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rate of referral to health‑care centers as well as chronic 
pain in up to 35% of patients.[3,4]

The concept of pain turned into a significant issue to the 
extent that it has been declared as the fifth parameter of 
the vital sign by the Joint Commission on Accreditation 
of Health‑care Organizations (JCAHO).[5] Accordingly, 
varieties of pain‑relieving approaches have been 
provided to manage postoperative pain.[6] Nevertheless, 
the old age of the patients who are the majority of 

INTRODUCTION

Total knee arthroplasty (TKA) is a painful but efficient 
orthopedic procedure used to treat patients suffering 
from degenerative disease, osteoarthritis in particular.[1,2] 
TKA, which is mostly performed on the elderly, may 
cause considerable postoperative pain that can lead 
to an increased hospital stay, disability to take part in 
rehabilitation programs, poor outcomes, and increased 
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patients requiring TKA can limit the alternatives for this 
aim.[7]

The traditional methods include the use of analgesic 
agents such as nonsteroidal analgesic agents  (NSAIDs), 
acetaminophen, gabapentin, and pregabalin, which not 
only has short‑term effects but also may cause drug‑related 
adverse effects and are mostly required to be administered 
for a long time.[8] Nevertheless, preoperative use of NSAIDS, 
cyclooxygenases‑2 inhibitors, in particular, has shown 
promising outcomes as it can reduce the amount of retrieved 
inflammatory factors at the site of surgery in addition to its 
opioid‑sparing effect, which can reduce opioid‑related side 
effects, including nausea and vomiting, which contribute to 
the postoperative morbidity associated with TKA.[7]

Using opioids for postoperative pain management is a 
common and useful option but has complications such as 
nausea and vomiting, respiratory depression, drowsiness, 
decreased gut motility, and urinary retention.[9] Other 
postoperative pain relief strategies with acceptable 
outcomes are continuous epidural, lumbar plexus, 
femoral, and sciatic nerve blocks. These approaches can 
effectively control postoperative pain and decrease narcotic 
consumption, though have several side effects such as 
epidural bleeding, less muscle strength, urinary retention, 
and neuronal damages.[10]

The use of multimodal local analgesics at the surgical site 
during or by the end of the procedure is another optimal 
option for reducing postoperative pain with minimal side 
effects in TKA. Intra‑articular injection of mixed analgesics 
following TKA surgery has been accompanied by decrease 
in further requirements for analgesia and led to earlier 
hospital discharge;[11,12] however, studies in this regard have 
not achieved unified outcomes.[13,14]

Despite various introduced strategies for postprocedural 
pain management among patients undergoing TKA, 
limited comparative evidence is available to assess the 
best pain controlling approach. Besides, numerous 
patients are suffering from chronic postoperative pain 
worldwide to the extent that they are dissatisfied with 
their procedure.[15,16] Therefore, the current study is raised 
to assess the efficacy of periarticular multimodal injections 
versus placebo and oral analgesic therapy for post‑TKA 
pain relief.

METHODS

Participants and study design
This is a randomized clinical trial conducted on 146 patients 
undergone TKA in orthopedic hospitals affiliated at Isfahan 
University of Medical Science (IUMS) in 2016.

The presence of osteoarthritis, making the patients 
candidate for primary unilateral TKA, and body mass index 
of 20–30 kg/m2 were determined as inclusion criteria for 
participation in this study.

Abnormal renal function test  (Cr clearance <60 ml/min), 
abnormal liver function test, myofascial pain syndrome or 
fibromyalgia, and patient’s unwillingness for participation 
in the study were considered as unmet criteria. Patients with 
allergy, drug and/or alcohol abuse, inflammatory arthritis, 
history of previous major knee surgery, and those who were 
a candidate for bilateral TKA were the other conditions 
defined as unmet criteria, as well.[17] American College of 
Rheumatology Preliminary Diagnostic Criteria were used 
to diagnose fibromyalgia and myofascial pain syndrome.[18]

Failure to refer for follow‑up assessments and more than 
20% defects in medical records were the current study’s 
exclusion criteria.

The study was approved in the Ethics Committee of 
IUMS  (ethical code: IR.mui.rec. 1396.3.048), and the 
study protocol was registered in the ClinicalTrials.
gov  (NCT05324995) and also was explained entirely for 
the patients, they were reassured about their information 
confidentiality, and written consent was obtained.

This study was designed as a census study; therefore, all 
the patients who met the criteria for participation in this 
study were recruited. Participants were randomly divided 
into three groups using the Random Allocation software, 
so each patient was provided with a specific number from 
1 to 146 by the software and allocated to one of the groups.

The investigator who performed the baseline and follow‑up 
assessments and the patients were unaware of the study 
group; as the investigator was absent at the time of the 
surgery and all the patients administered a pill before the 
surgical procedure (one group was treated with celecoxib 
and the other two ones administered placebo similar in 
shape and color with celecoxib).

The surgical technique
All TKA surgeries were performed under spinal anesthesia 
using 10–15  mg Marcaine  (bupivacaine). About 1  g 
cefazoline  (EXIR®, Boroujerf, Iran) was administered for 
patients within an hour before the surgery.

TKA surgery was performed for all participants by a 
reference skilled orthopedic surgeon electively using knee 
prosthesis (Zimmer®, Warsaw, IN, USA).

After proper sterilization, a preemptive periarticular 
injection was done for participants in the first and second 
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groups. Then, an anterior midline skin incision was done 
within 8 cm above the patella to 2 cm distal to the tibial 
tubercle.

A pneumatic tourniquet was pumped up before incision and 
collapsed before the soft tissue repair at the end of surgery. 
A low vacuum intraarticular drain was used during soft 
tissue repairing for postoperative wound drainage and then 
removed 48 h after surgery.[19]

For pain control following the surgery, meloxicam (15 mg 
daily), celecoxib (400 mg daily), acetaminophen (1000 mg 
every 8 h), tramadol (50 mg every 8 h), ketorolac (30 mg 
slow IV every 8 h, 4‑dose max), and morphine (5–10 mg 
slow IV, PRN) were prescribed for the patients.

On the 1st day after surgery, all patients were mobilized, 
and daily 60  mg subcutaneous enoxaparin  (Clexane®, 
Prefilled syringes Sanofi, Seine Martine, France) was used 
for deep‑vein thrombosis (DVT) prophylaxis for 14 days. 
Prophylactic treatment of patients with a higher risk of DVT 
was continued with bridging therapy of warfarin, and then, 
warfarin was merely prescribed for a further 3 months.[20]

After that, the patients were discharged within 3  days 
after the surgery if they were appropriately mobilized 
and had dry clean wounds. After discharge, standard 
rehabilitation methods were used for patients at home 
or in physiotherapy centers. The rehabilitation schedule 
consisted of strengthening lower extremity muscles by 
concentration on the quadriceps, and gait training with 
weight bearings was allowed by the reconstructed knee to 
perform the necessary daily life.[21]

The interventions
The first group was treated using a preemptive periarticular 
injection of multimodal drugs. Therefore, a combination 
of drugs consisted of 50  mg bupivacaine hydrochloride 
0.5%  (AstraZeneca, Cenexi, France), 1  ml morphine 
sulfate 10  mg/ml  (DarouPakhsh, Tehran, Iran), 300 mcg 
epinephrine  (1:1000)  (DarouPakhsh, Tehran, Iran), and 
30 mg ketorolac (Caspian Tamin, Rasht, Iran) diluted by 0.9% 
sodium chloride solution to make a total 100 ml of injection 
drug was injected in the periarticular area. The injections were 
done within 15 min before the incision in seven areas of the 
joint as followed: 15 ml in posterolateral soft tissue and lateral 
femoral periosteum, 15  ml posteromedial soft tissue and 
medial femoral periosteum, 20 ml inferomedial capsule, 20 ml 
superomedial capsule, 10 ml lateral capsule, 10 ml medial 
subcutaneous tissues, and 10 ml lateral subcutaneous tissue.

The second group received 300  mcg epinephrine 
(1:1000) (DarouPakhsh, Tehran, Iran) peri‑articulary, similar 
to the first group.

The third group administered celecoxib  (200  mg) orally 
immediately before the surgery initiation.

Outcomes
Before the surgical procedure, patients’ age, gender, and 
the operated knee side were recorded in the study checklist.

The study’s primary outcomes included measurements of 
Knee Society Score (KSS) and range of motion (ROM) as the 
determinant of knee function and Visual Analog Scale (VAS) 
as the means for pain assessment.

The KSS is an assessment of the knee that comprises 
two arms, the functional ability and clinical examination 
scores, each with a 100‑point denominator. One‑hundred 
points are allocated to the functional capacity, including 
walking distance, stair‑climbing ability, and the use of 
walking aids. The latter 100 points are used to assess knee 
motion, stability, and pain. This scoring is divided into 
two subscales, 50 points for evaluating motion, stability, 
and alignment. The remained 50 points for pain intensity 
assessment.[22] According to the scores 160–200, 140–159, 
120–139, and  <120, the KSS total score was defined as 
excellent, good, fair, and poor, respectively.[19] KSS was 
at baseline, and then, within 6  weeks and 6  months 
postoperatively.

In addition, the knee ROM was evaluated using a standard 
goniometer.[23]

VAS was used to evaluate the patient’s postoperative pain 
intensity with a 0–10 rating scoring scale.[16]

The patient’s postoperative pain intensity and ROM were 
evaluated in the preoperative visit (baseline), within 24 h, 
48 h, and 6 weeks following surgery.

Statistical analysis
The obtained data were entered into the Statistical 
Package for the Social Sciences  (version  22, IBM 
Corporation, Armonk, NY, USA). The descriptive 
data were presented in mean, standard deviation, 
absolute numbers, and percentages. In order to assess 
the normality of data, the Kolmogorov–Smirnov test 
was administered. The Chi‑square test was utilized to 
compare the categorical variables, and the quantitative 
variables were compared using independent t‑test for 
two variables and ANOVA for more than two variables. 
Tukey post hoc test was utilized to detect the difference 
between two independent variables evaluated by ANOVA 
test. Repeated‑measure ANOVA assessments were 
performed to compare independent quantitative variables 
in repeated measurements. P  < 0.05 was considered 
statistically significant level.
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RESULTS

In this clinical trial, 170 patients undergone unilateral TKA 
were assessed, among which 164 ones were eligible to 
participate in the study. Five patients did not meet inclusion 
criteria, and two ones refused to participate in this study. 
During the study, three patients in the second group did 
not receive the intervention because of unwillingness to 
participate in the study, and eight ones did not refer for 
follow‑ups  (2 in the first, 5 in the second, and 1 in the 
third group) and thus were excluded from the study. The 
information of one patient in the first group was excluded 
because of having congestive heart failure. Eventually, data 
about 146 patients were analyzed [Figure 1].

One‑hundred and forty‑six patients with a mean age of 
63.38 ± 5.486 years (37–81) and female gender predominance 
92.5% (n = 135) were assessed.

The comparison of demographic factors, including 
age (P = 0.33), gender distribution (P = 0.33), and side of 
the operated knee (P = 0.94), was not statistically different 
among the three groups. Detailed information is provided 
in Table 1.

Basel ine KSS  (P   =   0 .39) ,  ROM  (P   =   0 .24) ,  and 
VAS  (P  = 0.37) assessments of the three groups revealed 
insignificant differences; however, further comparison 
of KSS measurements within 6  weeks  (P  <  0.001) and 
6 months (P < 0.001) postoperatively represented significant 
differences among the groups. Post hoc evaluations 
revealed multimodal injection superiority to the other two 
techniques  (P  <  0.001), whereas the control and placebo 
groups, were similar  (P  >  0.05). The VAS and ROM 
assessments within 24 and 48 h after the surgical procedure, 
as well as within the next 6 months, were accompanied by 
remarkable better statuses of multimodal injection than the 

Table 1: Demographic data of participants
Variable Multimodal 

injection, n (%)
Placebo 

group, n (%)
Control 

group, n (%)
P

Age  (mean±SD) 63.44±6.164 64.18±4.902 62.53±5.319 0.330*

Gender
Male 5  (10.4) 3  (6.1) 3  (6.1) 0.65**

Female 43  (89.6) 46  (93.9) 46  (93.9)
Side

Right 26  (54.2) 28  (57.1) 28  (57.1) 0.94**

Left 22 (54.8) 21 (42.9) 21 (42.9)
*One‑way ANOVA test did not show significant differences, **Chi‑square test did not 
show significant differences. SD=Standard deviation

Assessed for eligibility (n = 164)Enrollment

Randomized (n = 157)

Excluded (n = 7)
• Not meeting inclusion

criteria(n = 5)
• Decline to participate(n = 2)
• Other reasons(n = 0)

Allocation

Follow-Up

Allocation

Allocated to intervention (n = 51)
• Received allocated intervention

(n = 51)
• Did not received allocated

intervention (n = 0)

Allocated to intervention (n = 57)
• Received allocated

intervention (n = 54)
• Did not received allocated

intervention (n = 3)

Allocated to intervention (n = 50)
• Received allocated intervention

(n = 50)
• Did not received allocated

intervention (n = 0)

Lost to follow up (n = 2)
Discontinued intervention (n = 0)

Lost to follow up (n = 5)
Discontinued intervention (n = 0)

Lost to follow up (n = 1)
Discontinued intervention (n = 0)

Analyzed (n = 48)
Excluded from analysis (n = 1,

for congestive heart failure)

Analyzed (n = 49)
Excluded from analysis (n = 0)

Analyzed (n = 49)
Excluded from analysis (n = 0)

Figure 1: The flow diagram of randomization of patients
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two other interventions (P < 0.05) in all the assessments. The 
post hoc measurements showed remarkable better outcomes 
of multimodal injection than the other two interventions 
in all assessments  (P  <  0.05), while generally, the other 
two groups were similar, but not in all measurements 
demonstrated in Table  2. The repeated measurements 
of KSS, VAS, and ROM revealed statistically significant 
improvements in all the interventions (P < 0.001 for all three 
groups represented as P1); however, the comparison of the 
groups revealed remarkable superiority of multimodal 
injection to the other two techniques in terms of higher 
KSS scores (P < 0.001 represented as P3), less pain intensity 
based on VAS  (P  <  0.001 represented as P3), and better 
ROM (P < 0.001 represented as P3).

DISCUSSION

This study’s study population was not statistically different 
regarding age, gender, and side of the knee under TKA. 
Therefore, demographic variables could not influence 
the outcomes of the study. This study demonstrated that 
using the preemptive periarticular injection of multimodal 
medications, including bupivacaine hydrochloride, 
morphine, epinephrine, and ketorolac, can efficiently 
tranquilize postoperative pain. However, the two other 
techniques were accompanied by promising outcomes, as 
well. Nevertheless, the three groups’ general comparison 
revealed the superiority of the preemptive periarticular 

injection of multimodal medications to the other two 
techniques.

Surgery trauma during TKA decreases afferent nociceptive 
neuron thresholds and increases spinal neuron excitability. 
This is a somatic pain that may be present for months.[24] 
Postoperative pain management in TKA is critical and 
includes systemic, local, and regional methods.[25] Local 
injection of analgesic agents in the site of surgery is 
appropriate for controlling postoperative pain after 
TKA with limited side effects.[7,24] Limited studies have 
demonstrated the efficacy of preemptive periarticular 
injection in controlling postoperative pain in TKA.

A reviewed study reported that periarticular injection of 
morphine in TKA surgery could significantly decrease 
postoperative pain compared to placebo.[13] Another study 
used the preemptive periarticular injection of opioid, 
ketorolac, ropivacaine, and epinephrine and evaluated 
postoperative pain within 6 and 12  h after surgery and 
showed that this method could significantly decrease 
self‑reported pain score and improve self‑satisfactory 
presentation.[17] Studies demonstrated that a mixture 
of opioids, NSAIDs, epinephrine, and long‑acting local 
anesthetics could cause proper analgesia after TKA.[7,26] 
Yue et al. presented that receiving a periarticular injection 
of multimodal drugs consisted of corticosteroids can cause 
earlier rehabilitation and hospital discharge, although pain 

Table 2: Total contents of knee society score, visual analog scale and range of motion in three groups
Variable Mean±SD P* P ** (between 

multimodal injection 
and placebo)

P ** (between 
multimodal 

injection and 
control group)

P ** (between 
placebo group 

and control 
group)

Multimodal 
injection

Placebo 
group

Control 
group

KSS
Baseline 1.49±24.894 1.94±23.942 6.84±13.801 0.39 0.918 0.224 0.26
Within 6 weeks 113.15±14.89 100.24±17.97 102.02±7.91 <0.001 <0.001 <0.001 0.53
Within 6 months 115.96±13.49 101.20±16.62 98.53±6.97 <0.001 <0.001 <0.001 0.31
P1  (time) <0.001 <0.001 <0.001

P3  (intervention) 0.001
VAS

Baseline 7±1.22 7.39±1.07 7.27±1.09 0.24 0.098 0.25 0.59
Within 24 h 6.39±1.45 8.80±0.88 8.10±0.65 <0.001 <0.001 <0.001 0.001
Within 48 h 5.02±1.25 6.20±1.22 6.18±0.80 <0.001 <0.001 <0.001 0.92
Within 6 weeks 3.46±1.14 4.15±1.25 3.67±0.65 0.006 0.002 0.31 0.028
P1  (time) <0.001 <0.001 <0.001

P3  (intervention) <0.001
ROM

Baseline 87.89±10.41 90.10±10.02 90±3.68 0.37 0.21 0.23 0.95
Within 24 h 107.56±6.36 94.49±3.57 95±2.88 <0.001 <0.001 <0.001 0.57
Within 48 h 113.44±5.09 96.12±4.11 98.16±2.83 <0.001 <0.001 <0.001 0.015
Within 6 weeks 128.33±13.18 119.80±8.16 122.65±4.57 <0.001 <0.001 0.003 0.12
P1  (time) <0.001 <0.001 <0.001

P3  (intervention) <0.001
*ANOVA, **Post hoc Tukey test. P1, P2, P3 at the 5% level error of repeated measures. KSS=Knee society score; VAS=Visual Analogue Scale; ROM=Range of motion; 
SD=Standard deviation
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relief was not positively affected by cocktails containing 
corticosteroids in comparison to those without steroids.[27] 
The further study presented that periarticular injection of 
multimodal medications had fewer side effects, caused 
the reduced incidence of nausea and vomiting, and also 
decreased the risk of wound infections.[28]

The efficacy of multimodal medications may be attributed 
to its consistency. Opioid receptors are located in peripheral 
inflamed tissues and are expressed after surgical trauma. 
Mentioned receptors are responsible for sensory input 
to the central nervous system.[29] NSAIDs can decrease 
peripheral sensitization and activation of nociceptors.[30] 
Bupivacaine can block afferent peripheral nociceptive 
activity and also has anti‑inflammatory effects.[31] The 
epinephrine used in periarticular multimodal injections 
causes decreased local blood flow leading to local 
anesthesia toxicity reduction.[32]

Several studies evaluated the effects of celecoxib on 
postoperative pain after TKA in comparison to placebo. 
However, there is no study compared this medication 
with the periarticular injection of multimodal medications. 
One study prescribed 400  mg celecoxib before surgery 
for patients undergoing TKA and then continued with 
200  mg celecoxib for 12  days postoperatively. This 
method significantly improved postoperative knee ROM 
and decreased postoperative morphine requirement 
compared with the placebo.[33] Another study showed that 
perioperative use of celecoxib was accompanied by less 
time to achieve maximal ROM and improved knee function 
within a year after surgical procedure.[34]

Studies have presented the superiority of 400 mg celecoxib 
to the 200 mg doses.[35] Moreover, our study results may 
have occurred due to ketorolac’s use, as an NSAID, in our 
cocktail. Therefore, we want to recommend further studies 
prescribing preoperative 400 mg of oral celecoxib.

Limitations
Despite the appropriate population of this study, a 
significant limitation in the current report is to follow the 
patients for a short period; therefore, further studies with 
a larger sample population and more extended follow‑up 
periods are strongly recommended. Another limitation 
was lacking hospitalization duration and postoperative 
opioid requirement assessment. The third limitation 
of this study may be attributed to the assessment of 
probable confounders. It is still possible that unmeasured 
confounders interfere with a part of the associations 
have been missed. Among the probable confounder, the 
patients’ job, smoking, physical activity, and dietary status 
can be named that has not been assessed in the current 
report.

CONCLUSION

Preemptive periarticular multimodal drug injection, 
including bupivacaine, morphine, epinephrine, and 
ketorolac, can cause considerable postoperative pain relief 
and better ROM achievement in comparison to placebo or 
oral celecoxib. Thus, periarticular multimodal drug injection 
is recommended for patients who are candidates for TKA.

Further studies with a more extensive study population and 
considering more variables affecting the study outcomes are 
strongly recommended.
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