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Objectives: To study the effect of parecoxib sodium (PS) application, combined with
enhanced recovery after surgery (ERAS) nursing, on inflammation and knee joint
function in elderly patients after total knee arthroplasty (TKA).
Methods: In this prospective cross-sectional study, we recruited 120 elderly patients treated
with TKA who were randomly divided into two groups, the combine group and the control
group, with 60 patients in each group. Patients in the control group received ERAS nursing
and normal saline, and the patients in the combine group received ERAS nursing and PS.
At different times after surgery, we compared the hemoglobin (Hb), complete white blood
cell count (WBC), erythrocyte sedimentation rate (ESR), and serum IL-1β, TNF-α, and IL-
6, and recovery time for different ranges of joint motion and the knee joint function HSS
(hospital for special surgery scale) score between the two groups.
Results: On the third and seventh postoperative days, the levels of Hb in the patients of the
combine group were significantly lower than those in the control group (p < 0.05), while the
levels of WBC, ESR, serum IL-1β, TNF-α, and IL-6 in the patients of the combine group
were all significantly lower than those in the control group (p < 0.05). Compared with the
patients in the control group, the recovery time for 30, 60, 90, and 120 angles of joint
motion in patients of the combine group was significantly decreased (p < 0.05), and the
HSS score of patients in the combine group was significantly higher than that in the
control group on the first, third, and sixth postoperative months (p < 0.05).
Conclusion: Elderly TKA patients who received PS application, combined with ERAS
nursing, had lower inflammation in peripheral blood 2 weeks after operation and faster
postoperative recovery of knee joint function.
Keywords: parecoxib sodium, enhanced recovery after surgery, inflammation, knee joint function, total knee
arthroplasty
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INTRODUCTION

Total knee arthroplasty (TKA) is the main program for the
treatment of severe knee joint diseases, and it can relieve knee
joint pain and rebuild knee joint function through surgery
(1, 2). However, 15%–20% of patients after TKA are dissatisfied
with analgesia because they cannot perform functional exercise
due to pain, there is delayed discharge, and they are prone to
complications such as deep vein thrombosis, pulmonary
embolism, infection, and postoperative ankylosis. Therefore,
scientific nursing and analgesic protocols are valuable for
patients receiving TKA (3, 4). In addition, severe pain after
TKA makes it difficult for many patients to participate in early
postoperative rehabilitation and exercise, which may lead to
unsatisfactory recovery of knee joint function and greatly
reduce the quality of life of the patients (5). Perioperative pain
directly affects postoperative recovery and surgical outcome.
Therefore, a scientifically rational model of care and analgesic
administration will be valuable for TKA patients.

Enhanced recovery after surgery (ERAS) nursing is a series of
perioperative optimization measures based on evidence-based
medicine to reduce the body’s stress response, promote
postoperative recovery of patients, shorten hospital stay, reduce
postoperative complications, and reduce readmission risk and
the risk of death (6, 7). However, the degree of pain severely
restricts the implementation of ERAS, affecting important
evaluation indicators such as joint range of motion, time to
start functional exercise, and average hospital stay (8).
Therefore, TKA perioperative analgesia is an important option
that needs to be popularized under the ERAS concept. For
patients undergoing surgical procedures, there are many
analgesic protocols that are currently available, including
preemptive analgesia (9–11). Preemptive analgesia is the
administration of a certain dose of analgesics before the
transmission of pain stimuli to block nociceptive transmission
and achieve the purpose of reducing postoperative pain.
Preemptive analgesia protocols is the administration of a
certain dose of analgesics before the transmission of pain
stimuli to block nociceptive transmission and achieve the
purpose of reducing postoperative pain (12, 13). PS is a specific
COX-2 inhibitor that can inhibit peripheral COX-2 expression
and reduce the synthesis of peripheral prostaglandins (PG),
thereby exerting analgesic and anti-inflammatory effects (14,
15). At the same time, PS can also inhibit the expression of
central COX-2, reduce the synthesis of central PG, significantly
reduce the level of PGE2 in the cerebrospinal fluid, reduce
central sensitization, and exert dual analgesic effects (14, 15).

In this prospective cross-sectional study, we aim to ascertain the
effect of PS application, combined with ERAS, on inflammation
and knee joint function in elderly patients after TKA.
MATERIALS AND METHODS

Patients and Ethics Statement
The present study is approved and supervised by our Hospital
Ethics Committee, and it conforms to the principles of the
Frontiers in Surgery | www.frontiersin.org 2
Declaration of Helsinki. Moreover, all volunteers who
participated in this study were briefed about its content,
following which they signed an informed consent form.

In this prospective cross-sectional study, we enrolled 120
elderly patients treated with TKA from January 2020 to
September 2021. The inclusion criteria were as follows: (1) age
>60 years; (2) treated with TKA; (3) ASA stages I–III;
(4) weight range from 45 to 90 kg; and (5) complete clinical
data and voluntary participation in this study. The exclusion
criteria were as follows: (1) coagulation dysfunction; (2) liver,
kidney, or other tissue and organ dysfunction; (3) patients
with immune system diseases, tumors, and chronic infectious
diseases; (4) history of central and peripheral nervous system
disease; (5) history of drug abuse, alcohol abuse, opioid abuse,
non-steroidal anti-inflammatory drug allergy; (6) surgery
within 1 year; and (7) intellectual disability or mental illness.
Parecoxib Sodium Administration
In this study, all patients who had undergone TKA treatment
received ERAS nursing. However, patients in the combine
group received PS administration. The protocol of PS
administration was as follows: After completing the anesthesia
protocol and before preparing to cut the skin, the patients
in the combine group were injected with 40- mg PS
intravenously. At 12, 24, 36, and 48 h after TKA treatment,
these patients were again injected with 40- mg PS
intravenously. Patients in the control group were intravenously
injected with an equal volume of normal saline at the same
time. The protocol of ERAS nursing was as follows (2 weeks):
(1) Dorsiflexion training: dorsiflexion exercise 6 h after
operation, dorsiflexion for 5 s, and then plantar flexion for 5 s
and 100 times/h; (2) Walking on the ground: walking out of
bed on the second day after operation, 1 time/2 h and 10 min/
time; (3) Knee joint flexion and extension exercise: On the
third day after operation, the affected limb knee joint
extension exercise and flexion exercise were performed on the
bed, both 1 time/2 h and 10 min/time second rate.
Hematology Indicators
Before surgery and 1, 3, 7, and 14 days after surgery, 10 ml of
peripheral blood was collected from each patient to detect the
levels of hemoglobin (Hb), complete white blood cell count
(WBC), erythrocyte sedimentation rate (ESR), and serum
IL-1β, TNF-α, and IL-6.
Knee Joint Function
Before surgery and first, third, and sixth months after surgery,
we used the hospital for special surgery scale (HSS) to
evaluate the knee joint function. The HSS score includes the
following 7 sub-items: pain, function, range of motion, muscle
strength, flexion deformity, stability, and deduction items.
Higher HSS scores indicate better knee function. At the same
time, we recorded the recovery time for 30, 60, 90, and 120
angles of joint motion in patients with TKA treatment.
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Statistical Analysis
SPSS 20.0 (NIH, USA) was used to analyze the data in the
present study. Measurement data that conform to a normal
distribution pattern are presented as (mean ± standard
deviation), and the difference in the measurement data
between the two groups is compared using an independent-
samples t-test. Categorical data are presented as numbers and
TABLE 1 | Comparison of baseline data of two groups of patients (n, �x+ s).

Index Combine group
(n = 60)

Control group
(n = 60)

t/χ2 p

Gender (n)

Male 28 30 0.075 0.726

Female 32 30

Age (years) 64.3 ± 7.9 65.2 ± 9.4 0.537 0.715

BMI (kg/m2) 24.6 ± 1.3 24.5 ± 1.2 1.021 0.191

ASA Grade

I + II 38 34 0.278 0.598

III 22 26

Surgical site

Right 26 29 1.004 0.316

Left 24 21

Surgical time
(min)

80.2 ± 10.3 79.8 ± 9.5 0.631 0.602

FIGURE 1 | Comparison of hemoglobin at different times in patients of two group
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percentages and analyzed by Chi-squared analysis or the
Fisher exact-probability test. A score of p < 0.05 was
considered statistically significant.
RESULTS

Baseline Data
We compared the baseline data including gender, age, BMI,
ASA grade, surgical, and surgical time between the combine
group and the control group and found no significant
difference (Table 1).

Peripheral Blood Inflammation–Related
Indicators
At first, before surgery, the levels of Hb, WBC, and ESR in the
patients of the combine group showed no significant difference
compared with those of the control group (p > 0.05). On the
third and seventh postoperative days, the levels of Hb in the
patients of the combine group were significantly higher than
those of the control group (p < 0.05; Figure 1), while the
levels of WBC and ESR in the patients of the combine group
were significantly lower than those of the control group
(p < 0.05; Figures 2 and 3). On the 1st and 14th postoperative
days, the levels of Hb, WBC, and ESR in the patients of the
combine group showed no significant difference compared
with those of the control group (p > 0.05).
s. Note: Compared with the combine group, nsp > 0.05 and *p < 0.05.
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FIGURE 2 | Comparison of white blood cell count at different times in patients of two groups. Note: Compared with the combine group, nsp > 0.05 and *p < 0.05.
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Serum Inflammatory Cytokines
At first, before surgery, the serum levels of IL-1β, TNF-α, and
IL-6 in the patients of the combine group showed no
significant difference compared with those of the control
group (p > 0.05). On the third and seventh postoperative days,
the serum levels of IL-1β, TNF-α, and IL-6 in the patients of
the combine group were all significantly lower than those of
the control group (p > 0.05; Figures 4–6), while there was no
significant difference on the 1st and 14th postoperative days
(p > 0.05).
Recovery Time for Different Ranges of
Joint Motion
Compared with patients in the control group, the recovery time
for 30, 60, 90, and 120 angles of joint motion in patients of the
combine group was significantly decreased (p < 0.05; Table 2).
Knee Joint Function HSS Score
Before surgery, the HSS score of patients in the combine group
showed no significant difference from that of patients in the
control group (p > 0.05). On the first, third, and sixth
postoperative months, the HSS score of patients in the
combine group was significantly higher than that in the
control group (p < 0.05; Table 3).
Frontiers in Surgery | www.frontiersin.org 4
DISCUSSION

Degenerative knee arthritis is a disease with a high incidence
among the elderly people, and the clinical features are
mainly redness, swelling, pain, and snapping of the knee
joint (16, 17). If patients cannot receive timely treatment, it
will lead to severe joint deformity and even disability. The
pathogenesis of degenerative joint disease is related to
advanced age, obesity, trauma, genetic, and metabolic factors.
At present, in the early stage of the disease, conservative
treatment is mainly used to delay the development of the
disease, while in the middle and late stages of the disease,
when the knee joint function is lost due to joint pain,
deformity, etc., only a part of the joint function can be
restored through knee joint replacement and other
methods (18). Currently, TKA is a common method for the
treatment of severe knee osteoarthritis (18). However, TKA
is more traumatic to patients with knee osteoarthritis, and
severe inflammatory reaction occurs after surgery and
releases pain-causing substances, causing postoperative pain
and affecting the recovery of postoperative joint function (5).
Perioperative analgesia can help reduce the inflammatory
response caused by TKA, reduce tissue exudation and
edema, reduce perioperative hidden and overt bleeding,
promote wound healing, and accelerate the functional
recovery of the affected knee joint (9–11).
2022 | Volume 9 | Article 902351
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FIGURE 3 | Comparison of the erythrocyte sedimentation rate at different times in patients of two groups. Note: Compared with the combine group, nsp > 0.05 and
*p < 0.05.
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Severe inflammatory and release of pain-causing substances will
occur after TKA, which are the main inducers of postoperative pain
in the body (19, 20). PS is a new type of non-steroidal anti-
inflammatory drug with analgesic, antipyretic, anti-inflammatory,
and anti-rheumatic effects. PS is suitable for pain management of
various acute and chronic inflammatory arthritis and is widely
used in perioperative multimodal preemptive analgesia (14, 15). In
addition, parecoxib is a prodrug of valdecoxib. On the one hand, it
can reduce the synthesis of PG by inhibiting the activity of COX-2
in the peripheral and central regions, thereby reducing peripheral
and central sensitization (14, 15). On the other hand, it exerts the
analgesic effect by reducing the postoperative inflammatory
response and shortening the duration of this response (21, 22).

In the present study, patients in the combine group received
ERAS nursing and PS, while patients in the control group
received ERAS nursing and normal saline. We found that the
levels of Hb in the patients of the combine group were
significantly higher than those of the control group, while the
levels of WBC, ESR, serum IL-1β, TNF-α, and IL-6 in the
patients of the combine group were all significantly lower than
those of the control group on the third and seventh
postoperative days, which suggested that patients in the
combine group had lower postoperative inflammation in
peripheral blood. Tissue damage caused by TKA can activate
the complement system and immune cells, causing the body
Frontiers in Surgery | www.frontiersin.org 5
to release a variety of inflammatory factors such as IL-1β,
IL-6, and TNF-α (23–26). IL-1β and IL-6 are the main pro-
inflammatory factors of acute inflammatory response and play
an important role in regulating body damage, infection, etc.
The levels of IL-1β and IL-6 increase rapidly under stress,
which is closely related to the degree of tissue damage (23–26).

The recovery time of postoperative knee joint function in patients
receiving TKA is the gold standard for evaluating the efficacy of
postoperative analgesia and nursing modes. In this study, we
found that the recovery time for 30, 60, 90, and 120 angles of joint
motion in patients of the combine group was significantly lower
than that of the control group, which suggested that patients in
the combine group showed a faster postoperative recovery of knee
joint function. Moreover, we found that the HSS score of patients
in the combine group was significantly higher than that in the
control group on the first, third, and sixth postoperative months,
which also that suggested patients in the combine group showed a
faster postoperative recovery of knee joint function. Lesser
postoperative inflammation in peripheral blood leads to lesser
postoperative pain, that is, a better analgesic effect, and a better
analgesic effect helps to reduce the inflammatory reaction caused
by TKA and also reduce tissue exudation and edema. It can
reduce the amount of hidden and dominant bleeding in the
perioperative period, promote wound healing, and accelerate the
functional recovery of the affected knee joint (27–29).
2022 | Volume 9 | Article 902351
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FIGURE 4 | Comparison of serum IL-1β levels at different times in patients of two groups. Note: Compared with the combine group, nsp > 0.05 and *p < 0.05.

FIGURE 5 | Comparison of serum TNF-α levels at different times in patients of two groups. Note: Compared with the combine group, nsp > 0.05 and *p < 0.05.
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FIGURE 6 | Comparison of serum IL-6 levels at different times in patients of two groups. Note: Compared with the combine group, nsp > 0.05 and *p < 0.05.

TABLE 2 | Comparison of recovery time for different ranges of joint motion in
patients of two groups (n, �x+ s).

Group n Range of motion (°)

30 (days) 60 (days) 90 (days) 120 (days)

Combine group 60 1.0 ± 0.3 6.0 ± 2.1 20.5 ± 3.8 28.2 ± 4.8

Control group 60 6.5 ± 1.8 13.7 ± 4.3 27.5 ± 4.8 40.1 ± 6.4

t 6.592 7.326 9.526 13.824

p <0.001 <0.001 <0.001 <0.001

TABLE 3 | Comparison of the HSS score at different times in patients of two
groups (n, �x+ s, scores).

Group n Preoperative Postoperative (month)

1 3 6

Combine group 60 45.6 ± 9.8 65.8 ± 9.3 75.6 ± 5.8 86.5 ± 6.2

Control group 60 45.9 ± 9.6 56.2 ± 7.5 68.2 ± 5.9 77.5 ± 7.1

t 0.786 5.326 3.291 2.913

p 0.382 <0.001 0.026 0.039

Deng and Tan Parecoxib Sodium and Knee Arthroplasty
CONCLUSION

Elderly TKA patients who received PS application, combined
with ERAS, had lower inflammation in peripheral blood
2 weeks after operation and showed faster postoperative
recovery of knee joint function.
Frontiers in Surgery | www.frontiersin.org 7
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