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ABSTRACT 
 

Aims: Infection is one of the most serious complications of joint replacement surgeries. 
Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) serum levels are widely used 
for the evaluation of acute infections after joint replacement surgeries. The aim of our study is to 
determine normal changes in these inflammatory mediators after total hip arthroplasty (THA) and 
total knee arthroplasty (TKA). 
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Methodology: In our study, we enrolled 100 patients with mean age of 68 y/o (57–77) and the 
diagnosis of primary osteoarthritis who underwent joint replacement surgery. ESR and CRP serum 
levels were measured before surgery, as well as one, three, and five days after surgery and then 
again 14, 42, and 90 days after surgery. The results were compared in two groups of TKA and 
THA, and patients who had undergone THA were further divided into cemented and uncemented 
groups. 
Results: The CRP serum level increased rapidly and reached its maximum level (130.47) on the 
third day after surgery and returned to its pre-surgery level at the end of three months in all 
patients. The ESR serum level reached its peak (142.65) on the fifth day after surgery and then 
decreased; however, it was still slightly higher than the pre-surgery levels at the end of three 
months. CRP showed faster and more remarkable level changes following surgery compared to 
ESR, and this elevation was unrelated to the pre-surgery levels. No significant difference was 
observed between the cemented and uncemented groups. 
Conclusion: Changes in CRP and ESR levels after TKA and THA surgeries are reliable indicators 
for assessment of prosthetic infections. In cases with an elevated CRP serum level on the third day 
of surgery, a strong suspicion of infection seems completely rational. 
 

 
Keywords: Total knee arthroplasty; total hip arthroplasty; erythrocyte sedimentation rate; C-reactive 

protein; surgical site infection. 
 

1. INTRODUCTION  
 
Infection is one of the most serious complications 
of joint replacement surgeries. Early and 
accurate diagnosis plays a key role in the 
treatment to provide early intervention. Diagnosis 
is especially important in the brief period of time 
after surgery, and appropriate treatment can 
eliminate infection and save the prosthesis [1–6]. 
 
Several diagnosis methods have been proposed 
and used in assessment of infection in artificial 
joints. Every method has its limitations in terms 
of sensitivity and specificity, making it difficult to 
make an appropriate decision about starting the 
treatment. Although the standard method of 
diagnosis for detecting periarticular infections in 
artificial joints is bacterial culture, sensitivity is 
affected by antibiotic administration prior to 
culture, bacterial adhesion, and the presence of 
slow-growing microorganisms and biofilms [7]. 
 
ESR and CRP are acute phase reactants that 
are widely used for assessment of the post-
surgery stage in joint replacement surgeries. 
Their three dominant characteristics are as 
follows:  
 

1. Notable increase in serum levels 
2. Short delay in serum level increase 
3. Noninvasive and low cost (compare to 

other modalities of investigations) [8]. 
 
However, with respect to nonspecificity for 
infections and different values before surgery, it 
is difficult to interpret. Although there are several 

studies of CRP and ESR serum levels after TKA 
and THA surgeries, most of these had limitations 
such as not determining the highest acceptable 
level in a normal range, the effect of using 
cement on the normal range, and the effect of 
pre-surgery levels that influenced their effective 
application [1,9]. 
 
This study was carried out in Taleghani and 
Milad Hospital in Tehran, Iran, in 2019. The aim 
was to determine the normal changes in ESR 
and CRP after joint replacement surgeries. The 
result of this study can be used to assess 
changes in these inflammatory mediators after 
TKA and THA, as well as the effect of using bone 
cement on the normal range. 
 

2. MATERIALS AND METHODS  
 
In our study, we enrolled 100 patients who 
underwent TKA and THA surgeries in Tehran’s 
Taleghani and Milad Hospital in 2019 due to 
knee and hip pain, and diagnosis of primary 
osteoarthritis. The mean age of the patients was 
68 y/o (57–77). Sixty-eight patients were female 
and 32 were male. Out of these patients, 70 
underwent TKA involving straight midline incision 
and a standard medial parapatellar capsular 
arthrotomy, and the prosthesis was fixed in tibia 
and femur bones with bone cement. Tourniquet 
was used in all patients. A total of 54 patients in 
the TKA group were female and 16 were male.  
 
In 30 patients that underwent THA, posterior or 
anterolateral approach was used and the 
decision on using cemented or uncemented 
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stems was based on the patients’ condition and 
bone quality. An acetabular uncemented 
component was used in all patients. Cemented 
stems were used in 21, while nine patients 
received uncemented stems. Sixteen patients 
were male (11 uncemented and five cemented) 
and 14 were female (10 uncemented and four 
cemented). Systemic inflammatory disorders 
were ruled out in all patients before surgery, and 
no patients had a history of previous surgery in 
three months prior to the surgery. Eight patients 
were excluded from the survey due to infection in 
the wound area (in three patients the infection 
was deep), femoral expanding hematoma (in one 
patient), and not referring for follow-ups at the 
defined intervals (four patients). 
 
Patients’ blood samples were collected before 
surgery and on the first, third, and fifth days after 
surgery, and then again on the 14th, 42nd, and 
90th days after surgery. ESR and CRP levels 
were also measured. Immunoturbidometric tests 
were performed to determine CRP, the normal 
level of which was less than 10 mg/L. to 
determine the ESR serum level; the 
photometrical capillary stopped-flow kinetic 
analysis method or the Westergren method was 
used. The normal level in both the methods was 
less than 20 mm/hr. Prophylactic antibiotics were 
administrated one hour before surgery and for 
two days after surgery on all patients. All the 
patients were ambulated in two days after 
surgery and were discharged from hospital in five 
days. 
 
During the first follow-up (two weeks after 
surgery) and subsequent follow-ups (six weeks 
after surgery and three months after surgery), 
besides the determination of ESR and CRP 
serum levels, patients were examined for clinical 
signs of infection, delayed wound healing, and 
continuous pain after surgery. All data was 
compared with the two variables of CRP and 
ESR in two groups of TKA and THA, as well as in 
the cemented and uncemented groups of THA 
patients. All data was collected using SPSS 16.0, 
and parametric and nonparametric variables 
were assessed. P <0.05 was defined as 
significant. 
 

3. RESULTS  
 
From the 92 patients that remained in the study 
(63 females and 29 males), CRP and ESR serum 
levels were collected before and after surgery. 
Mean value plus standard deviation was 
determined on every defined date.  

CRP serum level changes in the first 24 hours 
after surgery were notable and it peaked on Day 
3. The exponential increase in CRP was greater 
than ESR values (Fig. 3). The ESR peak was 
observed on Day 5. In a number of patients, a 
small decrease was noted in the ESR level in the 
first 24 hours after surgery compared to the pre-
surgery values. ESR increased with a lower 
speed than CRP, and its maximum level was 
also lower than CRP. 
 
After hitting the peak following surgery, CRP 
started to fall, which was rapid in the first two 
weeks similar to its rapid increase. There was a 
slowdown in decrease in the CRP level until Day 
42. CRP serum levels returned to pre-operative 
values at the end of the third month. ESR 
decreased after reaching its maximum level on 
the fifth day, but this varied among patients. 
However, at the end of the 90th day, it was still 
slightly higher than the pre-surgery levels.  
 
The assessment of CRP and ESR serum levels 
before and after surgery revealed that CRP 
levels peaked on Day 3 day after surgery 
regardless of the pre-surgery values, and that the 
speed of decrease was not related to pre-surgery 
values. 
 
In case of ESR serum levels, there was a direct 
relationship between the pre-surgery levels and 
the rate of increase after surgery. With respect to 
two groups of TKA and THA, CRP levels 
increased rapidly after surgery in both groups 
and peaked on the third day after surgery; 
however, the maximum level was higher in TKA 
patients than in THA patients (Table 1).                  
After hitting the peak, CRP levels showed a 
decrease in both groups. CRP serum levels 
returned to pre-surgery levels quicker in the THA 
group (42 days) than in the TKA group                
(90 days). 
 
The mean ESR level peaked on Day 5 in both 
TKA and THA groups. We observed a 
descending pattern in ESR levels afterward. ESR 
maximum levels were not significantly different 
between TKA and THA groups (slightly higher in 
the TKA group). In the last follow-up (Day 90), 
the ESR mean level was slightly higher than the 
pre-surgery levels (a bit higher in the TKA 
group). 
 
No significant differences in post-surgery ESR 
and CRP mean levels were observed between 
cemented and uncemented groups in the THA 
patients.  
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Fig. 1. ESR post operation serum levels 
ESR: erythrocyte sedimentation rate, TKA: total knee Arthroplasty, THA: total hip Arthroplasty, Preop: pre-

operation 
 

 
 

Fig. 2. CRP post operation serum levels 
CRP: C-reactive protein, TKA: total knee Arthroplasty, THA: total hip Arthroplasty, Preop: pre-operation 

 

 
 

Fig. 3. Comparison between CRP and ESR exponential increase 
CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, Preop: pre-operation 
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Table 1. CRP and ESR serum levels 
 

Times TKA THA Total 

CRP ESR CRP ESR CRP ESR 

Mean (mg/L) SD Mean (mm/hr) SD Mean (mg/L) SD Mean (mm/hr) SD 

Preoperative 3.22 2.23 18.23 12.42 3.67 2.22 19.22 11.18 3.39 18.68 
PO first day 52.45 35.42 18.10 14.23 46.49 31.07 18.34 14.09 50.48 18.21 
PO third day 143.16 43.67 63.72 34.78 112.33 39.81 55.49 37.32 130.47 60.20 
PO fifth day 76.54 31.65 161.49 64.43 70.12 32.40 130.81 58.30 73.88 142.65 
PO fourteenth day 13.67 12.78 70.43 51.87 15.61 16.61 71.15 41.02 14.68 70.76 
PO forty-second day 5.66 7.61 38.76 40.34 4.19 5.02 40.63 46.39 5.14 39.37 
PO ninetieth day 3.11 3.69 26.59 31.33 3.21 4.15 24.83 33.03 3.14 25.91 

PO: Post Operation, SD: standard deviation, TKA:  total knee Arthroplasty, THA: total hip Arthroplasty, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein 



 
 
 
 

Aslani et al.; JAMMR, 33(19): 40-46, 2021; Article no.JAMMR.72866 
 
 

 
45 

 

4. DISCUSSION AND CONCLUSION 
 

Infection is a serious complication that patients 
develop after joint replacement surgeries. Early 
and accurate diagnosis may help to treat the 
infection through washout and debridement, and 
save the prosthesis [10,11]. There is a variety of 
methods to make early diagnosis. CRP and ESR 
acute-phase inflammatory mediators are 
commonly used [5,7,11], but it is critical to 
determine the extent of prosthesis infection in the 
post-operative period. In the first place, it 
requires defining the normal range of changes in 
post-operational patients without complications. 
 

ESR and CRP serum levels are affected by 
systemic disorders [5,12]. We tried to eliminate 
these effects by excluding patients with systemic 
inflammatory disorders; however, other diseases 
such as diabetes mellitus, cardiac diseases, 
chronic lung diseases, chronic renal diseases, 
malignancies, and many other disorders 
influence the levels of these mediators, which 
seem very difficult to eliminate. 
 

Previous studies have attempted to find a tool for 
early diagnosis of surgical complications such as 
infection. Many studies evaluated ESR and CRP 
serum levels and reported different amounts for 
the normal range on different days. Reportedly, 
CRP level reached its peak mostly on Days 2 
and 3, but more differences were reported for the 
ESR peak day, which varied from Days 5 to 9 
[13]. In our study, CRP and ESR peaks were 
observed on the third and fifth days, respectively.  
 

Moreover, many studies have been carried out 
on the descending patterns of ESR and CRP as 
well as the time taken to return to the normal 
range. In some studies, ESR normalized in six 
months, while others reported it to be higher than 
the normal range after one year [2,14]. It was 
higher than normal after 90 days in our study as 
well. The descending pattern and normalization 
of the CRP serum level varied from 21 days in 
some studies to six months after surgery in other 
studies [6,15]. In our study, CRP serum levels 
returned to their pre-operational levels at the end 
of three months.  
 

In previous surveys, differences between ESR 
and CRP serum levels after TKA and THA were 
reported to be associated with differences in 
trauma to bone and bone marrow tissues, 
whereas trauma to soft tissue and muscles were 
reported to be unrelated to ESR and CRP 
changes. Since trauma to bone and bone 
marrow tissue is heavier in TKA than in THA, 

ESR and CRP increase is 50% greater in TKA 
than in THA, as reported in previous studies. 
Also, it requires longer time for these mediators 
to return to the normal range in TKA [3,9,15,16]. 
We observed the same changes and differences 
in our study as well. 
 
Although the change in the level of inflammatory 
factors is significant because of complications, 
their main limitation is nonspecific. Hence, they 
may increase in many other conditions such as 
hematoma, hemarthrosis, phlebitis, and infection 
in other areas of body [7,17]. As reported in a 
survey, these mediators increase to 28 times the 
normal range in skeletal infections and to 11 
times the normal range in other infections. It is 
stated that a CRP level of 12 times the normal 
range at any time after surgery is symptomatic of 
prosthesis infection and requires surgical 
intervention [4,16,17]. 
 

In our study, due to more significant changes in 
CRP serum levels, unrelated increases in pre-
surgery levels, and quicker changes in response 
to inflammatory process, variables such as age, 
sex, duration of surgery, amount of blood loss 
during surgery, use of tourniquet, use of bone 
cement, anesthetic drugs, and type of anesthesia 
are not associated with CRP changes [2,15] in 
cases with elevated CRP serum levels three 
days after surgery. Hence, a strong suspicion of 
infection is not unwarranted, and thorough 
investigation seems completely rational. 
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