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Abstract
Meloxicam is commonly administrated to control postoperative pain in orthopedic surgery, while its efficacy in total knee arthroplasty
(TKA) is not clear. Therefore, this study aimed to explore the postoperative analgesic effect and tolerance of meloxicam in knee
osteoarthritis (OA) patients undergoing TKA.
Totally, 128 knee OA patients scheduled for TKA were enrolled in this randomized, controlled, double-blind study, then

randomized into meloxicam group (N=65) and control group (N=63) as 1:1 ratio. Patients took meloxicam or placebo from 4hours
(h) to 72h after TKA. Patients were followed up at 6h, 12h, day (D)1, D2, D3, D7, month (M)1, and M3.
Pain visual analog scale score at rest was decreased in meloxicam group at 12h, D1 and D3 compared to control group; pain

visual analog scale score at flexion was reduced in meloxicam group at 6h, 12h, D1, D2, and D3 compared to control group.
Additional and total consumption of patient-controlled analgesia were both attenuated in meloxicam group compared to control
group. Furthermore, patient satisfaction score was higher on D1, D2, D3 in meloxicam group compared to control group. However,
no difference of hospital for special surgery knee score score at M1 or M3 was found between the 2 groups. Moreover, the
occurrence of adverse events was similar between the 2 groups.
Meloxicam displays good effect on controlling postoperative pain and improving patient satisfaction, while does not affect long-

term knee function recovery or safety profile in knee OA patients undergoing TKA.

Abbreviations: D = day, h = hours, HSS = hospital for special surgery knee score, M = month, NSAIDs = Nonsteroidal anti-
inflammatory drugs, OA = osteoarthritis, PCA = patient-controlled analgesia, TKA = total knee arthroplasty, VAS = visual analog
scale.
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1. Introduction

Knee osteoarthritis (OA), a complicated peripheral joint disorder,
is the most popular joint disorder in the world and its prevalence
is increasing.[1] In the west, kneeOA is a common cause of pain as
well as disability among adults.[1,2] Among the treatment
strategies of knee OA, total knee arthroplasty (TKA) is a
common and beneficial surgery to relieve pain and elevate
function of knee for patients who have severe or advanced knee
OA.[3,4] However, patients who undergo TKA usually suffer
from postoperative pain, which affects rehabilitation, patient
satisfaction, and functional outcomes.[4] Currently, opioids are
widely and effectively used for pain management after TKA,
while it brings some adverse events such as nausea, vomiting,
constipation, and even respiratory depression.[4] Therefore, it
might be critical to search for a method to relieve the pain of knee
OA patients after TKA with high safety.
Nonsteroidal anti-inflammatory drugs (NSAIDs), with good

effect on relieving pain and decreasing inflammation, are widely
administrated to reduce postoperative pain effectively and safely
in orthopedic surgery.[5] Meanwhile, a previous study reveals
that NSAIDs have the capability of pain-relieving in arthral
surgeries such as arthroscopic rotator cuff surgery.[6] Among the
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NSAIDs, meloxicam is a selective inhibitor of cyclooxygenase-2
that can ease the pain following total hip arthroplasty.[7,8]

Moreover, according to a previous study, meloxicam is able to
moderate the pain after arthroscopic knee surgery.[9] Based on
the above-mentioned information, we hypothesized that melox-
icam might decrease the pain in knee OA patients after TKA.
However, the analgesic effect of meloxicam in knee OA patients
after TKA is not clear.
Therefore, the aim of this double-blind, randomized, con-

trolled study was to explore the analgesic efficacy and safety of
meloxicam in knee OA patients who received TKA.
2. Methods

2.1. Participants

Between March 2018 and September 2020, this double blind,
randomized, controlled study consecutively recruited 128 OA
patients who scheduled for TKA in our hospital. The eligible
patients were required to meet the inclusion criteria: had
diagnosis of knee osteoarthritis; age older than 18years; about
to receive TKA; and able to understand the content of the study
and volunteer for the study. Patients with any of the following
conditions were not eligible for recruitment: allergic or had other
contraindications to the study drug; long term use of analgesics;
use of analgesics within 1week prior to TKA; and had other
concomitant diseases that may affect the evaluations; history of
knee surgeries; and female patients in pregnant or lactating. The
Ethics Committee approved this study. All participants signed the
informed consents.

2.2. Grouping and treatment

Before TKA, with the use of blocked randomization assignment
method in 1:1 ratio, 128 eligible patients were randomly divided
into meloxicam group (N=65) or control group (N=63). The
sample size calculation, randomization design/procedure, and
blind realization were carried out by a third party (Shanghai
QeeJen Bio-Tech, China). Meloxicam (7.5mg per tablet) was
provided by Shanghai Boehringer Ingelheim Pharmaceutical Co.,
Ltd. (China), while the placebo was provided by Guangzhou Boji
Medical & Biotechnological Co., Ltd. (China). After TKA, all
patients were given patient-controlled analgesia (PCA) for 48
hours (h), which was administered as follows: intravenous
injection of fentanyl 0.1mg combined with tolanesetron mesylate
6mg was used as analgesic load; intravenous indwelling needle
was placed subcutaneously at the left deltoid muscle, followed by
introducing of PCA pump (100mL containing fentanyl 1.0mg,
tramadol 50.0mg, and tolanesetron mesylate 6mg); the mainte-
nance dose was 1.0mL/h; the locking time was 15 mins; and the
single dose was 1.0mL.
In the meloxicam group, patients took 15mg meloxicam

(2 tablets) orally at 4h after TKA, and 7.5mg (1 tablet) orally at
12h after TKA, then 7.5mg (1 tablet) orally every 12h until 72h
after TKA. In the control group, patients took 2 tablets of placebo
orally at 4h after TKA, and 1 tablet orally at 12h after TKA, then
1 tablet orally every 12h until 72h after TKA.

2.3. Outcome assessment

Basic clinical features including age, gender, and bodymass index
of patients were recorded at baseline, meanwhile, hospital for
special surgery knee score (HSS) at baseline was also assessed.
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After TKA, pain at rest and flexion were evaluated using a 10cm
visual analog scale (VAS) at 6h, 12h, day (D)1, D2, D3, and D7
postoperation, respectively. Additional consumption of PCA
(salvage use) and total consumption of PCA after TKA were
documented as well. Patient satisfaction was scored from 0 to 10
points, at D1, D2, D3, and D7, respectively. Furthermore, all
patients were followed up at month (M)1 and M3, respectively
after TKA, during which, HSS score was evaluated again. No
patients lost follow-up within 7days, while there were 24 patients
who lost follow-up within 3months, then these patients were not
included in the analysis of HSS score at M1 and M3.
2.4. Statistical analysis

Mean, standard deviation, case number, and percentage were
calculated for descriptive analysis. Student t test or Chi-square
test was used for difference determination between 2 groups.
Graphics were constructed by GraphPad Prism 7.02 (GraphPad
Software Inc.), and statistical analyses were completed by SPSS
24.0 (IBM). Statistical significance was concluded if a P value less
than .05.
3. Results

3.1. Study flow

A total of 143 OA patients planned for TKA were invited, and
15 of them were excluded (including 8 patients who did not
meet the inclusion criteria, and 7 patients who refused to
participate). The remaining 128 eligible patients were recruited
and randomized at a ratio of 1:1 into meloxicam group (N=65)
and control group (N=63). In the meloxicam group, patients
were given oral administration of meloxicam (15mg at 4h
postoperation, 7.5mg at 12h postoperation, and then 7.5mg
every 12h until 72h postoperation). Meanwhile, in the control
group, patients were given oral administration of placebo (at 4h
postoperation, 12h postoperation, and then every 12h until 72
h postoperation). Both groups received the same postoperative
assessments (including pain at rest and at flexion, additional/
total consumption of PCA, patient satisfaction score and
adverse events). All patients were followed up at M1 and M3.
Over the follow-up period, 10 patients lost follow-up in the
meloxicam group and 14 patients lost follow-up in the control
group. Finally, a follow-up assessment was made in the
meloxicam group [including HSS score at M1 (n=60) and
M3 (n=55)] and the control group [including HSS score at M1
(n=55) and M3 (n=49)] (Fig. 1).

3.2. Baseline characteristics

In the control group, the mean age of patients was 67.2±6.2
years, and there were 40 (63.5%) females as well as 23 (36.5%)
males. In the meloxicam group, the mean age of patients was
66.3±5.6years, and there were 47 (72.3%) females as well as 18
(27.7%) males. Further analysis showed that no difference was
found in age, gender distribution, body mass index, HSS score
before operation, or rate of using chondroitin between the
control group and the meloxicam group (all P> .05) (Table 1).
3.3. Comparison of pain VAS score at rest and at flexion

Pain VAS score at rest was elevated in the control group at 12h
(P= .016), D1 (P= .042), and D3 (P= .025) compared to the



Figure 1. Flow chart. h = hour, HSS=hospital for special surgery knee score, M=month, PCA=patient-controlled analgesia, TKA= total knee arthroplasty.
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meloxicam group. However, no difference was found in pain
VAS score at rest at 6h, D2, D7 (all P> .05) between the control
group and the meloxicam group (all P> .05) (Fig. 2A). In
addition, pain VAS score at flexion was increased in the control
group at 6h (P= .034), 12h (P= .044), D1 (P= .014), D2
(P= .010), and D3 (P= .045) compared to the meloxicam group.
While no difference of pain VAS score at flexion was found at D7
(P= .176) between the control group and the meloxicam group
(Fig. 2B).
Table 1

Characteristics of knee osteoarthritis patients.

Items
Control group

(N=63)
Meloxicam group

(N=65)
P

value

Age (yr), mean±SD 67.2±6.2 66.3±5.6 .638
Gender, no. (%) .285
Female 40 (63.5) 47 (72.3)
Male 23 (36.5) 18 (27.7)

BMI (kg/m2), mean±SD 24.2±2.1 24.0±2.0 .735
HSS score before operation, mean±SD 39.9±7.6 41.3±8.7 .215
Previous use of chondroitin, no. (%) 28 (44.4) 26 (41.3) .719

BMI=body mass index, HSS=hospital for special surgery knee score, SD= standard deviation.
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3.4. Comparison of PCA consumption

Additional consumption of PCA was enhanced in the control
group (15.3±11.8mL) compared to the meloxicam group (8.5±
8.0mL) (P< .001) (Fig. 3A). In addition, total consumptionofPCA
was also increased in the control group (63.3±11.8mL) compared
to the meloxicam group (56.5±8.0mL) (P< .001) (Fig. 3B).

3.5. Comparison of patient satisfaction score

Patient satisfaction score in the meloxicam group was higher on
D1 (P= .021), D2 (P= .014), and D3 (P= .043) compared to the
control group. However, no difference of patient satisfaction
score was found on D7 between the control group and the
meloxicam group (P= .230) (Fig. 4).

3.6. Comparison of HSS score

In terms of knee function recovery, which was evaluated by HSS
score, it exhibited no difference atM1 (P= .129) orM3 (P= .431)
between the control group and the meloxicam group (Fig. 5)

3.7. Comparison of adverse events

In the control group, the main adverse events were nausea and
constipation, which occurred in 22 (34.9%) patients and 16
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Figure 2. Pain VAS score at rest and at flexion. Comparison of the pain VAS score at rest (A) and at flexion (B) between control group and meloxicam group. D=
day, VAS=visual analog scale.

Figure 3. Additional and total consumption of PCA. Comparison of additional consumption (A) and total consumption (B) of PCA between control group and
meloxicam group. PCA=patient-controlled analgesia.
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(25.4%) patients, respectively. Meanwhile, in the meloxicam
group, the main adverse events were also nausea and constipation,
which occurred in 17 (26.2%) patients and 12 (18.5%) patients,
respectively. Further analyses presented that no difference was
found in the occurrences of adverse events between the control
group and the meloxicam group (all P> .05) (Table 2).
4. Discussion

In this study, we found that: meloxicam attenuated postoperative
pain in knee OA patients who received TKA; meloxicam did not
Figure 4. Patient satisfaction score. Comparison of patient satisfaction score
between control group and meloxicam group. D=day.

4

affect long-term knee function recovery after TKA in knee OA
patients; and meloxicam showed similar safety profile to placebo
after TKA in knee OA patients.
Regarding the postoperative analgesic effect of meloxicam, a

randomized, double-blind, placebo-controlled trial shows that
meloxicam has the analgesic ability following orthopedic surgery
including total shoulder replacement and total ankle replace-
ment.[10] It has also been exhibited that meloxicam is able to
control postoperative pain in total hip arthroplasty.[7] In terms of
TKA, the postoperative analgesic effect of meloxicam is not clear.
In this study, we discovered that meloxicam was able to reduce
short-term pain in knee OA patients after TKA. Possible
explanations could be that the administration of meloxicam
was double dosage at first, thus it could achieve analgesic ability
Figure 5. HSS score. Comparison of HSS score between control group and
meloxicam group. HSS=hospital for special surgery knee score, M=month.



Table 2

Adverse events.

Items
Control group

(N=63)
Meloxicam group

(N=65) P value

Nausea, no. (%) 22 (34.9) 17 (26.2) .281
Vomiting, no. (%) 8 (12.7) 6 (9.2) .530
Constipation, no. (%) 16 (25.4) 12 (18.5) .343
Drowsiness, no. (%) 3 (4.8) 5 (7.7) .494
Dizziness, no. (%) 3 (4.8) 4 (6.2) .729
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rapidly in short term.[11] Meanwhile, meloxicam did not affect
long-term postoperative pain in patients who received TKA,
which might be because: along with time and the recovery of
patient’s wound, pain could be reduced[12]; and meloxicam
administration was stopped at 72h after TKA, therefore, no
difference of pain was found after D7. Moreover, the additional
and total consumption of PCA was reduced by meloxicam
administration, which could be explained by that meloxicam had
better efficacy on reducing pain than placebo, therefore, patients
used less consumption of PCA to control pain after TKA.
Furthermore, meloxicam was able to improve short-term patient
satisfaction in knee OA patients after TKA. Possible explanations
might be that: meloxicam had the efficacy of reducing pain after
TKA, which directly increased short-term patient satisfaction[13];
the administration of meloxicam was stopped at 72h after TKA,
thus, its effect on patient satisfaction might be weaken in long
term.
Regarding the effect of meloxicam on postoperative recovery, a

previous study illustrates that meloxicam does not affect Harris
hip score in patients receiving total hip arthroplasty within 6
months.[7] Furthermore, another study also reveals that melox-
icam does not affect knee range of motion, International Knee
Documentation Committee score and Lysholm score in patients
who underwent arthroscopic knee surgery.[9] In our study, we
discovered that meloxicam did not affect long-term knee function
recovery which assessed by HSS score in knee OA patients who
received TKA either, a possible explanation could be that
meloxicam was not the main factor that affected the knee
function recovery in patients receiving TKA but other factors
including the skill of the surgeons and success of TKA were.
As for the safety of postoperative meloxicam, a previous study

establishes that meloxicam does not affect the incidence of adverse
events in patients receiving orthopedic surgeries such as total hip
arthroplasty.[10] In our study, we found that the adverse events
were mostly nausea, constipation, vomiting, drowsiness and
dizziness. However, no difference of adverse events was found
between the administration of meloxicam and placebo in kneeOA
patients undergoing TKA. This result was consistent with the
studies that focus on the application of meloxicam in other joint
surgeries.[7,14] In addition, these data also implied that meloxicam
might be a safe antalgic in knee OA patients after TKA.
In this study, there were several limitations: the sample size was

128 in our study, which was not big enough and would lead to a
less strong statistical power in analyses; patient pain and
satisfaction scores were assessed by patients themselves, which
might cause objective bias; and for the purpose of reducing
confounding factors, we excluded the patients who used long-
term analgesics before TKA, thus, the analgesic effect and safety
of meloxicam in these patients needed further analyses.
5

5. Conclusion

To be conclusive, meloxicam attenuates postoperative pain and
improves patient satisfaction, while does not affect long-term
knee function recovery and tolerance, indicating its potential for
postoperative management in knee OA patients undergoing
TKA.
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