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a b s t r a c t

Background: We aimed to evaluate periarticular multimodal drug injection (PMDI) in bilat-

eral total knee arthroplasty.

Methods: In 154 knees of 77 patients, PMDI was administered intraoperatively through the

regions other than posterior capsule to one knee; other knee was control.

Results: Drug-injected knees had lower visual analog scale scores and higher passive range

of motion postoperatively (p < 0.05). The active straight leg raise was higher in drug-

injected knees (47 [61%] vs 19 [24.7%], p ¼ 0.001).

Conclusions: PMDI is a safe and effective method of early postoperative pain management in

total knee arthroplasty when applied through regions other than posterior capsule.

Copyright © 2015, Professor P K Surendran Memorial Education Foundation. Publishing

Services by Reed Elsevier India Pvt. Ltd. All rights reserved.
1. Introduction

Postoperative pain is a major concern after total knee

arthroplasty (TKA). Many patients experience moderate to

severe postoperative pain, which leads to prolonged hospi-

talization and increased postoperative complications.1,2 A

new pain control technique is periarticular injection of a large

volume of low concentrations of local anesthetics, epineph-

rine, and anti-inflammatory agents such as nonsteroidal anti-

inflammatory drugs or steroids, which is termed periarticular
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multimodal drug injection (PMDI). Recent studies show that

using this approach is effective in controlling pain and

improving range of motion (ROM) after surgery.3,4 Several

studies have reported that PMDI provides additional pain re-

lief during the early postoperative period in TKA patients.5e7

PMDI is generally performed through knee regions that

have increased neurosensory perception and an elevated

concentration ofmechanoreceptors such as posterior capsule,

collateral ligaments, quadriceps tendon, medial-lateral reti-

naculum, patellar tendon, and posterior cruciate ligament
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tibial attachment.8 However, popliteal neurovascular struc-

tures are located very close to posterior capsule, which make

them vulnerable to injury during PMDI. Previous anatomic

studies indicated that terminal branches of popliteal artery

branch at levels higher than tibial plato in 1.2e16.4% cases.9,10

Furthermore, the tibial nerve and the common peroneal

nerve, which are terminal branches of sciatic nerve, have been

shown to have variant anatomy in popliteal region.11e14

Although these anatomic variations are well known, PMDI

has been routinely applied through posterior capsule and

PMDI applications from other knee regions have not been

studies so far. To prove that PMDI is also effective when

applied through regions other than posterior capsule is

important to decrease risk of injury associated with PMDI

through posterior capsule.

In this study, we aimed to evaluate the effects of a PMDI

formulation applied through regions other than posterior

capsule on postoperative pain, function, and adverse effects

of surgery in patients undergoing simultaneous bilateral TKA,

using the contralateral knee as a control.
2. Materials and methods

2.1. Study design and population

This was a retrospective, caseecontrol study. Case group

constituted of PMDI-injected knees of patients who had

bilateral TKA. Control group included the contralateral non-

PMDI injected knees. We evaluated 84 patients undergoing

primary simultaneous bilateral TKA with epidural anesthesia

from September 2011 to August 2013 to enroll in this study.

The inclusion criteria were a diagnosis of primary varus

osteoarthritis of the knee; flexion deformity of less than 15�,
age less than 80 years, good mental function, and agreement

to participate. We excluded seven patients for the following

reasons: failure of installing epidural catheter (n ¼ 3), dis-

continued epidural analgesia (n ¼ 3), romatoid arthritis

(n ¼ 1), The study was continued with 77 patients (female/

male, 67/10; mean age, 67.8 years; age range, 55e78 years)

and 154 knees (77 control [37 right, 30 left]; 77 PMDI [30 right,

37 left]). All of the surgical and postoperative follow-up pro-

cedures were performed under routine clinical practice of our

clinic. The study was approved by the Institutional Ethics

Committee, all patients gave written consent for surgical

intervention.

2.2. Arthroplasty and PMDI

Intraoperative PMDI was performed on one knee of each pa-

tient; the other knee served as control. The PMDI mixture

contained 100-mg bupivacaine (0.5%, 20 mL), 40-mg methyl-

prednisolone (2 mL), 300-mg 1:1000 epinephrine (0.3 mL), 1000-

mg ceftriaxone (10 mL), and 50 mg fentanyl citrate (0.1 mL).

These were mixed with sterile normal saline solution to a

combined volume of 60 mL. The first 20 mL were injected into

the soft tissue around the medial (10 mL) and lateral (10 mL)

collateral ligaments after implantation of the arthroplasty

components. The second 20 mL were injected into the reti-

nacular tissues, pes anserinus, and suprapatellar and
infrapatellar fat pads after implantation, and after the capsule

was closed, the remainder was administered to the quadri-

ceps muscle, joint capsule, and subcutaneous tissues.

Following tourniquet application, a standard medial par-

apatellar arthrotomy, medial release, and a posterior-

stabilized prosthesis were used in all patients. Arthrotomy

was performed by one of two surgeons with minimum 6

years of experience (O.G. or S.M.). For 24 h postoperatively, a

solution containing 2% prilocain HCl (3 mL), bupivacaine 0.5%

(3 mL), 50 mg fentanyl (1 mL), and saline (1 mL) was given via

epidural bolus injection every 6 h or when the pain starts.

After 24 h, epidural catheter was removed. In addition, 1000-

mg acetaminophen (intravenous infusion every 8 h) and 75-

mg diclofenac (intramuscular every 12 h) were administered

on the first day after surgery. Between the second and fifth

days, 500-mg oral paracetamol (every 8 h) and 75-mg intra-

muscular naproxen sodium (every 12 h) were administered.

Thromboembolism prophylaxis consisted of anti-embolic

stockings and subcutaneous administration of 4000 IU

enoxaparin. Intravenous antibiotic prophylaxis with cefazo-

lin sodium (1 g) was administered preoperatively and

continued for two days postoperatively. Epidural catheters

were removed after the first postoperative day. A continuous

passive motion (CPM) machine was used after surgery to

promote recovery of motion of the knee joint. On the first

postoperative day, all patients were mobilized with the

assistance of a walker.
2.3. Evaluation criteria

Pain intensity was self-reported using the visual analog scale

(VAS), ranging from 0 mm (indicating no pain) to 10 mm

(indicating extreme pain) in 1-mm increments. Other data

collected included blood loss, ROM, and whether patients

could complete an active straight leg raise (tested each day

from postoperative day one to the day of discharge).

VAS pain scores were collected on postoperative days 0 (6

and 12 h), 1, 2, 3, 4, and 5. On the first, second, third, fourth,

and fifth postoperative days, VAS pain scores were measured

while patients were resting, walking, and on the CPM, sepa-

rately. In addition, VAS pain scores were measured at the

second and fourth postoperative weeks.

Active ROM of the both knee joints was measured preop-

eratively and at second and fourth weeks postoperatively.

Passive ROM was measured at the first, second, third, fourth,

and fifth days postoperatively.
2.4. Statistical analysis

Study data were summarized with descriptive statistics

(mean, standard deviation, etc.). We used the paired-samples

t test to compare VAS scores, ROM, and blood loss. The chi-

square test was used to compare positivity of the active

straight leg raise test between injected and non-injected

knees. The level statistical significance was predefined as

p < 0.05. The SPSS software package for Windows (Statistical

Package for Social Sciences, version 17.0, SPSS Inc., Chicago,

IL, USA) was used for all analyses.
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3. Results

Knees treatedwith PMDIhad significantly lowermeanVASpain

scores up to the second to third day after surgery at all asses-

smentsdoverall, on walking, on rest, or on CPM (p < 0.05 for all

comparisons) (Table 1, Fig. 1). However, no statistically signifi-

cant differences inVASscoreswere foundbetween injectedand

non-injected knees on postoperative day 4 or 5, week 2, orweek

4 (Table1, Fig. 1).Thus,PMDI isassociatedwith lowerpainonthe

day of surgery and up to third day after surgery.

There was no difference in mean active ROM values pre-

operatively between the two groups (p ¼ 0.931). Similarly, we

found no statistically significant differences in active ROM

between the two groups at 2 and 4 weeks after surgery

(p ¼ 0.541, p ¼ 0.261, respectively) (Table 2). However, drug-

injected knees had significantly higher passive ROM values

on CPM than non-injected knees for 1e3 days postoperatively

(Table 2, Fig. 2). Passive ROM values measured at the 1e5 days

postoperatively were given in Table 2.

The number of patients able to perform an active straight

leg raise was significantly higher in drug-injected than in non-

injected knees (n ¼ 47 [61%] and n ¼ 19 [24.7%], respectively,

p ¼ 0.001).

The average estimated blood loss was 302 mL in drug-

injected and 293 mL in non-injected knees. While the mean

estimated blood loss for drug-injected knees was higher than

for non-injected, the difference was not statistically signifi-

cant (p ¼ 0.075).

No clinically detectable, serious drug-related adverse ef-

fects and no wound-related or neurovascular complications

were observed.
4. Discussion

Postoperative pain is a critical consideration in patients who

undergo TKA and has been a focus of recent investigations.
Table 1 e Comparison of mean VAS between the two groups.

Postoperative time Group 1

Mean VAS 6 h 7

12 h 7

2 weeks 2

4 weeks

Mean VAS on rest 1 day 6

2 days 6

3 days 5

4 days 5

5 days 3

Mean VAS on walking 1 day 6

2 days 6

3 days 5

4 days 5

5 days

Mean VAS on CPM 1 day 7

2 days 6

3 days 5

4 days 5

5 days 4

PMDI, periarticular multimodal drug injection; VAS, visual analog scale;
Adequate pain control allows faster rehabilitation, reduces

complications, and is correlated with greater patient sat-

isfaction.15e18 PMDI, which has come into use in recent years,

appears to provide better pain control.4,10,19e21 Multimodal

pain management utilizes multiple agents with different

mechanisms to modulate nociceptors and multiple regions of

common pain pathways.16

PMDI is commonly applied through posterior capsule,

which covers popliteal neurovascular structures with varying

anatomic locations such as popliteal artery and sciatic nerve

that can be injured with serious consequences.22 Thus, we

hypothesized that PMDI applied through regions other than

posterior capsule is effective in decreasing postoperative pain

without any risk of injury to structures in the popliteal region.

We had not recorded any postoperative neurovascular com-

plications, showing that this injection location is safe.

For management of postoperative pain of TKA, pharma-

cological and non-pharmacological techniques such as

femoral block, epidural analgesics, oral analgesics, peri-

articular injection, patient-controlled analgesia, have been

used in unilateral TKA3,4,23,24 and simultaneous bilateral tri-

als.5e7,25 In our study, patients experienced less pain in

injected knees on the day of surgery and up to third day after

surgery, but this difference was lost after third day post-

operatively. Our findings are similar to those of other recent

studies,3e7,23,24 which found lower pain scores in patients who

received the injection group in the early postoperative

period.4,19e21

Inhibition of nociceptors is augmented by local anesthetics

such as bupivacaine. Some previous studies used bupiva-

caine,7,20,21,26 while others used ropivacaine.3,6,12,27 Ropiva-

caine has a similar efficiency to that of bupivacaine, but is

longer acting and associated with fewer complications in the

nervous and cardiovascular systems.4,28e30 We used bupiva-

caine in our study, and none of our patients showed signs of or

had symptoms consistent with systemic bupivacaine toxicity.

Epinephrine has been suggested to localize the anesthesia and
(PMDI) n ¼ 77 Group 2 (control) n ¼ 77 p

.3 ± 1.8 8.8 ± 2.3 <0.001

.2 ± 1.9 8.9 ± 2.1 <0.001

.9 ± 0.6 2.9 ± 0.5 0.495

2 ± 0.3 2 ± 0.4 1

.4 ± 1.4 7.6 ± 1.7 <0.001

.1 ± 1.3 7.4 ± 1.8 <0.001

.6 ± 1.3 6.3 ± 1.5 0.022

.1 ± 0.8 5.3 ± 1.1 0.708

.8 ± 0.7 3.7 ± 0.6 0.208

.8 ± 1.3 8 ± 1.7 <0.001

.5 ± 1.5 7.6 ± 1.7 <0.001

.7 ± 1.5 6.5 ± 1.8 0.014

.4 ± 1.1 5.6 ± 1.2 0.836

4 ± 0.7 4.1 ± 0.9 0.567

.1 ± 1.5 8.2 ± 2.1 <0.001

.8 ± 1.4 8 ± 2 <0.001

.9 ± 1.2 7.1 ± 1.6 <0.001

.7 ± 1.4 5.8 ± 1.2 0.442

.3 ± 0.7 4.4 ± 0.8 0.059

CPM, continuous passive motion.
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Fig. 1 e Postoperative pain after bilateral total knee arthroplasty as assessed by visual analog scale (VAS) scores of knees

that were applied periarticular multimodal drug injection (PMDI, Group 1) and contralateral knees without injection (Control,

Group 2) in general (a), on walking (b), on rest (c), and on continuous passive motion (d).
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minimize the risk of systemic toxicities3,31; our PMDI injection

mixture contained epinephrine.

In the short-term, periarticular steroid injections have

been shown to improve pain relief, functional recovery, and

complications.32e34 Previous studies on PMDI included corti-

costeroids in the injection mixture,7,20,21,26 as did we.

To assess knee functional recovery, previous studies used

the straight leg raise test and reported that more patients

receiving the drug injection could perform this task from
Table 2 e Comparison of mean active and passive ROM betwe

Evaluation time Group 1 (

Active ROM Preoperative 106

Postoperative week 2 94

Postoperative week 4 103

Passive ROM on CPM Preoperative 1 day

Preoperative 2 days

Preoperative 3 days

Preoperative 4 days

Preoperative 5 days

PMDI, periarticular multimodal drug injection; ROM, range of motion; CP
postoperative day 1 to the day of discharge.3,7,20,21,27 In our

study, the proportion of patients able to perform the active

straight leg raise in the injected knees was significantly larger.

Knee functional recovery has also beenmeasured by ROM and

knee flexion in previous studies.18e20,23 Fu et al21 reported

significantly greater ROM for the first 15 days after surgery,

while Joo et al26 found no significant difference after 2 months

postoperatively, and Busch et al3 also found no difference at 6

months after surgery.Whenwe considered active and passive
en the two groups.

PMDI) n ¼ 77 Group 2 (control) n ¼ 77 p

.4�±14� 106.3�±16� 0.931

.3�±15� 94�±13� 0.541

.3�±16� 103.8�±14� 0.261

59�±10� 51�±8� <0.05
67�±8� 56�±6� <0.05
74�±6� 64�±5� <0.05
77�±7� 73�±8� 0.521

81�±8� 79�±10� 0.701

M, continuous passive motion.
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Fig. 2 e Active (a) and passive (b) range of motion (ROM) of

knees that were applied periarticular multimodal drug

injection (PMDI, Group 1) and contralateral knees without

injection (Control, Group 2) in patients who underwent

bilateral total knee arthroplasty.

j o u r n a l o f o r t h o p a e d i c s 1 2 ( 2 0 1 5 ) 2 0 5e2 1 0 209
ROM in injected and non-injected knees, we found that

although active ROM did not change with drug injection,

passive ROM values on CPMwere significantly higher in drug-

injected knees than non-injected knees for 1e3 days

postoperatively.

The main limitation of the present study was its small

sample size. Other limitations that need to be noted were

retrospective design that does not allow placebo injection in

the control side and blinding of either the surgeon or the pa-

tient, which can lead to significant bias. Nevertheless, this

study showed the efficacy of PMDI in TKA, for both pain

management and functionality.
5. Conclusion

PMDI is a simple procedure, and should be considered safe

and effective for early postoperative pain management in

TKA, facilitating early physical therapy. For the surgeons who
want to avoid the risk of injury to the structures in the

popliteal region when injecting through the posterior capsule,

PMDI can be alternatively applied through the regions other

than posterior capsule.
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