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ABSTRACT

Introduction: Post total knee replacement 

pain control using parenteral opioids results in 

significant side effects like nausea and vomiting. 

Periarticular injections are used to control pain 

without these side effects. This study aimed to 

evaluate the safety and efficacy of periarticular 

steroid injection in patients undergoing total 

knee arthroplasty, as well as assess the patient’s 

functional outcomes over a period of two years.

Methods: A total of 100 patients who underwent 

total knee arthroplasty were randomised into 

two groups. The treatment group received 

periarticular infiltration with triamcinolone 

acetonide, bupivacaine and epinephrine. The 

control group received only bupivacaine and 

epinephrine. The postoperative analgesic regime 

was standardised for all patients. The immediate 

postoperative outcomes evaluated included 

pain score, morphine consumption, time to 

ambulation, straight leg raise, range of motion 

and duration of hospital stay. Longer-term 

outcomes were assessed at 1, 3, 6 and 24 months 

using the SF-36 questionnaire and Oxford Knee 

Score.

Results: Patients in the treatment group had 

significantly lower pain scores, reduced morphine 

consumption and earlier discharge. They also 

had better range of knee motion and were able to 

regain muscular strength earlier. There was no 

increase in major complications such as infection 

or tendon rupture in the treatment group. There 

was no difference between the groups with regard 

to the medium-term outcomes of up to two years.

Conclusion: This modality of pain control is safe 

and efficacious for post total knee replacement 

pain control.
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INTRODUCTION

Total knee arthroplasty (TKA) is associated with 
significant postoperative pain, which may adversely 
affect the rehabilitation of the patient.(1) The use of 
parenteral opioids may be effective but causes dose-
related complications of nausea, vomiting, constipation, 
urinary retention, drowsiness and respiratory 
depression.(2,3)

	 Multi-modal analgesic regimes are used to relieve 
pain in patients who have undergone TKA. Various 
papers have described the use of periarticular injections 
of anaesthetic concoctions to relieve pain.(4-6) These 
drug cocktails commonly include combinations of 
nonsteroidal anti-inflammatory drugs (NSAIDs), local 
anaesthetics and opioids such as morphine. Studies 
conducted by Fu et al(7) and Pang et al(8) on unicondylar 
knee arthroplasty have shown the efficacy of periarticular 
steroid injection in postoperative pain control following 
TKA. Concerns with the use of periarticular steroids in 
this group of patients include the risk of postoperative 
infection and patellar tendon rupture. The study aimed 
to evaluate the safety and efficacy of periarticular steroid 
injection in patients undergoing TKA and to further 
assess the patient’s functional outcomes over a period of 
two years.

	
	 Non-steroid	 Steroid	 p-value

Mean age (yrs)	 65.4	 67.9	 0.104
BMI (kg/m2)	 27.3	 26.7	 0.499
Weight (kg)	 66.1	 62.9	 0.171
Right side 	 32	 30	 0.837
Left side 	 18	 20	 0.839
Pre-Hb (g/dl)	 13.3	 13.1	 0.498
Post-Hb (g/dl)	 10.9	 11.0	 0.742

BMI: body mass index; Hb: haemoglobin 

Table I. Demographic data of the study groups. 
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METHODS

This study was a two-year, double-blind, prospective, 
randomised controlled trial. Approval for the study 
protocol was obtained from the hospital ethics committee, 
and written consent was given by all the patients enrolled 
in the trial. Using an alpha error of 0.05, a power of 
80% and a standard deviation of 25 mg of morphine 
consumption per 24 hours, 32 patients (16 in each group) 
were required for the study in order to detect a difference 
of 25 mg of morphine consumption between the two 
groups.(9,10) 
	 A total of 100 patients who underwent TKA 
performed by the three senior authors in 2004–2005 were 
recruited into the study. These patients were randomised 
into the two arms of the study using randomisation tables. 
Patients with diabetes mellitus, previous surgery to the 
knee, immunodeficiency, hypothyroidism, renal failure, 
or allergies to either the components of the periarticular 
injection or to oral NSAIDs were excluded. In the study 
group, 50 patients received an intraoperative periarticular 
injection of a local anaesthetic agent with adrenaline 
(0.5% bupivacaine with epinephrine 1:200,000) 
(Marcaine, AstraZeneca, Sodertalje, Sweden) and the 
corticosteroid, triamcinolone acetonide  (Kenacort, 
Bristol-Myers, New York, NY, USA). In the control 
group, the other 50 patients received a similar concoction 
but without the corticosteroid.
	 Surgery was performed by either of the three senior 
surgeons in this study. General or spinal anaesthesia was 
used, as determined by the anaesthetist, who was unaware 
of the cocktail used. The surgeon was only notified of 
the injection cocktail that the patient received through 
sealed envelopes during the surgery. The distribution of 
patients receiving either general or spinal anaesthesia was 
comparable. A total of 21 patients in the study arm and 20 
patients in the control arm underwent general anaesthesia, 

while 29 patients in the study group and 30 patients in 
the control group received spinal anaesthesia. No long-
acting analgesics were used, and spinal anaesthesia 
was accomplished with 0.5% bupivacaine. Tourniquet 
was used in all the patients, and the standard medial 
parapatellar, quadriceps splitting approach was used in 
all the cases. All the implants were cemented and the 
injection cocktail delivered into the periarticular tissues 
of the knee joint after the cement had set.
	 The study group received an infiltrative mixture of 0.5 
ml/kg(11) of 1:200,000 epinephrine and 0.5% bupivacaine 
diluted with 30 ml of normal saline. 40 mg of corticosteroid 
(triamcinolone acetonide)(12) was added to half of the above 
mixture. The solution with the corticosteroid was then 
injected into the deep tissues, including the quadriceps 
muscle, medial collateral ligament, posterior capsule 
and synovium. The other half of the solution, which 
did not contain the corticosteroid, was injected into the 
skin incision before closure. This was to prevent steroid-
induced skin atrophy along the incision.(13) The control 
group received a similar concoction of identical volume 
without the corticosteroid, with the volume also divided 
in two halves. All the patients received postoperative 
oral naproxen and patient-controlled analgesics (with 
morphine bolus of 1 mg, lock-out time of five minutes, 
and a maximum dose of 8 mg/hr) for 48 hours.
	 Immediate postoperative pain control was assessed 

Fig. 1 Line graph shows the comparison of postoperative pain 
scores between the two groups.
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Fig. 2 Line graph shows the six-hourly parenteral morphine 
consumption of the two groups.
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Fig. 3 Line graph shows the cumulative morphine consumption 
of the two groups.
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via patient-reported pain scores using a visual analogue 
scale, and performed by an independent assessor who was 
blinded to the injection regime. All patients were asked 
to score their pain on a scale of 0 to 10, with 0 being no 
pain and 10 being maximum pain. The pain score was 
collected every six hours for the first five postoperative 
days. Parenteral morphine consumption was measured 
using the patient-controlled pump at six-hourly intervals 
for the first 48 hours.
	 The range of motion (ROM) was recorded daily 
by a physiotherapist who was blinded to the injection 
regime, for the duration of admission and during 
subsequent follow-ups. The other parameters used as 
a measure of recovery of muscular strength included 
length of time required to perform a straight leg raise 
and time to independent walking, in addition to duration 
of hospitalisation, mean drop in haemoglobin and 
total drainage. Upon discharge, patients were further 
evaluated using the SF-36 questionnaire(14) and the 
Oxford Knee Score(15) at three-month, six-month and 
two-year intervals. Complications such as infection and 
tendon ruptures were recorded. All measurements and 
recordings were made by the same physiotherapist who 
was blinded to the study group. 
	 Statistical analysis was performed using the Statistical 
Package for the Social Sciences version 11.0 (SPSS Inc, 
Chicago, IL, USA). Univariate analysis was performed 
with the chi-square test or the Fisher’s exact test for 
comparison of proportions between two categorical data. 
The Mann-Whitney U test was used to compare the non-
parametric data between two independent samples. A 
p-value < 0.05 was considered statistically significant.

RESULTS

The demographic data was similar between the two 
groups (Table I). For patients in the group receiving 
steroid injection, significantly lower pain scores from the 
second postoperative day were noted (Fig. 1). Patients 
in the steroid arm also had statistically significant 
reduced demands for parenteral morphine at 18 hours, 

24 hours and 36 hours postoperatively (Fig. 2). Patients 
receiving steroid injection also consumed significantly 
less morphine overall compared to non-steroid patients 
(Fig. 3).
	 Patients who received periarticular steroid had better 
ROM, and this was statistically significant from the 
second day onward. Even at one, three and six months, 
the patients in the steroid group continued to have better 
ROM compared to the control group (Fig. 4). The steroid 
group was also able to achieve straight leg raise at a mean 
of 2.3 days compared to 2.8 days for the control group 
(Table II). The length of hospital stay was also shorter 
in the steroid group. The mean length of stay was 5.2 
days in the steroid group compared to 6.8 days in the 
control group (p = 0.02). The mean drop in haemoglobin 
was lower in the steroid group by 0.3 mg/dl, although it 
was not statistically significant. There was no significant 
difference in the postoperative drainage between the two 
groups (Table II). At follow-up of up to two years, there 
was no statistically significant difference in the SF-36 
questionnaire and the Oxford Knee Score for the two 
groups of patients. 
	 One patient each in both the steroid and control group 
developed early postoperative wound infection with 
persistent sinus discharge. In both cases, the infection 

	
	 Non-steroid	 Steroid	 p-value

Average LOS (days)	 6.8	 5.2	 0.022
Mean drop in Hb (g/dl)	 2.4	 2.1	 0.084
Drainage (ml)	 246	 281	 0.340
SLR on postoperative day (days)	 2.8	 2.3	 0.042
Infection	 1	 1		  -
Tendon rupture	 0	 0		  -

LOS: length of stay; Hb: haemoglobin; SLR: straight leg raise 

Table II. Comparison of results between the study 
groups.

Fig. 4 Line graphs show the range of motion of the two groups  
(a) postoperatively and (b) at follow-up.
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resolved and the sinus healed after a single-stage 
arthrotomy, washout and change of the polyethylene 
insert. Cultures taken from the patient in the steroid 
group were negative, whereas the patient in the control 
group had a positive culture of methicillin-resistant 
staphylococcus aureus (MRSA). Both patients recovered 
well subsequently and at the last follow-up, had good 
ROM of 0°–120°.

DISCUSSION

TKA is associated with significant postoperative pain,(1) 

and good pain relief allows effective rehabilitation.(16) 

Effective pain relief should be delivered pre-, peri- and 
postoperatively to prevent the establishment of pain 
hypersensitivity.(17) Postoperative pain hypersensitivity 
is caused by the sensitisation of both the central and 
peripheral nervous system. Surgical trauma decreases 
the threshold for afferent nociceptors in the peripheral 
nerves, as well as increases the excitability of the 
central spinal neurons. Together, these changes result 
in an increase in the response to noxious stimuli and 
decrease the pain threshold at the site of the injured and 
surrounding uninjured tissues.(4) The administration of 
preemptive analgesics directly into the operative site has 
been shown to prevent central sensitisation and improve 
postoperative pain control.(18-20)

	 The safety of bupivacaine in periarticular injections 
is well documented. Previous studies have shown that 
the mean serum concentrations in patients who received 
up to 30 ml of 0.5% bupivacaine were well below the 
toxic level.(17) Lombardi et al have found no perioperative 
complications related to the injection.(6) The addition 
of epinephrine helps to reduce the toxicity of the local 
anaesthetic by keeping it localised to the area of injection. 
It has also been demonstrated that periarticular epinephrine 
injection reduces blood loss from the operative site.(6) Few 
studies have investigated the efficacy of periarticular 
injection of local anaesthetics, and while some authors 
have found it effective,(5,6,17) others have not found a 
reduction in narcotic consumption after surgery.(21-24) Our 
study was a double-blind randomised controlled trial that 
has demonstrated the efficacy and safety of corticosteroid 
(triamcinolone) periarticular injection for pain relief 
following TKA.
	 The anti-inflammatory effect of corticosteroid 
stems from its inhibition of phospholipase A2, resulting 
in a reduction of the pro-inflammatory derivatives of 
arachidonic acid.(25) Injection of corticosteroid into the 
surrounding tissues can thus provide effective pain relief 
by reducing the inflammatory response at the sites of the 
surgical trauma.(26,27) In addition, it can decrease blood 

loss by reducing the production of prostaglandins with 
vasodilatory effects.(28)

	 In conclusion, our study has demonstrated 
the efficacy and safety of periarticular injection of 
corticosteroid, bupivacaine and epinephrine following 
TKA. Patients who received the steroid cocktail have 
reported better visual analogue pain scores and required 
less parenteral morphine postoperatively. They also had 
better ROM from the second day onward, and continued 
to have better ROM up to six months postoperatively 
compared to the control group. Postoperatively, the 
steroid group was also able to perform straight leg raises 
earlier, had a shorter hospital stay and a smaller drop in 
haemoglobin. There was no increased risk of infection at 
two years follow-up and no incidence of patellar tendon 
rupture among our patients.
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