of infectious recurrence within a 2-year follow-up. 
The statistical analysis consisted of evaluating the diagnostic validity of each marker, first individually, and then in 
combination. 
CRP was shown associated with a 68% sensitivity, 40% specificity, 27% positive predictive value (PPV), and 79% negative 
predictive value (NPV). The ROC curve was 51.1%. The NLR displayed a 12% sensitivity, 89% specificity, 27% PPV, and 
75% NPV. The ROC curve was 47.9%. The combination of the two markers did not fundamentally improve the statistical 
results, with only a 43% concordance of the two markers, 27% sensitivity, 84% specificity, 37% PPV, and 77% NPV. 
Measuring CRP and NLR values, either individually or in combination, before the second-stage revision arthroplasty did 
not turn out to be predictive of either infection recurrence or cure within two years of follow-up. Therefore, an absolute 
test is still lacking, which would enable us to predict without failure the absence of control or the control of a PJI before 
or after second-stage revision. 

Level of evidence: Level III, retrospective cross-sectional study.

INTRODUCTION 

Numerous studies1,2 have been focused on prosthetic 
joint infections (PJI), primarily concerning diagnostic 
methods for this pathological condition. However, 
a more limited number of publications3 have so far 
concentrated on the methods to confirm either a PJI’s 
cure or its recurrence. Given that the treatment of 
PJIs generally consists of a revision of the implant, 
it is crucial for the surgeon to better understand the 
probability of infection recurrence before carrying out a 
procedure revision and implementing a new prosthesis. 
Due to the lack of serological markers that allow for PJI 
diagnosis, we wished to understand whether there were 
serological markers able to predict a PJI recurrence.
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blood cell count (WBC), corresponding to the ratio 
of neutrophil to the lymphocyte counts. This marker 
is reflective of the balance between two aspects of the 
immune system, meaning inflammation and adaptive 
immunity. It has primarily been studied in the cardiology 
and oncology domains, but also in orthopedics5, where 
it has been proven to be a prognostic factor for both 
mortality and cardiovascular complications. More 
recently, a study has attempted to highlight NLR’s 
ability to predict prosthesis infection6. In our study, 
NLR <5 was considered to be the reference normal 
value.

These two markers were measured before second-
stage surgical revision, within maximally seven days 
before the intervention. We respected a 6-week period 
between the two-stage revision in order to allow for 
antibiotics to be administered, clinical and biological 
evolution of patients to be followed-up, and the infection 
be better controlled before prosthesis reimplantation7.

A diagnostic validity test was carried out for each 
of the markers to establish its possible diagnostic 
power for predicting PJI recurrence. To this end, we 
compared our two tests with a reference diagnostic test 
considered as “Gold standard”. In our study, the Gold 
standard consisted of the patient follow-up at two years 
after the revision arthroplasty. Thus, patients were 
qualified as cured of their infectious episode if they 
presented no clinical, biological, and radiological signs 
in favor of an infection within two years of second-
stage surgical revision. The diagnostic validity study 
of both CRP and NLR enabled us to highlight different 
validity criteria for each marker, as follows: 1) Intrinsic 
validity consisting of sensitivity and specificity from 
which it is possible to determine the ratio of the test’s 
likelihood, as well as the ROC curve; 2) extrinsic 
validity consisting of positive and negative predictive 
values that were essential to know whether the tests 
studied were predictive of infection recurrence.

We additionally considered other variables to better 
understand whether they influenced the risk of in-
fection recurrence. These variables that possibly lead 
to a bias upon analyzing the link between the variable 
studied and pathological condition considered were: 
gender, patient age, infection type, germ, and number 
of comorbidities. For the analysis of these factors 
and their influence, a correlation matrix along with a 
multivariate analysis was employed.

RESULTS

The CRP results concerning the prediction of infection 
recurrence at two years were inconclusive (Table 1). 

was authorized by the Ethics Committee (Reference 
B403201523492). We reviewed the medical records 
of the patients admitted to the Cliniques universitaires 
Saint-Luc in Brussels for a PJI, with 92 patients (for a 
total of 100 interventions) eventually retained from 146 
patients initially considered (Figure 1). 

The inclusion criteria were as follows: 1) having a 
hip or knee joint implant; 2) PJI diagnosis according to 
MSIS criteria; 3) having undergone a two-stage revision 
prosthesis for managing this infection. The non-
inclusion criteria were as follows: 1) having another 
joint implant (n=2 patients); 2) having undergone 
another revision type than a two-stage revision (n=21). 
Finally, the exclusion criteria were as follows: 1) 
Patients who died before second-stage surgery (n=2), 
patients who died before the end of the 2-year follow-
up (n=4), patients lost to follow-up (n=3), patients 
with no two-year follow-up data, with follow-up still 
ongoing (n=23) at study end.

CRP is a biological marker that has already proven 
its value in the diagnosis of infectious diseases4. The 
normalization of this marker is an essential sign during 
postoperative arthroplasty follow-up. In our study, the 
reference value used considered CRP to be normal 
if <1mg/dL. The NLR was obtained from the white 

Table 3 – Contingency table and results for combining CRP-NLR 

The specificity of the CRP-NLR combination (84.38%) is higher  than that of CRP and NLR 
taken individually. The positive predictive value is greater for the CRP-NLR couple with a 
value of 37.50%. The CRP-NLR combination offers the best diagnostic gain in our study 
(12.50%). 

CRP: C-reactive protein; NLR: neutrophil to lymphocyte ratio 

Figure 1: Flowchart of patient selection 

 

 

  

Figure 1. — Flowchart of patient selection.
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two years of a revision arthroplasty procedure, as based 
on the results developed above, with a proportion of 
correct results of only 47%, Youden index of 0.08, and 
diagnostic gain of 2.42%. 

The results obtained for the NLR were likewise 
inconclusive (Table 2). By performing the ROC curve 
(Figure 2), the AUC obtained (47.9%) was even 
lower than CRP’s one. The NLR had thus no power to 
discriminate patients who were likely to relapse from 
those who were not. The Chi-squared value, which 
was even lower than that of CRP, did neither define 
the existence of a statistically significant link between 
the marker and infection recurrence at two years of 
the revision. Therefore, we can finally admit that 
measuring NLR before second-stage is not an efficient 
test to predict infection recurrence within two years 
of a revision arthroplasty procedure given the results 
presented above, a Youden index, and diagnostic gain 
even lower than those obtained for CRP.

Testing the CRP and NLR in combination did not 
fundamentally change the statistical results (Table 3), 
which remained weak. First, the two tests only showed 
a concordance of 43%, meaning that in more than half 

By performing the ROC curve (Figure 2), the AUC 
was 51.1%, meaning that CRP represented a poor test 
to discriminate patients who were likely to relapse 
from those who were not. In addition, the Chi-squared 
value obtained in our study (0.51) did not enable us 
to confirm that a statistically significant link existed 
between CRP and PJI recurrence. Finally, we can now 
state that measuring CRP before second-stage is not an 
efficient test to predict infection recurrence within the 

Low specificity results due to the high number of 
false positives (45/75 = 60%): 60% of patients with 
a positive test did not actually develop a relapse at 
two years. The NLR is close to 1, meaning that a 
patient who will develop an infection recurrence 
within the two years following the revision has 
almost as much probability of having a positive 
as a negative CRP at the second stage. Measuring 
CRP is therefore not an informative test. The 
Chi-squared value obtained does not enable us to 
confirm that there is a statistically significant link 
between CRP and prosthesis infection recurrence. 
CRP: C-reactive protein; NLR: neutrophil to 
lymphocyte ratio.CRP: C-reactive protein, NLR: 
neutrophil to lymphocyte ratio.

Table 1. — Contingency table and CRP results
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Table 1 – Contingency table and CRP results 

Low specificity results due to the high number of false positives (45/75 = 60%): 60% of patients with a 
positive test did not actually develop a relapse at two years. The LR is close to 1 which means that a patient 
who will develop a recurrence of infection in the two years following the revision has almost as much 
probability of having a positive as a negative CRP at the second stage. The measurement of CRP is therefore 
not an informative test. The Chi-Square value obtained does not allow us to confirm that there is a statistically 
significant link between CRP and the recurrence of a prosthesis infection. 

 
 

Figure 2: CRP and NLR ROC curves 

 

 

  

Figure 2. — ROC curves ofCRP and NLR.
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Table 2 – Contingency table and NLR results 

The NLR measurement is much less sensitive than the CRP measurement, but on the other hand has a much 
greater specificity. There is only a 27.27% chance that a patient with high CRP before the second stage will 
actually have a relapse of infection within two years. The Chi-square value obtained does not make it 
possible to define the existence of a statistically significant link between the measurement of the NLR and 
the occurrence of a recurrence of infection at two years. 

Table 2. – Contingency table and NLR results

The NLR measurement is much less sensitive than 
that of CRP, but on the other hand, it exhibits a much 
greater specificity. There is only a 27.27% chance that 
a patient with high CRP values before the second-
stage will actually experience an infection relapse 
within the following two years. The Chi-squared 
value obtained does not enable us to confirm the 
existence of a statistically significant link between 
measuring NLR and infection recurrence within two 
years. CRP: C-reactive protein; NLR: neutrophil to 
lymphocyte ratio.
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DISCUSSION

The CRP results were not surprising. Indeed, 
several publications studied the role of CRP prior to 
performing second-stage revision-arthroplasty in the 
PJI setting, with reported results similar to ours. The 
first publication8 sought to determine CRP’s prognostic 
value prior to performing second-stage revision of 
infected knee prostheses, again with reported results 
almost identical to ours. The second publication9 
looked at CRP’s ability to predict recurrent infection. 
In this study, only one out of eight patients who did 
not normalize their CRP values before second-stage 
revision actually exhibited infection recurrence. More- 
over, the seven patients who actually displayed in-
fection recurrence following revision, all presented 
values within the normal range. Based on these data, 
the authors concluded that this serological marker was 
rather a poor tool for predicting infection recurrence 
following revision procedure. These disappointing 
results could be partly explained by CRP kinetics. 
Indeed, the CRP plasma levels were shown to fluctuate 
after an arthroplasty procedure10, with the maximum 
values ​​classically obtained on second or third post-
intervention day, then gradually decreasing so as to 
normalize after three to six weeks. That being said, 
should CRP values ​​be still abnormal at six weeks 
postoperatively, this does not necessarily point towards 
the presence of a prosthesis infection, as highlighted 
in another publication11. Therefore, a pathological 
CRP value recorded before second-stage does not 
necessarily indicate infection persistence, given that 
this second-stage is usually performed around 4 to 6 
weeks following the first stage.

Unlike the CRP results, the NLR results collected in 
our study cannot be accounted for by the NLR kinetics. 
Indeed, a study conducted in 201512 compared the CRP 
and NLR kinetics by measuring them at different times 
post-intervention. The results demonstrated that NLR 
normalized faster than CRP. According to the authors, 
on Day 21 post-intervention, only 4.5% of patients 
presented with abnormal NLR values, whereas 20% 
of them still displayed an abnormal CRP. Therefore, 
NLR’s kinetic profile very likely differs from that of 
CRP, as it normalizes earlier and returns to normal values 
more quickly than does that of CRP. Nevertheless, our 
results could, at least to some extent, be explained by 
our choice of a threshold value of 5, the latter being 
most likely too high. Indeed, a study13 attempted to 
demonstrate NLR’ ability to predict PJI diagnosis. 
Using a ROC curve, the authors were able to determine 
the optimal NLR threshold value able to discriminate 

of the cases, the CRP and NLR did not vary in the same 
way depending on the patient infectious states. How-
ever, for concordant cases, the combination of these 
two tests did offer better results than either the CRP 
or NLR test performed alone. Similarly, the positive 
likelihood ratio was greater for the combination than 
for each test taken separately. There was a 1.8 times 
greater chance of having a positive CRP and NLR 
couple in a patient who would develop an infection 
recurrence within the two years of second-stage. In our 
analysis, while the CRP-NLR combination offered the 
highest diagnostic gain, the Chi-squared test turned 
out to be too low to confirm a statistically significant 
link between measuring this combination and infection 
recurrence. Therefore, there was a slight advantage in 
measuring CRP and NLR in combination, because the 
diagnostic probabilities were better in the event these 
two tests turned out to be concordant. Nevertheless, as 
these results were rather weak, this test combination 
cannot be considered a good diagnostic test to predict 
PJI recurrence within two years of a revision arthro-
plasty procedure.

Neither the correlation matrix nor the multiple 
logistic regression revealed a statistically significant 
association between these variables and PJI recurrence 
within two years post-revision. We thus concluded that 
the patient’s gender, age, infection type, pathological 
germ, and number of comorbidities present are not 
considered determinants of the patient’s infection state 
of the second stage revision procedure.

Table 3 : Contingency table and results for combination CRP-NLR 
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Table 3 – Contingency table and results for combination CRP-NLR 

The specificity of the CRP-NLR combination (84.38%) is greater than that of CRP and NLR taken individually. 
The positive predictive value is greater for the CRP-NLR couple with a value of 37.50%. The CRP-NLR 
combination offers the best diagnostic gain of our study (12.50%). 

Table 3. – Contingency table and results for combining CRP-NLR

The specificity of the CRP-NLR combination 
(84.38%) is higher  than that of CRP and NLR taken 
individually. The positive predictive value is greater 
for the CRP-NLR couple with a value of 37.50%. The 
CRP-NLR combination offers the best diagnostic 
gain in our study (12.50%).
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for the majority of infection recurrences to occur. Thus, 
this provides us with a better confidence in classifying 
the patient conditions as compared to shorter follow-
ups.

CONCLUSIONS

Currently, PJI research and new technologies mainly 
focus on the pathology’s diagnostic aspect. Research 
is therefore particularly involved in identifying new 
biomarkers that can be considered diagnostic tests. 
However, only few studies have been conducted 
on diagnosing recurrent infection. In our study, we 
attempted to assess a possible predictive power of 
infection recurrence based on two biological markers: 
CRP and NLR. Nevertheless, measuring CRP and 
NLR, either individually or in combination, before 
second-stage revision arthroplasty turned not out to 
be predictors of infection recurrence within two years 
of follow-up. An absolute test that would allow us to 
predict flawlessly, easily, and quickly the PJI control 
or absence of control during revision arthroplasty 
procedures is still lacking. Such a device could provide 
a rapid response to the surgeon; such a test could also 
be carried out extemporaneously upon prosthesis 
revisions. This tool should be independent of any 
antibiotic therapy if one wishes to use it to predict 
infection recurrence prior to second-stage prosthesis 
revision.
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