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Efficacy of celecoxib for acute pain management following
total hip arthroplasty in elderly patients: A prospective,
randomized, placebo-control trial
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Abstract. The aim of the present study was to determine
whether celecoxib is able to ameliorate pain intensity, provide
a narcotic-sparing effect, achieve early ambulation and
improve rehabilitation following total hip arthroplasty (THA)
in elderly patients. Peri- and post-operative oral celecoxib was
administered to verify the efficacy of celecoxib for acute pain
management in a multimodal analgesic strategy. All 64 eligible
patients were randomly allocated to either the celecoxib group,
who took an oral 400 mg capsule of celecoxib peri-operatively
and 200 mg per 12 h post-operatively for the first 5 days, or the
control group, who were orally treated with a placebo capsule
having the same appearance. A multimodal analgesic tech-
nique was used in which oral celecoxib or placebo capsule was
combined with intravenous patient-controlled analgesia (PCA)
morphine pump for peri- and post-operative pain management.
Pain assessments were recorded at 6, 12, 24, 48 and 72 h, and
7 and 14 days after THA using the visual analog scale (VAS).
PCA morphine consumption; 6, 12,24 and 48-h post-operative
Harris hip score (HHS); time interval until initial ambula-
tion; rates of urinary retention and post-operative nausea and
vomiting (PONV) within 72 h; and intra- and post-operative
blood loss were also documented. The celecoxib and control
groups comprised 34 and 30 patients, respectively. Baseline
demographics were comparable between the two groups. The
post-operative VAS in the celecoxib group was significantly
lower than that in the control group at 12, 24,48 and 72 h after
THA. The post-operative HHS had no significant difference
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between the two groups, while the time interval until initial
ambulation in the celecoxib group (4.5+1.2 days) was signifi-
cantly less than that in the control group (5.83+2.04 days;
P<0.05). Morphine consumption was significantly decreased
in the celecoxib group when compared with the control group
at 6, 12, 24 and 24 h. Although the 72-h post-operative rates
of urinary retention and PONV were lower in the celecoxib
group than in the control group, there were no significant
differences in these rates between the two groups. The intra-
or post-operative blood loss was not significantly different
between groups. In conclusion, pre-and post-operative oral
celecoxib in a multimodal analgesic strategy can achieve
favorable pain relief, reduce opioid consumption, and provide
earlier ambulation and improved rehabilitation when compared
with PCA morphine alone following THA in elderly patients.

Introduction

Total hip arthroplasty (THA) is an effective therapeutic
intervention for pain relief in elderly patients with hip degen-
eration (1). Although the treatment can radically resolve the
chronic pain that results from hip lesions, the acute pain derived
from hip surgery continues to afflict patients post-operatively,
particularly in elderly patients, and this may cause physi-
ological and psychological complications (2,3). Unrelieved
post-operative pain in elderly individuals may lead to delayed
mobilization and rehabilitation, poor surgical outcomes and
prolonged hospital stay (4,5). Consequently, there is a clear
requirement for post-operative pain relief that is able to not
only reduce pain-related complications but also achieve rapid
rehabilitation following THA.

Non-steroidal anti-inflammatory drugs (NSAIDs) are
universally utilized as an assistant approach to acute pain
management (6). However, due to non-selective inhibitory
effects on cyclooxygenase (COX)-1 and COX-2, several
side-effects of conventional NSAIDs have emerged (7).
Celecoxib, as a representative of the class of highly selec-
tive COX-2-specific inhibitors, can specifically inhibit the
functioning of COX-2 in vivo without affecting the protective
action of COX-1. In addition, it suppresses the synthesis of
prostaglandins (PGs) and thereby reduces their effects, which
include reduction of the pain threshold and enhancement of the
transduction and transmission of nociceptive information in the
central and peripheral nociceptors (8). Several studies (9-11)
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have reported the use of celecoxib as a pre-emptive approach
to realize satisfactory peri- or post-operative clinical pain
management.

Patient-controlled opioid analgesia pumps have commonly
been used for post-operative acute pain management. However,
certain complications, such as post-operative nausea and
vomiting (PONV) and urinary retention, are attributable to
the usage of opioid narcotic when given at increasing concen-
trations (12). In order to achieve a compromise that not only
decreases opioid consumption but also achieves favorable pain
relief, a combination of COX-2 inhibitor and patient-controlled
analgesia (PCA) may be administered.

In the Affiliated Taizhou People's Hospital of Nantong
University (Taizhou, China), a team has focused on studying the
efficacy of celecoxib following hip arthroscopic surgery (13).
However, there have been few studies evaluating the use of
oral celecoxib in the elderly population undergoing THA when
combined with PCA post-operatively in clinical practice. The
aim of the present study was to evaluate the efficacy of cele-
coxib following THA in a multimodal analgesic strategy. The
hypothesis that peri-operative pain management using oral
celecoxib in combination with PCA can improve pain intensity,
achieve a narcotic-sparing effect, early ambulation, and better
rehabilitation after THA in elderly patients was investigated.

Patients and methods

Patient selection. Between June 2011 and June 2013, a total of
64 patients underwent THA in the Affiliated Taizhou People’s
Hospital of Nantong University were considered eligible to
participate in the prospective randomized placebo-controlled
study. Informed consent was obtained from all patients who
participated in this study. The study was approved by the
Regional Ethics Committee of Taizhou People's Hospital.

Inclusion and exclusion criteria. Patients who were >65 years
old, with osteoarthritis and aseptic necrosis of femoral head
met the inclusion criteria. The exclusion criteria for this
study were allergy to celecoxib, sulfa drugs, acetylsalicylic
acid or NSAIDs; existence of blood coagulation dysfunction,
or severe hepatic and renal dysfunction; evidence of active
peptic ulcer or recent cardio-cerebrovascular events; relevant
contraindications of THA, such as active or chronic infec-
tion in the target hip or other region of the body and chronic
osteomyelitis; active joint tuberculosis or blood disease; and
inability to undergo lumbar anesthesia due to previous lumbar
diseases or surgeries. Patients who experienced acute injury
were excluded in order to establish a unified group of patients
that were in good physiological and psychological condition
prior to the surgery. Patients who refused to anticipate in the
study or who had inadequate training for PCA usage were also
excluded.

Study design and procedure. A total of 64 consecutive patients
who met the requirements of the study were given sealed,
opaque and consecutively numbered envelopes, and then
randomly allocated to either the celecoxib or the control group
by means of a randomly generated number pattern that had
been designed prior to recruitment. The anesthesiologist and
surgeon caring for the patient were blind to the patient’s group
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assignment and outcome data. All relevant data were docu-
mented by an independent observing surgeon (Jia Chen). The
posterolateral approach between 10 and 14 cm was used for
all procedures with repair of the capsule and external rotators.
Press-fit components (Pinnacle; DePuy Synthes, Warsaw, IN,
USA), and cement-free hydroxyapatite-coated stems (Corail;
DePuy Synthes) were available for THA in the present study.

All surgeries were performed under combined spinal and
epidural anesthetics. Patients in the study accepted a multi-
modal analgesic technique, which comprised the use of oral
celecoxib (Celebrex; Pfizer, Inc., New York, NY, USA) or
placebo capsule combined with an intravenous PCA morphine
pump (ACE Medical Industry Co., Ltd., Goyang, Korea) for
peri-operative and post-operative pain management. A PCA
morphine (I mg/ml) pump was set to deliver a 2-ml bolus
dose with a lockout interval of 10 min. The total amount of
morphine consumption was recorded. An experienced nurse
(Yaqing Du) had trained all patients how to use the PCA
device prior to surgery.

The celecoxib group received an initial 400-mg dose
1 h pre-operatively, and a 200 mg dose was given each 12 h
post-operatively for the first 5 days. Similarly, the control
group took a capsule of the same appearance at identical inter-
vals pre- and post-operatively.

Outcome assessments. Baseline demographic variables
including the number of patients, mean age, proportion of each
gender, body mass index (BMI) and surgery duration in each
group are shown in Table I. The primary outcome was pain
score, as measured by a visual analog scale (VAS) of 0-10 (with
0 representing no pain and 10 representing the worst pain
imaginable). The secondary outcomes included PCA morphine
consumption; post-operative Harris hip score (HHS); time
interval until initial ambulation; rates of urinary retention
and PONV within 72 h; and intra- and post-operative blood
loss. Pain assessments were conducted at 6,12,24,48 and 72 h,
and 7 and 14 days after THA. The amounts of PCA morphine
consumption were recorded by an independent observer at 6,
12, 24 and 48 h post-operatively. Patients were encouraged to
ambulate with a walker or two crutches as soon as possible and
the time when patients initially ambulated was recorded. The
HHS at 3, 7 and 14 days was also documented. All patients
received 5,000 IU low-molecular-weight heparin subcutane-
ously daily for prophylaxis of thromboembolism in the first
7 days post-operatively.

Statistical analysis. Demographic variables, post-operative
HHS and intra-/post-operative blood loss were analyzed
by independent samples t-test. Rates of urinary retention
and PONV were analyzed by Chi-square test. Pain scores,
morphine consumption and time interval until initial ambu-
lation were analyzed by Mann-Whitney U test. Statistical
analysis was performed using SPSS software, version 19.0
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Baseline demographics and pain assessments. There were
no significant differences between the two groups in terms
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Table I. Patient demographics and baseline characteristics.
Variable Celecoxib group Control group P-value
Number of patients 34 30 -
Age (years)® 73.6+4.8 74.5+4.5 >0.05
Male/female 16/18 13/17 -
BMI (kg/m?)* 32.3+5.6 344+6.2 >0.05
Surgery duration (min)* 98.2+£13.7 96.5£14.9 >0.05
BMI, body mass index. “*Values are mean =+ standard deviation.
Table II. Intraoperative and postoperative data.
Variable Celecoxib group Control group P-value
Intra-operative blood loss (ml) 432.4+62.1 458.0£67.6 0.119
Post-operative blood loss (ml) 233.7£259 2423 £27.5 0.201
HHS (time of ambulation) 77.6+4.3 75.5+£5.2 0.081
HHS (7 days) 81.5+5.1 79.4+4.6 0.080
HHS (14 days) 86.1+4.7 83.9+5.1 0.071
Time interval until first ambulation (days) 4.5+1.2 5.83+£2.04 0.008
Urinary retention rates (%) 235 30 0.559
PONV rates (%) 353 47 0.355

HHS, Harris hip score; PONV, postoperative nausea and vomiting. Values are mean + standard deviation unless otherwise indicated.
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Figure 1. Postoperative pain scores. 'P<0.05 compared with the celecoxib
group. The post-operative VAS pain score was significantly lower at 12,24,48
and 72 h in the celecoxib group compared with the control group. VAS, visual
analog scale.

of the number of patients, gender distribution, age, BMI and
duration of surgery (Table I). In comparison with the control
group, the post-operative VAS pain score was significantly
lower at 12, 24, 48 and 72 h after THA in the celecoxib
group. When ambulating and accessing rehabilitation until
discharge, the two groups had no statistically significant
differences between them with regard to post-operative
VAS scores (7 days, P=0.105; 14 days, P=0.648), although
patients in the two groups had a decreasing perception of
pain (Fig. 1).
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Figure 2. PCA morphine consumption. ‘P<0.05 compared with the cele-
coxib group. PCA morphine consumption was significantly decreased in
the celecoxib group compared with the control group at 6,12,24 and 24 h
postoperatively. PCA, patient-controlled analgesia.

HHS results and time of initial ambulation. The post-operative
HHS did not significantly differ between the two groups at the
time of ambulation and at 7 and 14 days after THA (P=0.081,
0.080 and 0.071, respectively; Table II). The time interval until
initial ambulation in the celecoxib group (4.5+1.2 days) was
significantly less than that in the control group (5.83+2.04 days;
P<0.05; Table II).

Opioid usage and associated complications. PCA morphine
consumption was significantly decreased in the celecoxib
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group when compared with the control group at 6, 12,
24 and 24 h (Fig. 2). Within 72 h after the surgery, the rates
of urinary retention were 30 and 23.5% in the control and
celecoxib groups, respectively. Post-operative PONV rates
were 47% in the control group and 35.3% in the celecoxib
group (Table II). The data revealed no statistically significant
difference between the two groups in PONV rates (P=0.355);
similar results were exhibited in urinary retention rates in the
two groups (P=0.559). The intra- or post-operative blood loss
also showed no statistically significant difference between
groups (Table II).

Discussion

This prospective randomized study demonstrates that using
oral celecoxib pre-emptively and post-operatively can achieve
effective clinical outcomes when compared with placebo
for acute pain management after THA in elderly patients.
Celecoxib can improve pain management, and the quality and
function of post-operative recovery, in addition to providing
narcotic-sparing effects in a multimodal analgesic strategy.
Few side-effects were found in the short time interval that was
observed.

Several studies have applied celecoxib for acute pain
management in peri-operative multimodal analgesic strate-
gies (13-15). A previous study conducted in our institution (13)
demonstrated that 200 mg celecoxib administered in one
dose pre-operatively was effective in reducing post-operative
pain and provided a narcotic-sparing effect in patients under-
going arthroscopic hip surgery. Reuben ef al (15) studied the
peri-operative dose of celecoxib in pain management following
spinal fusion surgery, and concluded that an oral 400-mg
celecoxib capsule as pre-emptive analgesia followed by an
additional 200 mg dose 12 h later resulted in a 31% reduc-
tion in morphine use and significantly lower pain scores when
compared with a pre-operative 200 mg dose, in which there
was only a 9% reduction in morphine use. Although these
studies studied different celecoxib doses, there were no differ-
ences in peri- and post-operative complications associated
with bleeding, wound hematoma and gastrointestinal reactions
between them. In the present study, oral 400 mg celecoxib
was administered pre-operatively followed by 200 mg per
12 h post-operatively in combination with intravenous PCA
morphine pump for the first 5 days and this demonstrated
the favorable efficacy of celecoxib in acute pain management
following THA. Thus, it is considered that celecoxib can take
an important role in multimodal analgesic regimens.

There have been a number of studies demonstrating that
COX-2 inhibitors can contribute to reduced VAS pain scores
in peri- and post-operative pain management following total
joint arthroplasty (9,14,16), and a meta-analysis (17) demon-
strated that reasonably used COX-2 inhibitors can reduce
post-operative pain and VAS scores when compared with
placebo. In the current study, the peri-operative VAS scores
were significant lower in the celecoxib group at 12,24,48 and
72 h after THA. When celecoxib usage was stopped after the
initial 5-day therapeutic period, the two groups in the study
had no significant difference in VAS scores. In addition, the
elderly patients in the celecoxib group experienced an episode
of mild pain relief, which might minimize acute pain-related
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complication, such as delirium, hyperpiesia and neuropsycho-
logical tension (18,19).

The quality and function of post-operative recovery is
an indication of pain management following THA. Patients
who were willing to walk or take exercise had less pain
perception when ambulating. The post-operative HHS was
evaluated at the time of ambulation, and at 7 and 14 days. In
addition, the interval from surgery until initial ambulation was
evaluated. Kang et al (14) supplemented intravenous PCA with
pre-emptive 200 mg celecoxib followed by intra-operative
periarticular injections and observed no significant differ-
ence in early walking activity from patients treated with PCA
alone; however, patients treated with the multimodal analgesic
regimen using oral celecoxib started walking or taking exer-
cise earlier. In the present study, although the HHSs in the
celecoxib group were slightly higher than those in the control
group, the scores exhibited no statistically significant differ-
ences between the two groups post-operatively until discharge.
However, elderly patients in the celecoxib group had a reduced
time interval until auxiliary ambulation. Therefore, it can be
considered that peri-operative pain management with adjuvant
celecoxib can decrease the perception of pain and improve
pain relief when ambulating.

There are a variety of peri-operative complications associ-
ated with opioid narcotics, such as PONV, urinary retention,
pruritus, drowsiness and sedation (20-23). Utilizing celecoxib
plus opioid medication is a prevalent approach to multimodal
analgesic strategy in acute pain management post-operatively,
which can decrease the consumption of opioid. In the present
study, the post-operative opioid consumption in the celecoxib
group was 38% less than in control group; however, there were
no statistically significant differences in urinary retention
rates or PONYV rates when compared with the placebo group.
Huang ef al (9) compared celecoxib with placebo in pain
management following total knee arthroplasty, and concluded
that peri-operative celecoxib can contribute to a reduction in
post-operative opioid consumption of 40%. However, although
the reduced opioid use led to a decline in the rate of PONV
incidence (28 vs. 43%), there were no difference in PONV inci-
dence in the two groups. This observation was consistent with
the present study, which showed 35.3 and 47% PONYV rates in
the celecoxib and control groups, respectively. No statistically
significant difference in PONV rates was identified between
the two groups. The rates of urinary retention incidence in the
present study showed an analogous effect (23.5 vs. 30%). As
the number of patients in this study was limited, a study with a
larger sample size is required to verify the correlation between
declined opioid consumption and opioid-related side-effects.

Celecoxib, as arepresentative of the class of selective COX-2
inhibitors, has the advantage of selective effects on COX-2
when compared with conventional NSAIDs. To the best of our
knowledge, several studies have demonstrated an association
between NSAIDs and the functioning of platelets (24-28).
Selective COX-2 inhibitors, however, have no ability to
inhibit platelet aggregation or coagulation function (29-31).
They specifically inhibit the effect of COX-2, which takes an
important role in catalyzing PG synthesis and the subsequent
inflammatory response (32). Thus, COX-2 inhibitors avoid the
side-effects of NSAIDs, which are primarily actualized by
the inhibition of COX-1, resulting in gastrointestinal adverse
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reactions, the inhibition of platelet aggregation and impair-
ment of renal function. Ekman ez al (10) administered oral
400 mg celecoxib 1 h prior to arthroscopic knee surgery. The
results suggested that celecoxib did not interfere with normal
hematologic function. A retrospective cohort study (33) based
on databases covering >1.3 million patients aged >66 years
demonstrated lower rates of upper gastrointestinal hemorrhage
for celecoxib in comparison with conventional NSAIDs. In the
present study, the volumes of peri- and post-operative blood
loss had no significant difference between the two observed
groups, and no antiplatelet activity-related complications,
such as incision hematoma, bleeding and ulcer bleeding,
were exhibited in the observed interval. The period of acute
pain management is relatively short, and the observation of
the side-effects of celecoxib associated with the inhibition of
platelet function may require a prolonged observation period.

There are certain limitations to the present study. First,
due to the rigid inclusion and exclusion criteria, there were
limited numbers of patients who were eligible for this study;
this resulted in a small sample size and may have introduced
potential selection bias. Secondly, patients who suffered from
fresh fracture of the femur neck were excluded, although
this is a preferable indication for elderly patients undergoing
THA. However, the pain derived from acute hip trauma,
post-traumatic transportation and consequent pre-operative
treatment, such as limb skeletal traction, may lead to a higher
incidence of acute confusional states and greater pain intensity,
which may influence the pre-operative psychological state and
post-operative recovery (34,35). In order to establish a unified
group of patients who were in a good physiological and psycho-
logical state prior to the surgery, patients who experienced acute
injury were excluded and another study may be conducted to
focus on the population with traumatic hip injury. Finally, the
safety of celecoxib has not been verified in this study, since the
observation period was short. To the best of our knowledge,
coxib-type drugs are associated with a potential increased risk
for thrombosis, and renal and cardiovascular (CV) adverse
events (36-39). The safety of drugs of the coxib class continues
to require further evaluation, particularly in elderly patients
who are more likely to suffer from CV disease and renal func-
tion disorders. Larger observation periods for celecoxib safety
verification are planned in our future study.

In conclusion, the present study demonstrates that
using celecoxib in a multimodal analgesic strategy pre-and
post-operatively can achieve favorable efficacy in the manage-
ment of pain. The use of a treatment regimen comprising oral
treatment with celecoxib at a dose of 400 mg pre-emptively
and 200 mg per 12 h post-operatively in combination with PCA
morphine pump should improve pain intensity, reduce opioid
consumption, and achieve early ambulation and improved
rehabilitation after THA in elderly patients.
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