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Objective: C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), plasma fibrinogen and D-Dimer are used as
diagnostic biomarkers of prosthetic joint infection (PJI) after total joint arthroplasty (TJA). The purpose of the study was
to investigate the normal trajectory of CRP, ESR, plasma fibrinogen and D-Dimer at different time points after two-stage
exchange arthroplasty for PJI.

Methods: We studied 53 patients undergoing two-stage exchange for PJI at five time points: preoperatively (T0), dura-
tion of hospital stays (T1), 30 days (T2), 30–90 days (T3), and 90–180 days (T4) after surgery. The medical records of
all patients were well documented and carefully reviewed. The Shapiro–Wilk test was utilized to compare the normal
distribution for continuous variables, and the nonnormally distributed data were used for Friedmann’s one-way repeat
measures analysis of variances. Post hoc Dunnett’s test was used to compare each pair of data to find differences
from baseline.

Results: Compare with T0 point, the levels of CRP and ESR increased significantly and reached peak values at T1
point (all P < 0.001), with median values of 56.40 mg/L (range, 5.54–161.0 mg/L) and 49.00 mm/h (range, 13.00–
113.0 mm/h), respectively. In addition, the levels of plasma fibrinogen and D-Dimer increased significantly and
reached peak values at T1 point (all P < 0.001), with median values of 4.13g/L (range, 2.27–6.80 mg/L) and 4.00
mg/L (range, 0.19–14.01 mg/L), respectively. CRP and ESR rapidly declined at the T2 point with significantly com-
pared with T0 point (P = 0.001 and P < 0.001). The levels of CRP, ESR, plasma fibrinogen and D-Dimer returned to
preoperative levels of 5.23 mg/L (range, 1.01–21.70 mg/L), 19.00 mm/h (range, 6.00–60.00 mm/h), 3.38g/L
(range, 1.71–5.10 g/L) and 2.33 mm/h (range, 0.19–6.87 mg/L) at T4 point, and there was no significant difference
compared with T0 point (all P > 0.05).

Conclusions: The study demonstrated the normal trajectory of CRP, ESR, plasma fibrinogen and D-Dimer at five time
points in patients who underwent two-stage exchange for PJI. Thus, the results have the possibility of providing signs
of infection after the patient receives two-stage exchange arthroplasty for PJI, which can benefit from early treatment.
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Introduction

Prosthetic joint infection (PJI) is one of the most serious
complications after total joint arthroplasty (TJA).1 It was

reported to account for 25% of total knee arthroplasty
(TKA) failures and 15% of total hip arthroplasty (THA) fail-
ures.2,3 PJI treatment is generally limited to three strategies,
including irrigation and debridement,4 one-stage exchange
arthroplasty,5 and two-stage exchange arthroplasty with sub-
sequent reimplantation.6

Currently, many orthopaedic surgeons have adopted
two-stage exchange arthroplasty as the standard for patients
with chronic TJA infection, although there are some studies
supporting that one-stage exchange is a reasonable option
for the management of acute postoperative infections.7,8

However, the two-stage exchange of PJI still continues to
face the challenge of reinfection. The main reasons may be
as follows: (i) it is related to the internal factors that reduce
the immune capacity of patients, such as immunosuppres-
sion, diabetes, nephropathy and malnutrition;9,10 and (ii) the
generation of antibiotic-resistant microorganisms may lead
to a high failure rate.11 Therefore, as previously reported, the
risk of reinfection of the two-stage exchange for PJI is still as
high as 19%.12

It is difficult to diagnose infection in advance after TJA
because there are no optimal tests to show persistent
infection.13–16 Clinically, serologic tests of C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR) are used as
first-line strategies for the diagnosis of PJI.13,14 However, CRP
and ESR could be normal in patients with PJI who are infected
by slow-growing organisms such as Propionibacterium acnes.15

Most importantly, the levels of these two serum markers
remain elevated for a long time after arthroplasty, making them
less valuable for the early diagnosis of PJI.16 Plasma fibrinogen
and serum D-Dimer, which are widely available biomarkers
known for their diagnostic utility in thromboembolic events,17

can also result in fibrinolytic activity due to systemic and local
infections.18 Recent studies have focused on the diagnostic
value of plasma fibrinogen and serum D-Dimer for PJI and
have also shown good sensitivity and specificity.19,20 For exam-
ple, in a prospective study consisting of 245 patients, Shahi
et al.19 confirmed that the median D-Dimer level in patients
with PJI was significantly higher than that in patients with
aseptic failure and determined the optimal threshold for serum
D-Dimer diagnosis of PJI by using the Youden index to be
850 ng/mL. In another multicenter retrospective study of
565 patients undergoing revision total hip and knee
arthroplasty, Li et al.20 found that the under the curve (AUC)
of plasma fibrinogen was higher than the two classic indicators,
CRP level and ESR, exhibiting promising performance for diag-
nosing PJI. Therefore, these findings provide a new possible
method for the diagnosis of PJI.17–20 Unfortunately, until now,
little has been known about the normal curve of inflammatory
markers after surgery; therefore, exploring the trajectory of
CRP, ESR, plasma fibrinogen and D-Dimer biomarkers at dif-
ferent time points after two-stage exchange arthroplasty for PJI
will be useful for the diagnosis of PJI.

In this study, we conducted a retrospective study in
53 patients treated after two-stage exchange for PJI at the
following time points: preoperative, duration of hospital stays,

TABLE 1 Characteristics of the included patients

Variable Total (n = 53)

Agea (years) 62.32 � 10.32
Sex
Femaleb (n) 30 (56.6%)
Maleb (n) 23 (43.4%)
BMIa (kg/m2) 24.90 � 3.37

Type of joint
Hipb (n) 40 (75.5%)
Kneeb (n) 13 (24.5%)
Preoperative hemoglobina (g/L) 133.10 � 14.54
Preoperative hematocrita (L/L) 0.39 � 0.05
ASAa class (scores) 2.24 � 0.55

Comorbidities
Cerebrovascular diseasesb (n) 2 (3.8%)
Compensatory stage of renal functionb (n) 1 (1.9%)
Hypertensionb (n) 17 (32.1%)
Type 2 Diabetesb (n) 8 (15.1%)
Length of staya (days) 15.53 � 8.65

Abbreviation: ASA, American Society of Anesthesiologists; BMI, body
mass index; min, minutes; n, number; y, years.; aNotes: The values are
given as the mean and standard deviation.; b The values are given as the
number of patients with the percentage

A B

C D

Fig. 1 Analyses of the trajectory of CRP (A, B) and ESR (C, D) at

different time points. Abbreviations: CRP: C-reactive protein; ESR:

erythrocyte sedimentation rate; T0: preoperative; T1: duration of

hospital stays; T2: 30 days after surgery; T3: 30–90 days after surgery;

T4: 90–180 days after surgery. The transverse lines represent the

median, the bars represent the first to four quantiles, the whiskers

represent ranges, and the dots represent outliers
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30 days, 30–90 days, and 90–180 days after surgery. The
purpose of this study was to investigate the following: (i) what
is the normal trajectory of CRP and ESR at different time
points?; and (ii) what is the normal trajectory of plasma
fibrinogen and D-Dimer at different time points? In this
study, we hope to obtain the normal trajectory of these
inflammatory markers, providing potential clinical application
value for inflammatory markers after two-stage exchange
for PJI.

Materials and Methods

Inclusion and Exclusion Criteria
The single-center, retrospective study was approved by the
Institutional Review Board of West China Hospital, Sichuan
University (No: 201302007). From January 2011 to January
2021, we retrospectively identified a database of patients who
underwent two-stage exchange for PJI. The inclusion criteria
were as follows: (i) patients with PJI for two-stage exchange
of THA; (ii) patients with PJI for two-stage exchange of
TKA; (iii) patients diagnosed with PJI by the Musculoskeletal
Infection Society criteria;21,22 and (iv) adult patients

(≥18 years of age). The exclusion criteria were as follows:
(i) patients with incomplete clinical data; (ii) patients with
immune diseases that affect serum inflammatory factors;
(iii) patients with a history of cancer; and (iv) patients who
had been taking steroids for 6 months before surgery.

Surgical Strategy and Perioperative Management
All patients were treated strictly with current revision tech-
niques for PJI. Generally, in the one-stage exchange
arthroplasty of PJI, the surgeon collects synovial fluid for
aerobic and anaerobic culture. In addition, two or more per-
iprosthetic tissues were selected for biopsy in each patient.
Subsequently, all foreign materials and inflammatory tissue
were completely removed, osteomyelitis bone was removed if
necessary, and repeated rinsing with normal saline was per-
formed. For reimplantation surgery, the choice of temporary
implants is based on the principles of bone mass and defect
size, as well as the use of specific antibiotic bone cement. All
patients with one-stage exchange arthroplasty underwent at
least 6 weeks of tailored intravenous or oral antibiotic ther-
apy. Then, CRP and ESR trends were monitored periodically
to determine the timing for two-stage exchange arthroplasty.

TABLE 2 Trajectory of CRP and ESR in two-stage exchange for PJI of TJA

Variable Time Mean � SD 95% CI Median Range
Multiple comparisons

with T0a

CRP (mg/L) T0 5.39 � 3.85 4.33–6.52 4.12 1.00–19.80 -
T1 63.73 � 37.11 53.50–73.96 56.40 5.54–161.0 <0.001
T2 19.26 � 18.20 14.25–24.28 12.80 2.21–77.70 0.001
T3 10.20 � 9.40 7.61–12.79 7.42 1.00–49.30 0.582
T4 6.01 � 4.14 4.87–7.15 5.23 1.01–21.70 0.999

ESR (mm/h) T0 29.74 � 20.52 24.08–35.39 21.00 2.00–93.00 -
T1 51.49 � 22.26 45.36–57.63 49.00 13.00–113.0 <0.001
T2 43.23 � 21.09 37.41–49.04 38.00 5.00–101.0 0.002
T3 35.87 � 18.11 30.88–40.86 32.00 8.00–84.00 0.346
T4 25.25 � 13.75 21.45–29.04 19.00 6.00–60.00 0.641

Abbreviation: CI, confidential interval; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; PJI, periprosthetic joint infection; SD, standard deviation; T0,
preoperative; T1, duration of hospital stays; T2, 30 days after surgery; T3, 30–90 days after surgery; T4, 90–180 days after surgery; TJA, total joint arthroplasty.;
aNote: The values were used the post hoc Dunnett’s test.

TABLE 3 Trajectory of plasma fibrinogen and D-Dimer in two-stage exchange for PJI of TJA

Variable Time Mean � SD 95% CI Median Range
Multiple comparisons

with T0a

Plasma fibrinogen (g/L) T0 3.19 � 0.86 2.95–3.43 3.09 1.16–4.95 -
T1 4.21 � 0.94 3.91–4.51 4.13 2.27–6.80 <0.001
T4 3.43 � 0.89 3.14–3.72 3.38 1.71–5.10 0.380

D-Dimer (mg/L) T0 2.25 � 1.33 1.88–2.62 2.04 0.38–6.15 -
T1 4.30 � 3.56 3.11–5.48 4.00 0.19–14.01 <0.001
T4 2.40 � 1.71 1.77–3.02 2.33 0.19–6.87 0.989

Abbreviation: CI, confidential interval; PJI, periprosthetic joint infection; SD, standard deviation; T0, preoperative; T1, duration of hospital stays; T4, 90–180 days
after surgery; TJA, total joint arthroplasty.; aNote: The values were used the post hoc Dunnett’s test.
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In the two-stage exchange arthroplasty, the temporary pros-
thesis was removed, and the surgeon collected at least three
tissue samples for microbial culture and then completely
removed the surrounding tissue. Finally, the revision THA
and TKA implants were chosen according to the degree of
bone defect. All patients received general anesthesia and were
given low-molecular-weight heparin, rivaroxaban, and ankle-
foot pump exercises to prevent deep vein thrombosis. Peri-
operative pain management in all patients was performed
with nonsteroidal anti-inflammatory drugs, analgesic rods,
or opioids according to the patient’s individual strategy.

Medical Data Collection
The medical records of all patients with two-stage exchange
arthroplasty, including age, sex, body mass index (BMI), type
of joint, American Society of Anesthesiologists (ASA) class,
type of joint comorbidities, laboratory test results and length
of stay, are well documented and carefully reviewed. Venous
blood samples of fasting patients were collected by nurses,
and the blood samples were tested in our hospital. Based on
the retrospective analysis of medical database data, we
divided the collection and testing of blood samples into five
time points, including preoperative, duration of hospital
stays, 30 days after surgery, 30–90 days after surgery, and
90–180 days after surgery, which were defined as T0, T1, T2,
T3 and T4, respectively. Indicators of blood sample testing
for CRP, ESR, plasma fibrinogen and D-Dimer were col-
lected and analyzed.

Statistical Analysis
The Statistical Package for Social Science (SPSS)software, ver-
sion 22.0, for Windows (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Categorical variables are expressed
as frequencies and percentages. The values of CRP, ESR,
plasma fibrinogen and D-Dimer are presented as scatter plots
with 95% confidential intervals (CIs) as error bars using Gra-
phPad Prism software, version 8.0, for Windows (GraphPad
Software, Inc., San Diego, CA, USA).The Shapiro–Wilk test
was first used to test the normal distribution for continuous
variables, and the nonnormally distributed data were used for
Friedmann’s one-way repeat measures analysis of variances.
Post hoc Dunnett’s test was used to compare each pair of data
to find differences from baseline.

Results

A total of 126 patients were treated with two-stage
exchange arthroplasty for PJI. Fifty-two patients who

did have incomplete clinical data were excluded. In addition,
11 had autoimmune disease, two had cancer, and eight had a
history of steroid use in the 6 months prior to surgery. There-
fore, 53 patients were included in the study. The average age
was 62.32 � 10.32 years, BMI was 24.90 � 3.37 kg/m2, preop-
erative hemoglobin was 133.1 � 14.54 g/L, preoperative hemat-
ocrit was 0.39 � 0.05 L/L, the ASA score was 2.24 � 0.55, and
the average length of stay was 15.53 � 8.65 days. There were
30 females (56.6%) and 23 males (43.4%). There were

40 patients (75.5%) who underwent two-stage THA and 13
patients (24.5%) who underwent TKA. The baseline character-
istics of the included patients were summarized in Table 1.

Trajectory of CRP and ESR in TJA
At the T0 point, the median levels of CRP and ESR in TJA
were 4.12 mg/L (range, 1.00–19.80 mg/L) and 21.00 mm/h
(range, 2.00–93.00 mm/h), respectively. At T1, the levels of
CRP and ESR increased significantly and reached peak
values, with median values of 56.40 mg/L (range, 5.54–161.0
mg/L) and 49.00 mm/h (range, 13.00–113.0 mm/h), respec-
tively. At the T2 point, the levels of CRP and ESR rapidly
declined, with median values of 12.80 mg/L (range, 2.21–
77.70 mg/L) and 38.00 mm/h (range, 5.00–101.0 mm/h),
respectively. At the T3 point, there was a further decline in
CRP and ESR, with median levels of 7.42 mg/L (range, 1.00–
49.30 mg/L) and 32.00 mm/h (range, 8.00–84.00 mm/h),
respectively. AtT4, the levels of CRP and ESR returned to
preoperative levels of 5.23 mg/L (range, 1.01–21.70 mg/L)
and 19.00 mm/h (range, 6.00–60.00 mm/h), respectively. In

A B

C D

Fig. 2 Analyses of the trajectory of plasma fibrinogen (A, B) and D-

Dimer (C, D) at different time points. Abbreviations: T0: preoperative;

T1: duration of hospital stays; T4: 90–180 days after surgery. The

transverse lines represent the median, the bars represent the first to

four quantiles, the whiskers represent ranges, and the dots represent

outliers
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addition, the CRP and ESR values at the T3 and T4 points
were not significantly different from those before surgery
(Fig. 1 and Table 2).

Trajectory of Plasma Fibrinogen and D-Dimer in TJA
At the T0 point, the median levels of plasma fibrinogen and
D-Dimer in TJA were 3.09 g/L (range, 1.16–4.95 g/L) and 2.04
mg/L (range, 0.38–6.15 g/L), respectively. At the T1 point, the
levels of plasma fibrinogen and D-Dimer increased significantly
and reached peak values, with median values of 4.13 g/L
(range, 2.27–6.80 mg/L) and 4.00 mg/L (range, 0.19–14.01

mg/L), respectively. At the T4 point, the levels of plasma fibrin-
ogen and D-Dimer returned to preoperative levels of 3.38 g/L
(range, 1.71–5.10 g/L) and 2.33 mm/h (range, 0.19–6.87 mg/L),
respectively, which were not significantly different from those
before surgery (Fig. 2 and Table 3).

Subgroup Analysis of Surgical Types
Subgroup analysis was performed by type of surgery:
40 patients in the revision group of THA and 13 patients in
the revision group of TKA. Compared with T0, the CRP
level at T2 in THA was significantly (P = 0.008) higher than

TABLE 5 Trajectory of plasma fibrinogen and D-Dimer in two-stage exchange of THA and TKA in subgroups

Variable Time Mean � SD 95% CI Median Range Multiple comparisons with T0a

Plasma fibrinogen (g/L)-THA T0 3.46 � 1.76 2.90–4.02 3.15 1.16–12.90 -
T1 4.33 � 0.93 3.99–4.67 4.16 2.77–6.80 0.008
T4 3.60 � 0.88 3.25–3.95 3.68 1.71–5.10 0.943

Plasma fibrinogen (g/L)-TKA T0 3.04 � 0.86 2.56–3.56 2.96 1.70–4.79 -
T1 3.78 � 0.88 3.11–4.46 4.08 2.27–5.23 0.109
T4 3.02 � 0.79 2.49–3.56 3.01 1.86–4.85 0.999

D-Dimer(mg/L)-THA T0 2.06 � 1.34 1.63–2.48 1.74 0.38–6.15 -
T1 3.65 � 3.07 2.46–4.84 3.55 0.19–12.79 0.006
T4 2.40 � 1.79 1.65–3.16 2.26 0.19–6.87 0.869

D-Dimer (mg/L)-TKA T0 2.85 � 1.17 2.14–3.56 3.09 1.05–4.42 -
T1 6.29 � 4.40 2.90–9.67 5.50 1.05–14.01 0.074
T4 2.38 � 1.53 0.97–3.80 2.67 0.72–5.06 0.986

Abbreviations: CI, confidential interval; SD, standard deviation; T0, preoperative; T1, duration of hospital stays; T4, 90–180 days after surgery; THA, total hip
arthroplasty; TKA, total knee arthroplasty.; aNote: The values were used the post hoc Dunnett’s test.

TABLE 4 Trajectory of CRP and ESR in two-stage exchange of THA and TKA in subgroups

Variable Time Mean � SD 95% CI Median Range Multiple comparisons with T0a

CRP (mg/L)-THA T0 5.37 � 4.07 4.07–6.67 4.06 1.14–19.80 -
T1 65.95 � 36.57 54.25–77.64 57.00 5.54–161.0 <0.001
T2 19.14 � 18.63 13.18–25.10 12.64 2.24–77.70 0.008
T3 10.53 � 10.17 7.27–13.78 7.33 1.19–49.30 0.648
T4 5.778 � 4.48 4.35–7.21 4.50 1.17–21.70 0.999

CRP (mg/L)-TKA T0 5.457 � 3.214 3.52–7.40 5.35 1.00–11.20 -
T1 56.91 � 39.42 33.09–80.73 36.70 10.70–140.0 <0.001
T2 19.65 � 17.55 9.04–30.25 18.30 2.21–58.90 0.213
T3 9.217 � 6.73 5.15–13.28 7.90 1.00–23.60 0.982
T4 6.71 � 2.91 4.95–8.48 5.85 1.01–11.70 0.999

ESR (mm/h) -THA T0 32.02 � 31.18 22.18–41.87 22.00 2.00–187.0 -
T1 50.66 � 22.83 43.45–57.86 47.00 13.00–113.0 <0.001
T2 41.93 � 20.84 35.35–48.51 37.00 5.00–101.0 0.155
T3 34.05 � 18.77 28.12–39.97 29.00 8.00–84.00 0.993
T4 24.05 � 13.60 19.76–28.34 19.00 6.00–58.00 0.332

ESR (mm/h) -TKA T0 30.25 � 19.62 17.78–42.72 20.00 14.00–84.00 -
T1 54.33 � 20.86 41.08–67.58 52.00 21.00–85.00 0.010
T2 47.67 � 22.24 33.54–61.80 45.00 11.00–83.00 0.093
T3 42.08 � 14.66 32.77–51.40 42.00 21.00–4.00 0.386
T4 29.33 � 14.09 20.38–38.28 29.50 12.00–60.00 0.999

Abbreviation: CI, confidential interval; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; SD, standard deviation; T0, preoperative; T1, duration of hospi-
tal stays; T2, 30 days after surgery; T3, 30–90 days after surgery; T4, 90–180 days after surgery; THA, total hip arthroplasty; TKA, total knee arthroplasty.; aNote:
The values were used the post hoc Dunnett’s test.
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that at TKA (Table 4), and the plasma fibrinogen
(P = 0.008) and D-Dimer (P = 0.006) levels at T1 in THA
were significantly higher than those at TKA (Table 5). There
was no difference in CRP, ESR, plasma fibrinogen or D-
Dimer at other time points.

Discussion

In this single-center, retrospective study, we investigated
the normal trajectory of CRP, ESR plasma fibrinogen and

D-Dimer at different time points after two-stage exchange
for PJI. The most important finding of this study was that
CRP and ESR reached peak median values at the duration of
hospital stay, rapidly declined at 30 days after surgery and
returned to preoperative levels at 90–180 days after surgery.
Similarly, plasma fibrinogen and D-Dimer also reached peak
median values at the duration of hospital stay and returned
to preoperative values at 90–180 days after surgery. Based on
the above results, we obtained the normal trajectories of
these inflammatory markers, providing potential clinical
application value for patients with early infection after two-
stage PJI exchange for PJI.

Purpose in this Study
PJI, also known as periprosthetic joint infection, can damage
the prosthesis and the surrounding bone and soft tissue
structure, thus significantly increasing the medical cost of
patients and even causing death.1–3 To standardize the defi-
nition of PJI, MSIS successively formulated the major and
minor criteria for the diagnosis of PJI, which include culture
of prosthetic peripheral joint fluid, laboratory testing, histo-
logical testing, and sinus access into the joint cavity.21,22 As
previously reported, most orthopedic surgeons typically
administer PJI with two-stage exchange arthroplasty due to
its success in eradicating infection and its strong association
with postoperative survival.1,3 Unfortunately, the rate of
recurrent infection is still high in two-stage exchange
arthroplasty, and patients still suffer from the risk of
reoperation.2,3 Therefore, it is still crucial to diagnose PJI as
early as possible in two-stage exchange arthroplasty. Clini-
cally, CRP and ESR, as first-line biomarkers of inflammation
recommended by MSIS, are often generally simple serologi-
cal tests for the diagnosis of PJI.13,14 Although CRP and ESR
have a useful role in assessing postoperative inflammation,
previous studies have also demonstrated that they can
remain at high levels for long periods of time even in the
absence of infection due to trauma, and its low specificity in
the diagnosis of PJI is a disadvantage.23 Plasma fibrinogen
and D-Dimer, as coagulation-related indicators activated by
local or systemic infection, are expected to be new diagnostic
methods for PJI with good sensitivity and specificity.19,20

Until now, little has been known about its normal trajectory
during two-stage exchange arthroplasty at various points in
time after surgery. Therefore, we conducted a retrospective
study to investigate the normal trajectories of four bio-
markers, aiming to explore how CRP, ESR, plasma

fibrinogen and D-Dimer coexist as biomarkers and rise and
return to normal trajectories before surgery.

The Normal Trajectory of CRP and ESR in this Study
Although several studies have established trends in CRP and
ESR after TKA and THA, there is a lack of data dealing with
two-stage exchange arthroplasty for PJI.24–26 Battistelli
et al.24 investigated the dynamics of CRP in 51 patients with
primary THA and found that CRP levels increased signifi-
cantly at 3 days after surgery and then slowly decreased to
approach baseline values 2 weeks after surgery. Maniar
et al.25 studied the normal trajectory of CRP after uncompli-
cated TKA in 50 patients, and the investigators showed that
the CRP peaked 48 h after surgery, remained at high levels
4 days after surgery, and further confirmed that it remained
higher than baseline 2 weeks after surgery. In a study involv-
ing 320 patients treated with primary TKA, Park et al.26 also
demonstrated a rapid increase in mean CRP and ESR levels,
with CRP peaking at 48 h, returning to preoperative levels at
90 days after surgery, while ESR peaked at 5 days after sur-
gery and returned to near preoperative levels at 90 days after
surgery. Our results showed that the average length of stay
was 15.53 days (approximately 2 weeks), and we found that
postoperative levels of CRP and ESR were at the peak of the
entire postoperative course but remained higher than preop-
erative baseline within 30 days. It then gradually decreased at
30–90 days after surgery and reached baseline values after a
further decline at 90–180 days after surgery. We found that
the results were similar to those of previous studies.

The Normal Trajectory of Plasma Fibrinogen and D-
Dimer in this Study
Plasma fibrinogen and D-Dimer, as coagulation-related indi-
cators, have also been used in many recent studies on the
diagnostic value of PJI. Pieters et al.27 observed that inflam-
mation can upregulate fibrinogen secretion, confirming that
fibrinogen disorders can not only increase bleeding and
thrombosis but also increase the risk of infection. Xu et al.28

also confirmed in 439 patients who underwent revision
arthroplasty that plasma fibrinogen showed good value in
diagnosing PJI before revision arthroplasty, which is close to
the value of traditional inflammation markers. Lee et al.29

reported the natural course of D-Dimer by measuring it on
the day before surgery, on postoperative days 1, 2, 3, and
5 and at weeks 2 and 6 in 65 patients with primary TJA.
They observed a rapid rise in D-Dimer levels at day 1 after
surgery and a decrease to baseline levels at day 2 after sur-
gery. However, it slowly rose again approximately 2 weeks
after surgery, thus reaching a second peak. In a prospective
study enrolling 81 patients undergoing primary TJA, Azboy
et al.30 also found that the D-Dimer level reached its peak on
day 1 after surgery and quickly dropped to the baseline level
on day 3 after surgery. Meanwhile, the second D-Dimer peak
appeared on day 15 after surgery. As a newly reported
marker of diagnostic PJI, our findings also found that plasma
fibrinogen and D-Dimer peaked within 2 weeks after surgery
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and then gradually decreased and were at baseline similarly
within 90–180 days after surgery.

Limitations and Strengths
The study has several limitations. First, this was a retrospec-
tive study. Although most cases in patients are well docu-
mented, there may still be inaccurate information recorded
in medical databases and missing data from clinical blood
tests. A secondary limitation may be related to the fact that
the relatively small number of patients in this study may
have affected the statistical analysis. For example, subgroup
analysis of revision THA and TKA with different surgical
types was performed, and we found that revision knee infec-
tions were relatively rare, making this study prone to type II
errors and may not be sufficient to determine a PJI diagnos-
tic threshold for TKA. Therefore, a multicenter, large-scale
study is needed to further confirm these results in the future,
especially in two-stage exchange arthroplasty of the TKA.
Third, demographic factors such as age, sex, BMI and com-
orbidities were not qualitatively controlled. However,
patients with diseases that may affect inflammation or
coagulation-related indicators, such as autoimmune diseases,
a history of cancer and long-term steroid use, were excluded
from this study, which could potentially reduce risk bias
from different factors. Last, all our patients were followed up
for 180 days without complications, and the values of CRP,
ESR, plasma fibrinogen and D-Dimer were reported within
180 days, so we cannot evaluate the long-term diagnostic
value of these tests against infection. Additionally, the opti-
mal threshold for the receiver operating characteristic curve
in the diagnosis of infection has not been reported. However,
it is reasonable for us to believe that these four indicators
serve as simple and convenient clinical tests for infection. If
their levels are elevated, they may be indicative of early infec-
tion and provide strategies for later treatment.

There are some strengths to the current study. First,
this was the first study, to the best of our knowledge, that
investigated the normal trajectory of CRP, ESR plasma
fibrinogen and D-Dimer at different time points after two-
stage exchange for PJI. Second, the study also found that the
levels of CRP, ESR, fibrinogen, and D-Dimer were influenced
by demographic variables, such as the type of surgery. Our
subgroup analysis study noted that the level of CRP was sig-
nificantly different in THA than in TKA revision within
30 days after surgery compared to preoperative values. Addi-
tionally, plasma fibrinogen and D-Dimer levels in patients

with THA and TKA revision were also significantly different
on the day of surgery and the length of stay compared to
preoperative levels. However, the overall trajectory was con-
sistent with previous results,24–30 indicating elevated baseline
CRP, ESR, fibrinogen, and D-Dimer levels in patients after
surgery. The main cause for this difference may be the small
sample size, especially the two-phase exchange arthroplasty
of TKA. Third, although this is a single-center retrospective
study, we still obtained normal trajectories of these inflam-
matory markers, which has potential clinical application for
early infection after two-stage exchange for PJI.

Conclusions

Our study demonstrated the normal trajectories of CRP,
ESR, plasma fibrinogen and D-Dimer during two-stage

exchange arthroplasty for PJI at different points after sur-
gery. However, we cannot clearly define their value in the
diagnosis of PJI by considering these limitations, especially
the sample size of the TKA revision. The study of the normal
trajectories of these four biomarkers may also provide useful
strategies for orthopedic surgeons. Because this change in the
normal trajectory has the possibility to provide signs of
infection after the patient receives two-stage exchange
arthroplasty, the patient can benefit from early treatment. A
multicenter, large sample size study is needed to further con-
firm this conclusion in the future.
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