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�Introduction

Orthopedic surgical procedures are often some of the most painful 
procedures performed in medicine. In 2001, treatment of patients’ 
pain became a significant focus in healthcare, and thereafter, pain 
was considered the “fifth vital sign” [1–3]. This created a new 
priority of aggressively treating pain symptoms with narcotics, 
which unfortunately resulted in increasing rates of narcotic depen-
dence and addiction. The heavy reliance on narcotic pain medica-
tions developed into widespread use. This lead to a dramatic 
increase in opioid related complications, such as addiction, diver-
sion, and fatal overdose. Thus, the modern-day “opioid epidemic” 
is a national issue that stresses the need for appropriate and 
responsible pain treatment. There is a delicate balance between 
managing a patient’s pain and creating an overreliance on narcotic 
pain medication. In an effort to reduce the use of narcotic medica-
tions for perioperative pain control, there has been an increased 
focus on alternative methods of pain control for all surgical proce-
dures. The Centers for Disease Control (CDC) has already man-
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dated regulations on the number of narcotics given by day or oral 
morphine equivalent (OME) [4, 5]. However, it is also the sur-
geon’s responsibility to understand the many options available to 
aid in reduction of postoperative discomfort.

Orthopedics is a broad, comprehensive surgical specialty, and 
procedures are quite diverse in how invasive and/or painful they 
can be. Classically, we categorize orthopedic surgeries into major 
and minor procedures, depending on the extent of soft tissue dis-
section or osseous manipulation, need for inpatient stay, overall 
morbidity to the patient, complexity of postoperative rehabilita-
tion, and the level of pain expected after surgery.

Major orthopedic surgeries are usually performed under gen-
eral anesthesia or monitored anesthesia with or without regional 
anesthesia. Examples include total joint arthroplasty/replacement 
(hip, knee, ankle, elbow, and shoulder), most periarticular fracture 
care, long bone or pelvic trauma, spinal surgery, tumor and limb 
salvage procedures, and major ligament repairs or reconstructions 
(rotator cuff, labrum, anterior cruciate ligament, etc.) including 
those performed arthroscopically. Any of these surgeries may 
involve aggressive manipulation of the bones and/or ligaments/
soft tissues with associated violation of joint space and deep fas-
cial compartments. They tend to cause significant pain postopera-
tively, and patients usually need to spend at least one night in the 
hospital after surgery.

Alternatively, minor orthopedic procedures can be performed 
under general anesthesia and monitored anesthesia care with local 
or by a technique referred to as “wide awake local anesthesia no 
tourniquet”, more commonly known as WALANT. These cases 
tend to be outpatient surgeries and generally do not result in the 
same level of postoperative discomfort as major surgeries. 
Examples of minor orthopedic procedures include closed fracture 
reductions, nerve decompressions, laceration repairs, wound 
debridement, biopsies, or tendon releases.

Regardless if a surgeon is performing a major or minor proce-
dure, it is extremely important to have a discussion with the 
patient about pain control strategies and expectations throughout 
the entire perioperative period [6]. There are many options for 
multimodal pain control preoperatively, intraoperatively, and 
postoperatively depending on the location and the nature of 
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surgery. This chapter is designed to outline the numerous options 
a surgeon has to choose from when considering perioperative pain 
control in the orthopedic patient.

�Preoperative

During more invasive or extensive surgeries, the patient may be 
“pre-medicated” with IV or PO medications upon arrival to the 
pre-op suite. These most commonly include IV or oral acetamino-
phen, nonsteroidal anti-inflammatory drugs (NSAIDs), or oral 
neuromodulating agents such as gabapentin or pregabalin [7–9]. 
There are many studies supporting the use of preemptive multi-
modal analgesia [10].

However, the most frequently utilized adjunct to major ortho-
pedic surgery is a regional nerve block with the use of short-, 
intermediate-, and/or long-acting local anesthetics. These are 
usually administered by the anesthesiologist prior to surgery 
under the assistance of neurostimulation or ultrasound guidance. 
The use of peripheral nerve blocks has generally led to better 
postoperative pain control with reduced narcotic requirement 
[11–16]. Depending on the location of the procedure, many dif-
ferent options or combination of blocks exists. Blocks can be 
performed as a “single shot” or employed as a continuous nerve 
catheter. A single-shot block is a one-time dose of local analge-
sic medication that is injected around the nerves that usually 
lasts for 12  hours or more. Alternatively, a continuous nerve 
catheter is a medication pump that is temporarily implanted, 
allowing a slow and steady infusion of anesthetic during and 
after the procedure.

�Upper Extremity Nerve Blocks

Brachial plexus blocks are the mainstay of regional anesthesia for 
many major upper extremity procedures, especially about the 
shoulder. The most commonly performed blocks in the upper 
limb are interscalene, supraclavicular, infraclavicular, and supra-
scapular/axillary nerve blocks [11, 17, 18].
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�Interscalene
Interscalene blocks are administered between the anterior and 
posterior scalene muscles, just posterior to the sternocleidomas-
toid. This provides blockade of most of the brachial plexus (C5–
C8 dermatomes) and however often inadequately covers the 
inferior trunk, including C8. This is called ulnar sparing and can 
lead to difficulty with procedures requiring coverage to the C8 
distribution along the axilla, medial arm, elbow, and forearm [11, 
17]. Therefore, interscalene blocks are generally preferred for 
procedures of the clavicle, shoulder, or proximal humerus. If an 
interscalene block is chosen for a more distal procedure, it is often 
necessary to supplement with an additional ulnar nerve block.

Complications of an interscalene block are primarily related to 
unintended extravasation of the local medication to surrounding 
nerves, as is the case with many regional blocks. Often, this leads 
to temporary paralysis of motor nerves necessary for diaphrag-
matic function (phrenic nerve) or vocal cord function (recurrent 
laryngeal nerve). The phrenic nerve (C3–5) is temporarily affected 
in 70–100% of interscalene blocks [18, 19]. Vocal cord dysfunc-
tion may present with hoarseness and difficult phonation, whereas 
phrenic nerve paralysis will present with varying degrees of short-
ness of breath as well as hemidiaphragm elevation on chest radio-
graph. Interscalene nerve blocks are generally avoided in patients 
with baseline severe respiratory disease as it can lead to further 
respiratory decline.

�Supraclavicular
Supraclavicular nerve blocks are performed with injection of 
local anesthetic just superior to the clavicle around the level of the 
first rib. This allows for more coverage of distal nerve distribu-
tions but sacrifices more proximal and superior shoulder anes-
thetic coverage. For this reason, supraclavicular blocks are 
commonly used for procedures involving the distal humerus, 
elbow, forearm, wrist, and hand.

Complications of supraclavicular blocks also include paralysis of 
the phrenic nerve, albeit much less commonly than an interscalene 
block. Studies show that phrenic nerve paralysis occurs in 17–50% 
of supraclavicular nerve block procedures [20]. Given the anatomic 
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proximity, however, supraclavicular injections do carry risks of 
pneumothorax as well as injury to the subclavian artery [17].

�Infraclavicular
Infraclavicular blocks are administered below the clavicle at the 
level of the brachial plexus cords. The shoulder is not well cov-
ered with an infraclavicular block, so it is not recommended for 
clavicle, shoulder, or most humerus procedures. This block pro-
vides the best analgesia for the distal two-thirds of the arm, elbow, 
forearm, wrist, and hand [11, 17]. Complications of the infracla-
vicular block are low especially with regard to pneumothorax, 
where the risk is less than 1% [21].

�Suprascapular and Axillary
Suprascapular nerve blocks are rarely used in isolation but rather 
are commonly combined with an axillary block. This combination 
is excellent for shoulder procedures, particularly in patients with 
respiratory disease, COPD, and sleep apnea or those at high risk 
for pulmonary complications. The suprascapular and axillary 
nerve block combination has similar analgesic profile in the 
shoulder but fewer respiratory complications than a more proxi-
mal block [22, 23]. Typical shoulder procedures ideal for this 
block combination include arthroscopic vs open rotator cuff 
repair, biceps release and/or tenodesis, labral repairs, and acro-
mioclavicular resections/distal clavicle resections. Complication 
rates are quite low and include inadvertent intraneural infiltration 
or prolonged motor deficits postoperatively [24].

�Lower Extremity Nerve Blocks

Blocks of the lower extremity have a variety of applications, with 
the majority being employed distal to the lumbosacral plexus. In 
addition, neuraxial blocks also have utility in many patient popu-
lations. Commonly used regional blocks in orthopedics include 
the lumbar plexus block, femoral nerve block, sciatic nerve 
block,  saphenous nerve block, and popliteal block. Neuraxial 
blocks include spinal or epidural anesthesia. These blocks are 
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incorporated in the perioperative care of patients undergoing elec-
tive joint replacement, soft tissue repair and/or reconstruction, 
and certain fracture care.

�Lumbar Plexus/Psoas Block
Also referred to as a psoas block, the lumbar plexus block is 
directed into the psoas muscle compartment usually via a paraver-
tebral approach just lateral to the L4 spinous process. It is particu-
larly useful for anterior hip, thigh, and anterior knee procedures 
and may be paired along with sciatic nerve blocks to augment 
total analgesic effect in the lower extremity [25, 26]. Like in upper 
extremity blocks, side effects and complications are commonly a 
result of inadvertent diffusion of analgesic medication. Epidural 
dispersion is observed in 3–27% of cases, and a complete spinal 
block can result from direct intrathecal injection [27–30]. Other 
complications are often related with intravascular injection with 
possibility of an associated retroperitoneal hematoma, as well as 
fall risk if patients attempt ambulation without assistance prior to 
resolution of the block or residual motor deficits remain due to 
nerve damage [31].

�Femoral Nerve Block
Femoral nerve blocks are widely used for elective surgeries of the 
knee, both open and arthroscopic procedures [32]. Femoral nerve 
blocks are administered within the femoral (Scarpa’s) triangle, 
just lateral to the femoral artery. There is some debate in the lit-
erature with regard to how significant the improvements in pain 
control are with femoral nerve blocks performed in isolation. 
There are several studies that demonstrate significant improve-
ment in pain scores and lower narcotic use; however, some 
research reveals only a modest effect postoperatively [33–36]. 
Femoral nerve blocks can be performed in combination with 
sciatic blocks, which has been shown to be beneficial for pain 
control in complex knee surgeries [37, 38].

While complications are uncommon, femoral blocks carry a 
risk profile that can result in significant challenges for patients. 
The close proximity of the femoral artery exposes injections to 
misdirection intravascularly at a rate of 5.7% [39]. Intraneural 
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injection can result in toxicity or increased risk of falls related to 
prolonged or even permanent quadriceps weakness [39, 40].

�Sciatic Block
As discussed above, sciatic nerve blocks can often be combined 
with femoral nerve or psoas blocks for procedures of the thigh or 
knee. However, when used alone, sciatic nerve blocks can pro-
vide adequate coverage for surgery involving only the lower leg, 
ankle, or foot [26, 36]. Similar to femoral nerve blocks, compli-
cations are rare but quite serious. These include direct nerve 
injury, intravascular injection, or vascular puncture/injury 
(6.6%). Prolonged nerve blockade without expected timely reso-
lution can lead to ulceration of the heels and motor deficits such 
as foot drop [31, 39].

�Saphenous Nerve Block
This block is often combined with a popliteal or sciatic block for 
more acral procedures of the leg. Saphenous nerve block can be 
performed at the mid-thigh in the adductor canal or just below the 
knee depending upon the desired area of anesthesia [15, 26, 32, 
41]. Innervating only sensory nerves, this block is particularly 
effective for medial leg soft tissue procedures, including 
arthroscopic partial meniscectomies. In these patients, saphenous 
nerve blocks were reported to improve pain at rest, pain with 
activity, and weight-bearing pain [42].

�Popliteal Block
As stated above, this block is often combined with a saphenous 
nerve block for procedures of the knee, foot, and ankle [15, 26, 
43]. Injection is performed at the level of the popliteal fossa [44]. 
Noted complications include intraneural or intravascular injec-
tions and associated damage, local abscess, hematoma formation, 
and persistent foot drop and risk for latent plantar pressure necro-
sis [15, 45].

�Epidural/Spinal Anesthesia
Neuraxial anesthesia, which refers to spinal and epidural anes-
thetics, has been widely implemented in elective lower extremity 
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total joint arthroplasties, particularly of the hip and knee. Given 
the magnitude of total hip and total knee arthroplasties being per-
formed annually, large cohorts of patients have been available to 
study the outcomes of neuraxial anesthesia as compared with 
general anesthesia. While implementation is variable by surgeon 
and anesthesiologists, neuraxial anesthesia has largely been con-
sidered equivalent to general anesthesia in both efficacy and 
safety [46].

Although the literature has demonstrated appropriate safety 
and/or at least equivalence to general anesthesia, not all studies 
have been able to delineate which patients may particularly ben-
efit. A large cohort of over 18,000 patients undergoing primary 
and revision total joint arthroplasty was studied between 2005 and 
2016, with subgroups identified as “frail,” “vulnerable,” and “non-
frail,” as based on a preoperative frailty index [47–51]. No differ-
ence in risk between general or neuraxial anesthesia was found in 
the “non-frail” or “frail” patients; however, there was significantly 
decreased mortality and wound complications in the “vulnerable” 
patient population. Other studies have shown similar conclusions, 
with at least equivalent and often improved outcomes among 
TKA and THA patients [46, 47].

Complications of neuraxial anesthesia include infection, dural 
leak, postdural headache, epidural and spinal hematoma, nerve 
damage, or neuropraxia [52]. These can render significant mor-
bidity to the patient during a postoperative period characterized 
by difficult mobility and function. Furthermore, patients on anti-
coagulation, those who have suffered prior spine trauma or have 
underlying neurologic deficits or disorders (e.g., multiple sclero-
sis), have undergone spinal fusion, or have advanced degenerative 
disease of the spine, may be contraindicated from attempts at 
neuraxial anesthesia [53].

�Intraoperative

As patients are almost always intubated or sedated during ortho-
pedic procedures, pain control relies heavily on intravenous med-
ications provided by our anesthesia colleagues. Narcotics such as 
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Dilaudid or fentanyl are often employed to provide adequate pain 
control during major orthopedic procedures. However, there are 
many adjuncts, such as IV acetaminophen and ketorolac, that are 
used to supplement or reduce the need for high doses of narcotics.

Ketorolac is a nonsteroidal anti-inflammatory drug (NSAID) 
analgesic that is available in oral, intravenous, and intramuscular 
forms. It is effective in providing excellent pain control and 
decreasing morphine requirements for both adult and pediatric 
patients undergoing major and minor orthopedic procedures. It is 
a good alternative or adjunct medication for use in patients with-
out contraindications such as underlying renal disease or increased 
risk of bleeding [54–57].

There are some concerns in the orthopedic community about 
the use of ketorolac and other NSAIDs during or after surgery, as 
there are reports of higher rates of nonunion in certain procedures, 
such as lumbar spinal fusion [58–60]. There is no strong consen-
sus on whether or not NSAIDs and ketorolac should be avoided in 
situations where bony healing is of utmost importance. This is 
generally left to the discretion of the surgeon and often is a deci-
sion made on the patient’s risk of nonunion, depending on their 
unique biology, smoking status, and other comorbidities. As men-
tioned previously, IV acetaminophen is also employed as an 
adjunct medication to reduce narcotic use for patients without sig-
nificant liver disease or other contraindications [61].

Single nerve blocks, field blocks, or periarticular injections can 
also be administered intraoperatively to augment pain control and 
decrease postoperative narcotic requirements if a block was not 
given before surgery. For example, a median nerve block can be 
administered by the surgeon after a distal radius fracture fixation 
for postoperative pain control. There is evidence that surgeon-
administered local blocks given intraoperatively are as effective 
as preoperative anesthesiologist-administered nerve blocks [62]. 
Field blocks, with or without epinephrine, are especially prevalent 
in orthopedic procedures where the surgical field is smaller, such 
as hand cases or single-level spine surgery.

Periarticular injections or “joint cocktails” are also an increas-
ingly popular and effective way to manage postoperative pain. 
The location, technique, and “recipe” for these injections are 
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highly variable. The base ingredient often consists of a local anes-
thetic which is then mixed with opioids, neuromodulators, and 
anti-inflammatory medications, including steroids. A multimodal 
drug mixture has been shown to be superior in reduction of nar-
cotic requirements and pain control when compared with an injec-
tion of a single medication in the same region [9, 63]. There is 
evidence to support the use of periarticular joint injections in 
many settings, like joint arthroplasty or hip fracture fixation, to 
allow patients earlier joint mobility and rehabilitation, in addition 
to reducing the need for pain medications [64, 65].

�Postoperative

The use of narcotic pain medications in the postoperative setting 
is ubiquitous after nearly any orthopedic procedure. Patients and 
providers consider this the primary method of pain control after 
surgery until a patient can transition to non-opioid medications 
such as acetaminophen or NSAIDs. As has been championed dur-
ing prior phases of an orthopedic case, postoperative multimodal 
analgesia has demonstrated superior outcomes when paired 
against single medication choices [65]. Postoperative pain proto-
cols today can offer a wide integration of narcotics with NSAIDs, 
acetaminophen, topical anesthetics, muscle relaxants, and post-
procedural regional infusions.

Most surgeons have adopted the prescription of narcotic pain-
killers as a significant facet of medical care over the past decades, 
with rising concerns that this has been mostly used to enhance 
patient satisfaction scores. Many studies have investigated not 
only the relationship of narcotics and their comorbidities but also 
the general prescribing practices in the postoperative period. 
There is evidence that many providers may be “defensively” 
prescribing an abundance of pills to avoid postoperative emer-
gency visits or calls as well as readmissions for pain control [66–
68]. A recent study demonstrated that patients are being prescribed 
about three times the necessary amount of opioids [69].

With this in mind, the diversion of these leftover narcotic pills 
has grown, and their use for recreation, self-treatment, or sales has 
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been an evolving focus. Goyal et al. demonstrated the efficacy of 
preoperative instructions on decreasing the consumption of nar-
cotic pain medications in the postoperative period while maintain-
ing patient outcome scores. The authors studied a cohort of 305 
patients undergoing upper extremity surgery and identified risk 
factors for increased opioid consumption. This data was then used 
to develop an “opioid calculator” to determine the necessary num-
ber of narcotic pills to implement for a second cohort of 221 
patients undergoing a similar distribution of surgeries. This calcu-
lated regimen was also combined with a standardized pre- and 
postoperative surgical instruction set that included instructions for 
disposal of extra pills. As a result, 63% fewer opioids were pre-
scribed, and 58% fewer opioids were consumed leading to 62% 
less opioid waste/diversion. These results underscore the growing 
need to approach postoperative pain management with careful 
judgment, patient education, and an armamentarium of non-
opioid adjuvants [70].

Extensive research focusing on objective and subjective out-
come scores has influenced every level of physician care, particu-
larly during the postoperative phase of care. Depending on the 
magnitude of surgery, patients may expect pain requiring this 
multimodal approach with narcotic integration to continue for 
several days to weeks postoperatively. It is very important for 
patients to be well informed by their surgical team regarding the 
anticipated pain course and management once they are home on 
their own. Usually, a course of narcotic weaning is incorporated 
per the surgeon’s preference, and the use of therapies and modali-
ties such as ice, heat, elevation, compression, and early range of 
motion (when appropriate) can be added for optimization of com-
fort and swelling.

�Conclusion

Orthopedics is a broad surgical subspecialty covering everything 
from extensive spinal fusions and limb reconstructions to ankle 
fractures and trigger finger releases. There is enormous variability 
in the level of pain that is experienced after orthopedic surgery, as 

14  Perioperative Analgesia for Orthopedic Surgery



234

each procedure is vastly different and every patient is unique in 
their reaction to and tolerance for pain. It is essential that health-
care providers at every level understand the nearly limitless com-
binations of analgesics available to alleviate discomfort after 
orthopedic surgery while minimizing reliance on narcotic pain 
medications with informed patient education and guidance.
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