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Abstract
Background Aged patients with femoral neck fractures underwent hip arthroplasty become prone to
infection. And serum CRP and IL-6 might be sensitive indicators of in�ammation. The aim of the study is
to analyze and explore the clinical signi�cance of changes in C-reactive protein (CRP) and interleukin-6
(IL-6) levels during the perioperative period in older patients that underwent hip arthroplasty for femoral
neck fractures.

Methods This retrospective study analyzed data for 82 patients that underwent hip arthroplasty for
femoral neck fractures from June 2018 to June 2019in our hospital. Of these, 39 patients underwent
hemiarthroplasty (HA) and 43 underwent total hip arthroplasty (THA). CRP and IL-6 were measured
before the operation (baseline) and on the 1st, 2nd, 3rd, and 7th day after hip arthroplasty. Comparisons
between groups were performed with the t test and χ2 test.

Results Post-operative serum CRP and IL-6levels showed a trend of �rst increasing, then decreasing, but
all levels were higher than baseline. The serum CRP level peaked on the third post-operative day, and IL-6
peaked on the �rst post-operative day. We found no signi�cant difference in CRP or IL-6 levels between
patients that received HAs and patients that received THAs.

Conclusion We showed a trend in CRP and IL-6 changes during the perioperative period. These �ndings
suggested that CRP and IL-6 might be involved in the early in�ammatory response. Thus, both CRP and
IL-6 levels might be useful for evaluating the postoperative in�ammatory response in older patients with
femoral neck fractures that undergo hip arthroplasty.

Background
Femoral neck fractures are common in older individuals. These fractures can lower the quality of life, and
they are one of the main causes of death among older individuals [1]. Due to the relatively unique
anatomical position of femoral neck fractures, they frequently block the blood supply to the femoral
head, and they can lead to femoral head necrosis. Hip replacements, including hemiarthroplasty (HA) and
total hip arthroplasty (THA), are common surgical procedures for repairing hip fractures. For femoral neck
fractures, hip replacements provide better clinical outcomes in older individuals [2]. However, infection is
a severe complication in hip replacements [3].

Under the in�uence of trauma, surgery, and other factors, older patients with femoral neck fractures
experience severe traumatic reactions, which result in the release of large amounts of CRP and IL-6.
These cytokines modify the immune function, and patients become prone to infection [4–7].
Understanding the changes in CRP and IL-6 after surgery could be important in predicting infections in
older patients with femoral neck fractures. This information might facilitate determinations of
appropriate clinical measures for reducing mortality and disability.
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The present study aimed to investigate the dynamic changes in serum CRP and IL-6 levels after hip
replacements in older patients with femoral neck fractures.

Methods

Patients and samples
We retrieved clinical data for 82 older patients with femoral neck fractures that underwent hip
arthroplasties in our hospital, from June 2018 to June 2019.This cohort included 33 males and 49
females, with an average age of 74.26 ± 9.15 years (range: 65 to 85). Femoral neck fractures occurred on
the left side in 37 patients, and on the right side in 45 patients. All femoral neck fractures were recent,
con�rmed with CT. We excluded cases of old or pathological fractures. Among 39 patients that
underwent HAs, prostheses were �xed with bone cement in 21 patients, and cement less (biological)
prostheses were used in 18 patients. Among 43 patients that underwent THAs, prostheses were �xed with
bone cement in 20 patients and biological prostheses were used in 23 patients. These two treatment
groups (i.e., bone cement and biological �xations) were not signi�cantly different in patient
characteristics, including age, gender, BMI, and postoperative pain.

In the morning, on an empty stomach, 2 milliliters of venous blood were collected from patients one day
before the operation and on the �rst, third, and seventh days after the operation. Serum was isolated by
centrifuging at 3000 rpm/min, 4℃, for 20 min. Samples were stored at − 70 °Cbefore testing. Serum CRP
and IL-6 levels were measured with an enzyme-linked immunosorbent assay (ELISA; R&D Systems,
Camarillo, CA, USA).

Statistical analysis
All statistical analyses were performed with SPSS 19.0(SPSS Inc., Chicago, IL, USA). Data are reported as
the mean ± standard deviation (SD). Groups were compared with the t test and χ2 test, as appropriate. P-
values ≤0.05 were considered signi�cant.

Results
The THA and HA groups showed no signi�cant differences in CRP or IL-6 levels, regardless of whether
�xation was achieved with bone-cement or biologically.

Compared to preoperative levels, CRP levels were signi�cantly elevated on the �rst through seventh days
after surgery. CRP peaked on the third day after surgery and decreased signi�cantly on the seventh day
after surgery (Table 1).
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Table 1
Serum CRP before and after hip replacement surgery in older patients with femoral neck fractures;

prostheses were �xed with bone cement or biological �xation
Time of CRP
measurement

HA THA

Cement Biological Cement Biological

One day before surgery 9.04 ± 1.31 8.92 ± 0.95 8.79 ± 0.53 8.68 ± 1.43

Post surgery        

First day 44.92 ± 0.53* 46.48 ± 1.82* 45.01 ± 1.97* 44.97 ± 1.26*

Second day 85.01 ± 2.57*Δ 86.44 ± 1.85*Δ 83.64 ± 0.81*Δ 85.14 ± 3.11*Δ

Third day 113.82 ± 
1.43*°

115.49 ± 3.58*° 116.09 ± 2.35*° 112.48 ± 1.63*°

Seventh day 44.29 ± 3.29* 43.09 ± 1.17* 42.66 ± 2.15* 40.87 ± 2.72*

Values are the mean ± standard deviation. HA: hemiarthroplasty; THA: total hip arthroplasty; *P < 0.05
compared to CRP one day before surgery; ΔP < 0.05 compared to CRP on the �rst day after surgery;°P 
< 0.05 compared to CRP on the second day after surgery.

Compared to the preoperative level, IL-6 increased signi�cantly on the �rst through seventh days after
surgery. IL-6 reached its peak on the �rst day after surgery, and gradually decreased on the second, third,
and seventh days after surgery (Table 2).

Table 2
Serum IL-6 levels before and after hip replacement surgery in older patients with femoral neck

fractures; prostheses were �xed with bone cement or biological �xation.
Time of IL-6 measurement HA THA

Cement Biological Cement Biological

One day before surgery 8.94 ± 1.17 8.90 ± 0.76 9.15 ± 0.34 9.12 ± 1.08

Post surgery        

First day 153.12 ± 1.33* 149.78 ± 2.55* 148.16 ± 1.71* 150.09 ± 2.39*

Second day 94.91 ± 3.01*Δ 97.20 ± 2.54*Δ 93.85 ± 2.42*Δ 95.02 ± 1.88*Δ

Third day 34.27 ± 1.60*° 33.95 ± 2.35*° 35.14 ± 0.99*° 33.92 ± 2.82*°

Seventh day 15.18 ± 2.56*† 18.11 ± 3.63*† 14.40 ± 2.34*† 16.17 ± 1.35*†

Values are the mean ± standard deviation.HA: hemiarthroplasty; THA: total hip arthroplasty; *P < 0.05
compared toIL-6 on the day before surgery;ΔP < 0.05 compared toIL-6 on the �rst day after surgery;°P < 
0.05compared toIL-6 on the second day after surgery; †P < 0.05 compared toIL-6 on the third day after
surgery.
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Discussion
Hip replacement is an effective treatment for femoral neck fractures in older individuals. It can improve
limb function and quality of life. Patients often experience surgical stress reactions, particularly during
the perioperative period [8, 9]. Postoperative serum CRP and IL-6 might be sensitive indicators of
perioperative stress [10] and postoperative in�ammation [11–13].Therefore, it is important to monitor
serum CRP and IL-6 levels in older patients that undergo hip replacements for femoral neck fractures.

In the present study, we measured CRP and IL-6 in older patients with femoral neck fractures before and
after surgery. To the best of our knowledge, this study was the �rst to demonstrate changes in CRP and
IL-6 levels during the perioperative period of hip arthroplasty for femoral neck fractures in older patients.
In this study, we investigated differences in CRP and IL-6 levels measured before and after surgery.

CRP can regulate in�ammatory and immune responses in many biological settings. A type of acute-
phase protein, CRP is very low in normal states, but it can be induced by trauma and in�ammation
[14].This behavior was veri�ed in this study. Compared to preoperative levels, postoperative CRP levels
increased. Interestingly, after surgery, CRP levels increased and peaked on the third day in both the HA
and THA groups. Our observations of perioperative CRP changes were consistent with �ndings in
previous studies [15, 16].

IL-6 is mainly secreted by hepatocytes, macrophages, plasma cells, and so on. IL-6 is the key mediator for
the in�ammatory response and for host defense mechanisms [17]. IL-6 can promote angiogenesis, and it
is conducive to fracture healing [18]. Our results showed that, compared to preoperative levels,
postoperative IL-6 increased, and it peaked on the �rst day after surgery. These results suggested that IL-6
was involved in early postoperative wound repair. The changes we observed in IL-6 during the
perioperative period were consistent with some previous studies [19, 20].

Despite signi�cantly increases in CRP andIL-6levels after surgery, these changes were not signi�cantly
different between the THA and HA groups. This �nding indicated that THA may not increase the risk of
trauma and surgery compared to HA. Our results also showed no correlation between CRP and IL-6 in any
group, even though CRP is regulated by IL-6[21]. Additionally, in both the HA and THA groups, the IL-6 or
CRP levels were similar between the two �xation groups (biological and bone-cement). This result
indicated that bone cement had little effect on trauma and tissue repair.

This study had some limitations. First, our results were based on a small number of patients (82
patients). Second, we did not include healthy people or patients with infections after a hip replacement.
Third, we could not accurately predict complications. In future, a large clinical case dataset should be
studied to achieve reasonable, quantitative ranges of CRP and IL-6.

Conclusion
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In conclusion, we found that both CRP and IL-6levelsincreased after surgery compared to before surgery.
In addition, this study showed a trend of CRP and IL-6 changes within 7 days after surgery. These results
implicated that both CRP and IL-6levels might be useful for evaluating postoperative in�ammatory
responses in older patients with femoral neck fractures that undergo hip arthroplasty.
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