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Background: Although numerous methods of postoperative analgesia have been investigated in an attempt to im-
prove pain control after total knee arthroplasty, parenteral narcotics still play a major role in postoperative pain man-
agement. Local anesthetics have the advantage of blocking pain conduction at its origin and minimizing the systemic
side effects associated with postoperative narcotic use. This study was performed to evaluate the benefits and
safety of a multimodal analgesia protocol that included periarticular injection of large doses of local anesthetics in
patients undergoing total knee arthroplasty.

Methods: We compared morphine consumption during the first twenty-four hours after unilateral total knee arthro-
plasty in forty-two patients who had been randomized to receive either (1) a perioperative infiltration mixture, consist-
ing principally of local anesthetic, and self-administered morphine or (2) self-administered morphine only. Narcotics
consumption, pain control, medication-related side effects, plasma levels of the local anesthetic (ropivacaine), and
postoperative rehabilitation were monitored.

Results: Although there was high satisfaction and good pain control in both groups, morphine consumption was sig-
nificantly lower in the local analgesia group than it was in the control group (28.8 ± 17.4 mg compared with 50.3 ±
25.4 mg twenty-four hours after surgery, and 46.7 ± 19.4 mg compared with 68.6 ± 38.6 mg forty hours after sur-
gery). Both groups achieved a similar amount of knee flexion on the fifth postoperative day. Over the five-day period
after the procedure, the patients in the local analgesia group reported a total of 2.6 ± 3.9 hours of nausea compared
with 7.1 ± 12.2 hours in the control group. No complications related to the infiltration of the local anesthetic were ob-
served, and all plasma concentrations of the local anesthetic were below the toxic range.

Conclusions: This multimodal perioperative analgesia protocol that included infiltration of a local anesthetic offered
improved pain control and minimal side effects to patients undergoing total knee arthroplasty. Our study also con-
firmed the safety of the protocol.

Level of Evidence: Therapeutic Level I. See Instructions to Authors for a complete description of levels of evidence.

lthough total knee arthroplasty is a successful proce-
dure for the treatment of degeneration of the knee
joint1, perioperative pain control is suboptimal2-6.

Parenteral narcotics play a major role in postoperative pain
control strategies, despite notable side effects such as nausea,
vomiting, confusion, constipation, urinary retention, dizziness,
sedation, respiratory depression, and pruritus2,4,6,7.

Continuous epidural, lumbar plexus, and femoral and/
or sciatic nerve blocks improve postoperative pain control and
reduce consumption of narcotics6,8 at the cost of other poten-
tial problems, such as epidural bleeding (with prophylactic

anticoagulation therapy), diminished muscle control, urinary
retention, and nerve damage6,9-12.

To reduce the occurrence of side effects or complica-
tions, an analgesia protocol should preferably be multimodal
and should block pain at its origin. Furthermore, it should
maintain maximum muscle control to optimize postopera-
tive mobilization, allow active physical therapy, and reduce
venous stasis. Periarticular injection of local anesthetics is a
possible option to achieve these goals. The objective of this
study was to assess the benefits and safety of a multimodal
analgesia protocol that included periarticular soft-tissue in-
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jection of large doses of a local anesthetic for pain relief after
total knee arthroplasty.

Materials and Methods
Participants

ubjects with degenerative or rheumatoid arthritis of the
knee who were candidates for total knee arthroplasty were

recruited bvy four orthopaedic surgeons. The exclusion crite-
ria were simultaneous bilateral total knee arthroplasty, previ-
ous patellectomy, acute or chronic knee infection, regular
narcotic use, psychiatric illness, neuromuscular deficit, major
systemic illness (heart failure, renal insufficiency, or coagulop-
athy), and known allergy or intolerance to one of the study
drugs. The study protocol was approved by an ethics and a sci-
entific committee, and all subjects gave written informed con-
sent to participate in the study.

Study Design
Participants were randomly assigned to the two treatment
groups: local anesthetic and control. A randomization table was
created with SPSS 10.04 software (SPSS, Chicago, Illinois). The
patients and the postoperative team (an internist, the nurses,
and a physiotherapist) were kept blind to the treatment group.

Surgery
All patients received spinal anesthesia with 2 to 3 mL of 0.5%
bupivacaine without a narcotic. (Spinal anesthesia was not
possible in only two patients, one in each group, and both
patients were excluded from the study.) Neither intravenous
narcotics nor ketamine were administered during the surgery,
according to the protocol, and no bladder catheter was inserted.
The operations were performed with use of a tourniquet, which
was inflated during draping and was released before or after skin
closure according to the surgeon’s preference. A standard medial
parapatellar arthrotomy was used, and posterior stabilized
components were fixed with cement (Simplex-P Bone Cement
with tobramycin; Stryker, Kalamazoo, Michigan). A vacuum
drain was inserted before joint closure and was removed on the
first postoperative day. All patients received a COX-2 inhibitor
(Celebrex [celecoxib], 200 mg twice a day) and acetaminophen
(500 mg four times a day) preoperatively (on the morning of the
surgery) and regularly postoperatively. Low-molecular-weight
heparin (Fragmin [dalteparin], 5000 units subcutaneously
daily for ten days) was administered beginning on the first
day. A patient-controlled anesthesia pump with morphine
was available for additional analgesia. The decision to discon-
tinue use of the pump was determined by the anesthetist, with
no standardized criteria in the study. Afterward, oral narcotics
(hydromorphone, codeine, or oxycodone) were administered
as needed.

Patients were allowed to become mobile as tolerated be-
ginning on the day of the surgery. The morning after the sur-
gery, isometric, passive, and active exercises were supervised
by a senior physiotherapist. A continuous-passive-motion
machine was used twice a day, with increases in the range of
motion as tolerated.

Group Treated with Local Analgesia 
The local infiltration mixture was prepared by adding 7.5 mL of
a 10-mL Naropin (ropivacaine) 10.0 mg/mL sterile pack, 30 mg
of ketorolac, and 0.5 mL of adrenaline (1:1000) to a 100-mL
Naropin 0.2 mg/mL sterile pack (total of 275 mg of ropiv-
acaine). Before the prosthesis was implanted, two 60-mL sy-
ringes, each with a 22-gauge needle, loaded with a total of 107.5
mL of the solution, were used to infiltrate the deep tissues (col-
lateral ligaments, posterior aspect of the capsule, quadriceps
tendon, patellar tendon, fat pad, periosteum, and synovium)
with the mixture. Before wound closure, the subcutaneous tis-
sues were infiltrated with 125 mg of ropivacaine (the rest of the
Naropin 10.0 mg/mL sterile pack [2.5 mL] plus 50 mL of an-
other 100-mL Naropin 0.2 mg/mL sterile pack [a total of 52.5
mL in a 60-mL syringe]). A 16-gauge catheter that passed
through the vastus lateralis muscle was inserted into the joint
(for intra-articular injection on the day after the surgery). A
negative-pressure vacuum drain was also placed in all knees.

For the pharmacokinetics study, 7 mL of blood was col-
lected into heparinized tubes preoperatively and every ten
minutes after tourniquet release, until ninety minutes had
elapsed. Blood samples were kept in an ice-water bath before
centrifugation. Plasma was frozen at –70°C pending high-
performance liquid chromatography analysis.

On the first postoperative day (between sixteen and
twenty-four hours after the surgery), the vacuum drain was
clamped and 150 mg of ropivacaine (15 mL of 10 mg/mL
Naropin) was injected into the knee through the 16-gauge
catheter, and then the catheter was removed. To avoid ropiv-
acaine drainage through the skin hole, the clamped drain was
removed three to six hours after injection.

Outcome Measures
The primary outcome measure was morphine consumption
by means of the patient-controlled anesthesia pump over the
first twenty-four hours after the surgery. With an alpha error
of 0.05, a power of 80%, and a standard deviation of 25 (milli-
grams of morphine consumption per twenty-four hours)13,14,
thirty-two patients (sixteen in each group) were required for
the study to detect a difference of 25 mg of morphine between
the two groups. Morphine consumption was recorded every

S

TABLE I Conversion of Narcotics Use into Morphine Equiv-
alents After Discontinuation of Patient-Controlled 
Analgesia at Forty-Eight Hours Postoperatively

Narcotics
Dose in Morphine 
Equivalents (mg)

Morphine, subcutan. or intramusc. 10 

Hydromorphone, subcutan. or intramusc. 1.5

Hydromorphone, oral 7.5

Codeine, subcutan. or intramusc. 120

Codeine, oral 200

Oxycodone, oral 20
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Fig. 1

Plasma concentrations of ropivacaine after the surgery.

eight hours for the first forty-eight hours. After forty-eight
hours, narcotics consumption was noted every twenty-four
hours and transformed into morphine equivalents according
to a conversion table (Table I)15.

The postoperative pain level was estimated by the patient
on a visual analogue scale three times daily (at 8:00 a.m., 4:00
p.m., and 10:00 p.m.) at rest and once or twice a day during
physiotherapy exercises. The patients were told that the left end
of a 10-cm line represented the absence of pain and the right
end represented the most extreme pain that they had ever felt,

and then they were asked to put an X on the line in the place
that best estimated their pain level at that moment. Four times
daily, the patients were asked about the number of hours during
the last six-hour period that they had had nausea. Every fifteen
minutes in the recovery room and every four hours for the first
forty-eight postoperative hours on the ward, nurses and
anesthetists observed the patient closely foFr medication side
effects, especially those associated with the use of ropivacaine,
which include blurred vision, hearing problems, peripheral
paresthesias, dizziness, uncontrolled muscle contraction, con-

TABLE II Demographic and Perioperative Data 

Local Analgesia Group Control Group P Value

Sex (M/F)* 6/16 6/14 0.845

Side (R/L)* 13/9 9/11 0.361

Diagnosis* 0.157

Osteoarthritis 20 20

Rheumatoid arthritis 2 0

Weight† (kg) 87.7 ± 14.5 88.7 ± 14.9 0.834

Body mass index† (kg/m2) 33 ± 5.3 34 ± 5.7 0.539

Preoperative hemoglobin level† (g/L) 137 ± 15.9 138 ± 10.8 0.897

Surgical time† (min) 106 ± 18.3 108 ± 17.8 0.731

Blood loss† (mL)

Intraop. 58 ± 229 37 ± 88 0.711

Postop. 538 ± 346 372 ± 316 0.132

Total 596 ± 441 409 ± 320 0.148

Wound discharge† (days) 1.15 ± 1.2 1.63 ± 2.0 0.354

*The values are given as the number of patients. †The values are given as the mean and standard deviation.
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vulsion, hypotension, bradycardia, headache, and pruritus. Post-
operative knee flexion was measured with a goniometer by the
physiotherapist every postoperative day. Intraoperative blood
loss was estimated by weighing the used sponges and adding
that weight to the blood volume collected by suction. Postop-
erative blood loss was estimated by measuring the drain output
until removal of the drain at twenty-four hours. Wounds were
evaluated every day to determine if there were any zones of skin
ischemia or cellulitis and to ascertain the number of days before
wound discharge stopped. The criteria for discharge from the
hospital included active knee flexion of >80°, an extension lag of
<10°, walking >30 m without help, and a dry surgical wound.
Details regarding the measurement of the plasma concentration
of ropivacaine are available in the Appendix.

Statistical Analysis
The Student t test and the chi-square test were used to com-
pare continuous and categorical variables, respectively, be-
tween the two groups. Continuous variables are presented as a
mean and standard deviation, and categorical variables are
given as the frequency and percentage. To evaluate narcotics
consumption, pain, and knee flexion over time, two-way re-
peated-measures analysis of variance was used, when appro-
priate, by Bonferroni post tests. Analyses were performed with
Prism 3.0 software (GraphPad Software, San Diego, Califor-
nia). Significance was defined as p < 0.05.

Results
orty-four patients were recruited into the study between
March 2003 and March 2004, and two were excluded be-

cause the spinal anesthesia was unsuccessful. Twenty-two knees

in twenty-two patients were assigned to the local analgesia
group, and twenty knees in twenty patients were assigned to
the control group. The demographic data were comparable
between the two groups (Table II). The total blood loss (intra-
operative plus drain output) was higher in the local analgesia
group (596 mL compared with 409 mL), but the difference did
not reach significance (p = 0.148). Most of the difference was
attributable to the increased drain output (+166 mL) in the
local analgesia group (Table II).

No complications related to the ropivacaine infiltration
were reported. The infiltrated doses were all greater than the
manufacturer’s recommended maximum dosage of 3 mg/kg
(average in our study, 4.7 ± 0.8 mg/kg; range, 3.3 to 6.9 mg/
kg), but all of the plasma levels were lower than the toxicity
threshold concentration of 1.5 µg/mL16 (range of maximum
serum levels in our study, 0.646 to 1.346 µg/mL; standard de-
viation, 0.28 µg/mL; Fig. 1).

The patient-controlled anesthesia pump with morphine
was maintained for more than forty-eight hours for twelve pa-
tients: it was maintained for up to seventy-two hours for three
patients in the control group and for two patients in the local
analgesia group, and it was maintained for up to ninety-six
hours for three patients in the control group and for four pa-
tients in the local analgesia group. Narcotics consumption was
significantly lower in the local analgesia group during the first
forty-eight hours postoperatively (Fig. 2, p = 0.0003). It was
also significantly lower during the first eight hours after surgery
(10.4 ± 7.0 mg compared with 24.4 ± 12.7 mg in the control
group; p < 0.001), from eight to sixteen hours postoperatively
(6.4 ± 4.3 mg compared with 12.2 ± 7.7 mg; p = 0.006), at
twenty-four hours (28.8 ± 17.4 mg compared with 50.3 ± 25.4

F

Fig. 2

Postoperative narcotics requirements (mean and standard deviation). For the first forty-eight hours, the overall 

requirements were higher in the control group than they were in the local analgesia group (p = 0.0003). The narcotics 

consumption is reported for each eight-hour period between zero and forty-eight hours and for each twenty-four-hour 

period after forty-eight hours.



286

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 88-A ·  NU M B E R 2 ·  FE BR U A R Y 2006
A MU L T I M O D A L ANAL GESIA PRO TO COL 
FOR TOT AL KNEE AR T HROPL A S T Y

mg; p = 0.004), and up to forty hours postoperatively (46.7 ±
19.4 mg compared with 68.6 ± 38.6 mg; p = 0.044). The local
analgesia group had a significantly lower mean visual analogue
score for pain during exercise than did the control group (4.7
compared with 6.6) on the first postoperative day (p = 0.008) as
well as a significantly lower score for pain at rest (p = 0.01, Fig.
3) and during exercise (p = 0.02) for the first forty-eight hours
after surgery. The local analgesia group and the control group
achieved similar amounts of active knee flexion (72° compared
with 63° on day 2 [p = 0.182] and 85° compared with 86° on day
5 [p = 0.815]) and passive assisted knee flexion (80° compared
with 75° on day 2 [p = 0.420] and 90° compared with 94° on day
5 [p = 0.377]) during the first five postoperative days.

The mean duration of nausea was significantly shorter
in the local analgesia group than in the control group (2.6 ±
3.9 hours compared with 7.1 ± 12.2 hours, p = 0.011). Urinary
catheterization was needed once for three of the twenty pa-
tients in the control group compared with four of the twenty-
two patients in the local analgesia group. One symptomatic
deep vein thrombosis was diagnosed in the local analgesia
group. Two were diagnosed in the control group, and one of
them progressed to a pulmonary embolism. There were no su-
perficial or deep infections. The average time to discharge was
4.8 ± 2.1 days in the local analgesia group and 5.2 ± 2.5 days in
the control group (p = 0.672).

Discussion 
lthough many analgesia protocols for total knee arthro-
plasty have been evaluated, none is optimal and narcotics

still play a major role2-6. The addition of local anesthetics through
continuous epidural infiltration has been demonstrated to be
more effective than parenteral analgesia alone11. However, epi-
dural infiltration can be associated with side effects (nausea,
pruritus, hypotension, urinary retention, poor muscle control,
and delayed mobilization)6,11,12, and it has also been associated
with peroneal nerve palsy9 and gluteal compartment syn-
drome17. Moreover, the risk of epidural hematoma with con-
comitant thromboprophylaxis is still a concern10,11.

Other possible pain-control modalities include single,
multiple, or continuous peripheral nerve blocks18,19. Nerve
blocks reduce the occurrence of side effects and complica-
tions related to epidural or self-administered analgesia20. How-
ever, to effectively control pain, it may be necessary to block
the sciatic, femoral, and obturator nerves21. In one study, 15%
(nine) of sixty nerve blocks were unsuccessful, and 13% (six)
of forty-eight successful blocks had to be combined with
parenteral analgesia21.

The observed pain reduction with continuous intra-
articular infusions of analgesics supports the hypothesis that
there are opioid receptors in the synovial membrane22,23. This
method of analgesia may have reduced the consumption of pain
medications in some studies24-27; however, continuous intra-
articular injections are associated with larger effusions of the sur-
gical wound and may provide direct access for infectious agents.

A few authors have investigated the benefits of intra-
articular injections of local anesthetics after total knee ar-
throplasty28-30. Some did not find a reduction in narcotics con-
sumption after surgery22,29-31; however, Badner et al. reportedA

Fig. 3

Postoperative pain at rest (mean and standard deviation). The mean visual analogue pain score is higher in the control 

group than in the local analgesia group for the first two postoperative days (p = 0.01). 1am = postoperative day 1, in the 

a.m.; 2pm = postoperative day 2, in the p.m.; and so on.
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that a single injection of 150 mg (30 mL) of bupivacaine after
skin closure significantly decreased narcotics use during the
first twenty-four postoperative hours compared with that fol-
lowing injection of a placebo and also significantly improved
the range of motion at the time of discharge28. In a similar
study, Browne et al.31 did not find a significant reduction in
narcotics consumption following a single injection of 100 mg
of bupivacaine before skin closure.

We are aware of only one retrospective study of the ben-
efits of a local anesthetic injection into soft tissues after total
knee arthroplasty32. One dose of local anesthetics (200 mg of
bupivacaine, 10 mg of morphine, and 0.40 mg of epinephrine
in 80 mL) was infiltrated into the soft tissues and the joint.
Postoperative pain was reduced in the recovery room, but the
group treated with the local anesthetics had a higher pain level
(a rebound effect) on the first and second postoperative days.

The primary objective of our study was to evaluate the
safety and efficacy of a new perioperative intra-articular anal-
gesia protocol. Ropivacaine33 is a long-acting analgesic with
efficacy similar to that of bupivacaine but with fewer cardio-
vascular and neurotoxic side effects16,34. We noted a significant
reduction in the postoperative pain level at rest (p = 0.01) and
during exercise (p = 0.02) during the first forty-eight hours af-
ter the surgery and a significant reduction of narcotics con-
sumption that lasted for forty-eight hours (p = 0.0003). Many
factors may explain the success of our protocol in comparison
with that of the protocols used in other studies. Periarticular
tissues were infiltrated under direct vision intraoperatively,
providing a direct block of nerves that were injured or
stretched at the time of the surgery. We also believe that en-
trapment of local anesthetics in the soft tissues improved the
efficacy of the block and reduced the amount of medication
discharged through the drain or the skin incision. Further-
more, injections of ropivacaine were given both during the
surgery (400 mg) and on the first postoperative day (150 mg),
and the anesthetic doses were much higher than those used in
other studies, in which the patients received single injections
ranging from 50 to 200 mg of bupivacaine28,30-32. The large dose
of local anesthetic that we used appears to be safe, as no side
effects were observed in our study group. However, our study
included a small number of patients (twenty-two in the local
analgesia group), and in some patients the maximum mea-
sured plasma level of ropivacaine (1346 ng/mL) almost
reached the concentrations at which side effects can occur
(1500 to 2000 ng/mL)16,34.

The addition of a large dose of adrenaline (0.5 mg,
1:200,000 in 100 mL) to the local anesthetics probably slowed
the release of the ropivacaine into the vascular system and
prolonged its local action (ropivacaine has a half-life of 1.7
hours35). Since the patients who were treated with the infiltra-
tion used significantly less morphine in the second eight-hour
postoperative period (6.4 ± 4.3 mg compared with 12.2 ± 7.7
mg in the control group, p = 0.006), our study suggests that
the adrenaline had a beneficial effect. In addition, it helped to
achieve a bloodless operating field after tourniquet release.

The advantages of this protocol include ease of use, low

cost, and better operating-room efficiency. Operating time
was not increased by the infiltration step, and this is a major
advantage over peripheral nerve blocks, which may be time-
consuming if they are performed in addition to spinal or gen-
eral anesthesia in the same theater as the surgical procedure36.

The benefits of the local infiltration protocol described
in this study include lower narcotics consumption over the
first forty postoperative hours (mean, 46.7 mg compared with
68.6 mg in the control group), improved pain scores during
rest and exercise for the first forty-eight hours, and fewer nau-
sea symptoms during the first five postoperative days.

The pharmacokinetics profile of ropivacaine in epidural
infiltration has shown up to sixteen hours of efficacy37. The
addition of an intra-articular bolus injection on the first post-
operative day most likely prolonged pain control and delayed
pain rebound in our study. The intra-articular catheter could
have been used for additional injections, but it carried the risk
of contaminating the joint. A possible improvement in our
protocol would be the administration of another local anes-
thetic agent with a longer half-life.

A limitation of this study was the use of a COX-2 in-
hibitor (Celebrex) in the protocol, as that drug has been re-
cently associated with increased cardiac risks38. Before this
COX-2 inhibitor is used widely in a multimodal analgesia
protocol, there must be further study to determine the exact
cardiovascular risk when the drug is given for a short period
of time for postoperative pain control38,39. Also, parenteral
narcotics were used in both groups in our study. To optimize
the reduction of narcotics-related side effects, the aim of
multimodal pain control regimens should be to avoid the use
of parenteral narcotics. In addition to the injection of local
anesthetics, patients should be treated regularly with ace-
taminophen (1000 mg three times a day), anti-inflammatory
drugs, and oral oxycodone (5 to 10 mg, on request) instead
of with patient-controlled analgesia with morphine. If pain
control becomes suboptimal, subcutaneous narcotics should
then be given as needed.

Appendix 
A description of the method of measuring the plasma
concentration of ropivacaine is available with the elec-

tronic versions of this article, on our web site at jbjs.org (go to
the article citation and click on “Supplementary Material”)
and on our quarterly CD-ROM (call our subscription depart-
ment, at 781-449-9780, to order the CD-ROM). �

NOTE: The authors acknowledge the work of Dr. L. Kohan and Dr. D. Ker, Sydney, Australia, who
developed a postoperative analgesia protocol that we slightly modified for this study.

Pascal-André Vendittoli, MD, FRCS(C)
Patrice Makinen, MD
Pierre Drolet, MD, MSc
Martin Lavigne, MD, FRCS(C)
Michel Fallaha, MD, FRCS(C)
Orthopaedic Surgery Unit, Department of Surgery (P.-A.V., P.M., M.L., 
and M.F.), and Department of Anaesthesia (P.D.), Maisonneuve-Rosemont 



288

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 88-A ·  NU M B E R 2 ·  FE BR U A R Y 2006
A MU L T I M O D A L ANAL GESIA PRO TO COL 
FOR TOT AL KNEE AR T HROPL A S T Y

Hospital, 5345 boul l’Assomption, Suite 55, Montreal, H1T 4B3 QC, Can-
ada. E-mail address for P.-A. Vendittoli: pa.vendittoli@sympatico.ca

Marie-Claude Guertin, PhD
Montreal Heart Institute, 5000 Belanger Street, Montreal, H1T 1C8 QC, 
Canada

France Varin, BPharm, PhD
University of Montreal, C.P. 6128 Succursale Centre-ville, Montreal, H3C 
3J7 QC, Canada

In support of their research for or preparation of this manuscript, one 
or more of the authors received grants or outside funding from the 

Canadian Orthopaedic Foundation (Alexandra Kirkley Grant), the 
Fondation de Recherche en Orthopédie de l’Université de Montréal 
(FREOM), and Zimmer, Warsaw, Indiana. None of the authors re-
ceived payments or other benefits or a commitment or agreement 
to provide such benefits from a commercial entity. No commercial 
entity paid or directed, or agreed to pay or direct, any benefits to any 
research fund, foundation, educational institution, or other charita-
ble or nonprofit organization with which the authors are affiliated or 
associated.

doi:10.2106/JBJS.E.00173

 References

1. Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY. Health-related quality 
of life in total hip and total knee arthroplasty. A qualitative and systematic review 
of the literature. J Bone Joint Surg Am. 2004;86:963-74.

2. Viscusi ER. Emerging techniques in the treatment of postoperative pain. Am J 
Health Syst Pharm. 2004;61 Suppl 1:S11-4.

3. Strassels SA, Chen C, Carr DB. Postoperative analgesia: economics, resource 
use, and patient satisfaction in an urban teaching hospital. Anesth Analg. 
2002;94:130-7.

4. Albert TJ, Cohn JC, Rothman JS, Springstead J, Rothman RH, Booth RE Jr. 
Patient-controlled analgesia in a postoperative total joint arthroplasty population. 
J Arthroplasty. 1991;6 Suppl:S23-8.

5. Forst J, Wolff S, Thamm P, Forst R. Pain therapy following joint replacement. A 
randomized study of patient-controlled analgesia versus conventional pain ther-
apy. Arch Orthop Trauma Surg. 1999;119:267-70.

6. Singelyn FJ, Deyaert M, Joris D, Pendeville E, Gouverneur JM. Effects of intrave-
nous patient-controlled analgesia with morphine, continuous epidural analgesia, 
and continuous three-in-one block on postoperative pain and knee rehabilitation 
after unilateral total knee arthroplasty. Anesth Analg. 1998;87:88-92.

7. DeWeese FT, Akbari Z, Carline E. Pain control after knee arthroplasty: intraar-
ticular versus epidural anesthesia. Clin Orthop Relat Res. 2001;392:226-31.

8. Serpell MG, Millar FA, Thomson MF. Comparison of lumbar plexus block versus 
conventional opioid analgesia after total knee replacement. Anaesthesia. 1991;
46:275-7.

9. Horlocker TT, Cabanela ME, Wedel DJ. Does postoperative epidural analgesia 
increase the risk of peroneal nerve palsy after total knee arthroplasty? Anesth 
Analg. 1994;79:495-500.

10. Horlocker TT, Wedel DJ. Neuraxial block and low-molecular-weight heparin: 
balancing perioperative analgesia and thromboprophylaxis. Reg Anesth Pain Med. 
1998;23(6 Suppl 2):164-77.

11. Horlocker TT, Hebl JR, Kinney MA, Cabanela ME. Opioid-free analgesia follow-
ing total knee arthroplasty—a multimodal approach using continuous lumbar 
plexus (psoas compartment) block, acetaminophen, and ketorolac. Reg Anesth 
Pain Med. 2002;27:105-8.

12. Capdevila X, Barthelet Y, Biboulet P, Ryckwaert Y, Rubenovitch J, d’Athis 
F. Effects of perioperative analgesic technique on the surgical outcome and 
duration of rehabilitation after major knee surgery. Anesthesiology. 1999;
91:8-15.

13. Hirst GC, Lang SA, Dust WN, Cassidy JD, Yip RW. Femoral nerve block. Single 
injection versus continuous infusion for total knee arthroplasty. Reg Anesth. 
1996;21:292-7.

14. Ng HP, Cheong KF, Lim A, Lim J, Puhaindran ME. Intraoperative single-shot 
“3-in-1” femoral nerve block with ropivacaine 0.25%, ropivacaine 0.5% or 
bupivacaine 0.25% provides comparable 48-hr analgesia after unilateral total 
knee replacement. Can J Anaesth. 2001;48:1102-8.

15. Narcotic analgesics comparative review. Micromedex Healthcare Series. 
Greenwood Village, CO: Thompson Micromedex; 2005.

16. Scott DB, Lee A, Fagan D, Bowler GM, Bloomfield P, Lundh R. Acute toxicity of 
ropivacaine compared with that of bupivacaine. Anesth Analg. 1989;69:563-9.

17. Pacheco RJ, Buckley S, Oxborrow NJ, Weeber AC, Allerton K. Gluteal compart-
ment syndrome after total knee arthroplasty with epidural postoperative analge-
sia. J Bone Joint Surg Br. 2001;83:739-40.

18. Allen HW, Liu SS, Ware PD, Nairn CS, Owens BD. Peripheral nerve blocks 
improve analgesia after total knee replacement surgery. Anesth Analg. 1998;
87:93-7.

19. Wang H, Boctor B, Verner J. The effect of single-injection femoral nerve block 
on rehabilitation and length of hospital stay after total knee replacement. Reg 
Anesth Pain Med. 2002;27:139-44.

20. Chelly JE, Greger J, Gebhard R, Coupe K, Clyburn TA, Buckle R, Criswell A. 
Continuous femoral blocks improve recovery and outcome of patients undergoing 
total knee arthroplasty. J Arthroplasty. 2001;16:436-45.

21. McNamee DA, Parks L, Milligan KR. Post-operative analgesia following total 
knee replacement: an evaluation of the addition of an obturator nerve block to 
combined femoral and sciatic nerve block. Acta Anaesthesiol Scand. 
2002;46:95-9.

22. Klasen JA, Opitz SA, Melzer C, Thiel A, Hempelmann G. Intraarticular, epidu-
ral, and intravenous analgesia after total knee arthroplasty. Acta Anaesthesiol 
Scand. 1999;43:1021-6.

23. Kalso E, Tramer MR, Carroll D, McQuay HJ, Moore RA. Pain relief from intra-
articular morphine after knee surgery: a qualitative systematic review. Pain. 
1997;71:127-34.

24. Joshi GP, McCarroll SM, McSwiney M, O’Rourke P, Hurson BJ. Effects of in-
traarticular morphine on analgesic requirements after anterior cruciate ligament 
repair. Reg Anesth. 1993;18:254-7.

25. Joshi GP, McCarroll SM, Cooney CM, Blunnie WP, O’Brien TM, Lawrence AJ. 
Intra-articular morphine for pain relief after knee arthroscopy. J Bone Joint Surg 
Br. 1992;74:749-51.

26. Khoury GF, Chen AC, Garland DE, Stein C. Intraarticular morphine, bupiv-
acaine, and morphine/bupivacaine for pain control after knee videoarthroscopy. 
Anesthesiology. 1992;77:263-6.

27. Khoury GF, Stein C, Garland DE. Intra-articular morphine for pain after knee 
arthroscopy [letter]. Lancet. 1990;336:874.

28. Badner NH, Bourne RB, Rorabeck CH, MacDonald SJ, Doyle JA. Intra-articular 
injection of bupivacaine in knee-replacement operations. Results of use for anal-
gesia and for preemptive blockade. J Bone Joint Surg Am. 1996;78:734-8.

29. Ritter MA, Koehler M, Keating EM, Faris PM, Meding JB. Intra-articular mor-
phine and/or bupivacaine after total knee replacement. J Bone Joint Surg Br. 
1999;81:301-3.

30. Mauerhan DR, Campbell M, Miller JS, Mokris JG, Gregory A, Kiebzak GM. In-
tra-articular morphine and/or bupivacaine in the management of pain after total 
knee arthroplasty. J Arthroplasty. 1997;12:546-52.

31. Browne C, Copp S, Reden L, Pulido P, Colwell C Jr. Bupivacaine bolus injection 
versus placebo for pain management following total knee arthroplasty. J Arthro-
plasty. 2004;19:377-80.

32. Lombardi AV Jr, Berend KR, Mallory TH, Dodds KL, Adams JB. Soft tissue 
and intra-articular injection of bupivacaine, epinephrine, and morphine has a 
beneficial effect after total knee arthroplasty. Clin Orthop Relat Res. 2004;
428:125-30.

33. Markham A, Faulds D. Ropivacaine. A review of its pharmacology and thera-
peutic use in regional anaesthesia. Drugs. 1996;52:429-49.

34. Knudsen K, Beckman Suurkula M, Blomberg S, Sjovall J, Edvardsson N. 
Central nervous and cardiovascular effects of i.v. infusions of ropivacaine, 
bupivacaine and placebo in volunteers. Br J Anaesth. 1997;78:507-14.



289

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 88-A ·  NU M B E R 2 ·  FE BR U A R Y 2006
A MU L T I M O D A L ANAL GESIA PRO TO COL 
FOR TOT AL KNEE AR T HROPL A S T Y

35. Emanuelsson BM, Persson J, Sandin S, Alm C, Gustafsson LL. Intraindividual 
and interindividual variability in the disposition of the local anesthetic ropivacaine 
in healthy subjects. Ther Drug Monit. 1997;19:126-31.

36. Casati A, Cappelleri G, Aldegheri G, Marchetti C, Messina M, De Ponti A. Total 
intravenous anesthesia, spinal anesthesia or combined sciatic-femoral nerve 
block for outpatient knee arthroscopy. Minerva Anestesiol. 2004;70:493-502.

37. McClellan KJ, Faulds D. Ropivacaine: an update of its use in regional anaes-
thesia. Drugs. 2000;60:1065-93.

38. Kimmel SE, Berlin JA, Reilly M, Jaskowiak J, Kishel L, Chittams J, Strom BL. 
Patients exposed to rofecoxib and celecoxib have different odds of nonfatal myo-
cardial infarction. Ann Intern Med. 2005;142:157-64. Summary for patients in: 
Ann Intern Med. 2005;142:I21.

39. Brophy JM. Celecoxib and cardiovascular risks. Expert Opin Drug Saf. 2005;
4:1005-15.

40. Björk M, Pettersson KJ, Osterlof G. Capillary gas chromatographic method for 
the simultaneous determination of local anaesthetics in plasma samples. J Chro-
matogr. 1990;533:229-34.

41. Arvidsson T, Eklund E. Determination of free concentration of ropivacaine and 
bupivacaine in blood plasma by ultrafiltration and coupled-column liquid chroma-
tography. J Chromatogr B Biomed Appl. 1995;668:91-8.

42. Arvidsson T, Bruce HF, Halldin MM. Lack of metabolic racemisation of ropiv-
acaine, determined by liquid chromatography using a chiral AGP column. Chirality. 
1995;7:272-7.


