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Background: Implantation of joint prosthesis, either in the knee or in the hip, may cause some problems such as 
an infection, so that a timely treatment is essential. In this respect, discovering a marker detecting the incidence of 
an infection is one of the requirements of arthroplasty. The present study was conducted to determine variations 
of two markers in arthroplasty and infection incidence in Iranian patients.
Materials and Methods: This prospective study was carried out in Isfahan’s educational treatment centers from 
2009 to 2011 on patients undergoing total knee arthroplasty (TKA) and total hip arthroplasty (THA) surgical 
operations. The erythrocyte sedimentation rate (ESR) was measured by Sed rate device (Lena) and C‑reactive 
protein (CRP) by autoanalyzer device (Erba) with the unit of ng/dL. The patients underwent ESR and CRP tests the 
day before operation, the day of operation, and 1, 2, 5, and 15 days and 1, 3, 6, and 12 months after operation.
Results: Mean ESR increased during the first 5 days then decreased gradually lasting for 3 months. After 1 year it 
increased to a level higher than before the operation. The variations in ESR values were 19.1 ± 12.9 before the 
operation and 21.14 ± 10.8 after 1 year with significant difference (P < 0.001). The level of CRP had an upward 
trend from the first day after operation and reached its maximum on the second day, then had a downward trend 
up to 1 month after the operation; however, it did not reach its preoperative level during 1 year.
Conclusion: ESR and CRP and their variations can be suitable factors to detect probable infections in patients 
undergoing TKA and THA operations.
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osteoarthritis, which is caused by aging, congenital 
anomalies, and a history of trauma. Other candidates 
for this operation are those with fracture in knee or 
hip joints, rheumatoid arthritis, and aseptic necrosis.[1]

Although such operations have resulted in a great 
relief for patients, they may be accompanied with 
serious complications such as infections affecting the 
result of operation and patient’s condition.

Timely diagnosis of an infection can be effective 
in treatment of the infection. One way of early 
diagnosis of infections is the use of C‑reactive 
protein  (CRP) and erythrocyte sedimentation 
rate (ESR) markers.[1]
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INTRODUCTION

Due to the high prevalence of arthritis among 
people, total replacement of knee and hip joints 
is rather common. The most prevalent arthritis is 
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ESR is a hematological condition, which increases when 
one’s body is affected by an infection, inflammation, 
major stressors, and autoimmune diseases. This 
is a time‑dependent test measured according to 
sedimentation rate of red blood cells and its unit is 
mm/h.[2]

CRP is a protein produced in the liver due to an 
inflammation in the body. CRP test can be used as a 
high sensitive test to detect infections.[2]

The studies done in different countries, including 
Sweden, Korea, America, and Turkey,[1‑9] on 
normalization process of ESR and CRP after total knee 
arthroplasty (TKA) and total hip arthroplasty (THA) 
operations have reported different facts and figures. 
However, no study has been conducted in this regard 
in Iran. Given that ESR and CRP are markers of 
infections, patients unusual normalization process of 
ESR and CRP must be followed up and assessed again 
using bone scan[10] or other methods such as puncture 
and culture and ultimately, surgical operation. 
Conducting the present study was necessary because 
few studies have been done in this regard, there is no 
relevant study in Iran, and the number of TKA and THA 
operations done in Isfahan’s educational treatment 
centers is high. In this respect, the present study was 
conducted to determine variations in ESR and CRP in 
TKA and THA operations in patients going to Isfahan’s 
educational treatment centers from 2009 to 2011. So far, 
numerous studies have been conducted in different parts 
of the world on ESR and CRP as markers of infection 
in patients, but have shown contradictory results. 
According to these different results, it seems that race 
and relevant factors such as level of public health and 
environmental factors affect the process. Therefore, the 
present study was conducted to determine variations 
in these two markers in arthroplasty and incidence of 
infection in patients.

MATERIALS AND METHODS

This prospective study was carried out in Isfahan’s 
educational treatment centers from 2009 to 2011. 
The study population was patients undergoing TKA 
and THA surgical operations, with no history of 
inflammatory, infectious, and chronic diseases. The 
exclusion criteria of the study were patients’ failure 
to go to the centers for further followups, patient’s 
death prior to completion of the study, impossibility of 
patient’s follow‑up due to immigration and moving to 
another place and lack of access to patients, prosthetic 
fracture, and those with proved infection.

The ESR was measured through infrared technique 
using Sed rate device (Lena). The CRP was measured 

through turbidimetry using autoanalyzer device (Erba) 
and its unit is ng/dL.

The patients underwent ESR and CRP tests the day 
before operation, the day of operation, and 1, 2, 5, and 
15 days and 1, 3, 6, and 12 months after operation. The 
patients with unusual normalization process of ESR 
and CRP, especially complaining patients, underwent 
bone scan and followed up for 1 year in order to detect 
the incidence of infection. Consequently, the patients 
with proved infection were excluded from the study.

The collected and revised data were analyzed 
using SPSS18 software. The statistical test used 
for comparing mean ESR and CRP in different 
temporal intervals was repeated measures analysis 
of variance (ANOVA).

RESULTS

In this study, 80  patients who were candidates 
for TKA and THA operations were examined, of 
whom 35 patients were candidates for TKA and 45 
others were candidates for THA. The mean age of 
the patients was 63.3  ±  10.7  years with the range 
of 31–79  years. Furthermore, the mean age of 
patients who were candidates for TKA and THA was 
65.9 ± 8.6 and 61.3 ± 11.8 years, respectively. Based 
on a t test, mean age of the two groups did not differ 
significantly (P = 0.053).

Regarding gender distribution, 27  patients  (33.8%) 
were male and 53  patients  (66.3%) were female. 
Number of male patients in TKA and THA groups was 
8 and 19 (22.9% vs. 42.2%), respectively, although the 
Chi‑square test did not show any significant difference 
in this regard (P = 0.07).

Table 1 shows mean variations in the level of ESR on 
the day before operation (day zero), the day of operation, 
and 1, 2, 5, and 15 days and 1, 3, 6, and 12 months after 
operation for all patients in separate groups. According 
to table 1, the mean ESR had an upward trend during 
the first 5 days and then decreased gradually. This 
reduction trend lasted up to 3 months; however, after 
1 year it increased to a level higher than that of before 
operation. Analysis by repeated measures ANOVA 
test showed that variations in ESR of all the patients 
before operation and after 1 year were significantly 
different (P < 0.001). However, the analysis by paired 
t test showed no significant difference in the level of 
mean ESR before operation and after 1 year (P = 0.12). 
Table 1 also shows mean ESR before the operation 
up to 1  year after the operation for both groups in 
isolation. The mean ESR of both groups increased 
during the first 5 days and then decreased. Analysis 
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by repeated measures ANOVA test showed that 
variations in ESR of TKA and THA groups were not 
significantly different  (P  =  0.48). Figure  1 shows 
variations in ESR before operation up to 1 year after 
operation. Figure 2 also shows variations in ESR in 
both the groups. It must be mentioned that age and 
gender of the patients did not affect the variations in 
ESR (P > 0.05).

The level of CRP had an upward trend from the first 
day after operation and reached its maximum on the 
second day, then had a downward trend up to 1 month 
after the operation; however, it did not reach its 
preoperative level during 1 year.

The mean CRP  values before TKA operation up 
to 1  year after the operation for all patients are 
shown in Table  2. Based on the table, CRP before 
operation up to 1  year after the operation was 
4.07 ± 2.9 and 13.9 ± 9.6, respectively. The analysis 
of data by repeated measures ANOVA showed that 
the variations in CRP changed significantly within 
1  year  (P  <  0.001). Figure  3 also shows variations 
in CRP within 1 year. According to the results, the 
mean CRP variation before operation up to 1  year 
followed a similar trend in both groups as there was 
no significant difference between groups in this regard 
based on repeated measures ANOVA  (P  =  0.41). 
Figure  4 shows variations in CRP for both groups 
in isolation. It is noteworthy that age and gender 
of the patients did not affect the variations in 
CRP (P > 0.05).

During the study, normalization process of ESR 
and CRP was abnormal in four  (5%) patients who 
underwent bone scan. The result of the bone scan 
of two patients was negative, however, the positive 
result in two other patients proved the presence of 
infection during the operation, of which, one patient 
had undergone TKA operation and the other had 

Table1: Variation of mean±SD of ESR befrore and after surgery
Time TKA THA Total
Before surgery 21/11±15/7 17/53±10/1 19/1±12/9
1st day of post operation 40/54±21/9 37/51±20 38/83±20/8
Second day of post operation 73/63±33/3 76/64±23/5 75/33±28/1
Fifth day of post operation 90/14±28/9 94/44±17/1 92/56±23
15 days after surgery 86/83±27/7 82/93±17/7 84/64±22/6
1 month after surgery 61/8±25/6 53/36±14/7 57/1±20/5
3 months after surgery 39/26±18 37/31±11/67 38/16±14/7
6 months after surgery 26/09±9/7 25/56±10 25/8±9/8
1 year after surgery 22/02±14/9 20/44±6 21/14±10/8
P 0.48 <0.001
TKA: Total knee arthroplasty, THA: Total hip arthroplasty, ESR: Erythrocyte 
sedimentation rate, SD: Standard deviation

Figure 1: variations in ESR before operation up to 1 year after operation 
in all patients Figure 2 : variations in ESR in both the groups(TKA ,THA)

Table 2: Variation of mean±SD of CRP befrore and after surgery
Time TKA THA Total
Before surgery 4/5±6/4  4±2/5 4/07±2/9
1st day of post operation 56/5±38/9 58/8±23/9 58/5±24/5
Second day of post operation 81±1/4 66/2±15/5 68/2±15/3
Fifth day of post operation 72±4/2 54±21/06 57±20/5
15 days after surgery 48/5±23/3 33/8±12/8 35/7±14/4
1 month after surgery 16±2/8 23/8±10 22/8±9/7
3 months after surgery 14/5±3/5 16/6±3/7 16/6±3/7
6 months after surgery 9±7/1 15/3±10 14/5±9/7
1 year after surgery 20±21/2 12/9±7/9 13/9±9/6
P 0.41 <0.001
TKA: Total knee arthroplasty, THA: Total hip arthroplasty, CRP: C-reactive protein, 
SD: Standard deviation

undergone THA operation, and there was no significant 
difference between both the groups based on Fisher’s 
exact test  (P  =  1). Regarding gender distribution, 
33.8% of patients were male and 66.3% of patients 
were female. Percentage of male patients in TKA 
and THA groups was 22.9% and 42.2%, respectively. 
The gender distribution did not show any significant 
difference between the groups. Considering lack of 
significant difference between both groups in terms 
of age and gender distribution, confounding effect of 
these two factors was neutralized, so the two groups 
were comparable.
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DISCUSSIONS

A prospective study done in the University of British 
Columbia on 151 patients who were supposed to undergo 
revision TKA treatment, examined the presence of an 
infection through measuring ESR and CRP, in which, 
45  patients were proved to have infection. In the 
above study, ESR with sensitivity of 0.93, specificity 
of 0.86, and accuracy of 0.86 and CRP with sensitivity 
of 0.91, specificity of 0.86, and accuracy of 0.88 were 
proved to be effective in detecting infections. Therefore, 
ESR and CRP can provide appropriate information 
on the presence of or absence of an infection before 
surgical interventions in patients who undergo knee 
arthroplasty due to feeling pain in this area.[3]

In a study done in an academic center in Spain on the 
patients who had undergone TKA and THA operations, 
their level of CRP was measured before operation 
and 1, 2, 3, 15, 42, and 150 days after operation, in 
which, the maximum level was related to 2 days after 
operation, total CRP in TKA patients was higher than 
that in THA patients, and returning to the preoperative 
normal level lasted 150 days. However, mean CRP was 
high up to the 42nd day and the conclusion was made 
based on the fact that if the increase in CRP continues 
up to 3 days after operation, it may be a marker of 
surgical problems such as infections.[4]

A study done in Turkey on 28  patients who had 
undergone joint replacement operation  (TKA and 
THA) due to osteoarthritis showed maximum level 
of CRP 2  days after operation and its returning to 
the normal level on the 21st day in THA patients and 
after 60 days in TKA patients. In the above study, 
ESR reached its maximum 5 days after operation and 
returned to the preoperative level after 3 months and 
9 months in THA and TKA operations, respectively.[5]

A study done in Sweden on four types of elective 
orthopedic surgeries examined the level of ESR 

and CRP and their normalization rate in primary 
THA, revision THA, and unicondylar TKA. The 
study showed that CRP reached its maximum on the 
3rd day of revision arthroplasty and on the 2nd day in 
unicondylar TKA and it returned to the normal level on 
the 21st day. Furthermore, ESR reached its maximum 
after 5 days and it returned to the normal level on the 
42nd day in patients without surgical complications.[6]

Another study in Scotland compared the level of CRP in 
patients who had undergone THA and TKA operations 
before and after operations, in which, maximum level 
of CRP was detected 2 days after operation and CRP 
in TKA operation was significantly higher than that 
in THA operation. The normalization rate of CRP in 
THA and TKA patients was equal.[7]

In a study done in Korea, levels of ESR and CRP were 
examined before operation and 2, 4, 5, 7, 14, 40, and 
90 days after operation in patients who had undergone 
unilateral and bilateral TKA. In the above study, 
the level of CRP increased after 2 days and returned 
gradually to the normal level up to 40 days and the 
level of ESR reached its maximum on the 5th day and 
returned to the normal level after 90 days. In patients 
who underwent TKA of the contralateral joint, after 
recovery from the first operation, CRP variations were 
similar to those of patients who underwent TKA for 
the first time, or underwent unilateral TKA, however, 
CRP level was higher in bilateral TKA than that 
of unilateral TKA patients. The level of ESR in the 
bilateral operation within 2 days after operation was 
higher than that of the other two groups; however, 
from the 3rd day after operation, variations in ESR of 
all groups were similar to each other. There were two 
reduction peaks in CRP level, of which, one happened 
on the 14th day and the other happened on the 40th day 
after operation. The ESR level increased from the 
first day after operation, reached its maximum on 
the 5th  day, and returned to preoperative level on 
the 90th day. The study also showed that process of 

Figure 3: variations in CRP within 1 year in all patients.
Figure 4: variations in CRP for both groups in isolation.
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variation in ESR and CRP is apart from each other. 
The level of CRP increased more quickly than that 
of ESR. Compared with variation of ESR, the rate 
of variations in CRP in all the patients was higher; 
the extent of abnormal variations was lower and 
the correlation between its levels before and after 
operation was lower.[8]

Another study done in Thailand on 49 patients who 
had undergone TKA due to osteoarthritis examined 
variations in CRP and ESR during days before 
operation and 0, 2, 6, and 14  days, and 26  weeks 
after operation. The result was that the level of CRP 
increased on the first day after operation and returned 
to its normal level within 6 weeks after operation. ESR 
level also increased within 2 weeks after operation 
and returned to its normal level within 26 weeks after 
operation.[9]

It has been observed that ESR and CRP in minor 
surgical operations such as arthroscopy are not 
suitable criteria for detecting infections; however, they 
can be effective in major surgeries.[11]

The objective of the present study was to determine and 
compare variations in ESR and CRP in TKA and THA 
operations in patients going to Isfahan’s educational 
treatment centers from 2009 to 2011. In this study, 
45 patients who underwent TKA and 35 patients who 
underwent THA operation were examined. The mean 
age of the patients was 63.3 ± 10.7 years with a range 
of 31–79 years. Furthermore, the mean age of patients 
who were candidates for TKA and THA was 65.9 ± 8.6 
and 61.3 ± 11.8 years, respectively. The mean age of 
the two groups did not differ significantly. Given a 
lack of significant difference between both the groups, 
the confounding effect of these factors was more likely 
neutralized, so the two groups were comparable.

According to the obtained results, the mean ESR had 
an upward trend during the first 5  days and then 
decreased gradually. This reduction trend lasted for 
3 months; however, after one year it increased to a 
level higher than that of before operation. Variations in 
ESR in all patients before operation and after one year 
were significantly different; however, they were not 
significantly different between TKA and THA groups.

The level of CRP had an upward trend from the first 
day after operation and reached its maximum on the 
second day, then had a downward trend up to one 

month after the operation; however, it did not reach 
its preoperative level during 1 year.

Moreover, the results showed that joint replacement 
such as knee and hip arthroplasty increases ESR and 
CRP markers, although both markers reached their 
normal level after a while. However, given that these 
two markers increase in inflammations and infections, 
patients with high ESR and CRP that do not follow the 
normalization process according to the available curve, 
especially symptomatic patients, must be studied. 
Puncture, culture, and bone scan are methods to detect 
infections in patients undergoing joint replacement. 
In general, ESR and CRP and their variations can 
be suitable factors to detect probable infections 
in patients undergoing TKA and THA operations. 
Considering the results of the present study, further 
studies are required in this regard.
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