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Current Concepts Review

Preventing the Development of Chronic 
Pain After Orthopaedic Surgery with 

Preventive Multimodal Analgesic Techniques
By Scott S. Reuben, MD, and Asokumar Buvanendran, MD

➤ The prevalences of complex regional pain synd rome, phantom limb pain, chronic donor-site pain, and p ersis-
tent pain following total joint arthroplasty are alarmingly high.

➤ Central nervous system plasticity that occurs in response to tissue injury may contribute to the development
of persistent postoperative pain. Many researchers have focused on methods to prevent central neuroplastic
changes from occurring through the utilization of preemptive or preventive multimodal analgesic techniques.

➤ Multimodal analgesia allows a reduction in the doses of individual dr ugs for postoperative pain and thus a
lower prevalence of opioid-related adverse events. The rationale for this strategy is the achievement of suffi-
cient analgesia due to the additive effects of, or the synergistic effects between, different analgesics.

➤ Effective multimodal analgesic techniques include the use of nonsteroidal anti-inflammatory drugs, local an-
esthetics, α-2 agonists, ketamine, α2-δ ligands, and opioids.

ne of the potential complications following an opera-
tion is the d evelopment of c hronic pain. T he preva-
lence of persistent postoperative pain (for more than

three to six months) remains alarmingly high, and suc h pain
has be en r eported after numerous operative p rocedures in-
cluding li mb ampu tation, tho racotomy, mast ectomy, c hole-
cystectomy, and surgery for an inguinal hernia1,2. Clearly there
is substantial variability in the prevalence of chronic pain fol-
lowing each of these p rocedures, and specific r isk factors for
its d evelopment ha ve been ide ntified. These factors include,
among others, preoperative pain of more than one month in
duration, the intensity of acute postoperative pain, psycholog-
ical vulnerability and anxiety, and an op erative approach that
involves the possibility of nerve damage1. Furthermore, recent
research has revealed that genetic factors may play a role in the
development of  chronic pain. Sensit ivity t o physiological
nociceptive and clinical pain differs considerably among indi-
viduals. I ncreasingly, t his inconsistency is recognized as an
indication of d ifferential h eritable susceptibility bo th t o the

generation and e xperience o f pain and t o the r esponse t o
analgesics3. For example, functional genetic polymorphisms
of catecholamine-O-methyltransferase (COMT) are associated
with alt ered sensitivity t o pai n induc ed in an exp erimental
environment3 . High COMT activity correlates with the risk of
chronic temporomandibular joint pain developing3.

Despite the identification of chronic postoperative pain
syndromes, little is known about the underlying mechanisms,
natural history, and response to therapy of each syndrome4. It
is no w r ecognized that nociceptor function is dynamic and
may be a ltered following tissue injury, which may contribute
to persistent pain5,6. The perception of pain is not a predictable
neurophysiological me chanism w herein stim uli are always
transmitted and processed in an identical manner. In fact, the
central nervous system exhibits a great deal of plasticity. The
processing of pain signals is now recognized to be a c omplex
physiological cascade that in volves d ozens o f diff erent neu-
rotransmitters and chemical substrates at several different an-
atomical locations.
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Operative procedures produce an initial afferent barrage
of pa in sig nals and ge nerate a  secondary inflamma tory r e-
sponse, both of w hich contribute substantially to postopera-
tive pain. The signals have the capacity to initiate prolonged
changes in both the peripheral and the central nervous system
that lead to the amplification and prolongation of postopera-
tive pain. Peripheral sensitization, a reduction in the threshold
of nociceptor afferent peripheral terminals, is a result of
inflammation at the sit e of surgical trauma5. Central sensiti-
zation, an ac tivity-dependent incr ease in the e xcitability of
spinal neurons, is a result of persistent exposure to nociceptive
afferent input from the peripheral neurons5 (Fig. 1). Taken to-
gether, these two processes contribute to the postoperative hy-
persensitivity state (t he so-called spinal w ind-up) that is
responsible for a de crease in th e pa in threshold, b oth a t the
site of injur y (primary hyperalgesia) and i n the surrounding
uninjured tissue (secondary hyperalgesia) (Fig. 1). This is the
mechanism b y w hich pain ma y be pr olonged be yond the
duration nor mally expected f ollowing an acut e insult. P ro-
longed central sensitization has the capacity to lead to perma-
nent alterations in the central nervous system, including the
death o f inhibit ory neurons, replacement w ith ne w aff erent
excitatory ne urons, and estab lishment of aberrant excitatory
synaptic c onnections6. These alterations lead to a pr olonged
state of sensit ization, r esulting i n int ractable post operative
pain that is unresponsive to many analgesics7.

As e vidence concerning the role of se nsitization in the
prolongation of post operative pain c ontinues to accumulate,
many researchers have focused on methods that do not simply
treat sy mptoms as they o ccur but r ather prevent wind-up
from occurring. The evidence in support of these preemptive
analgesic t echniques has been e quivocal: one s ystematic r e-
view of the lit erature de monstrated no beneficial effect8,
whereas a more recent review9 demonstrated an overall bene-
fit. However, the concept of preemptive analgesia has e volved
beyond th e importance of r educing th e nociceptive affe rent
input brought about by the surgical incision. The term preven-
tive analgesia10 was introduced to emphasize the fact that cen-
tral neuroplasticity is induced by preoperative, intraoperative,
and p ostoperative no ciceptive inputs. Thus, the g oal of p re-
ventive analgesia is t o reduce the c entral sensitizatio n that
arises from noxious inputs experienced throughout the entire
perioperative period and not just from those occurring during
the surg ical incision. P reemptive t reatment should b e di-
rected at the periphery, along the sensory axons, and along the
central ne urons. This can b e ac complished with th e use of
nonsteroidal anti-inflammat ory drug s, ac etaminophen, local
anesthetics, α-2 ago nists (e.g ., clo nidine), α2-δ lig ands (e.g .,
gabapentin and preg abalin), k etamine, and opioids, eit her
alone or in combination (Fig. 2). It is important to administer
these analgesics at the doses outlined in Table I, both prior to
the surg ical incision and post operatively before the develop-

Fig. 1

Surgical trauma leads to the release of inflammatory mediators at the site of injury, resulting in a reduction in the pain 

threshold at the site (primary hyperalgesia) and in the surrounding uninjured tissue (secondary hyperalgesia). Peripheral sen-

sitization results from a reduction in the threshold of nociceptor afferent terminals secondary to surgical trauma. Central 

sensitization is an activity-dependent increase in the excitability of spinal neurons (spinal wind-up) as a result of persistent 

exposure to afferent input from peripheral neurons. CNS = central nervous system, BK = bradykinin, PGs = prostaglandins, 

and 5-HT = serotonin.
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ment of severe pain. Effective preventive analgesic techniques
may be useful not only for reducing acute pain but also for re-
ducing chronic postoperative pain and disability.

In this review, we examine the efficacy o f a variet y of
multimodal analgesic techniques and review the evidence re-
garding whether the se analg esics m ay be administ ered p re-
emptively to reduce chronic pain following an operation. Four
chronic p ostoperative pain syndr omes that ar e imp ortant
clinically to orthopaedic surgeons are complex regional pain
syndrome, phantom limb pain, chr onic donor-site pain, and
persistent pain following total joint arthroplasty.

Multimodal Analgesia
pioids are still considered to pla y a major role in the
management of pain fol lowing orthopaedic surgery, al-

though they may contribute to increased hospital morbidity
and health-care costs11. Adverse events associated with the use
of opioids in the po stoperative se tting incl ude nausea and
vomiting, r espiratory depr ession, se dation, pr uritus, ur inary
retention, and  sleep distur bances12. I n J uly 2000, the J oint
Commission o n A ccreditation o f Healthcare Organiz ations
introduced a new standar d for pain management, d eclaring
the pai n level t o be the “ fifth v ital sign.”13 The C ommission
concluded that acute and chronic pain are major causes of pa-
tient dissatisfac tion in the U nited Stat es health-car e syst em,
leading t o slo wer recovery ti mes, c reating a bur den fo r pa-
tients and their families, and increasing costs. However, reduc-
ing postoperative pain with opioids alone will increase the risk
of adverse effects14-16.

The c oncept o f multimo dal analgesia was introduced
more than a d ecade ago as a t echnique to improve analgesia
and reduce the  prevalence of opioid-related adverse events17.
The rationale for this strategy is the ac hievement of sufficient

analgesia due to the additive or synerg istic effects of different
analgesics. This allows a reduction in the doses of thes e drugs
and thus a lower prevalence of adverse effects. Unfortunately,
unimodal pain treatment was used in most o f the studies o n
acute pain management in the literature. Such treatment can-
not be expected to provide sufficient pain relief to allow nor-
mal function without the risk of adverse effects17,18. Most of the
literature about pain fails to address the issue of pa in during
daily function (such as coughing, walking, and p hysical ther-
apy). I t has been demonstrated that, in addition to lowering
the pr evalence of adverse effec ts a nd im proving a nalgesia,
multimodal analgesia techniques may shorten hospitalization
times, improve r ecovery and func tion, and d ecrease health-
care costs fol lowing or thopaedic sur gery19-21. C urrently, the
Agency for Healthcare Research and Quality22 and the Ameri-
can Socie ty o f A nesthesiologists T ask F orce o n A cute P ain
Management23 ad vocate th e use of mul timodal anal gesia. A s
described in the literature, multimodal analgesic regimens for
orthopaedic surgery incl ude local anesthetics, α-2 ag onists
(e.g., c lonidine), nonst eroidal anti-inflammatory drugs, ac e-
taminophen, ketamine, α2-δ ligands (e.g., gabapentin and pre-
gabalin), and opioids (Fig. 2).

Clonidine and Other α-2 Agonists
Experimental r esearch o n animals sup ports t he c ontention
that α-2 adrenergic agonists have analgesic actions at the pe-
ripheral, spinal, and br ainstem sites. This is e videnced by the
detection of α-2 adr enoceptors on pr imary aff erent t ermi-
nals, on neurons in the superficial laminae of the spinal cord,
and within several brainstem nuclei24. The precise mechanism
by which c lonidine ex erts i ts analgesic effect r emains un-
known. Clonidine enhances peripheral nerve blocks with local
anesthetics b y selectively blocking c onduction o f A-δ and C

O

TABLE I  Multim odal An algesics

Analgesic Preoperative Dose Maintenance Dose

Acetaminophen 1000 mg orally 1000 mg every 6 h

Celecoxib 400 mg orally 200 mg every 12 h

Ketamine 20-70 mg intravenously 20-30 mg every 1 h

Gabapentin 600-1200 mg orally 300-600 mg every 8 h

Pregabalin 150 mg orally 75-150 mg every 12 h

Morphine

Epidural 1-3 mg Not applicable

Intrathecal 0.1-0.3 mg Not applicable

Intra-articular 3-5 mg Not applicable

Intrawound 3-5 mg Not applicable

Clonidine

Epidural 100-200 µg 1-10 µg every 1 h

Intrathecal 10-50 µg Not applicable

Intra-articular 70-100 µg Not applicable

Intravenous regional anesthesia 70-100 µg Not applicable

Peripheral nerve block 70-100 µg Not applicable
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fibers25-27. Clonidine also causes local vasoconstriction, thereby
reducing th e vascular up take of local anesthe tics28, althoug h
this mechanism is c ontroversial29. Recent animal s tudies in
which c lonidine was used fo r p eripheral ner ve blo cks ha ve
suggested that the mechanism of action is mediated by the hy-
perpolarization-activated cation current (Ih) and not by the α-
2-adrenoceptors30. Clo nidine ma y also p roduce an analgesic
effect by r eleasing en kephalin-like su bstances31. I n addition,
because sy mpathetic ne ural acti vity mig ht incr ease bo th so-
matic32 and sympathetically maintained pain 33, clonidine can
reduce nociceptive pathways by inhibiting the release of nore-
pinephrine fr om pr ejunctional α-2 adrenoceptors. O nly re -
cently has clo nidine be en a vailable in the U nited Stat es as a
parenteral p reparation (Dur aclon; Roxane Laboratories, C o-
lumbus, Ohio). This has led to a multitude of studies focusing
on the a nalgesic efficacy of administ ering c lonidine as a r e-
gional analgesic block in t he management of both acute and
chronic pain34.

A c entral ne uraxial blo ck w ith a local anesthe tic and
clonidine impr oves the qualit y of analgesia aft er t otal jo int
arthroplasty35-39. The combination of intrathecal clonidine and
morphine p rovided ana lgesia t hat was s uperior t o that p ro-
vided b y intrathecal mor phine alone fol lowing total k nee
arthroplasty35. A dministration of c lonidine w ith an epidural
infusion of a local anesthetic and fentanyl improved analgesia
and reduced the need for rescue opioid medication following
total k nee a rthroplasty36. C ontinuous long- term (thirty t o
forty-day) epidur al i nfusions of clonidine, bupivacaine, and
fentanyl thr ough a tunneled epidural cath eter improved the
range of motion in patients who underwent total knee arthro-
plasty and  had been id entified preoperatively as ha ving r isk
factors for the de velopment of c hronic pain 37. Clonidine also

improved postoperative analgesia when it was added to epidu-
ral infusions of a local anesthetic38 or during combined spinal-
epidural anesthesia for total hip arthroplasty39.

Clonidine has also been sho wn t o enhanc e p eripheral
nerve blocks w hen added t o a v ariety of lo cal anesthetics 34.
The addition of clonidine (1 µg/kg) to 0.5% lido caine for in-
travenous regional anesthesia was found to improve postoper-
ative analgesia  during the first  day after hand surgery, with
no apparent adverse effects40. Also, the use of clonidine for in-
travenous r egional anesthesia was sho wn t o allo w lo nger
tourniquet-inflation times before the onset of intolerable pain
in healthy, unsedated volunteers41. In addition to nociceptive
pain, sy mpathetically m ediated pain has also be en shown to
be tr eated effecti vely with intravenous r egional anesthesia
with clonidine42,43. The analgesic effect of intravenous regional
anesthesia with clonidine appears to be peripherally mediated
and not due to central redistribution, as the same dose admin-
istered parenterally provided no additional analgesia40. Further-
more, t he concentration of  clon idine i n plasma (0.12 ng/mL)
measured aft er t ourniquet deflat ion42 was c onsiderably lower
than the concentration required for a central analgesic effect
(1.5 to 2 ng/mL) w hen clonidine is a dministered through the
parenteral route to manage postoperative pain44.

In addition to being ben eficial when it is administered
with local anesthetics, clonidine possesses an analgesic efficacy
when i t is admi nistered b y itself t hrough the intra-articular
route45. Furthermore, the addition of intra-articular clonidine
to morphine and bupivacaine enhanced the analgesic efficacy
of both drugs46. The peripheral administration of clonidine is
a useful nonopioid analgesic technique that currently plays an
important role in the manage ment of both acut e and chronic
pain related to orthopaedic surgery.

Fig. 2

Drawing depicting the sites of action of analgesics along the pain pathway from the periphery 

to the central nervous system (CNS). NSAIDs = nonsteroidal anti-inflammatory drugs, and 

PGE2 = prostaglandin E2.
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Nonsteroidal Anti-Inflammatory 
Drugs and Acetaminophen
It has become apparent that the products of ar achidonic me-
tabolism promote the pain and hyperalgesia asso ciated w ith
tissue trauma and i nflammation (Fig. 3). Under normal con-
ditions, tissues possess a cell membrane that is composed of a
bipolar lipoprotein configuration with phospholipids seques-
tered w ithin the me mbrane. Following tissue injury, the c ell
membrane is disrup ted and the previously inaccessible phos-
pholipids are exposed to the enzyme phospholipase A 2 in the
periphery, which catalyzes the conversion to arachidonic acid
(Fig. 3). Arachidonic acid in turn acts as a substrate for the cy-
clooxygenase (CO X)-2 enzy me, w hich pr oduces the shor t-
lived prostaglandins (PG) including PGG2 and PGH 2. Several
synthases then c onvert PGH 2 to other pr ostaglandins (e.g.,
PGD2, PGE 2, PGF 2-alpha, and PGI 2) and t o thromboxane A 2.
These prostaglandins do not generally activate nociceptors di-
rectly but sensit ize them to mechanical st imuli and c hemical
mediators of  noc iception, r esulting in hyperalgesia and thus
facilitating pain transmission47. PGE2 is the predominant pros-
tanoid associated with inflammatory responses and is respon-
sible fo r r educing the pain thr eshold at the sit e o f injur y
(primary hyperalgesia), resulting in central sensitization and a
lower pain threshold in the surrounding uninjured tissue (sec-
ondary hyperalgesia)48. Nonsteroidal anti-inflammatory drugs
are thought to reduce postoperative pain by suppressing COX-
2-mediated production of PGE2.

The primary site of action of no nsteroidal anti-inflam-
matory drugs is believed to be in the periphery, although re-

cent research indicates that central inhibition of COX-2 may
also play an important role in modulating nociception49.

Nonsteroidal anti-inflammatory drugs inhibit the syn-
thesis of prostaglandins both in the spinal cord and at the pe-
riphery, thus diminishing the hyperalgesic state after surgical
trauma49. Nonsteroidal anti-inflammatory drugs are useful as
the sole analgesic after minor operative procedures50, and they
may ha ve an  impo rtant o pioid-sparing e ffect a fter a ma jor
operation51. The u se of these drugs has become increasingly
popular because of the concern about opioid-related side ef-
fects. All nonsteroidal anti-inflammatory drugs have a ceiling
effect for analgesia, but they do not demonstrate a ceiling ef-
fect with regard to side effects52. T he recent p ractice guide-
lines for acute pain management in the p erioperative setting
specifically state: “Unless contraindicated, all patients should
receive an around-the-clock regimen of NSAIDs, COXIBs, or
acetaminophen.”23

Acetaminophen is a para-aminophenol der ivative w ith
analgesic and antipyretic properties similar to those of aspirin.
The mechanism of action of acetaminophen is still poorly de-
fined. Recent evidence has suggested that it may selectively act
as an inh ibitor of prostaglandin synthesis in the c entral ner-
vous system rather than in the periphery53. The theory that ac-
etaminophen acts thr ough the CO X-3 receptor54 has r ecently
been challenged55. In addition, there is e vidence that seroton-
ergic mechanisms are involved in the antino ciceptive activity
of ac etaminophen56. A m eta-analysis of r andomized con-
trolled t rials o f the use of ac etaminophen f or post operative
pain revealed that this analg esic induced a mor phine-sparing

Fig. 3

Tissue injury results in the release of a variety of nociceptive agonists including bradykinin (BK), serotonin (5-HT), substance 

P (sP), and arachidonic acid cascade metabolites. Arachidonic acid can be metabolized to either the prostaglandin endoper-

oxides, including prostaglandin E2 (PGE2), by the cyclo-oxygenase enzyme or to hydroperoxyeicosatetraenoic acid (HPETE) 

and leukotrienes by the lipo-oxygenase pathway. Prostaglandins, including PGE2, are responsible for reducing the pain 

threshold at the site of injury (primary hyperalgesia), resulting in central sensitization and a lower pain threshold in the sur-

rounding uninjured tissue (secondary hyperalgesia). CNS = central nervous system.
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effect of 20% over the first twenty-four hours postoperatively
but did not reduce the prevalence of morphine-related adverse
effects57. The authors of a recent qualitative review of acetami-
nophen, nonsteroidal anti- inflammatory dru gs, an d the ir
combination c oncluded that  ac etaminophen ma y pr ovide
analgesic effi cacy sim ilar to t hat of ot her nonst eroidal a nti-
inflammatory drugs following major orthopaedic surgery58. It
was thought that acetaminophen may be a viable alternative to
nonsteroidal anti-inflammatory dr ugs in  high-risk patie nts
because of the lo wer prevalence of adverse effects 58. Further-
more, it ma y be app ropriate t o admin ister ac etaminophen
with nonsteroidal anti-inflammatory drugs or COX-2 inhibi-
tors since these two analgesics may act additively or synergisti-
cally to improve analgesia59.

A r ecent me ta-analysis was done to e xamine w hether
there is any advantage to adding acetaminophen, nonsteroidal anti-
inflammatory drugs, or COX-2 inhibitors to patient-controlled
analgesia with morphine60. The results suggested that all of the
analgesic agent s provided an opioid-spa ring effect but  this
decrease in mor phine intake did not c onsistently result in a
decrease in opioid-related adverse effects. The use of nonste-
roidal anti-inflammatory drugs was associated with a decrease
in the prevalence of postoperative nausea and v omiting and
sedation. However, the use of CO X-2 inhibit ors or ac etami-
nophen did not decr ease the prevalence of opioid-related ad-
verse events when c ompared w ith those associat ed w ith a
placebo.

A systematic review comparing COX-2 inhibitors w ith
traditional nonsteroidal anti-inflammatory drugs for manage-
ment of postoperative pain sho wed that these two analgesics
demonstrate e quipotent analg esic efficacy aft er minor and
major operative procedures61. Since COX-2 inhibitors are as-
sociated with reduced gastrointestinal side ef fects and an ab-
sence o f anti -platelet activity, t hey c an be a dministered t o
patients t reated with or thopaedic surgery w ithout the added
risk of increased perioperative bleeding that has been reported
with c onventional nonst eroidal anti-inflamm atory drug s59.
Recent studies have demonstrated improved analgesia, shorter
hospitalization t imes, im proved r ecovery and func tion, and
decreased health-care costs with the use of COX-2 inhibitors
in the multimodal management of pain following orthopaedic
surgery19-21.

One potential concern regarding the use o f COX-2 in-
hibitors has been their possible role in increasing cardiovascu-
lar morbidity62. Theoretical concerns were borne out when a
fivefold inc rease in t he p revalence o f m yocardial infar ction
was seen in the Vioxx Gastrointestinal Outcome Research
(VIGOR) study63. Several clinicians attributed the increase in
adverse cardiovascular events to a prothrombotic state caused
by selective COX-2 inhibitors64. Valdecoxib and the parenteral
prodrug parecoxib have also been associated with an increased
risk of myocardial infarctions (1.6% compared with 0.7% in a
control g roup) a fter administ ration of a sup ramaximal dose
(40 mg twice daily) for fourteen days following coronary ar-
tery bypass grafting65. However, no inc rease in c ardiovascular
events was observed after administration of a therapeutic dose

of parecoxib followed by a therapeutic dose of valdecoxib for
patients treated with general and orthopaedic procedures66.

On the basis of a review of data on users of nonsteroidal
anti-inflammatory dr ugs enr olled in the K aiser P ermanente
health-care system in California, it became apparent that car-
diovascular toxicity may be related to all nonsteroidal anti-in-
flammatory dr ugs and not just CO X-2-specific in hibitors67.
During 2,302,029 person-years of follow-up, this study showed
a sig nificantly increased r isk of  adverse cardiovascular e vents
among users of diclo fenac (relative r isk = 1.69 ; p = 0.06), in-
domethacin (r elative r isk = 1. 30; p = 0.005 ), and napr oxen
(relative risk = 1.14; p = 0.01) compared with that among indi-
viduals who did not use nonsteroidal anti-inflammatory drugs.
A joint meeting of the United States Food and Drug Adminis-
tration (FDA) A rthritis A dvisory C ommittee and the Dr ug
Safety and Risk M anagement A dvisory C ommittee in  2005
reaffirmed that CO X-2 inhib itors are impor tant tr eatment
options f or pain management and that the car diovascular
risk associated with celecoxib is similar to that associated with
commonly use d n onspecific non steroidal ant i-inflammatory
drugs68. The FDA announced a series of changes applicable to
the entir e class of n onsteroidal anti-inflammat ory drugs68.
These included an FDA “black box” warning about the poten-
tially increased risk of cardiovascular events and g astrointesti-
nal bleeding associated with all prescription nonsteroidal anti-
inflammatory drugs, including celecoxib. The FDA noted that
all nonsteroidal anti-inflammatory drugs can lead to the onset
of new hypertension or worsening of preexisting disease, either
of which may contribute to an increased prevalence of cardio-
vascular events. The refore, no nsteroidal anti-inflammat ory
drugs and coxibs that are to be used to manage pain should be
prescribed at the lowest effective dose for the shortest duration.
They should not be pr escribed for high-risk patie nts (e.g.,
those with a hist ory of isc hemic heart disease, str oke, or con-
gestive heart failure or those who have recently undergone cor-
onary artery bypass grafting).

With the w ithdrawal of rofecoxib and va ldecoxib from
the worldwide market, celecoxib is currently the only COX-2
nonsteroidal anti-inflammatory drug app roved for the man-
agement of pain in the United States. Parecoxib (an injectable
prodrug of valdecoxib), e toricoxib, and lumar icoxib are cur-
rently available in Latin America and Europe.

Ketamine
Ketamine has been a w ell-known general anesthetic and anal-
gesic for the past thr ee decades. With the disc overy of the N-
methyl-D-aspartate (NMDA) receptor69 and its links t o no ci-
ceptive pain t ransmission and central sensitization70, there has
been renewed interest in utilizing ketamine as a potential an-
tihyperalgesic age nt g iven i ts ac tions as a nonc ompetitive
NMDA receptor antagonist70. Although high doses (>2 mg/kg)
of ketamine ha ve bee n implicated in cau sing psy chomimetic
effects (e xcessive sedatio n, c ognitive d ysfunction, hallucina-
tions, and nightmares), subanesthetic or low doses (<1 mg/kg)
of k etamine ha ve demonstrated substantial analgesic efficacy
without these side effects71,72. Furthermore, there is no evidence
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that lo w-dose k etamine exerts an y ad verse pha rmacological
effect on respiratory, car diovascular, or g astrointestinal func-
tion71. Authors of r ecent systematic r eviews ha ve c oncluded
that intravenous, intramuscular, or subcutaneous administra-
tion of lo w-dose ketamine as  the sole analgesic agent reduces
pain71,72. In contrast, there is little evidence to support the use
of lo w-dose epidural k etamine b y itself fo r post operative
analgesia71. There is a growing body of evidence that low-dose
ketamine may play an important role in improving postopera-
tive pain management when used as an adjunct to opioids or
local anesthetics71,72. However, despite the opioid-sparing effect
observed with the a dministration of  ketamine, to our knowl-
edge no r eduction in o pioid-related side effec ts has b een
documented71,72. Ketamine may also b e useful w hen adde d to
local anesthetic s olutions for wound infilt ration, r esulting in
improved analgesia that is mediat ed by means of a per ipheral
mechanism73. Ketamine is being used more frequently in the
management of  pain fo llowing or thopaedic sur gery. A s ingle
intraoperative in jection of ketamine (0.15 mg/kg) improved
analgesia and pass ive knee mobilization twenty-four hours af-
ter ar throscopic ant erior cr uciate l igament surger y74 and im-
proved the p ostoperative functional outcome after outpatient
knee arthroscopy75. Low-dose ketamine can also in crease pain
relief after total knee arthroplasty when it is used in conjunc-
tion with either epidural anesthesia76 or a c ontinuous femoral
nerve b lock77. P atients w ho had r eceived p erioperative k eta-
mine also had an earlier improvement in knee function follow-
ing total knee arthroplasty77.

Local Anesthetics and Regional Analgesia
The use of regional anesthetic techniques for the perioperative
management of pain is not a new concept. Crile believed that,
compared with general anesthesia alone, a combination of lo-
cal regional blocks and general anesthesia improved analgesia
and e nhanced postoperative c onvalescence, esp ecially w hen
the blo cks had been performed in ad vance of the painful
stimulus78. In 1913, he c oncluded that “patients given inhala-
tional anesthesia still need to be protected by regional anesthe-
sia ot herwise they mig ht inc ur p ersistent central ner vous
system changes and enhanced postoperative pain.”78

Wound Infiltration

Infiltrating local anesthetics into th e skin and sub cutaneous
tissues prior to making an incision ma y b e the simplest ap-
proach to preemptive analgesia. It is a safe procedure with few
side effects and a lo w risk of toxicity. Although the benef it of
local wound infilt ration has  been documented, there is c on-
troversy regarding the appropriate timing of administration of
local anesthesia f or surg ery. I n a meta- analysis o f fourteen
randomized trials (736 patie nts) c omparing p re-incisional
with post-incisional wound infiltration for a var iety of surgi-
cal procedures (including orthopaedic surgery), Moiniche et
al.8 found no difference in analgesic efficacy between the two
techniques. In contrast, in a r eview of fifteen randomized tri-
als (671 patients), Ong et al. 9 concluded that preemptive local
infiltration r educed analgesic consumption and the  time t o

the patient’s first request for analgesia but did not reduce pain
intensity when compared with p ost-incisional inf iltration. It
remains unclear from these data whether local anesthetic infil-
tration into the w ound prevents chronic incisional pain over
the long term. Most of the authors of these studies terminated
their assessm ent o f the effect at twe nty-four t o f orty-eight
hours, we ll b efore t he abatement of t he acute postoperative
pain.

With the r ecent technologic improvements in no nelec-
tric dispos able infusio n pum ps79, t echniques for c ontinuous
infusion of lo cal anesthe tics ar e incr easing in popularity for
orthopaedic op erations p erformed b oth in  th e ho spital an d
on an outpatient basis80. Continuous infusions of bupivacaine
either intra-articularly81 or into the infrapatellar fat pad82 have
demonstrated analgesic efficacy for patients undergoing ante-
rior cruciate ligament reconstruction. The effectiveness of an-
esthetic c ontinuous-infusion de vices was also de monstrated
for patients treated with outpatient shoulder surgery in a ran-
domized, dou ble-blind trial83. That trial revealed that a con-
tinuous infusion of bupi vacaine fo r f orty-eight hours after
surgery reduced pain and o pioid use both during use of the
pump and for several days after its use was discontinued. The
infusion of bupi vacaine either into the wound or as a local
nerve block has also proven to be an eff ective analgesic t ech-
nique f or the  management of pain follo wing hand surge ry84

and following harvest of iliac crest bone g raft85. However, the
continuous infusion of b upivacaine has not demonstrated ef-
ficacy for the management of pain fol lowing total knee
arthroplasty86. It was concluded that drug loss fr om the knee
drainage may exceed 25% of the intra-articular infusion, com-
promising the analgesic effectiveness of this technique for total
knee arthroplasty86.

Other c oncerns abou t local anesthetic-infusion t ech-
niques include the p ossibility of infection and cho ndrotoxic-
ity. I n a stud y of the  efficacy of c ontinuous infusions of
bupivacaine for patients treated with hand surgery, investiga-
tors reported that an infection developed at the cannula inser-
tion site in two of 100 subjects after one week84. Furthermore,
a recent animal study showed that infusion of bupivacaine for
forty-eight hours led t o profound histopathologic and meta-
bolic changes in articular cartilage87. The authors of that study
cautioned against the use of continuous infusion de vices in
smaller joints. Future large-scale studies of humans are needed
to address the efficacy and safety (with regard to chondrotox-
icity and loc alized infe ction) of infusion pumps befor e this
technique becomes widely used t o manage pain after ortho-
paedic surgery.

Peripheral Nerve Blocks

Peripheral nerve blocks are an attractive method of providing
postoperative analgesia for many orthopaedic surgical proce-
dures. When compared with general anesthesia, these blo cks
have been associated with superior same-day recovery and de-
creases in hos pital r eadmissions80. A lthough single-injection
regional anesthesia is effective for early analgesia, it does not
provide a long-t erm benefit compared w ith general anesthe-
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sia88. A recent meta-analysis revealed that, compared with opi-
oid analgesia alone, use of continuous peripheral nerve blocks
following orthopaedic surgery provides superior analgesia and
reduces opioid use and opioid-related side effects89. Currently,
there is insuffic ient evidence to de termine the effe ctiveness
of c ontinuous peripheral analgesic t echniques on long-term
functional outcomes90.

Epidural Blocks

In addit ion to providing subjec tive comfort, physicians need
to inhibit trauma-induced a fferent pain tr ansmission and to
blunt the autonomic and somatic reflex responses to pain fol-
lowing o rthopaedic surgery. The neuroendocrine str ess re-
sponse that follows sur gery has t he capacity t o induce
important disturbances in body homeostasis such as hyperca-
tabolism, h ypercoagulability, and inflammation, whic h c an
contribute to  a dverse p erioperative o utcomes91. P arenteral
opioids do not r educe this s tress response adequately follow-
ing orthopaedic surgery92, and the y provide inferior analgesia
when compared with epidural techniques for the management
of postoperative pain93. Epidural analgesia is superior to either
peripheral ne rve b locks o r patie nt-controlled analgesia f or
blunting the stress response following o rthopaedic surgery92.
The question facing orthopaedic surgeons is whether blocking
the neur oendocrine stress r esponse impr oves patient out-
comes. M eta-analyses o f hip fr acture r epairs94 and t otal hip
arthroplasties95 showed that neuraxial block (spinal or epidu-
ral) anesthesia d ecreased the pr evalences of deep v enous
thrombosis and pulm onary e mbolism, intr aoperative bloo d
loss, and blood transfusion requirements but had no effect on
the one-y ear mor tality rate. I n t wo ot her clinic al in vestiga-
tions, early administr ation of c ontinuous e pidural analgesia
during the stressful preoperative period was associated with a
lower prevalence of adverse cardiac events96,97, compared with
that assoc iated w ith c onventional analgesia, in high-risk pa-
tients with a hip fracture.

Unfortunately, epidural anesthesia and ana lgesia ar e
contraindicated for patients receiving anticoagulation therapy.
For this reason, many institutions are utilizing alternative re-
gional ana lgesic t echniques for or thopaedic surge ry. A p ro-
spective randomized stud y was p erformed t o evaluate the
effect of continuous epidural anesthesia, a continuous femo-
ral ne rve block, or int ravenous patie nt-controlled analgesia
maintained for seventy-two hours following total knee arthro-
plasty98. The first two techniques were per formed w ith use
of mult imodal analgesi cs including lido caine, clonidine, and
morphine. Compared with intravenous patient-controlled an-
algesia, both regional techniques provided superior analgesia,
reduced the duration of the rehabilitation stay, and improved
functional ou tcomes. Because the pr evalence of sid e effects
associated w ith a c ontinuous fe moral b lock was lower th an
that associated with epidural analgesia and because the block
does not cause ne uraxial hemat oma, th e authors concluded
that this technique has all of the qualities necessary to become
the pr imary choice for regional analgesia aft er total knee
arthroplasty98.

Opioids (Peripheral and Central Acting)
Opioids possess analgesic properties through action on opioid
receptors located in  the c entral ner vous syst em. The pr eop-
erative administration of o pioids ma y at tenuate th e central
hyperexcitability res ponse that o ccurs as a r esult of surg ical
trauma99. Several clinical investigations have shown preopera-
tive administration of opioids to be an effective analgesic tech-
nique for the management of postoperative pain100-103. McQuay
et al.102 demonstrated a prolonged duration of analgesia and a
reduction in the use of postoperative analgesics w hen opiates
had been administered to patients before they underwent elec-
tive or thopaedic surg ery. P reoperative o pioids ha ve d emon-
strated efficacy when utilized as a component of a multimodal
analgesic regimen for patients undergoing minimally invasive
joint-replacement surgery103.

One concern regarding the perioperative use of o pioids
is the de velopment of o pioid-induced hyperalgesia104,105. Dur-
ing the last decade, there has been accumulating evidence that,
in addition t o th e enhanced pain sensitivity found w ith the
long-term admini stration of opioids, bot h h yperalgesia and
allodynia can occur after the short-term use of opioids follow-
ing abd ominal and o rthopaedic pr ocedures104,105. F urther-
more, the larger the intraoperative opioid dose, the greater the
postoperative o pioid r equirement106. T herefore, short-term
tolerance to an opioid may not be due to a decrease in its effi-
cacy (pharmacological tolerance) but rather may be due to en-
hancement of pain se nsitivity (o pioid-induced h yperalgesia)
leading t o an ap parent d ecrease in the eff ectiveness of the
morphine104,105. The use of multimodal adju vant drug s f or
postoperative pain may r educe o pioid-induced hyperalgesia.
Experimental and clinical studies have suggested that opioids
activate bot h NM DA107 and C OX108 pr o-nociceptive syst ems
leading to hyperalgesia. Therefore, the use of the NMD A re-
ceptor ant agonists (ketamine) and nonsteroidal anti-inflam-
matory drugs not only decreases postoperative pain but may
also reduce opioid-induced tolerance and hyperalgesia107,108.

In addition to the central action of opioids, recent stud-
ies have revealed that, under conditions of inflammation, these
analgesics can produce substantial antinociception through pe-
ripheral mechanisms109. This ha s led to a g rowing number of
clinical studies of t he a nalgesic effi cacy of opi oids a pplied
locally through the intr a-articular, per ineural, or intr avenous
regional ro ute110,111. The most c onsistent clinical r esults c on-
cerning the analgesic efficacy of peripherally applied opioids in
humans have come from s tudies involving the in tra-articular
administration of morphine during arthroscopic knee sur-
gery111,112. Similar t o the par enteral r oute99, the pr eemptive
peripheral adm inistration of mor phine can also r educe p ost-
operative pain113. Although the majority of investigators112 have
examined the analgesic effica cy of administering intra-articular
morphine at the c onclusion of an operation, tw o groups of
authors114,115 concluded that preoperative intra-articular admin-
istration of morphine is a more effective technique for manag-
ing pain following arthroscopic knee surgery. Because only
small, syst emically inactive doses of  o pioids ar e r equired t o
provide sustaine d analgesia w ith m inimal side  ef fects, int ra-
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articular administration is an important technique in the man-
agement of pain following orthopaedic surgery.

Gabapentin and Pregabalin (α2-δ Ligands)
Both gab apentin and pregabalin ar e alk ylated χ-aminobutyric
acid analogs that were first developed clinically as anticonvul-
sants. These dr ugs bind t o the α2-δ subunit of voltage-gated
calcium channels, thus preventing release of nociceptive neu-
rotransmitters inc luding g lutamate, substance P , and nor-
adrenaline116. Putative sit es of ac tion inc lude p eripheral, pr i-
mary afferent neuron, spinal ne uron, and sup raspinal sites117.
These antic onvulsants can e nhance the analgesic effect of
morphine118, n onsteroidal anti-inflam matory drug s119, and
COX-2 inhibitors120. Recent evidence suggests that, in addition
to being effecti ve analgesics for patie nts w ith neuropathic or
chronic pain syndr omes, these antic onvulsants provide effec-
tive postoperative analgesia when they are administered pre-
emptively before an o peration121,122. The role of c ertain neural
changes common to both neuropathic and postoperative pain
may e xplain these recent observations48,101. P erioperative ad-
ministration of g abapentin has been found t o be efficacious
for manag ing pain f ollowing various orthopaedic surg ical
procedures, including ant erior cruciat e lig ament and spinal
operations121,122. A single preoperative 1200-mg dose of gabap-
entin was sho wn t o r educe preoperative anxie ty as wel l as
postoperative pain sc ores and opioid use and t o improve the
range of motion for up to forty-eight hours following anterior
cruciate lig ament surger y123. F urthermore, sinc e these  drugs
can interact synergistically with nonsteroidal anti-inflammatory
drugs to produce antihyperalgesia121,122, the use of nonsteroidal
anti-inflammatory drugs and α2-δ ligands together may pro-
vide more effec tive analgesia. The c ombination of pr egabalin
and celecoxib was recently shown to be superior to either sin-
gle agent alone f or management of pain f ollowing spinal fu-
sion surgery124. This was evidenced by a significant (p < 0.001)
reduction in pain scores and morphine use and fewer side ef-
fects dur ing the f irst twenty-four p ostoperative hours in pa-
tients treated perioperatively with celecoxib and pregabalin.

The most commonly obse rved adverse e vents associ-
ated with the long-term use of g abapentin and pregabalin are
dizziness, somnolence, and peripheral edema125. A meta-anal ysis
indicated that perioperative t reatment w ith gabapentin was
associated w ith only a modest incr ease in sedation 122. Al-
though sedation can be interpreted as a ne gative outcome of
gabapentin use, its occurrence in the perioperative setting may
be beneficial in terms of contributing to anxiolysis123. Future
studies are necessary to determine the o ptimal timing, dura-
tion, d osages, and impact o n chr onic p ersistent pain of ad-
ministration of α2-δ lig ands in association w ith a v ariety of
orthopaedic surgical procedures.

Overview on Multimodal Analgesia
In summar y, althoug h these analgesic adju vant me dications
(local anesthetics, α-2 agonists, nonsteroidal anti-inflamma-
tory drugs, ketamine, and α2-δ ligands) may have an opioid-
sparing effec t w hen utiliz ed alone, the y ma y not effec tively

reduce opioid-related side effects57,58,60,71,72,122. Unfortunately, many
of t he in vestigators assess ing opioid-r elated adverse effects
used methodology that d oes not accurately reflect conditions
in ac tual clinical pr actice. Nonsteroidal ant i-inflammatory
drugs are more likely to be used in multiple doses (which pro-
vide analgesia that is superior to that resulting from a placebo)60

than in single doses for the management of postoperative pain.
In addit ion, a more c omprehensive mult imodal approach,
rather than bimodal therapy, is probably needed to reduce opi-
oid-related adverse events and improve functional outcomes.

The importance of utilizing a multimodal rather than a
bimodal approach for postoperative pain management was re-
cently demonstrated in a stud y of spinal fusion surge ry124.
While the administ ration of either c elecoxib or pregabalin
alone reduced mor phine use, neither r educed opioid-related
side effects. In contrast, the combination of these two analge-
sics reduced both morphine use and the prevalence and sever-
ity of opioid-related side effects126.

The beneficial effects of m ultimodal analgesia have also
been demonstrated f or patie nts t reated w ith t otal knee ar-
throplasty19-21. I n a randomized, placebo-controlled, double-
blind trial, Buvanendran et al.19 evaluated the effect of regional
anesthesia and analgesia combined with a p reoperative and
thirteen-day postoperative course of tr eatment with a CO X-2
inhibitor on opioid consumption and outcomes following total
knee arthroplasty. The patients who received the COX-2 inhib-
itor had r eductions in epidural analgesic use,  in-hospital opi-
oid c onsumption, pain  scores, post operative v omiting, and
sleep disturbance as well as increased satisfaction as compared
with patients treated with a placebo. In addition, an improved
range of motion of the knee was observed both at the time of
discharge and at one month aft er the  surgery in  the g roup
treated with the sustained perioperative COX-2 inhibition.

The use of multimodal analgesia has also been found to
be efficacious for patients treated with anterior cruciate liga-
ment surgery20. Patients w ho were treated with a r egimen of
perioperative acetaminophen, rofecoxib, int ra-articular anal-
gesics (b upivacaine, clonidine, and mo rphine), a femoral
nerve block, and postoperative cryotherapy had reduced prev-
alences of pain, opioid use, and post operative nausea and
vomiting; a shor ter stay in the r ecovery room; and few er un-
planned readmissions to the hospital. In addition, this multi-
modal regimen effecti vely r educed the pr evalence o f lo ng-
term pat ellofemoral c omplications, including anterior knee
pain, fle xion c ontracture, quadric eps w eakness, and c hronic
regional pain syndrome21.

Prevention of Chronic 
Postoperative Pain Syndromes

reemptive multimodal analg esic t echniques appear to be
promising fo r the tr eatment o f acu te p ostoperative pain

and may reduce the prevalence of chronic pain following or-
thopaedic surgery21. The follo wing is a summar y of analg esic
techniques aimed at reduc ing t he prevalence of complex re-
gional pain syndrome, phantom limb pain, chronic donor-site
pain, and persistent pain following total joint arthroplasty.

P
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Complex Regional Pain Syndrome
Complex regional pain syndrome is a diso rder characterized
by the pr esence, fol lowing a no xious e vent, of r egional pain
and sensor y changes such as  temperature a lterations, abnor-
mal skin color, abnormal sudomotor activity, and/or edema127.
Its onset is associated with a history of trauma (that is o ften
innocuous) or immobilization, and there is typically no corre-
lation between the severity of the initial injury and the ensu-
ing painful sy ndrome128. The C onsensus C onference of the
International Association for the Stud y of Pain has ide ntified
two for ms of c omplex r egional pain syndr ome: t ype I (f or-
merly kno wn as r eflex sy mpathetic d ystrophy) and t ype II
(formerly known as causalgia)129. A recent consensus guideline
panel pr ovided diag nostic clinic al and r esearch c riteria w ith
high sensi tivity and sp ecificity130. P atients with t ype-I or II
complex re gional pain s yndrome c an h ave sympathetically
maintained pain or sympathetically independent pain131.

The prevalence of complex r egional pain syndr omes
occurring aft er an o peration is variable and ma y be under-
reported33. Approximately 20% o f patients who pr esent t o
chronic pain clinics with complex regional pain syndrome have
a history of an operative procedure in the affected area132. Most
reported cas es o f postoperative complex r egional pain syn-
drome have occurred after orthopaedic procedures, especially
those on the e xtremities33,132,133. The estimated prevalences have
ranged from 2.3% to 4% following arthroscopic knee surgery,
2.1% to 5% f ollowing carpal tunnel surgery, 13.6% following
ankle surgery, 0.8% t o 13% fol lowing total knee ar throplasty,
7% to 37% following wrist fractures, and 4.5% to 40% follow-
ing fasciectomy for Dupuytren contracture33.

Since type-II complex regional pain syndrome is the re-
sult of a definable nerve lesion129, utilizing a surgical technique
that minimizes the risk of nerve damage is an important factor
in pr eventing th e development o f t his syndrome foll owing
surgery33. Nerve injury may occur intraoperatively as a r esult
of direct surgical trauma or excessive retraction or it may oc-
cur postoperatively as a result of nerve compression secondary
to e dema, h ematoma, i nfection, o r the application of t ight
dressings. Ther efore, man y cases of complex regional pain
syndrome can be prevented by “careful technique, knowledge
of anatomy, and p roper post operative mana gement.”134 Fu r-
thermore, early recognition of the syndrome in the postopera-
tive period is the key to facilitating successful treatment33.

The use of a regional nerve block that provides a periop-
erative sympathectomy may be advantageous for patients with
a history of complex regional pain syndrome who require or-
thopaedic surg ery. I t has been our p ractice t o administer a
stellate ganglion block to patients with complex regional pain
syndrome who are undergoing upper-extremity surgery with
local or general anesthesia. We previously performed a retro-
spective study of  100 pati ents w ith c omplex r egional pain
syndrome who  und erwent s urgery o n the affected u pper
extremity135. Half of the patients underwent a stellate ganglion
block aft er c ompletion of the operati ve pr ocedure, an d the
other half r eceived no int ervention after the p rocedure. Dur-
ing the twelve-month period following the surgery, the rate of

recurrence of the complex regional pain syndrome was signifi-
cantly lower (p < 0.01) in the patients who had received the
perioperative stellate ganglion block (five of fifty; 10%) than
in those who had not (thirty-six of fifty; 72%).

In addition to stellate ganglion blocks, the perioperative
sympathectomy provided by either a bra chial plexus block or
intravenous regional anesthesia with clonidine may provide a
benefit to patients undergoing an operative procedure on the
upper e xtremity. We pr eviously showed that intravenous r e-
gional anesthesia w ith lidocaine and clo nidine (1 µg /kg) is an
effective way to manage both acute postoperative pain40 and the
symptoms of complex regional pain syndr ome42,43. A pr ospec-
tive stud y of four anesthe tic techniques (ge neral anesthesia,
intravenous regional anesthesia with lidocaine, intravenous re-
gional anesthesia with lidocaine and clonidine, and an axillary
block) in a ser ies of 300 c onsecutive patients undergoing fas-
ciectomy for the tr eatment o f Dupuytren c ontracture c on-
firmed a beneficial e ffect o f the latt er two techniques136.
Postoperative c omplex r egional pain synd rome developed
in significantly (p < 0.01) mor e patients in th e group treated
with ge neral a nesthesia (tw enty-five; 24%) and th e g roup
treated w ith intr avenous r egional anesthesia w ith lid ocaine
(twelve; 25%) than in either the group treated with an axillary
block (five; 5%) or the group treated with intravenous regional
anesthesia with lidocaine and clonidine (three; 6%).

In addition to perioperative regional blocks, pharmaco-
logic agents including calcit onin, mannitol, vitamin C, c orti-
costeroids, carnitine, and k etanserin have been advocated for
the pr evention of p ostoperative c omplex r egional pain syn-
drome33. Interestingly, only v itamin C has be en shown to be
beneficial in prospective, placebo-controlled studies137,138. Vita-
min C is a na tural a ntioxidant t hat is r eported t o sca venge
both hydroxyl radicals139 and superoxide radicals that produce
hydroxyl and other free radicals140 that may be responsible for
the pathogenesis of c omplex regional pain syndrome. Zollin-
ger et al.137 evaluated the efficacy of administering either 500
mg of vitamin C or a p lacebo daily for fifty days to 123 adults
with a total of 127 wrist fractures. There was a significant (p <
0.001) reduction in the prevalence o f complex regional pain
syndrome in the v itamin-C g roup (7%) c ompared w ith the
placebo group (22%) at the time of follow-up, at one year. Ca-
zeneuve et al. 138 confirmed the benefits of v itamin C in a p ro-
spective, nonrandomized stud y o f 195 patients with a w rist
fracture who presented for surgery. Patients who received vita-
min C (1 g daily) for forty-five days, starting on the day of the
fracture, had a fivefold lower prevalence of complex regional
pain syndrome (2.1% compared with 10% in patients who did
not receive vitamin C; p < 0.01). This simple, safe, and ine x-
pensive technique may have important implications in the de-
velopment of protocols for the pr evention and m anagement
of complex regional pain syndrome.

Finally, pr eventive multimodal analgesic t echniques in
conjunction w ith physical therapy a nd rehabilitation fol low-
ing an op eration appears to be a pr omising technique for re-
ducing the prevalence of postoperative complex regional pain
syndrome. Patients who were treated with a regimen of peri-
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operative acetaminophen, rofecoxib, intra-articular analge-
sics (bupivacaine, clonidine, and morphine), a femoral nerve
block, and post operative cryotherapy demonstrated a signifi-
cant (p < 0.001) reduction in the prevalence o f complex re-
gional pain s yndrome at one y ear following anterior cruciate
ligament surgery21.

Phantom Limb Pain
Patients who experience the loss of a limb , either traumatically
or surgically, alm ost al ways r eport s ome de gree of perceived
sensation in the lost lim b. A d istinction should be made be-
tween phantom lim b pain (painfu l sensations referred t o the
absent limb), phantom limb sensation (any sensation in the ab-
sent limb, except pain), and stum p pain (pain localized in the
stump), although each ma y be fe lt by an indi vidual pat ient at
different times141. Recent reports have suggested that the preva-
lence of phantom pain is pr obably between 50% and 80%142-144.
Several risk factors have been identified for the development of
phantom limb pain, including the degree of preoperative pain,
the magnitude of intraoperative noxious input, the intensity of
postoperative pain, and psychological factors1,145.

The me chanisms of phantom pain ar e not c ompletely
clear. As is the case with other types of neuropathic pain, there
are likely both peripheral and central factors at play. Increased
spontaneous acti vity of both afferent per ipheral ner ves and
dorsal root g anglion c ells has b een observed experimentally
following the transection of a nerve6. In addition, the sympa-
thetic nervous system may have a role in sensitizing and main-
taining the ab normal affe rent outp ut fr om damag ed nerve
fibers after amputation6. It is now known that the central ner-
vous syst em unde rgoes substantial func tional r eorganization
following amputation146.

Several investigations have focused on the use of preven-
tive regional analgesic techniques to reduce perioperative pain
and phantom pain following surgical amputation of the lower
extremity147. Bach et al.148 compared the effect of epidural mor-
phine or bupivacaine, or both in combination, used for t hree
days before the amputation in eleven patients with that of con-
ventional analgesia in four teen patients. After s ix months, al l
patients in the epidur al group were pain-free whereas five pa-
tients in the control group had phantom pain (p < 0.05). Jah-
angiri et al.149 confirmed the b eneficial effects of perioperative
epidural analgesics for preventing phantom pain following am-
putation surgery in a stud y in whi ch an epidural infusi on of
bupivacaine, diamor phine, and c lonidine had b een adm inis-
tered to thirteen patients for twent y-four to forty-eight hours
preoperatively and maintained for at least three days postoper-
atively. For comparison, a control group of eleven patients re-
ceived on-de mand opioid analgesia. The authors obser ved a
significant (p < 0.01) r eduction in the pr evalence of phantom
pain at one year following the operation in the patients treated
with the epidural infusion. However, what we believe to be the
largest prospective study of the effec t of epidur al analgesia on
phantom pain (sixty patients) failed t o d ocument any bene-
fit150. This study may be criticized, however, because the investi-
gators chose to provide preemptive epidural analgesia for only

eighteen hours prior to the amputation.
Similarly, the results of clinical investigations of the effi-

cacy of c ontinuous postoperative r egional ana lgesia w ith a
nerve sheath blo ck fol lowing ampu tation surge ry ha ve be en
equivocal, w ith some studies r evealing beneficial eff ects151,152

and oth ers d emonstrating no long-term benefit153,154. I n o ne
study, a preoperative epidural block with bupivacaine and di-
amorphine was found to prevent phantom pain as effectively
as infusion of bupi vacaine fr om an int raoperatively placed
perineural catheter, but the epid ural analgesic technique was
more effective in relieving stump pain in the im mediate post-
operative period155.

Unfortunately, many of the studies evaluating the ability
of regional analgesics to reduce long-term phantom pain have
had mul tiple desi gn flaws, inc luding not be ing pr ospective,
not being randomized or blinded, either not including a con-
trol g roup or using hist orical controls, involving a het eroge-
neous study group, or lacking sufficient power. The authors of
a recent systematic review of the literature concluded that, be-
cause of poo r quality and c ontradictory results, the r andom-
ized and c ontrolled tr ials that ha ve been r eported d o not
provide evidence to support any particular treatment of phan-
tom limb pain in the acute perioperative period or later147.

Chronic Donor-Site Pain
Chronic pain is not an uncommon complication following spi-
nal fusion surgery. Autogenous bone grafts are frequently har-
vested fr om the ilium for the purposes of bon e fu sion in
patients undergoing spinal stabilization surgery. Often, the pain
from the donor site is more severe than that from the operative
site in the spine156-159. Although this pain usually resolves over a
period of several weeks, it may persist and represent a source of
postoperative morbidity156-159. In fact, donor site pain has be en
reported in up to 39% of patients at three months, 38% at six
months, 37% at one year, and 19% at two years after harvesting
of bone graft from the iliac crest157-160.

The precise mechanism of donor sit e pain r emains ob-
scure. It has been postulated to be muscular or periosteal in
nature, secondary to str ipping of the hip abduct ors from the
ilium156. In addi tion, the pain ma y be neuropathic in origin,
secondary to injury to small sensory nerves at the donor site.
Two ner ves that are frequently injured during the harvest of
bone graft from the anterior aspect of the ilium are the lateral
femoral c utaneous and i lioinguinal ner ves156. The superior
cluneal ner ves pier ce the lumbodorsal fascia and cr oss the
posterior iliac crest 8 cm lateral to the posterior superior iliac
spine161. These nerves may be injured while bone graft is har-
vested from the posterior aspect of the ili um, and the injur y
may result in transient or permanent numbness and pain over
the buttock area.

Three recent studies have demonstrated a substantial re-
duction in the pr evalence of chronic donor-site pain with the
preemptive administr ation of ana lgesics160,162,163. Houghton e t
al.164 showed that the local application of a lo w dose of mo r-
phine effectively blocked the development of hyperalgesia and
allodynia in a rat model of bone damage. This analgesic effect
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was considered to be mediated through µ-opioid receptor ac-
tion in the bone. Gündes et al.163 infused 20 mL of saline solu-
tion alone, a solution containing 50 mg o f bupivacaine, or a
solution containing 50 mg of bupi vacaine and 5 mg o f mor-
phine thr ough a 17- gauge cathe ter plac ed at the iliac cr est
donor site in forty-five patients undergoing spinal fusion sur-
gery. These in vestigators r eported the abse nce o f c hronic
donor-site pain at twelve weeks in the g roup tr eated with
bupivacaine and morphine, wher eas fi ve of fift een patie nts
who had received the saline solution alone and two of fifteen
patients treated with the bupivacaine alone had such pain.

We s ubsequently evaluated the analgesic e ffect of low-
dose mor phine alone ad ministered t o the site of bone- graft
harvesting in patients undergoing spinal fusion surger y160. Of
the sixty patients in the study, twenty were randomized to be
treated with infiltration of saline solution into the harvest site;
twenty, w ith 5 mg o f int ramuscular mor phine; and twe nty,
with i nfiltration o f 5  mg of mor phine int o the h arvest si te
(twenty patients in each group). Infiltration of morphine into
the bone graft harvest site significantly reduced the pain scores
and opioid use f or the first twenty-four hours following sur-
gery (p < 0.0001). Furthermore, the prevalence of chronic do-
nor-site pain was sig nificantly lower (p < 0.05) in the g roup
that had received local morphine (5%) than in those treated
with int ramuscular m orphine (37%) or inf iltration of saline
solution (33%).

We also e xamined the ana lgesic effects of preemptive
COX-2 administration on c hronic d onor-site pain foll owing
spinal fusion surger y162. It has been shown that CO X-2 plays
an integral r ole in the pr ocesses of per ipheral and c entral
sensitization165, and it is possible that early and sustained treat-
ment w ith COX-2 inhibit ors may thwart the pr ogression of
acute to chronic pain166. Eighty patients scheduled to undergo
posterior spinal fusion with instrumentation wer e r andom-
ized either to receive 400 mg o f celecoxib one hour p rior to
surgery fol lowed b y 200 m g e very tw elve hours postopera-
tively for the first five days or to receive a matching placebo at
similar time int ervals162. The prevalence of chronic donor site
pain was significantly higher (p < 0.01) in the placebo group
(twelve of for ty pati ents; 30%) t han in  the celecoxib g roup
(four of forty patients; 10%) at one year following surgery.

These thr ee studies 160,162,163 highlig ht the impor tance of
utilizing preemptive ana lgesics for manag ement of pai n fol-
lowing spinal fusion s urgery. We cur rently administ er 1000
mg o f ac etaminophen, 400 mg of celecoxib, and 150 mg of
pregabalin one to two hours befo re spinal fusio n surgery. In-
traoperatively, 2 0 mg o f ketamine is administered i ntrave-
nously and the graft harvest site is infiltrated with a mixture of
10 mL of 0.25% bupivacaine, 5 mg of morphine, and 50 µg of
clonidine. Patients then receive 200 mg of celecoxib and 75 mg
of pr egabalin tw ice daily, 1000 m g of acetaminophen four
times daily, and 10 mg of c ontrolled-release oxycodone twice
daily for the first week postoperatively. We are currently exam-
ining t he ef ficacy of t his pr eemptive mult imodal analgesic
technique for r educing acu te and chronic pain. Additional
studies are needed to assess the appropriate dosages, tim ing,

and duration of various preventive analgesic techniques to re-
duce chronic donor-site pain.

Chronic Pain After Total Joint Arthroplasty
Total joint arthroplasty has p roved to be a suc cessful operative
treatment of h ip and knee joints affec ted by osteoarthritis. In
2003, more than 40 0,000 total knee arthroplasties and 220,000
total hip arthroplasties we re performed in the  U nited Stat es,
with reported success rates ranging from 80% to 90%167. A re-
cent nationwide Danish study revealed that 28.1% of more than
1200 consecutive patients who had undergone total hip arthro-
plasty r eported ha ving chr onic ipsilateral hip  pain tw elve to
eighteen months after the operation168. Furthermore, this persis-
tent hip pain limit ed daily ac tivity to a moderate-to-severe de-
gree in 12.1% of these patients. In a pr ospective observational
study, 18.4% of patients reported moderate-to-severe pain at six
months following a total knee arthroplasty and 13.1% reported
such pain at one year169. Defining who is at risk for the develop-
ment of chronic pain following total joint arthroplasty would be
extremely useful in preventing this outcome.

Severe preoperative pain is a pr imary indication for to-
tal joint arthroplasty167, but it is also the primary predictor of
chronic postoperative pain1. Higher pain ratings before reha-
bilitation pr edict t reatment failu re and are associated w ith
poor out comes in patients w ith chronic m usculoskeletal
disorders170. P atients w ith greater p reoperative pa in w ere
found to be at greater risk for heightened postoperative pain
after t otal joint  ar throplasty ir respective of  confounding is-
sues, such as the severity of the preoperative disease or postop-
erative c omplications169,171,172. Greater pr eoperative pain also
leads to worse Knee Society function scores at on e year post-
operatively and is associated with a longer hospital stay, longer
inpatient rehabilitation, a lower range of motion, mo re post-
operative knee m anipulations, and m ore home physical ther-
apy v isits169. Furthermore, greater preoperative pain int ensity
is a si gnificant pr edicting fac tor (p < 0.01) for  the develop-
ment of c omplex r egional pa in syndr ome at t hree and six
months following total knee arthroplasty172.

Preoperative psychological factors may also play a role in
the de velopment of p ersistent pain follo wing op erative pr oc-
edures1, in cluding t otal kne e ar throplasty169,172. P sychosocial
variables seem to be  an important factor in the pain response
and can lead to a poor functional outcome in patients with os-
teoarthritis of the knee173,174. Two recent prospective studies have
confirmed that preoperative depression and anxiety are associ-
ated with a higher prevalence of chronic pain and complex re-
gional pain syndrome after total knee arthroplasty169,172. Because
there are psychosocial risk factors for severe acute pain1 and be-
cause psychosocial and pharmacologic interventions can reduce
pain and psychosocial distress, the best preventive intervention
may be  one th at c ombines pharmacologic and psy chosocial
treatments. T herefore, str ategies aim ed at scr eening, ide ntify-
ing, and t reating pat ients w ith depression, anxiety, and severe
pain before an o peration may be important to prevent the de-
velopment of chronic pain and improve outcomes following to-
tal joint arthroplasty.
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Overview
he development of c hronic pain continues to be a major
source of m orbidity following a var iety of  or thopaedic

surgical procedures. Despite its prevalence, our understanding
of chronic postoperative pain and the p otential means of risk
reduction are somewhat deficient. Preventive multimodal an-
algesic techniques may play a role in reducing the prevalence
of certain chronic postoperative pain syndr omes. The appro-
priate timing of analgesic intervention in the perioperative pe-
riod is an i mportant fa ctor t o underst and. In or der t o
effectively prevent the development of central neuroplasticity,
it is  necessary to administer analgesics du ring th e preopera-
tive, intraoperative, and postoperative periods. Furthermore,
regional blockade by itself may not be sufficient to provide
complete pain r elief and pr event central sensitization. I t has
been demonstrated t hat, d espite ad equate n eural blockade
during surgery, central prostaglandin synthesis can still be in-
duced, p otentially leading to c entral neuroplasticity and in-

creased postoperative pain175. A multimodal analgesic regimen
utilizing r egional b lockade, nonst eroidal anti- inflammatory
drugs, and other peripheral and centrally acting analgesics, in-
cluding α-2 agonists, ketamine, α2-δ ligands, and opioids, ad-
ministered thr oughout the p erioperative per iod ma y be the
most efficacious strategy for reducing both acute and chronic
pain following or thopaedic surger y. F uture large-scale ran-
domized, controlled tr ials are necessary to better understand
the use o f preventive multimodal analgesic t echniques in re-
ducing chronic postoperative orthopaedic pain syndromes.
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