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The accuracy of D‑dimer in the diagnosis 
of periprosthetic infections: a systematic review 
and meta‑analysis
Renwei Wang1†, Hui Zhang1†, Peng Ding1 and Qiang Jiao2* 

Abstract 

Background:  Periprosthetic joint infection (PJI) is a devastating complication after total hip arthroplasty (THA) or 
total knee arthroplasty (TKA). It is scarce and contradicting evidence supporting the use of serum D-dimer to diag-
nose PJI in revision THA and TKA. This systematic review and meta-analysis aimed to investigate the accuracy of 
D-dimer in the diagnosis of periprosthetic infections.

Methods:  The PubMed, Embase, Web of Science were systematically searched from the inception dates to August 
15, 2020. We included all diagnostic studies of D-dimer in the diagnosis of periprosthetic infections. The literature’s 
quality was evaluated by the QUADAS-2 tool, and Stata16 and Revman5.3 software carried out the meta-analysis.

Results:  Of 115 citations identified by the search strategy, 10 studies (comprising 1756 participants) met the inclu-
sion criteria. The literature quality assessment results show that most of the literature is low-risk bias literature. The 
combined sensitivity of D-dimer in diagnosing periprosthetic infections was 0.81 (95% confidence interval [CI] 
0.71–0.88), combined specificity was 0.74 (95% CI 0.61–0.84), combined positive likelihood ratio was 3.1 (95% CI 
2.0–5.0), combined negative likelihood ratio 0.26 (95% CI 0.16–0.41), combined diagnosis odds ratio 12 (95% CI 5–27), 
area under the Summary Receiver Operator Characteristic Curve (SROC) is 0.85 (95% CI 0.81–0.88). The data are statisti-
cally significant.

Conclusion:  D-dimer has a high diagnostic value in diagnosing PJI and has clinical significance in diagnosing 
periprosthetic infection. In addition, there are relatively few studies on the threshold of D-dimer, different sampling 
types, different laboratory detection methods, and different races, so more prospective trials with large samples, 
multi-centers, and scientific design should be carried out in the future.
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Introduction
The PJI has become one of the most frequent and dev-
astating complications of lower-extremity total joint 
arthroplasty, accounting for 25% of TKA failures and 16% 
of THA failures [1, 2]. The cost of PJI is estimated to be 

over $5.66 million and is expected to 2020 will exceed 
$162 million [3]. The incidence of PJI ranged from 0.5% 
to 2.0% due to atypical symptoms in many PJI patients 
[4]. Making a timely and accurate diagnosis of PJI has 
remained a challenge for orthopaedic surgeons [5].

The Musculoskeletal Infection Society (MSIS) pub-
lished the diagnostic criteria for PJI in 2011 [6], which 
were later improved and modified at the 2013 Interna-
tional Consensus Meeting (ICM) [7]. MSIS and ICM 
criteria were developed based on clinical presentation, 
pathogen culture results, blood tests, synovial fluid 
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examination, and histological analysis for the global diag-
nosis of PJI. The sensitivity of ICM and MSIS criteria was 
86.9% and 79.3% [8]. The D-dimers are fibrin degrada-
tion products formed by fibrin clot fibrinolysis, reflecting 
the state of blood coagulation, and are increased in sys-
temic or local infections, thrombosis, and neoplastic dis-
eases.[9–11]. Shahi et al.[12] were first found that serum 
dimer levels performed well in determining PJI with a 
sensitivity of 89% and a specificity of 93%. Li et  al. [13] 
speculated that D-dimer in patients with PJI might be a 
biomarker for late diagnosis. In 2018, Parvizi et al.[8] pre-
sented new evidence regarding the diagnosis of PJI based 
on evidence-based medicine that included D-dimer lev-
els as a secondary criterion. However, some studies have 
found that D-dimer is limited in diagnosing peripros-
thetic infections. Pannu et al. [14] believed that D-dimer 
has poor accuracy (61%) and low specificity (32.3%) in 
identifying PJI and aseptic loosening. Xiong et  al. [15] 
concluded that the diagnostic efficiency of D-dimer was 
not superior to that of C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR). The correlation 
Meta-analysis by Cheng Li et al. [16] showed that D-dim-
er’s diagnostic sensitivity and specificity for PJI was low, 
and the heterogeneity of the sensitivity and specificity 
obtained from the included studies was significant. To 
analyze the reasons for the heterogeneity, performed a 
subgroup analysis of serum and plasma D-dimer. They 
concluded that serum D-dimer had a better diagnostic 
value for PJI than plasma D-dimer. There is no agreement 
on the findings of other similar studies. Therefore, the 
diagnostic value of D-dimer is still controversial.

To the best of our knowledge, there is a lack of high-
level evidence for the accuracy of D-dimer in the diag-
nosis of PJI. The purpose of this systematic review and 
meta-analysis was to assess the diagnostic value of 
D-dimer in the diagnosis of PJI, and if there was hetero-
geneity in the results, to search for potential sources of 
heterogeneity by univariate regression analysis, including 
blood sample type, infection at other sites, diagnostic cri-
teria, prosthesis type, study type, country, and threshold.

Materials and methods
Study design
We did a systematic review and meta-analysis following 
the PRISMA (Preferred Reporting Items for Systematic 
reviews and meta-Analyses) guidelines and used a prede-
termined protocol [17].

Search strategy
The PubMed, Embase, Web of Science were system-
atically searched from the inception dates to August 
15, 2020. Two researchers conducted the literature 
search, and the search process was independent and 

double-blind. The systematic evaluation included 
only diagnostic studies of D-dimer in the diagnosis of 
periprosthetic infections.Taking the PubMed database as 
an example, the English search strategy was: #1 D-dimer 
* OR D-dimer fibrin * OR D-dimer fragments * OR fibrin 
fragment D-dimer * OR fibrin fragment DD *#2peripros-
thetic joint infection * OR prosthesis-related infections 
#3 #1 AND #2.

Inclusion criteria and exclusion criteria
Inclusion criteria: (1) D-dimer as an indicator for the 
diagnosis of PJI [8]; (2) direct or indirect true positive 
(TP), false positive (FP), true negative (TN), false nega-
tive (FN) data; (3) clear gold standard such as MSIS [6] 
or ICM [7] criteria to compare the diagnostic D-dimer 
accuracy. (4) The article is a diagnostic pilot study. Exclu-
sion criteria: (1) studies assessing the diagnostic value of 
blood or synovial fluid biomarkers other than D-dimer 
were excluded. (2) Animal studies; (3) literature was a 
review or meta-analysis; (4) study sample size was less 
than 10.

Study selection
The literature screening was done by two independent 
researchers, who initially selected the literature that met 
the inclusion criteria by reading the title and abstract of 
the literature, the full text of the initially included litera-
ture was read, and those that did not meet the require-
ments were excluded according to the exclusion criteria, 
and the included literature was further reviewed and 
evaluated.

Data extraction
Data extraction was performed independently by two 
researchers by reading the full text of the included lit-
erature and extracting the following literature informa-
tion. (1) basic information of the literature, including 
authors, year of publication, study type, country, and 
sample size; (2) general patient information, includ-
ing age, gender, and baseline status; (3) diagnostic gold 
standard, sampling type, D-dimer threshold, and other 
evaluation indicators. (4) Detailed true-positive, false-
positive, true-negative, and false-negative data used to 
construct the 2 × 2 table were recorded. See Table 1. The 
extracted information was cross-checked, and in case 
of disagreement a third investigator was involved in the 
determination.

Quality evaluation
The QUADAS-2 tool was used to evaluate the included lit-
erature. The QUADAS-2 tool consists of 4 domains: Par-
ticipant selection, Index test, Reference standard, Flow, and 
timing. Each part is assessed based on the risk of bias, and 
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the first three domains are also evaluated based on applica-
bility. Compared to QUADAS has more accurate bias rat-
ings and relevance for diagnostic studies [18].

Statistical analysis
The quality of the included literature was evaluated using 
the QUADAS-2 tool in Review Manager 5.3 analysis soft-
ware, and the Spearman rank correlation coefficient was 
calculated using Stata 16 software to assess threshold 
effects and combine effect sizes. Spearman’s rank correla-
tion coefficient was significantly positive (or p-value less 
than 0.05), or SROC the curve showed a "shoulder-arm" 
point distribution, suggesting a threshold effect and hetero-
geneity. Heterogeneity was tested using the test; if I2 < 50%, 
then heterogeneity among studies was considered small 
and fixed-effects model was used; if I2 > 50%, then hetero-
geneity among studies was deemed to be a large and ran-
dom-effects model was used, and regression and subgroup 
analysis were performed to determine the source of hetero-
geneity. The variables that we believe may influence hetero-
geneity are the type of study design, the threshold used for 
the study, the number of cases, the diagnostic gold index, 
the type of sample, and the country or region in which the 
literature was published. According to the combined effect 
of the corresponding model, the merging sensitivity, merg-
ing specificity, merging positive likelihood ratio, combin-
ing negative likelihood ratio and combining diagnostic 
ratio were obtained. After merging, the SROC curve was 
obtained, and the area under the curve (AUC) was calcu-
lated AUC areas ≥ 0.50, 0.75, 0.93, and 0.97 were defined as 
fair, good, better, and excellent, respectively.

Results
Literature search results
The preliminary search obtained 115 publications. Fifty-
eight repeated articles were excluded. Thirty-six arti-
cles were initially included after reading the titles and 

abstracts. After further reading of the full text of the 
literature, 10 articles, all in English, with a total of 1756 
subjects, were finally included. The literature search and 
selection strategy are shown in Fig. 1.

Basic characteristics of the included literature
Basic information of the included literature (includ-
ing author, publication, study type, country, and sample 
size), general patient information, including age, sex, 
and baseline status, diagnostic gold standard, sampling 
type, D-dimer threshold, typology of infection, whether 
the inflammatory disease were excluded, whether a con-
trol group was set up, and evaluation indicators such as 
prosthesis type were extracted. However, unfortunately, 
the prosthesis material was not mentioned in the origi-
nal literature. Of the types of infection, only two are 
chronic, the rest of the literature does not mention the 
type of infection. General patient information is shown 
in Table 2.

Quality evaluation
The inclusion of the data in Revman 5.3 for analysis leads 
to Figs. 2 and 3. Figures 2 and 3 show the quality assess-
ment of the included literature using the QUADAS-2 
tool. As can be seen from the figure, most of the litera-
ture falls into the low-risk bias literature.

Threshold and accuracy of D‑dimer diagnosis of PJI
For the thresholds, four studies used a common threshold 
(850 ng/ml) [12, 14, 19, 20] and the remaining six studies 
used different threshold [13, 15, 21–24]. The Spearman’s 
correlation coefficient for D-dimer was − 0.17. Since the 
number of studies in this paper was less than 30, the 
table was checked to obtain a p-value of 0.7, greater than 
0.05, indicating that a threshold effect did not cause the 
heterogeneity. Similarly, the SROC curve did not show 
a "shoulder-arm" point distribution, indicating that the 

Table 1  Extracted data used to construct 2 × 2 tables

Author Year TP FP FN TN Total

Wang [21] 2020 34 15 17 91 157

Qin [22] 2019 51 17 4 50 122

Pannu [14] 2020 47 42 2 20 111

Hu [23] 2020 35 4 5 33 77

Shahi [12] 2017 51 10 6 128 195

Fu [19] 2019 10 6 5 9 30

Li [13] 2019 60 165 35 305 565

Huang [20] 2019 22 14 9 56 101

Xiong [15] 2019 21 11 5 43 80

Xu [24] 2019 88 93 41 96 318
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threshold effect was insignificant and did not cause het-
erogeneity. The forest plot showed that the combined 
sensitivity and specificity of D-dimer for the diagnosis 
of PJI were 0.81 (95% CI 0.71–0.88), and the combined 
specificity was 0.74 (95% CI 0.61–0.84) (Fig. 4). The val-
ues of I2 in the combined sensitivity and specificity for-
est plot of the corresponding D-dimer for the diagnosis 
of PJI were 84.62 (95% CI 76.20–93.05) and 94.71 (95% 
CI 92.58–96.84). This shows that there is a large hetero-
geneity among the studies. The combined diagnostic 
score and diagnostic advantage ratio were 2.49 (95% CI 
1.69–3.29) and 12.09 (95% CI 5.43–26.92) (Fig.  5).The 
area under the SROC curve was 0.85 [95% CI 0.81–0.88] 
(Fig. 6).

Assessment of clinical utility
The combined positive likelihood ratio and nega-
tive likelihood ratio for D-dimer diagnosis of PJI were 
3.14 (95% CI 1.98–4.96) and 0.26 (95% CI 0.16–0.41) 
(Fig.  7). According to previous studies, the incidence of 

PJI accounts for approximately 20% of arthroplasty revi-
sions [25]. Therefore, 0.2 a priori probabilities were cho-
sen, and the posterior probabilities were calculated by 
the likelihood ratio and the a priori probabilities. The 
posterior probability of PJI was 6%, indicating a negative 
D-dimer result.

Univariate regression and subgroup analysis
The heterogeneity of this study is evident from the for-
est plots. So we performed the following univariate 
regression and subgroup analysis (Fig.  8) to explore the 
sources of heterogeneity. Whether the threshold is the 
same, whether the sampling type and inflammatory 
diseases are excluded, the gold standard of diagnosis, 
whether the sample size is greater than 100, the type 
of study, the country of the source of the study, and the 
threshold. Univariate regression analysis showed that 
the type of sampling (serum or plasma) might be one of 
the main factors leading to heterogeneity. In addition, 
country and threshold are also possible factors leading 

Fig. 1  Literature search and selection strategy
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to sensitivity heterogeneity. The results of the subgroup 
analysis showed a combined sensitivity and specificity of 
0.85 (95% CI 0.74–0.95) and 0.72 (95% CI 0.52–0.91) for 
the four studies [12, 14, 19, 20] at 850 ng/ml (Table 3).

Publication bias risk
The Deeks funnel plot asymmetry test for D-dimers 
showed a tendency for both sides to be approximately 
symmetrical and p = 0.18, more significant than 0.05. 
Therefore, the publication bias was not statistically 

significant. The above tests confirmed the robustness of 
the results of our meta-analysis.

Sensitivity analysis
To assess the credibility and consistency of the results, 
we omitted the included studies one by one for sensi-
tivity analysis. Goodness-of-fit and bivariate normality 
analyses indicated moderate robustness of the binary 
model. Influence analysis and out detection identified 
only one outlier. We excluded this outlier and then 

Fig. 2  D-dimer diagnostic test quality evaluation diagram in the diagnosis of prosthetic infection

Fig. 3  The overall quality evaluation diagram of d-dimer in the diagnosis of infection around the prosthesis
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performed the same analysis for the leaving study, and 
we found no significant change in the overall results.

Additional meta‑analysis
Reading again the 10 included studies, six of which 
analyzed the sensitivity and specificity of CRP and 
ESR for the diagnosis of PJI [12, 15, 19–21, 23], the 
sensitivity and specificity of CRP, ESR and D-dimer 
for the diagnosis of PJI were compared in these six 
studies, and it was found that CRP, ESR and D-dimer 
were more sensitive and specific for the diagnosis of 
PJI than CRP,ESR and D-dimer. There was no differ-
ence in sensitivity (I2 = 0, P = 0.777; I2 = 0, P = 0.798) 
or specificity (I2 = 0, P = 0.325; I2 = 0, P = 0.476) for the 
diagnosis of PJI; CRP and ESR, as the most commonly 
used serological indicators of infection, provide a good 
response to the overall infection status of the body, 
and D-dimer is similar to them in terms of diagnostic 
performance. This indicates that D-dimer has a high 

reference value as a serum biomarker in the diagnosis 
of PJI (Additional file 1).

Discussion
This systematic review provides excellent diagnostic 
value evidence of an overall benefit of the D-dimer in 
diagnosing PJI. We suggest that D-dimer has high sensi-
tivity and specificity in diagnosing periprosthetic infec-
tions, similar to CRP and ESR. Influence Analysis and 
Out Detection identified excluded low-quality trials and 
studies. We then performed the same analysis for the 
remaining studies, and we found no significant change in 
the overall results.

The diagnosis of PJI remains a challenge for orthope-
dic surgeons. First, the formation of pseudo-biofilm on 
the surface of the prosthesis in patients with PJI, which 
leads to sometimes negative results in pathogenic bacte-
ria cultures. Secondly, when the chronic deep infection is 
present in PJI, it often resembles the clinical presentation 
of aseptic loosening of the prosthesis [26, 27]. With the 

Fig. 4  The combined sensitivity and specificity forest plot of d-dimer in the diagnosis of PJI
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development of research, more and more biological indi-
cators for the diagnosis of PJI were identified, including 
synovial quantification-defensins, serological white blood 
cell count, ESR and CRP, interleukin-6, and Procalcitonin 

[28]. Several studies merit individual mention. Ribera 
et al.[10] believe that synovial D-dimer in foal infectious 
arthropathy is higher than the average level. Bytniewski 
et al.[29] showed that D-dimer levels change faster than 
ESR and CRP in patients with TKA in the early postop-
erative period and can rise rapidly and return to normal 
levels within a short period. Shahi et  al.[12] proposed 
the threshold of D-dimer (850  ng/ml) for the first time 
and considered that serum D-dimer has high sensitiv-
ity (89%) and specificity (93%). Li et  al.[13] speculated 
that D-dimer in patients with PJI may be a biomarker 
for late diagnosis. In 2018, Parvizi et  al.[8] presented 
new evidence regarding the diagnosis of PJI based on 
evidence-based medicine that included D-dimer levels as 
a secondary criterion. Subsequently, an increasing num-
ber of studies have evaluated the role of D-dimer in the 
diagnosis of PJI by comparison with CRP and ESR, but 
different conclusions have been obtained. The sensitivity 
(64.5–95.9%) and specificity (32.3–92.75%) of D-dimer 
have varied considerably among studies.

In the univariate meta-regression, we concluded 
that differences in sampling type led to differences in 

Fig. 5  Forest plot of combined diagnostic score and diagnostic odds ratio of d-dimer in the diagnosis of PJI

Fig. 6  SROC curve of d-dimer diagnosis PJI included in the study
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insensitivity, which may account for the high heteroge-
neity. Monoclonal antibodies in serum, plasma, or whole 
blood are commonly used clinically to detect D-dimers, 
and four assays are generally used, whole blood agglu-
tination assay, enzyme-linked immunosorbent assay, 
enzyme-linked immunofluorescence assay, and latex 
agglutination assay [30]. Of the 10 studies [12–15, 19–24] 
included, 3 studies [13, 19, 24] tested plasma D-dimer 
with a sensitivity of 0.66, whereas serum D-dimer 
showed a sensitivity of 0.86 in the other 7 studies [12, 14, 
15, 20–23]. We hypothesize that the plasma and serum 
composition differences are the main reason for these 
results. The lack of fibrinogen and most of the deple-
tion-induced coagulation factors in serum compared 
with plasma may contribute to the difference in D-dimer 
concentration between the two samples. However, to 
our knowledge, the evidence supporting our specula-
tion is limited. A study by Korte and Riesen [31] found 
no difference in plasma and serum D-dimer concentra-
tions. In contrast, Paniccia et al.[32] found higher serum 
D-dimer than plasma D-dimer in some pregnant women 
and healthy controls. Based on this meta-analysis, serum 

D-dimer was more sensitive than plasma D-dimer for 
diagnosing PJI. Still, the correlation between the two 
samples of D-dimer in patients with PJI needs to be fur-
ther investigated.

The inflammatory-related diseases, although MSIS 
or ICM criteria have established index thresholds for 
diagnosing PJI, few studies have supported that these 
thresholds also apply to patients with PJI in inflam-
matory arthropathies [33]. Hence, the inclusion of 
systemic inflammatory diseases based on MSIS or 
ICM criteria may interfere with the diagnosis of PJI. 
For example, patients with rheumatoid arthritis (RA) 
have elevated D-dimer levels due to the degradation 
of large amounts of fibrin in the synovium [34]. In 
current study, we performed a subgroup analysis of 
inflammatory disease as an indicator of the impact of 
D-dimer in the diagnosis of periprosthetic infection, 
the results showed that inflammatory disease was not 
a source of article heterogeneity, which was inconsist-
ent with the findings of Wang et  al.[35]. Specific het-
erogeneity sources were mainly found in the countries 
studied (China and the United States). D-dimer levels 

Fig. 7  D-dimer diagnosis PJI combined with positive likelihood ratio and negative likelihood ratio forest plot
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have been reported to vary by race [36–38]. Therefore, 
we believe that the type of sampling and the country 

of study are the main factors affecting the diagnostic 
accuracy of D-dimer.

Fig. 8  D-dimer diagnosis PJI regression analysis diagram

Table 3  Subgroup analysis for the diagnosis of PJI by D-dimer

Subgroup Analysis Number of 
studies

Sensitivity (95% CI) Specificity (95% CI) Positive likelihood 
ratio (95% CI)

Negative 
likelihood ratio 
(95% CI)

All studies 10 0.81 [0.71, 0.88] 0.74 [0.61, 0.84] 3.1 [2.0, 5.0] 0.26 [0.16, 0.41]

Serum samples 7 0.86 [0.76, 0.92] 0.80 [0.65, 0.89] 4.2 [2.4, 7.3] 0.18 [0.11, 0.29]

China 8 0.76 [0.67, 0.83] 0.75 [0.65, 0.83] 3.0 [2.0, 4.5] 0.32 [0.22, 0.48]

Threshold value of 850 ng/ml 4 0.85 [0.69, 0.94] 0.72 [0.43, 0.90] 3.0 [1.3, 7.1] 0.21 [0.09, 0.45]

Threshold for other 6 0.78 [0.67, 0.86] 0.75 [0.63, 0.84] 3.2 [1.9, 5.2] 0.29 [0.17, 0.49]

Inflammatory disease exclusion 6 0.76 [0.65, 0.84] 0.74 [0.62, 0.83] 2.9 [1.9, 4.4] 0.33 [0.21, 0.50]

Inflammatory disease not ruled out 4 0.87 [0.71, 0.95] 0.75 [0.45, 0.92] 3.5 [1.3, 9.4] 0.18 [0.07, 0.42]

Sample size greater than 100 6 0.83 [0.68, 0.92] 0.71 [0.50, 0.85] 2.8 [1.5, 5.2] 0.24 [0.12, 0.49]

Sample size less than 100 4 0.78 [0.66, 0.86] 0.80 [0.71, 0.87] 3.9 [2.5, 6.2] 0.28 [0.17, 0.45]
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Ackmann et  al. [39] found that Interleukin-6 (IL-6) 
combined with D-dimer was slightly more specific than 
CRP combined with D-dimer for the diagnosis of PJI, 
and both combinations were more specific than D-dimer 
alone for the diagnosis of PJI, but both were less sensitive 
than D-dimer (860 ng/ml). A study by Xu et al.[24] found 
that the sensitivity and specificity of D-dimer combined 
with ESR for the detection of PJI was lower than that of 
D-dimer combined with CRP, and the specificity of both 
groups for detecting PJI was higher than that of D-dimer 
alone for diagnosis, but the sensitivity of the combina-
tion was relatively lower. They suggest that the combina-
tion has a higher accuracy compared to a single indicator. 
Concurrent positive serum D-dimer and CRP can bet-
ter exclude false positive tests for PJI. We therefore con-
cluded that the combination of IL-6, CRP and ESR with 
D-dimer is promising in the diagnosis of PJI, and that 
IL-6 and CRP in particular deserve further investigation. 
However, AUC calculations for combined diagnosis were 
not performed in either study and the overall diagnostic 
value of the two groups could not be compared visually. 
Future related studies suggest the inclusion of a larger 
sample size and a more detailed comparison of different 
infection indicators combined with D-dimer and diagno-
sis alone in order to obtain more accurate test results.

Study limitations and quality assessment
This meta-analysis has several advantages over previous 
similar meta-analyses. Firstly, the included literature is 
more significant, and the most recent relevant studies 
were included. Secondly, the reasons for heterogeneity 
were analyzed in more detail, including the type of blood 
sample, infection at other sites, diagnostic criteria, pros-
thesis type, study type, country, and threshold. Moreo-
ver, several limitations exist for the systematic review. 
Firstly, incomplete search and biased reporting. Accord-
ing to the search strategy and selection criteria, only 
10 studies were included in this meta-analysis, among 
the included studies, four were prospective studies [12, 
15, 19, 22], and only one was a multicenter study [13], 
which may be subject to publication bias and the unavail-
ability of gray literature, which reduces the reliability of 
the study. Secondly, the age, sex ratio, number, different 
affected joints, follow-up time, and prosthesis materials 
were not fully counted in this study, and possible bias in 
the results may exist. The design of future clinical trials 
could be improved in the future to address these issues. 
Finally, there is no gold standard for PJI detection, and 
the standard gold test used in this study was only approx-
imate. Some positive patients were still missed because 
the gold standard was not detectable. There is also some 
measurement bias due to differences in sampling types 

and thresholds. Therefore, further extensive prospective 
multicenter randomized controlled studies are needed 
to confirm this conclusion. This study included 9 papers 
with a low risk of bias and 1 article with a high risk of 
bias, which is somewhat representative of the current 
state of clinical research.

Conclusion
The D-dimer has an excellent diagnostic value for PJI, 
but the specificity is limited. Therefore, we can con-
clude that D-dimer is a promising serological biomarker 
for diagnosing PJI and can be used in combination with 
other biomarkers or as an adjunct to other diagnostic 
tools to improve the diagnostic performance.

Abbreviations
PJI: Periprosthetic joint infection;; THA: Total hip arthroplasty; TKA: Total knee 
arthroplasty; CI: Confidence interval; MSIS: Musculoskeletal Infection Society; 
ICM: International Consensus Meeting; CRP: C-reactive proteinand; ESR: 
Erythrocyte sedimentation rate; IL-6: Interleukin-6; TP: True positive; FP: False 
positive; TN: True negative; FN: False negative; AUC​: Area under the curve; 
SROC: Summary receiver operator characteristic curve.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13018-​022-​03001-y.

Additional file 1. Additional meta-analysis.

Acknowledgements
Our deepest gratitude goes first and foremost to Qiang Jiao, my supervisor, for 
their constant encouragement and guidance. They have walked me through 
all the stages of the writing of this thesis. Without their consistent and illumi-
nating instruction, this thesis could not have reached its present form.

Authors’ contributions
PD participated in the literature search, data extraction. RWW and HZ writing, 
data analysis, data collections, finished the manuscript, RWW and HZ made 
the same contribution to this paper. QJ conceived of the design of the study 
and revision. All authors read and approved the final manuscript.

Funding
This study was supported by grants from Fund Program for the Scientific 
Activities of Selected Returned Overseas Professionals in Shanxi Province (No. 
20210006).

Availability of data and materials
All data generated or used during the study appear in the submitted article.

Declarations

Ethics approval and consent to participate
This is a systematic review, and therefore, IRB approval is not required. Each 
author agrees to participate.

Consent for publication
Each author agrees to publish.

Competing interests
The authors declare that they have no competing interests.

https://doi.org/10.1186/s13018-022-03001-y
https://doi.org/10.1186/s13018-022-03001-y


Page 12 of 12Wang et al. Journal of Orthopaedic Surgery and Research           (2022) 17:99 

Author details
1 Department of Orthopedic, Second Hospital of Shanxi Medical University, 
Taiyuan 030000, Shanxi Province, China. 2 Second Hospital of Shanxi Medical 
University, Taiyuan 030000, Shanxi Province, China. 

Received: 8 December 2021   Accepted: 4 February 2022

References
	1.	 Stone WZ, Gray CF, Parvataneni HK, Al-Rashid M, Vlasak RG, Horodyski M, 

et al. Clinical evaluation of synovial alpha defensin and synovial C-reactive 
protein in the diagnosis of periprosthetic joint infection. J Bone Joint 
Surg. 2018;100:1184–90.

	2.	 Delanois RE, Mistry JB, Gwam CU, Mohamed NS, Choksi US, Mont MA. 
Current epidemiology of revision total knee arthroplasty in the United 
States. J Arthroplasty. 2017;32:2663–8.

	3.	 Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden 
of periprosthetic joint infection in the United States. J Arthroplasty. 
2012;27:61–5.

	4.	 Pupaibool J, Fulnecky EJ, Swords RL Jr, Sistrunk WW, Haddow AD. Alpha-
defensin-novel synovial fluid biomarker for the diagnosis of peripros-
thetic joint infection. Int Orthop. 2016;40:2447–52.

	5.	 Del Pozo JL, Patel R. Clinical practice. Infection associated with prosthetic 
joints. N Engl J Med. 2009;361:787–94.

	6.	 Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ, 
et al. New definition for periprosthetic joint infection: from the Work-
group of the Musculoskeletal Infection Society. Clin Orthop Relat Res. 
2011;469:2992–4.

	7.	 Parvizi J, Gehrke T, International Consensus Group on Periprosthetic Joint 
I. Definition of periprosthetic joint infection. J Arthroplasty. 2014;29:1331.

	8.	 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;33:1309–14.

	9.	 Mikula T, Sapula M, Jablonska J, Kozlowska J, Stanczak W, Krankowska 
D, et al. Significance of heparin-binding protein and D-dimers in the 
early diagnosis of spontaneous bacterial peritonitis. Mediators Inflamm. 
2018;2018:1969108.

	10.	 Ribera T, Monreal L, Armengou L, Rios J, Prades M. Synovial fluid D-dimer 
concentration in foals with septic joint disease. J Vet Intern Med. 
2011;25:1113–7.

	11.	 Gris JC, Bouvier S, Cochery-Nouvellon E, Faillie JL, Lissalde-Lavigne G, 
Lefrant JY. Fibrin-related markers in patients with septic shock: individual 
comparison of D-dimers and fibrin monomers impacts on prognosis. 
Thromb Haemost. 2011;106:1228–30.

	12.	 Shahi A, Kheir MM, Tarabichi M, Hosseinzadeh HRS, Tan TL, Parvizi J. Serum 
D-dimer test is promising for the diagnosis of periprosthetic joint infec-
tion and timing of reimplantation. J Bone Joint Surg. 2017;99:1419–27.

	13.	 Li R, Shao HY, Hao LB, Yu BZ, Qu PF, Zhou YX, et al. Plasma fibrinogen 
exhibits better performance than plasma D-dimer in the diagnosis of 
periprosthetic joint infection: a multicenter retrospective study. J Bone 
Joint Surg. 2019;101:613–9.

	14.	 Pannu TS, Villa JM, Patel PD, Riesgo AM, Barsoum WK, Higuera CA. The 
utility of serum d-dimer for the diagnosis of periprosthetic joint infection 
in revision total hip and knee arthroplasty. J Arthroplasty. 2020;35:1692–5.

	15.	 Xiong L, Li S, Dai M. Comparison of D-dimer with CRP and ESR for diagno-
sis of periprosthetic joint infection. J Orthop Surg Res. 2019;14:240.

	16.	 Li C, Margaryan D, Ojeda-Thies C, Perka C, Trampuz A. Meta-analysis of 
serum and/or plasma D-dimer in the diagnosis of periprosthetic joint 
infection. J Orthop Surg Res. 2020;15:298.

	17.	 Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. 
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;350:g7647.

	18.	 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, 
et al. QUADAS-2: a revised tool for the quality assessment of diagnostic 
accuracy studies. Ann Intern Med. 2011;155:529–36.

	19.	 Fu J, Ni M, Chai W, Li X, Hao L, Chen J. Synovial fluid viscosity test is prom-
ising for the diagnosis of periprosthetic joint infection. J Arthroplasty. 
2019;34:1197–200.

	20.	 Huang J, Zhang Y, Wang Z, Dong Y, Zhao Y, Zheng J, et al. The serum level 
of D-dimer is not suitable for distinguishing between prosthetic joint 
infection and aseptic loosening. J Orthop Surg Res. 2019;14:407.

	21.	 Wang Y, Li Y, Qiao L, Sun S. Comparison of a comprehensive set of 
fibrinolytic markers with C-reactive protein and erythrocyte sedimenta-
tion rate for the diagnosis of periprosthetic joint infection. J Arthroplasty. 
2020;35:2613–8.

	22.	 Qin L, Li F, Gong X, Wang J, Huang W, Hu N. Combined measurement of 
D-dimer and C-reactive protein levels: highly accurate for diagnosing 
chronic periprosthetic joint infection. J Arthroplasty. 2020;35:229–34.

	23.	 Hu Q, Fu Y, Tang L. Serum D-dimer as a diagnostic index of PJI and retro-
spective analysis of etiology in patients with PJI. Clin Chim Acta Int J Clin 
Chem. 2020;506:67–71.

	24.	 Xu H, Xie J, Huang Q, Lei Y, Zhang S, Pei F. Plasma fibrin degradation 
product and D-dimer are of limited value for diagnosing periprosthetic 
joint infection. J Arthroplasty. 2019;34:2454–60.

	25.	 Xie K, Dai K, Qu X, Yan M. Serum and synovial fluid interleukin-6 for the 
diagnosis of periprosthetic joint infection. Sci Rep. 2017;7:1496.

	26.	 Parvizi J, Adeli B, Zmistowski B, Restrepo C, Greenwald AS. Management 
of periprosthetic joint infection: the current knowledge: AAOS exhibit 
selection. J Bone Joint Surg. 2012;94:e104.

	27.	 Fitzgerald RH Jr, Nolan DR, Ilstrup DM, Van Scoy RE, Washington JA 2nd, 
Coventry MB. Deep wound sepsis following total hip arthroplasty. J Bone 
Joint Surg. 1977;59:847–55.

	28.	 Chen A, Fei J, Deirmegian C. Diagnosis of periprosthetic infection: novel 
developments. J Knee Surg. 2014;27:259–65.

	29.	 Bytniewski P, Machała W, Romanowski L, Wiśniewski W, Kosowski K. The 
dynamics of D-dimer level fluctuation in patients after the cemented 
and cementless total hip and total knee replacement. J Orthop Surg Res. 
2014;9:89.

	30.	 Johnson ED, Schell JC, Rodgers GM. The D-dimer assay. Am J Hematol. 
2019;94:833–9.

	31.	 Korte W, Riesen W. Latex-enhanced immunoturbidimetry allows D-dimer 
determination in plasma and serum samples. Clin Chem. 2000;46:871–2.

	32.	 Paniccia R, Prisco D, Bandinelli B, Fedi S, Giusti B, Pepe G, et al. Plasma and 
serum levels of D-dimer and their correlations with other hemostatic 
parameters in pregnancy. Thromb Res. 2002;105:257–62.

	33.	 Premkumar A, Morse K, Levack AE, Bostrom MP, Carli AV. Periprosthetic 
joint infection in patients with inflammatory joint disease: prevention 
and diagnosis. Curr Rheumatol Rep. 2018;20:68.

	34.	 Busso N, Hamilton JA. Extravascular coagulation and the plasminogen 
activator/plasmin system in rheumatoid arthritis. Arthritis Rheum. 
2002;46:2268–79.

	35.	 Wang Y, Man Z, Yuan T, Cao H, Sun S. Reliability of d-dimer determination 
in diagnosis of peri-prosthetic joint infection: a systematic review and 
meta-analysis. Surg Infect (Larchmt). 2021;22:374–82.

	36.	 Hackler E 3rd, Lew J, Gore MO, Ayers CR, Atzler D, Khera A, et al. Racial 
differences in cardiovascular biomarkers in the general population. J Am 
Heart Assoc. 2019;8:e012729.

	37.	 Raffield LM, Zakai NA, Duan Q, Laurie C, Smith JD, Irvin MR, et al. D-dimer 
in African Americans: whole genome sequence analysis and relationship 
to cardiovascular disease risk in the Jackson Heart Study. Arterioscler 
Thromb Vasc Biol. 2017;37:2220–7.

	38.	 Kabrhel C, Mark Courtney D, Camargo CA Jr, Plewa MC, Nordenholz 
KE, Moore CL, et al. Factors associated with positive D-dimer results 
in patients evaluated for pulmonary embolism. Acad Emerg Med. 
2010;17:589–97.

	39.	 Ackmann T, Möllenbeck B, Gosheger G, Schwarze J, Schmidt-Braekling T, 
Schneider KN, et al. Comparing the diagnostic value of serum D-dimer to 
CRP and IL-6 in the diagnosis of chronic prosthetic joint infection. J Clin 
Med. 2020;9:2917.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The accuracy of D-dimer in the diagnosis of periprosthetic infections: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study design
	Search strategy
	Inclusion criteria and exclusion criteria
	Study selection
	Data extraction
	Quality evaluation
	Statistical analysis

	Results
	Literature search results
	Basic characteristics of the included literature
	Quality evaluation
	Threshold and accuracy of D-dimer diagnosis of PJI
	Assessment of clinical utility
	Univariate regression and subgroup analysis
	Publication bias risk
	Sensitivity analysis
	Additional meta-analysis

	Discussion
	Study limitations and quality assessment

	Conclusion
	Acknowledgements
	References


