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experience inadequate postoperative pain
relief.1 Several recent surveys have found that
more than 60% of patients report moderate
to severe pain after surgery.2,3 Most treatment
regimens for managing postoperative pain
include significant doses of systemic opioids.
Opioid-related side effects, including sedation,
nausea, vomiting, pruritus, ileus, and respiratory
depression, continue to be a major source of
patient discomfort, dissatisfaction, and morbidity
in the postoperative period.4 The demographics
of patients scheduled for total joint arthroplasty
is changing. Patients are getting older and have
higher body mass index, which makes opioidrelated side effects more challenging.5

Multimodal analgesia (MMA) is defined as
the combination of different analgesics and
techniques that act by different mechanisms,
resulting in additive or synergistic analgesia
with lowered adverse effects (Figure 1),
compared to sole administration of an individual
pharmacological agent.6 Initially described
by Kehlet et al over 20 years ago,6 many
different regimes have been described in the
literature with some consensus found in large
international working groups.5,7 The American
Society of Anesthesiologists task force on acute
postoperative pain management recommends
using multimodal analgesia whenever possible.8
Through close collaboration between the
Departments of Orthopedic Surgery and
Anesthesiology at Penn Presbyterian Medical
Center (PPMC),an evidence-based MMA protocol
has been designed and implemented to facilitate

Figure 1. Site of action of different agents involved in multimodal analgesia and the receptors involved in the pain pathway. Adapted from
Kehlet et al.6
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Table 1. MP3 multimodal analgesia regimes for use after primary total joint arthroplasty at PPMC. +2hrs before
procedure. *Avoid or reduced dose in patients >70yrs; the duration of therapy is extended to two weeks in
opioid-tolerant patients. #Avoid in patients with GFR<60, Creatinine >1.4, sulfa or NSAID allergy.
Total Knee Arthroplasty (TKA)

Total Hip Arthroplasty (THA)

Preoperative
Gabapentin 300mg PO + Celecoxib 200mg PO + Acetaminophen
1g PO
Intraoperative
Spinal anesthesia preferred using 10-15mg bupivacaine
Femoral nerve or adductor canal block with 20- 30mls 0.2%
ropivacaine with insertion of an indwelling catheter
Consider ketamine/sciatic nerve blockade for patients with
chronic pain, high opioid usage or intolerance to opioids.
Postoperative
Continuous Femoral nerve or adductor canal block infusion –
0.2% Ropivacaine @ 8-10mls/hr
Oxycodone 10mg Q4-6hrs
Oxycontin 10-20mg Q12hrs
Gabapentin 300mg PO Q8 for 7 Days*
Celecoxib 200mg PO for 72 hrs#
Acetaminophen 1g PO for 72 hrs
IV opioid for breakthrough pain

Preoperative+
Gabapentin 300mg PO + Celecoxib 200mg PO +
Acetaminophen 1g PO
Intraoperative
Spinal anesthesia preferred using 10-15mg
bupivacaine
Single shot Lumbar plexus or Fascia iliaca block or
ketamine 0.5mg/kg to be considered for patients
with chronic pain, high opioid usage or intolerance
to opioids.

+

both improved analgesia and expedient rehabilitation in
patients undergoing total joint arthroplasty. This protocol has
been branded as the Multimodal Perioperative Pain Protocol
(MP3). It consists of specific guidelines to be implemented
throughout the perioperative period and allows for adaptation
depending on specific patient requirements (Table 1).

Preoperative Regime
The use of preemptive analgesia is commonplace in most
surgical settings and aims to prevent the establishment
of central sensitization secondary to the surgical insult. In
recent years, it has developed into an integral part of pain
management, particularly in those institutions which employ
“fast-track” surgical protocols.9
Pain control after surgery starts with patient education
before surgery. A preoperative discussion with the patient
should include the patient’s previous experiences with pain
management and give the patient information about pain
management therapies that are available as well as the rationale
behind their use. During this discussion, the importance of a
factual report of pain and avoiding stoicism or exaggeration
should be emphasized. Setting the patient’s expectations
right, especially when it comes to pain relief versus “pain-free
status,” can positively impact the patient’s overall experience
and improve satisfaction.10 In our institution, we are working
on making patient education material available through the
internet and in the surgeons’offices.
Gabapentin has been shown to interact with central
voltage-sensitive sodium and calcium channels, increase
the concentration of GABA in neuronal synapses, and

Postoperative
Oxycodone 10mg Q4-6hrs
Oxycontin 10-20mg Q12hrs
Gabapentin 300mg PO Q8 for 7 Days*
Celecoxib 200mg PO for 72 hrs#
Acetaminophen 1g PO for 72 hrs
IV opioid for breakthrough pain

decrease monoamine oxidase expression.11 Its role in
acute postoperative pain management originated from its
use in management of chronic pain conditions, such as
fibromyalgia, in which it is thought to limit the development
and propagation of dysfunctional neurons. Earlier clinical
trials with gabapentin for early postsurgical pain have shown
improved analgesia with opioid-sparing effect. In addition to its
role in acute postoperative pain, gabapentin has been shown
to improve movement and reduce chronic postoperative pain
in TKA at both 3 and 6 months.12 Side effects, such as sedation
or delirium, can be observed in elderly patients, and dose
adjustments may be required
The use of COX-2 inhibitors is considered somewhat
controversial for perioperative pain management due to the
increased risk of cardiovascular events in patients on longterm treatment.13 Celecoxib, however, has been shown to
reduce opioid requirements by up to 40% with significantly
improved visual assessment scale (VAS) scores and higher
active range of motion over 72 hours in patients undergoing
TKA and is not associated with the same cardiovascular risk.14
Concerns regarding the use of NSAIDs in orthopedic surgery
center mainly around the potential for decreased bone healing
in fracture patients. However, it has been shown that the short
term use of celecoxib has no effect on bone healing in total
joint arthroplasty.15
Acetaminophen is thought to act primarily by inhibiting
central prostaglandin synthesis without the side effects of
NSAIDs. Despite recent FDA warnings concerning patient
use of multiple medications containing acetaminophen, it has
repeatedly been shown to reduce morphine consumption by
up to 40% with minimal complications, particularly when used
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as an intravenous preparation due to increased cerebrospinal
concentrations.16,17 At PPMC, the use of acetaminophen is
within the daily dosing limits set by the FDA.

Intraoperative Regime
The use of regional anesthesia (RA) in orthopedic surgery
in general and specifically in total joint replacement has
been demonstrated in numerous studies to improve patient
outcomes, including decreased mortality and length of stay
in the hospital. RA is also associated with lower incidence
of significant morbidity indices, including pulmonary
complication, venous thromboembolism, acute renal
impairment, and postoperative infectious complications.18-20
Spinal anesthesia is more cost-effective than general anesthesia
for orthopedic surgery and is associated with similar or higher
overall patient satisfaction with the anesthetic technique.21
Monitored sedation is commonly used in addition during the
procedure to improve patient comfort and reduce anxiety.
The use of single shot or continuous nerve blockade for
postoperative analgesia after total joint replacement has
been an integral part of postoperative analgesia protocols for
a number of decades. The choice of which block is largely
driven by the culture of the institution and the emphasis
on postoperative mobility and rehabilitation protocols.
Traditionally, a combined femoral and sciatic nerve block was
advocated for TKA to eliminate discomfort arising from the
complex innervation of the knee joint. This technique has
decreased in popularity due to the increased likelihood of
motor weakness with the potential for subsequent delayed
mobilization, fall risks, and the need for prompt assessment
of sciatic nerve functionality in the postoperative period.22
At PPMC, sciatic nerve blocks are only reserved for patients
who are having major difficulty in pain control with our
conventional protocol or patients in whom opioid use may
be detrimental.
Continuous femoral nerve block (FNB) provides effective
analgesia in the postoperative period, significantly reducing
opioid requirements, particularly when a continuous catheter
technique is employed.23 It does, however, have the potential
to cause quadriceps weakness at higher concentrations of
local anesthesia. Recently, the use of continuous adductor
canal blockade (ACB), which aims to avoid motor weakness
by solely targeting the saphenous nerve, has been shown to
provide equivalent analgesia to FNB but with significantly
greater preservation of quadriceps strength (52% vs. 18%).24 A
recent study by Memtsoudis et al has shown that peripheral
nerve blockade is not correlated with the incidence of
postoperative falls in patients undergoing joint replacement
surgery.25 The acute pain and regional anesthesia service in
our institution works closely with the physical therapy and
rehabilitation team in designing protocols to minimize the
risk of falling. With development of protocols for fast-track
recovery after TKA, the ACB may have a role in these protocols
as they continue to evolve.
Local wound infiltration with low dose, high volume
local anesthesia has been increasing in popularity in recent
years with optimum results demonstrated when used with
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femoral nerve blockade in TKA.26,27 It is, however, pertinent
to note that significant volumes of local anesthesia must be
injected (up to 100mls of 0.1% ropivacaine), particularly in the
posterior compartment, to produce these analgesic effects in
TKA. Peripheral nerve block for total hip replacement may be
facilitated in the form of lumbar plexus or fascia iliaca nerve
block or local infiltration. However, it is commonly agreed
that these may be reserved for patients with complex pain
issues or those at increased risk of complications from opioid
medications.
Ketamine is used as an adjunct in patients with preexisting
chronic pain due to antagonism of the N-methyl-D-aspartate
(NMDA) receptor and potentiation of opioid analgesia. It has
been shown to reduce morphine usage by up to 32% when
given alone and by 51% when used in combination with
gabapentin after THA.28 It is rarely used as a sole analgesic
agent due to its potential to produce psychotomimetic side
effects, although these are rarely seen when lower doses are
used as part of a multimodal regime.

Postoperative Regime
The continuation of the multimodal regime into the
postoperative period allows for a reduction in opioid usage and,
in particular, aims to reduce the need for PCA or intravenous
bolus-dose opioids and their concomitant side effects. The
continuous nerve block infusion may be commenced in the
immediate postoperative period to allow a smooth transition
after the resolution of the spinal and initial femoral nerve
blockade.
Oral slow release preparations, such as oxycodone, can
significantly reduce the need for intravenous opioids in patients
undergoing joint replacement.29 This method of preemptive
analgesia management has the potential to facilitate physical
therapy, improve sleep, and decrease the incidence of
chronic postoperative pain.30 While these medications are
potentially associated with significant side effects, patient

Figure 2. Paradigm shift in postoperative analgesia.
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Figure 3. Percentage of patients with severe pain, as assessed by VAS, decreased after implementation of the MP3 protocol starting January, 2012.
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Figure 4. (A) The number of patients answering the question (How often your pain was always controlled?) increased after January, 2012. (B) The number of patients answering the question
(Did you feel the staff always did everything to help with your pain?) also increased after January, 2012.
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and healthcare staff education may allow responsible use of
these medications while avoiding potential complications
and prolonged dependence. Patients with complex chronic
pain issues should be assessed on a case-by-case basis and a
perioperative pain management program instigated with the
assistance of orthopaedic surgeons, anesthesiologists, and
chronic pain physicians.

Implementation of the MP3 Protocol at PPMC
Implementation of the MP3 protocol at PPMC was a
true collaborative effort between the Departments of
Anesthesiology, Orthopedic Surgery, Internal Medicine,
Pharmacy, Nursing, Physical Therapy, and Physical Medicine
and Rehabilitation. The protocol was implemented in January
of 2012, and since then, it has been a huge success and
resulted in a large paradigm shift (Figure 2). After putting the
protocol together, we relied on a core group of individual
super users, representing their respective disciplines within
the institution, to be the liaisons to their departments and to
do the necessary education for all those who are involved with
implementation of the protocol. We were able to eliminate
relying predominately on intravenous narcotics and have seen
a decrease in patient pain scores after total joint arthroplasty.
In the first few months after implementation of the MP3
protocol, the number of patients with severe pain after TKA
decreased (Figure 3). The HCAHPS survey has a pain domain
to assess the percentage of patients answering that their
pain was always controlled and who affirm that everything
was done, from the patient perspective, to control their pain.
The number of patients whose pain was always controlled
increased in the first three months after implementation of
the MP3 protocol as well as the percentage of patients stating
that the staff did everything to help them with their pain
(Figure 4A-B).
In summary, the concept of multimodal analgesia will
continue to spread as it is not exclusive for total joint
arthroplasty. Other service lines within the Department of
Orthopaedic Surgery are starting to apply the concept to both
inpatient and outpatient procedures.
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