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Preoperative idiopathic CRP and ESR elevation increase the risk of PJI within
90-day after primary total knee arthroplasty in patients with osteoarthritis
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Abstract
Background: The purpose of this study was to determine the association between preoperative idiopathic serum CRP and ESR elevation in KOA patients with
90-day PJI after primary TKA.

Methods: We reviewed our center’s database over a 60-month study period from November 2016 to October 2021. After excluding those with known diseases
that elevate CRP and ESR, 882 KOA patients who met the initial screening criteria, namely, 293 males and 589 females aged 67.00±7.91 (range, 43-91) years,
were divided into four groups based on the preoperative CRP level and ESR: 44 patients, CRP+ESR+; 27 patients, CRP+ESR-; 176 patients, CRP-ESR+; and 635
patients, CRP-ESR-. All patients underwent primary TKA, and the prevalence of PJI was evaluated based on the 2014 MSIS acute diagnostic criteria. The risk
factors for CRP and ESR elevation were analyzed by binary logistic regression.

Results: The total infection rate was 1.59% (14/882); infection rates in the CRP+ESR+, CRP+ESR-, CRP-ESR+ and CRP-ESR- groups were 6.82% (3/44), 0 (0/27),
2.27% (3/176), and 1.10% (7/635), respectively. There was a signi�cant relationship between preoperative idiopathic ESR or CRP elevation and the prevalence
of 90-day PJI (P=0.022). Diabetes mellitus (P=0.0004) and an elevated body mass index (BMI) (P<0.0001) were risk factors for CRP elevation; being female
(P<0.0001) and having an elevated BMI (P<0.0001) or diabetes mellitus (P=0.0036) were risk factors for ESR elevation.

Conclusion: Preoperative idiopathic CRP and/or ESR elevation increase the risk of 90-day PJI after primary TKA. Demographic characteristics and
complications should be considered before deciding whether surgery can be performed, or additional perioperative treatment is needed to reduce the
occurrence of PJI.

Introduction
Total knee arthroplasty (TKA) is the most effective treatment for advanced knee osteoarthritis (KOA). Between 2017 and 2018, 1.3 million primary TKA
procedures were performed in the United States, and researchers have projected that the number would increase by 401% from 2014 to 2040 [1]. The increased
demand for TKA will likely result in a higher volume of complications, including periprosthetic joint infection (PJI), which is the most frequent reason (36.1%)
for revision [2]. PJI is a disastrous complication, with high morbidity and mortality rates, given the signi�cant clinical and economic burden. Therefore,
preoperative risk strati�cation is important for patient optimization and improving the safety of primary TKA.

To screen for occult infection, preoperative CRP and ESR are commonly used to evaluate the preoperative status of patients. Interpreting preoperative
idiopathic CRP and ESR elevation in primary TKA patients requires an understanding of how these variables are in�uenced by patient characteristics.
Research has shown that after excluding known diseases that affect the CRP level and ESR, these factors are in�uenced by age, sex, race, and body mass
index (BMI) in the general population and in people with certain disease states, and even KOA itself contributes to the CRP level and ESR compared with those
in patients without KOA [3–6].

For patients with obvious causes for such elevation, it is generally recommended to postpone the operation and treat the primary disease; otherwise,
additional treatment would have to be performed during the operation or the duration of treatment with sensitive antibiotics would have to be extended to
reduce the incidence of postoperative PJI. However, there are still many patients with idiopathic CRP and ESR elevation; to date, the largest and most recent
study was among 3376 consecutive unilateral primary TKA patients, including 140 (4.1%) patients with preoperative ESR and/or CRP elevation [7]. In an
abstract at the 2013 American Association of Hip and Knee Surgeons and American Academy of Orthopedic Surgeons (AAOS/AAHKS) conference, the author
reported an elevated ESR in 38.5% and an elevated CRP level in 26.9% of 94 patients [8]. However, there are no speci�c statistical data on the distribution of
these patients or suggestions for treatment. The purpose of this study was to investigate the prevalence of idiopathic CRP and/or ESR elevation before
surgery and evaluate any association with 90-day PJI in patients with KOA following primary TKA.

Methods
A retrospective review of patients who underwent primary TKA from November 2016 to October 2021 was conducted at a single institution. The central
database was searched over the 60-month study period. Patients with known diseases that cause CRP and ESR elevation were not included based on the
criteria. All patients underwent routine urine tests, chest X-ray examination, electrocardiography (ECG) and preoperative blood tests, and all chest X-rays and
ECG results were reviewed by specialists, increasing the likelihood of correctly identifying cardiac complications. Patients had a normal body temperature and
no signs of local infection of the knee joint. The included patients had a complete medical history, including basic information, history of medical treatment,
comorbidities, length of hospital stay (LOS) and duration of treatment with antibiotics. If the CRP level and ESR were still elevated after excluding
comorbidities that contribute to the elevation of these indicators, synovial �uid tests was performed to exclude causes of CRP and ESR elevation. All the
patients were followed up for at least 90 days or until infection occurred.

Inclusion and exclusion criteria
Patients who underwent primary unilateral or bilateral TKA for KOA at our institution between November 2016 and October 2021 were included. The exclusion
criteria were as follows: 1. autoimmune diseases, metabolic diseases, and previous hormone use history; 2. previous/current history of local joint infection,
history of urinary tract infection within one month and other systemic infectious diseases; 3. a history of fracture or trauma within three months; 4. malignant
tumor or history of tumor-related surgery within �ve years and uncontrolled cardiovascular or cerebrovascular diseases; and 5. history of any surgery within
the past three months.
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Determination of the CRP level and ESR
CRP and ESR were measured preoperatively on the �rst day of admission. An elevated ESR was de�ned as >30 mm/h, and an elevated CRP level was de�ned
as >10 mg/L. Elevated values are denoted by + in this study. All the patients underwent primary TKA at our hospital using a standard surgical technique.
Preoperative antibiotics were administered within 30 minutes before skin incision. Hyperplastic synovial membrane tissue was completely removed, and local
irrigation with 0.5% mucosal iodophor was performed in each patient. Local analgesia was administered via periarticular injection. Patellar replacement was
not routinely performed, and a wound drain was not routinely placed during surgery. Postoperative antibiotics were prescribed for 24 h. The diagnosis of
PJI was based on the 2014 Musculoskeletal Infection Society (MSIS) acute diagnostic criteria [9], and the patients were followed up based on readmission,
telephone and outpatient follow-up results.

Ethical issues
This study was approved by the Ethics Committee of the First A�liated Hospital of Xinjiang Medical University (K202110-11). An informed consent to review
medical �les was not required and waived by the institution as the study was a retrospective review. Patient con�dentiality and privacy of information were
secured by the principal investigator.

Statistical analysis
Categorical variables are presented as frequencies and percentages, and continuous variables are presented as the mean and standard deviation (SD). If the
data conformed to a normal distribution, the clinical characteristics were compared between groups by ANOVA, or the Kruskal-Wallis H test was used for
comparison of quantitative data. The chi-square test was for the comparison of categorical variables. The effects of preoperatively elevated CRP and ESR on
the development of PJI were evaluated using Kaplan–Meier curves. Differences in the cumulative PJI rate were assessed using a log-rank test. A Spearman
rank correlation test was used to analyze the correlation between the CRP level and ESR with KOA, and a scatter plot was used to compare the discrete data.
Differences in the infection rate among the four groups were compared by a chi-square test. A binary logistic regression was used to analyze the risk factors
for CRP and ESR elevation while estimating the OR and 95% Cl of elevated CRP and ESR; then, a prediction model was established based on the results after
screening by a logistic multivariate analysis and plotting a nomogram. The discrimination ability and prediction performance of the nomogram are
represented by the ROC curve. A P-value of 0.05 was considered signi�cant. All statistical analyses were performed with the statistical software package R x64
4.1.2.

Results
Elevated CRP and/or ESR occurred in 247 patients, including 10 patients with CRP++ESR++ (CRP³20, ESR³60), 24 patients with CRP++ESR+
(CRP³20,60 ³ESR³30) and 20 patients with CRP+ESR++ (40³CRP³20, ESR³60). There was no signi�cant difference in age, the unilateral or bilateral status, LOS,
or comorbid hypertension, heart disease, brain disease, or thyroid dysfunction among the four groups (P > 0.05), but there was a signi�cant difference in sex
(P = 0.001), BMI (P<0.001) and diabetes mellitus (P = 0.001) (Table 1).

Table 1 

Patient demographics based on the grouping of the preoperative ESR and CRP values
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  CRP+

ESR+

CRP+

ESR-

CRP-

ESR+

CRP-

ESR-

P-Value

n 44 27 176 635  

Age, year (mean ± SD) 68.98±1.76 65.96±4.39 67.07±1.06 66.88±0.62 0.319

Female, n (%) 30(68.18) 15(55.56) 148(84.09) 396(62.36) 0.001

BMI (mean ± SD) 30.25±1.48 29.19±1.83 29.22±0.74 25.74±0.29 <0.001

Diabetes, n (%) 15(34.09) 10(37.04) 38(21.59) 101(15.91) 0.001

Hypertension, n (%) 23(52.27) 16(59.26) 118(67.05) 350(55.12) 0.036

Heart disease, n (%) 14(31.82) 7(25.93) 31(17.61) 124(19.53) 0.161

Cerebral disease, n (%) 3(6.82) 0(0) 10(5.68) 33(5.2) 0.617

Thyroid dysfunction, n (%) 1(2.27) 1(3.7) 7(3.98) 14(2.2) 0.603

Unilateral, n (%) 24(54.55) 15(55.56) 101(57.39) 344(54.17) 0.901

Preoperative

CRP mg/L (mean ± SD) 30.22±7.58 17.07±4.69 4.83±0.39 3.39±0.15 <0.001

ESR mm/h (mean ± SD) 49.02±4 21.89±3.11 41.08±1.24 17.53±0.58 <0.001

LOS, days (mean ± SD) 10.86±0.73 10.96±0.85 11.13±0.38 10.91±0.2 0.792

Infection, n (%) 3(6.82) 0(0) 4(2.27) 7(1.1) 0.022

Postoperative 1 month

CRP mg/L (mean ± SD) 27.68±7.38 12.44±2.58 5.19±0.94 4.81±0.6 <0.001

ESR mm/h (mean ± SD) 39.23±3.23 26.59±3.61 38.23±1.62 18.82±0.72 <0.001

Postoperative 3 month

CRP mg/L (mean ± SD) 22.56±7.58 16.28±3.86 4.97±0.49 3.68±0.16 <0.001

ESR mm/h (mean ± SD) 37.25±2.87 26.48±3.82 36.2±1.78 17.68±0.61 <0.001

Abbreviations: CRP>10 mg/L and ESR>30 mm/h denoted as (+); LOS: length of hospital stay 

The total infection rate was 1.59% (14/882), and the infection rate in the CRP+ESR+, CRP +ESR-, CRP-ESR+, and CRP-ESR- groups was 6.82% (3/44), 0 (0/27),
2.27% (4/176), and 1.10% (7/635), respectively (Fig. 1), with signi�cant differences in the 90-day infection rate among the four groups (P = 0.022). Kaplan-
Meier curves showed the cumulative infection rates in the four groups (Fig. 2), and a log rank test was used to demonstrate the difference in the incidence of
cumulative PJI among the four groups (P = 0.021). The cumulative incidence of PJI in the (CRP +, ESR +) group was 2.27 % (95 % Cl: 0%-6.58%) at 1 month
and 6.82 % (95 % Cl: 0%-13.98%) at 3 months after the operation. The cumulative incidence of PJI in the (CRP +, ESR-) group was 0 (95 % Cl: 0 % -0 %) at 1
month and 3 months after the operation. The cumulative incidence of PJI in the (CRP-, ESR +) group was 1.14% (95 % Cl: 0%-2.69%) at 1 month and 2.27 % (95
% Cl: 0.05%-4.45%) at 3 months after the operation. The cumulative incidence of PJI in the (CRP-, ESR-) group was 0.31 % (95 % Cl: 0%-0.75%) at 1 month and
1.10 % (95 % Cl: 0.29%-1.91%) at 3 months after the operation.

Infection occurred in 14 patients, with a positive culture in 9 patients (positive for bacteria in 7 patients and fungi in 2 patients). The culture result was
negative for the other 5 patients, 3 of which had sinus tracts connecting with the prosthesis; the other 2 patients had a CRP level and ESR double those
observed preoperatively as well as an increased WBC count and synovial �uid PMN% and a positive �nding on histopathological examination of the
periprosthetic region. Of the 14 patients with infection, 7 underwent bilateral TKA (3 patients had only a unilateral joint infection, and the contralateral knee
showed no signs of infection, with normal synovial �uid), and 7 underwent unilateral TKA. For treatment, 4 patients underwent one-stage revision surgery
because of clinical symptoms lasting >4 weeks, with a negative culture or no resistant organisms and no extensive comorbidities; 9 patients underwent
treatment with debridement, antibiotics and implant retention (DAIR) (one of these patients underwent DAIR a second time on the 8th postoperative day
because of relapse); and 1 patient required readmission due to clinical symptoms occurring within <2 weeks and had well-�xed prostheses with stable
conditions, so this patient underwent conservative treatment with intravenous antibiotics. Infection was controlled in all the patients, and there were no cases
of relapse in the follow-up period.

The mean CRP level and ESR are shown in Table 1. The distribution of the ESR and CRP level is shown in a scatter plot, and the data of patients who
developed PJI are marked (Fig. 3). The percentage of patients in the four groups: 5%, CRP+ESR+; 3%, CRP+ESR-; 20%, CRP-ESR+; and 72%, CRP-ESR-.
Spearman correlation analysis showed that there was a signi�cant correlation between the preoperative CRP level and ESR in patients with KOA (P < 0.001).
The mean values of the CRP and ESR levels before the operation, 1 month after the operation and 3 months after the operation statistically differed among
the four groups (P < 0.001), and the elevated CRP and ESR levels before the operation remained high after the operation (Fig. 4, Fig. 5). 

The risk factors for an elevated CRP level and ESR were analyzed by a binary logistic regression. Diabetes mellitus (P = 0.0007) and an elevated BMI (P <
0.0001) were risk factors for an elevated CRP level. The female sex (P < 0.0001), BMI (P < 0.0001), and diabetes mellitus (P = 0.0059) were risk factors for an
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  B 95%Cl S.E. Wald Exp(B) 95%Cl Sig

Constant -7.113   0.8221 -8.65     <0.0001

BMI 0.9459 0.62429-1.2676 0.0274 5.76 2.5751 1.86690-3.5523 <0.0001

Diabetes 0.9667 0.42877-1.5046 0.2744 3.52 2.6293 1.53540-4.5023 0.0004

  B 95% Cl S.E. Wald Exp(B) 95%Cl Sig

Constant -7.1421   0.6173 -11.57     <0.0001

Sex 0.9936 0.593-1.3941 0.2044 4.86 2.7009 1.8095-4.0314 <0.0001

BMI 0.1885 0.8901-1.3718 0.0205 9.2 1.2074 2.4354-3.9423 <0.0001

Diabetes 0.6024 0.1971-1.0076 0.2068 2.91 1.8265 1.2179-2.739 0.0036

elevated ESR (Table 2, Table 3). Using R software, according to the risk factors screened by the logistic multivariate analysis, a nomogram graph model was
established to predict the risk of CRP elevation (Fig. 6). According to the line graph model, BMI = 20 was 0, BMI = 22 was 9, and BMI = 24 was 18. The score
without diabetes was 0, and the score with diabetes was 28. The scores of the above factors in the nomogram increased in turn, and the corresponding total
score was the risk of increasing CRP in patients. Similarly, according to the risk factors screened by the logistic multivariate analysis, a nomogram model was
established to predict the risk of increased ESR (Fig. 7). According to the line diagram model, the score of being a male was 0, and that of being a female was
24; BMI = 20 is 0, BMI = 22 is 9, BMI = 24 is 18, etc.; the score without diabetes was 0, and the score with diabetes was 15. The scores of the above factors in
the nomogram increased in turn, and the corresponding total score was the risk of increasing ESR in patients. The nomogram demonstrated valuable
prediction performance with an AUROC of 0.7 (95 % Cl: 0.55 – 0.84) for CRP and 0.62 (95 % Cl: 0.46 – 0.77) for ESR (Fig. 8, Fig 9).

Table 2 

Results after screening by a multivariate analysis of CRP

Abbreviations: B: coe�cient, S.E.: standard error

 

Table 3 

Results after screening by a multivariate analysis of
ESR

Abbreviations: B: coe�cient, SE: standard error

Discussion
This study enrolled 882 KOA patients after those with
known causes of increased CRP level and ESR were
excluded; the enrolled patients were divided into four
groups based on the preoperative CRP level and ESR. In

total, 7 of the 247 patients with idiopathic CRP and/or ESR elevation had PJI within 90 days after primary TKA as a complication. Being a female and having
elevated BMI and diabetes mellitus were all found to contribute to CRP and ESR elevation.

To date, there is no consensus or reliable clinical evidence on whether preoperative idiopathic CRP and ESR elevation is su�cient to affect the occurrence of
PJI within 90 days after TKA. The results of this study suggest that preoperative idiopathic CRP and/or ESR elevation increase the risk of 90-day PJI after
primary TKA. Xu C found that the rate of PJI was signi�cantly higher in patients with both ESR and CRP elevation (12.5%, 4/32), which is similar to our results
but with a higher infection rate. They found that patients with preoperative ESR and CRP elevation had a signi�cantly greater risk of PJI than those with
normal serum in�ammatory marker levels (HR: 15.8, 95% CI: 2.57–96.7, P=0.003) after adjusting for confounding factors [7]. We think that one of
the reasons for this result is the long follow-up period in that study (mean follow-up after TKA, 43.7±11.7 months), which led to the in�uence of other
factors, such as hematogenous infection, long-term smoking, or lack of control of chronic diseases in patients with poor basic health, which contributed to the
onset of PJI. Another reason could be that in our study, the hyperplastic synovial membrane tissue was completely removed in all patients, and the duration of
irrigation with 0.5% mucosal iodophor was prolonged in the CRP+ESR+ group in this study, which may have led to a much lower infection rate. However,
Godoy G also found no statistically signi�cant relationship between postoperative complications and the preoperative CRP level (P=0.5005) or ESR
(P=0.1610) [10]. In their study, 0 of 87 patients with preoperative CRP elevation developed infection, and only 3 of 151 patients with preoperative ESR elevation
developed infection. However, in this study, CRP³8.3 mg/L and ESR³21 mm/h as elevated standards inevitably decrease the difference with the normal group.
Another 2008 study by P�tzner et al. [11] compared 25 patients with postoperative infections against a control group of 25 patients. The infected group had a
higher average preoperative CRP (13-25 mg/L) than the control group (4-7mg/L), but this result was not statistically signi�cant and not only KOA patients
were included in those two studies. Meanwhile, based on the preoperative CRP and ESR level, CRP>10 mg / L and ESR> 30 mm/h were considered elevation in
our study. However, elevation is determined by whether it exceeds the normal value twice in clinical practice. In this study, no patient developed PJI in the
CRP++ESR++ (CRP³20, ESR³60) group and CRP+ESR++ (40³CRP³20, ESR³60) group, but 2 patients had infection in the CRP++ESR+ (CRP³20,60 ³ESR³30)
group. Moreover, due to the limitation of the number of patients with idiopathic elevation in clinical practice, no further grouping and analysis of the difference
in the infection rate among these groups were performed.

In this study, it was found that the CRP level and ESR in most patients with KOA were within the normal range. However, 28.00% (247/882) of patients had
idiopathic CRP or ESR elevation; of these, patients with both CRP and ESR elevation accounted for 17.81%, and patients with either CRP or ESR elevation
accounted for 10.93% and 71.26%, respectively. Per an abstract presented at the 2013 AAOS/AAHKS conference, 78 of 94 patients with KOA showed
preoperative CRP and ESR elevation, with a rate of CRP and ESR elevation of 26.9% and 38.5%, respectively [8]. Xu C found that patients with both CRP and
ESR elevation and either CRP or ESR elevation accounted for 22.86% and 77.14%, respectively [7]. CRP/ESR discordance occurred in 212 patients (12%), 105
of whom had high CRP/low ESR discordance (6%), and 107 of whom had high ESR/low CRP discordance (6%) among 1753 patients [14]. Colombet I found a
disagreement was observed in 33% (elevated ESR/normal CRP in 28%, normal ESR/elevated CRP in 5%) among 5777 patients [15]. We believe that differences
in the population and prevalence of multiple diseases in combination among regions may lead to differences in the distribution of the data.

In this study, diabetes mellitus (P = 0.0004) and an elevated BMI (P < 0.0001) were risk factors for an elevated CRP level. The female sex (P < 0.0001), BMI (P <
0.0001), and diabetes mellitus (P = 0.0036) were risk factors for an elevated ESR. Previous studies have shown that race, sex, BMI, comorbidities, a history of
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intraarticular injections, smoking, and even osteoarthritis severity and muscle strength changes [3-6] also affect the baseline CRP level and ESR, and female
endocrine instability, atherosclerosis, plaque composition, obesity and chronic in�ammation caused by local injection are more accepted reasons. In this
study, since the patients in the CRP+ESR+ group underwent a synovial �uid test to exclude infection, this factor was not included as a variable.

The current criteria for CRP and ESR elevation do not take patient characteristics, which in�uence the baseline CRP level and ESR, into consideration.
Meanwhile, the mean peak CRP level and ESR after surgery were similar among the groups of patients; however, in patients with preoperative CRP elevation,
the CRP level and ESR may not normalize until 2 months after surgery [12], which is similar to our result; in our study, the mean CRP level and ESR in the
CRP+ESR+ group persisted at an elevated level after the operation, and there was a signi�cant difference in the CRP level and ESR among the four groups at 1
month (P <0.001) and 3 months (P <0.001) after the operation (Table 1); therefore, the baseline preoperative CRP level and ESR could affect the pattern of
change in the CRP level and ESR over time after surgery. Thus, importantly, the CRP and ESR values or thresholds are dependent on the time period or the
basic condition of the patient at the index arthroplasty [13]. Therefore, whether we need to adjust or optimize the CRP and ESR thresholds in these patients to
ensure the reliability of CRP and ESR in the preoperative evaluation and postoperative diagnosis of PJI requires further research.

There are several limitations to this study. First, the design was retrospective, and certain biases of retrospective studies cannot be avoided. Information such
as smoking status, which can confound the results, may not have always been accurately documented. Second, changes in the ESR and CRP level should be
dynamically detected before and after surgery, as the occurrence of PJI cannot be well predicted only by single preoperative ESR and CRP values. Third, the
MSIS standard of PJI is not 100% and missed diagnosis may occur. Fourth, there were no cases of infection in the CRP+ESR- group, and we still need to
increase the sample size to obtain more reliable results.

Conclusion
After excluding patients with known preoperative risk factors, preoperative idiopathic CRP and/or ESR elevation increase the risk of 90-day PJI after primary
TKA. For these patients, demographic characteristics and complications should be considered when deciding whether surgery can be performed, or additional
perioperative treatment is needed to reduce the occurrence of PJI.

Declarations

Acknowledgments
We thank AJE (American Journal Experts) for the linguistic assistance during the preparation of this manuscript. 

Funding
This study was sponsored by the Natural Science Foundation of XinJiang (NO. 2021D01C330).

Con�icts of interest/Competing interests
On behalf of all authors, the corresponding author states that there are no con�icts of interest.

Availability of data and materials
All data analyzed in this study are provided in the manuscript.

Code availability
None

Authors' contributions
On behalf of all authors, the corresponding author states that there are no con�icts of interest.

Clinical trial registration
None 

Con�icts of interest statement
No con�icts of interest exist in the submission of this manuscript, and the �nal manuscript was approved for publication by all authors. The work described in
the manuscript is original research that has not been published previously, and the manuscript is not under consideration for publication elsewhere either in



Page 7/16

whole or in part. 

Ethical review committee statement
The study was approved by the Institutional Review Board (IRB).

References
1. Inacio MCS, Paxton EW, Graves SE, Namba RS, Nemes S (2017) Projected increase in total knee arthroplasty in the United States - an alternative

projection model. Osteoarthr Cartil 25:1797-1803. https://doi.org/10.1016/j.joca.2017.07.022

2. Postler A, Lützner C, Beyer F, Tille E, Lützner J (2018) Analysis of total knee arthroplasty revision causes. BMC Musculoskelet Disord 19:55.
https://doi.org/10.1186/s12891-018-1977-y

3. Padua FG, Yayac M, Parvizi J (2021) Variation in in�ammatory biomarkers among demographic groups signi�cantly affects their accuracy in diagnosing
periprosthetic joint infection. J Arthroplasty 36:1420-1428. https://doi.org/10.1016/j.arth.2020.10.036

4. Probasco WV, Cefalu C, Jr., Lee R, Lee D, Gu A, Dasa V (2020) Prevalence of idiopathically elevated ESR and CRP in patients undergoing primary total knee
arthroplasty as a function of body mass index. J Clin Orthop Trauma 11:S722-S728. https://doi.org/10.1016/j.jcot.2020.05.031

5. Kraus VB, Stabler TV, Luta G, Renner JB, Dragomir AD, Jordan JM (2007) Interpretation of serum C-reactive protein (CRP) levels for cardiovascular disease
risk is complicated by race, pulmonary disease, body mass index, gender, and osteoarthritis. Osteoarthr Cartil 15:966-971.
https://doi.org/10.1016/j.joca.2007.02.014

�. Sanchez-Ramirez DC, van der Leeden M, van der Esch M, Gerritsen M, Roorda LD, Verschueren S, van Dieën J, Dekker J, Lems WF (2013) Association of
serum C-reactive protein and erythrocyte sedimentation rate with muscle strength in patients with knee osteoarthritis. Rheumatology (Oxford) 52:727-732.
https://doi.org/10.1093/rheumatology/kes366

7. Xu C, Guo H, Qu P, Fu J, Kuo FC, Chen JY (2018) Preoperatively elevated serum in�ammatory markers increase the risk of periprosthetic joint infection
following total knee arthroplasty in patients with osteoarthritis. Ther Clin Risk Manag 14:1719-1724. https://doi.org/10.2147/tcrm.s175854

�. American Association of Hip and Knee Surgeons, American Academy of Orthopaedic Surgeons (2013) Preoperatively elevated ESR and CRP in total knee
arthroplasty.
https://www.medschool.lsuhsc.edu/orthopaedics/docs/Preoperatively%20%20Elevated%20ESR%20and%20CRP%20in%20Total%20Knee%20Arthroplasty
Accessed 23 May 2018

9. Parvizi J, Gehrke T (2014) De�nition of periprosthetic joint infection. J Arthroplasty 29:1331. https://doi.org/10.1016/j.arth.2014.03.009

10. Godoy G, Sumarriva G, Ochsner JL, Chimento G, Schmucker D, Dasa V, Meyer M (2016) Preoperative acute in�ammatory markers as predictors for
postoperative complications in primary total knee arthroplasty. Ochsner J 16:481-485

11. P�tzner T, Krocker D, Perka C, Matziolis G (2008) C-reactive protein. An independent risk factor for the development of infection after primary arthroplasty.
Orthopade 37:1116-1120. https://doi.org/10.1007/s00132-008-1342-1

12. Lee SA, Kang SB, Yoon C, Chang CB, Chang MJ, Seo JG (2019) Temporal value of C-reactive protein and erythrocyte sedimentation rate after total knee
arthroplasty in patients with elevated preoperative C-reactive protein: a matched-pair analysis. Indian J Orthop 53:437-441.
https://doi.org/10.4103/ortho.IJOrtho_96_18

13. Sukhonthamarn K, Tan TL, Xu C, Kuo FC, Lee MS, Citak M, Gehrke T, Goswami K, Parvizi J (2020) Determining diagnostic thresholds for acute
postoperative periprosthetic joint infection. J Bone Joint Surg Am 102:2043-2048.https://doi.org/10.2106/jbjs.20.00257

14. Feldman M, Aziz B, Kang GN, Opondo MA, Belz RK, Sellers C. C-reactive protein and erythrocyte sedimentation rate discordance: frequency and causes in
adults. Transl Res. 2013 Jan;161(1):37-43. doi: 10.1016/j.trsl.2012.07.006. Epub 2012 Aug 23. PMID: 22921838.

15. Colombet I, Pouchot J, Kronz V, Hanras X, Capron L, Durieux P, Wyplosz B. Agreement between erythrocyte sedimentation rate and C-reactive protein in
hospital practice. Am J Med. 2010 Sep;123(9):863.e7-13. doi: 10.1016/j.amjmed.2010.04.021. PMID: 20800157

Figures

https://doi.org/10.2106/jbjs.20.00257


Page 8/16

Figure 1

Bar graph showing the rate of PJI in 4 groups after a mean follow-up of 90 days.
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Figure 2

Kaplan–Meier graph illustrating the cumulative PJI rate in the 4 groups.
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Figure 3

Scatter plot of preoperative CRP and ESR (patients who developed PJI are marked)
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Figure 4

Variation tendency of the perioperative CRP level
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Figure 5

Variation tendency of the perioperative ESR level
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Figure 6

Nomogram predicting the CRP level in KOA patients (1 denoted as YES, 0 denoted as NO)
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Figure 7

Nomogram predicting the ESR level in KOA patients (1 denoted as YES, 0 denoted as NO)
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Figure 8

ROC curve of CRP for evaluating the predictive ability of the nomogram (AUC: AUROC)
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Figure 9

ROC curve of ESR for evaluating the predictive ability of the nomogram (AUC: AUROC)


