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a b s t r a c t 

Pain management in the setting of acute and subacute orthopedic trauma can be challenging. Due to the recent 
focus on the rising opioid epidemic, as well as the adverse side of effects of opioid pain medication, multimodal 
pain control has become the standard of care for management of orthopedic trauma, particularly during operative 
fixation. The purpose of this paper is to report on the use of regional anesthesia for surgical intervention of 
extremity fractures in patients who present following traumatic injury as part of a multimodal pain management 
protocol. Types of, indications for, and outcomes of both upper and lower extremity peripheral nerve blocks will 
be reviewed. 
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The management of pain in the setting of acute orthopedic trauma
an be challenging. With a primary focus on the acute resuscitation,
ssessment, and treatment of life-threatening injuries, the provision of
nalgesia can often be delayed. Situational factors including confusion
r dementia in the elderly, head injury and or hypotension in the high
nergy patient, patient refusal, and provider-patient communication is-
ues have also been shown to limit the delivery of timely and adequate
nalgesia [1] 

Although intravenous opioid therapy is the most common modality
f analgesia in the acute trauma setting given ease of administration,
ast onset, and excellent analgesia, opioid analgesia places the patient
t risk for significant adverse effects including respiratory depression,
asodilation and hypotension, delirium, nausea or vomiting, and the
nability to take oral medication [2] The resultant pain in acute ortho-
edic trauma often requires significant amounts of opioids to provide
dequate pain relief. Given the recent focus on the rising opioid epi-
emic, a multimodal analgesic approach is now often the standard of
are to both decrease opioid requirements and opioid-related adverse
ffects as well as to better address patient and trauma-specific factors
or which opioids may poorly or adversely treat. 

Even with the addition of multimodal agents, there is still widespread
ndertreatment of pain in orthopedic trauma patients. In a study of pa-
ients presenting to the emergency department with predominantly ex-
remity injuries, 91% had pain on admission and 86% still had pain
pon discharge with pain increasing in 17% of patients at the time of
ischarge [3] Such data speaks to the need for improved pain manage-
ent and introduces a role for regional anesthesia techniques to improve
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ain relief in the acute orthopedic trauma setting. The purpose of this
aper is to report on the use of regional anesthesia for surgical interven-
ion of extremity fractures in patients who present following traumatic
njury as part of a multimodal pain management protocol. 

pper extremity blocks 

There are several peripheral nerve blocks ( Fig. 1 ) that can be imple-
ented in the setting of upper extremity orthopedic trauma, with their

pecific utility determined by the specific nerve distribution along the
rachial plexus ( Table 1 ). 

nterscalene block 

ndications 

For injuries of the shoulder, proximal humerus, and distal clavicle,
he interscalene block targeting the roots as well as the suprascapular
nd supraclavicular nerves has been shown to be effective in providing
rolonged pain relief, reducing length of stay in the emergency depart-
ent and one-to-one monitoring requirements.8 Possible side effects

f the interscalene block include phrenic nerve blockade, sympathetic
hain blockade, and recurrent laryngeal nerve blockade. A rare compli-
ation of the interscalene block is spinal cord root injury [5] 

echnique and clinical efficacy 

An interscalene block of the brachial plexus is performed by inject-
ng local anesthetic in the interscalene groove between the anterior and
iddle scalene muscles ( Fig. 2 ). It targets the C5, C6, and C7 nerve roots
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Table 1 

Regional anesthesia blocks by sensory coverage and fracture patterns. 

Block Nerve Distribution Coverage Fractures 

Upper Extremity 

Interscalene Suprascapular nerve 
Supraclavicular nerve 
C5–7 nerve roots 

Proximal humerus fractures 
Clavicle fractures 

Supraclavicular C5-T1 nerves – targets brachial plexus divisions Fractures of the humerus 
Fractures about the elbow 

Forearm fractures 
Fractures about the wrist (i.e. distal radius fractures) 
Fractures about the hand 

Infraclavicular C5-T1 nerves – targets brachial plexus cords Midshaft and distal humerus fractures 
Fractures about the elbow 

Forearm fractures 
Fractures about the wrist (i.e. distal radius fractures) 
Fractures about the hand 

Axillary Terminal branches of brachial plexus Fractures about the Wrist (i.e. distal radius fractures) 
Fractures about the Hand 

Lower Extremity 

Fascia Iliaca Femoral nerve 
Lateral femoral cutaneous 
Obturator nerve 

Fractures about the hip 

Femoral Nerve Block Femoral nerve Fractures about the hip 
Femur fractures 
Peri-articular fractures about the knee 

Sciatic Nerve Block Motor and sensory innervation to posterior aspect of knee, 
hamstrings and entire leg below knee (except medial lower leg 
and foot) 

Tibia fractures 
Fractures about the ankle 
Fractures about the foot 

Popliteal Sciatic Nerve Block Motor and sensory innervation to lower limb below the knee 
(except medial lower leg and foot) 

Fractures about the ankle 
Fractures about the foot 

Saphenous Nerve block Sensory innervation to medial leg and foot Fractures about the ankle 
Fractures about the foot 

IPACK Articular branches of the obturator and tibial nerves Peri-articular fractures about the knee 

Fig. 1. Sites of Regional Blocks of the Upper Extremity. 

Fig. 2. Interscalene Nerve Block Technique. 
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s well as the suprascapular and supraclavicular nerves. The lower parts
f the brachial plexus originating from C8 and T1 are generally spared.

The nerves that are covered are both motor and sensory and cover the
egion of the shoulder and upper arm. The area under the T2 distribution
intercostobrachial nerve) which is the axilla and the medial part of the
pper arm is spared in all brachial plexus techniques and needs to be
locked separately if required for the surgical procedure. 

utcomes 

For clavicle fractures, interscalene brachial plexus blocks should be
upplemented with modified superficial cervical plexus block in order to
rovide adequate regional anesthesia coverage of the surgical field and
bviate the need for general anesthesia. A study of 110 patients random-
zed to combined interscalene brachial plexus block and modified super-
cial cervical plexus block without general anesthesia versus general
nesthesia with interscalene brachial plexus block demonstrated higher
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Fig. 3. Infraclavicular Nerve Block Technique. 

O

 

o  

g  

d  

t  

s  

d  

u  

o  

p  

t  

i  

g  

s  

n  

d  

n  

g  

h  

p  

t

A

I

 

p  

a  

t  

A  

b

T

 

s  

t  

a  

n  

c  

w  

o

O

 

i  
ntra-operative fentanyl requirements in the general group with no intra-
perative conversions of the combined blocks to general [6] Further-
ore, total anesthesia time and overall case time were significantly

onger in the general anesthesia group. Interscalene blocks have also
emonstrated good clinical efficacy for use in proximal humerus frac-
ures. A systematic review by Iliaens et al. included 9 studies utilizing
nterscalene block, which all showed that regional anesthesia was effi-
acious for management of post-operative pain [7] 

upraclavicular block 

ndications 

The supraclavicular block targets the divisions of the brachial plexus.
his block is suitable for injuries of the humerus, elbow, forearm, wrist,
nd hand as it includes C8 and T1 nerve roots, which are most often
pared by the interscalene block. 

echnique and clinical efficacy 

The supraclavicular block is performed by placing a linear ultra-
ound probe above the clavicle. The key anatomical features to identify
re the subclavian artery, first rib, lung, and the divisions of the brachial
lexus which appear as a "bunch of grapes" at this level. 20–30 mL of
ocal anesthetic are injected to surround the plexus, providing both mo-
or and sensory blockade to the arm. Just as with the interscalene block,
he area of the T2 distribution would need to be blocked separately if
ndicated for the surgical procedure. 

Some side effects of this block are similar to that of the inter-
calene and include hoarse voice (recurrent laryngeal nerve), hemi-
iaphragmatic paralysis (phrenic nerve), and Horner’s syndrome (cer-
icothoracic ganglion sympathetic fibers). In addition to the risk of vas-
ular injury, there is also the risk of pneumothorax given the close prox-
mity of the lung. 

utcomes 

A randomized control trial comparing general anesthesia versus
upraclavicular block for operative repair of distal radius fractures
emonstrated lower post-operative pain and opioid consumption in the
egional anesthesia group [8] In a study by Stone et al., patients who
eceived a supraclavicular block for upper extremity fractures, disloca-
ions, and/or abscesses experienced a shorter length of stay without any
dverse effect on patient safety or satisfaction [9] 

nfraclavicular block 

ndications 

The infraclavicular block targets the cords of the brachial plexus.
his block is suitable for injuries of the mid to distal humerus, elbow,
orearm, wrist, and hand as it includes C8 and T1 nerve roots, which are
ost often spared in by interscalene block. 

echnique and clinical efficacy 

The infraclavicular block is performed by placing a linear or high fre-
uency curved ultrasound probe inferior to clavicle and medial to the
oracoid process ( Fig. 3 ). The medial, lateral, and posterior cords of the
rachial plexus are identified as three hyperechoic structures surround-
ng the axillary artery, which lies deep the pectoralis major and minor
uscles. Other anatomical structures to identify include lung and the

xillary vein. 20–30 mL of local anesthetic are injected to surround the
xillary artery in a U shape, providing both motor and sensory blockade
o the arm [10] 

In addition to the risk of vascular injury, there is also the risk of pneu-
othorax given the close proximity of the lung. Furthermore, as with

he interscalene and supraclavicular blocks, the area of the T2 distribu-
ion (intercostobrachial nerve) would need to be blocked separately if
ndicated for the surgical procedure. 
3 
utcomes 

A retrospective review of 187 consecutive patients who underwent
pen reduction and internal fixation of a distal radius fracture under
eneral versus regional anesthesia with an infraclavicular block showed
ecreased post-operative pain, increased wrist and finger range of mo-
ion and higher functional outcome scores at 3 and 6 months post-
urgery in the regional anesthesia group [11] A recent prospective ran-
omized control trial demonstrated significantly lower pain scores for
p to 48 h post-operatively as well as significantly decreased post-
perative morphine consumption compared to general anesthesia for
atients undergoing distal radius fracture fixation [12] Regional anes-
hesia also was associated with a lower incidence of nausea and vomit-
ng, and higher patient satisfaction [12] Additionally, for patients under-
oing distal radius fractures, there is no difference in continuous versus
ingle shot infraclavicular block with respect to post-operative pain or
arcotic use [13] Infraclavicular blocks are associated with a greater
egree of sensory block in axillary nerve and medial cutaneous brachial
erve distributions compared to axillary nerve block for patients under-
oing orthopedic surgery distal to the elbow [14] Infraclavicular blocks
ave also been shown to be effective in controlling procedural pain for
ediatric patients undergoing closed reduction of forearm fractures in
he emergency department setting [15] 

xillary block 

ndications 

Axillary nerve blocks target the terminal branches of the brachial
lexus and may be used for injuries involving the distal regions of the
rm. This nerve block may be useful in situations where the upper por-
ions of the plexus may not be accessible such as in the case of burns.
lso given the superficial location of the plexus in this technique, it may
e useful in morbidly obese patients. 

echnique and clinical efficacy 

The axillary nerve block is performed by placing a linear ultra-
ound probe distal to where the pectoralis major muscle inserts onto
he humerus. The radial, ulnar, and median nerves can be identified
s three hyperechoic structures surrounding the axillary artery. These
erves are blocked with 1–3 injections of local anesthetic. The musculo-
utaneous nerve must be identified and blocked separately; it lies either
ithin or between coracobrachialis and biceps muscles. A total of 20 mL
f local anesthetic may be used to perform the block [16] 

utcomes 

A randomized control trial showed high rates of patient satisfaction
n patients undergoing surgery for hand or forearm trauma with both
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Fig. 4. Sites of Regional Blocks of the Lower Extremity. 
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lectrical nerve stimulation and fascial pop techniques, although bet-
er efficacy is seen with fentanyl as an adjunct compared to ketamine
 17 , 18 ] In the emergency department setting, axillary nerve blocks can
e used successfully in lieu of intravenous sedation for reduction or im-
obilization of upper extremity fractures [19] Axillary nerve blocks are

lso effective in the emergency department setting for pediatric patients
ndergoing closed reduction for forearm fractures [20] 

ower extremity blocks 

There are several peripheral nerve blocks ( Table 1 ) that can be im-
lemented in the setting of lower extremity orthopedic trauma with pos-
tive outcomes ( Fig. 4 ). 

ascia iliaca block 

ndications 

The fascia iliaca block targets the femoral, lateral femoral cutaneous,
nd obturator nerves simultaneously. Although technically less demand-
ng than femoral nerve blocks, fascia iliaca blocks may not be as effective
n their pain relief properties [21] However, these blocks are typically
sed for hip and femur fractures. 

ndications 

The fascia iliaca block or fascia iliac compartment nerve block tar-
ets the femoral nerve and often the lateral femoral cutaneous nerve
22] Therefore, it is indicated in injuries of the anterior thigh or knee;
t may also be integrated as part of multimodal analgesia following hip
4 
r knee procedures, such as femur neck fracture repairs and above the
nee amputations. Though complication rates are low, they can include
ematoma and nerve transection as with all regional blocks. An ex-
remely rare side effect is perforation of the peritoneal cavity organs
nd bladder puncture. 

echnique and clinical efficacy 

The fascia iliaca block can be performed with either a landmark tech-
ique or an ultrasound-guided infra-inguinal approach. Using the land-
ark approach, the femoral artery is palpated along an imaginary line

onnecting the anterior superior iliac spine and pubic tubercle. A nee-
le is inserted approximately 1.5 cm lateral to the artery along the same
maginary line; two “pops ” are frequently felt with puncture through the
ascia lata and fascia iliaca. Following negative aspiration, local anesthe-
ia is deposited into this potential space. With ultrasound guidance, the
emoral artery and iliopsoas muscle (lateral and deep to the artery) are
dentified. The iliopsoas is covered by the hyperechoic fascia with the
emoral nerve between the two layers; the goal of the block is to deposit
 large volume (20–40cc) of local anesthetic underneath the fascia and
bserve the hydro-dissection of the fascia from the underlying muscle
lanes [ 23 , 24 ] 

utcomes 

A study by Castillon et al. described a cohort of 216 patients with
ip fractures who received a fascia iliac block for pain control in the
mergency department, and demonstrated a significant reduction in
atient-reported pain following the block, with only approximately a
uarter of the patients requiring morphine as rescue medication in the
rst 8 h after diagnosis [25] Another more recent study by Thompson
t al. also demonstrated in a prospective study that pre-operative fascia
liaca blocks significantly decreased post-operative opioid consumption
n geriatric hip fracture patients [26] Additionally, multiple systematic
eviews of randomized controlled trials have reported that fascia iliac
locks provide significant pain relief during perioperative management
f geriatric patients with hip fractures, and reduces the need for narcotic
ain medication [ 27 , 28 ] 

emoral nerve block 

ndications 

Both the femoral nerve block and fascia iliaca block target the
emoral nerve. The fascia iliaca block is a volume-block; therefore, sur-
ical anesthesia is difficult to achieve. The femoral nerve block is more
uited for hip, femur, and knee injuries, particularly patellar and tib-
al plateau fractures. Unlike the fascia iliaca block, the femoral nerve
lock does not reliably cover the lateral femoral cutaneous nerve. As
ith most lower extremity blocks, a rare complication is femoral artery
uncture. 

echnique and clinical efficacy 

Femoral nerve blocks are accomplished with the patient positioned
upine with mild external rotation of the lower extremity. A linear probe
s oriented perpendicular to the inguinal ligament to identify the hy-
erechoic femoral nerve lateral to the iliopsoas and the femoral artery
mmediately medial to the nerve (same as with fascia iliaca block). The
lock needle is then inserted in plane and advanced through the fascia
liaca to the superior surface of the femoral nerve. Injection of 10–20cc
ocal anesthetic should demonstrate spread below the fascia iliaca line
ith steady enlargement of the femoral nerve [ 29 , 30 ] 

Femoral nerve block results in sensory deprivation to the anterior
nd medial thigh, as well as the medial leg and foot (saphenous nerve
istribution). Because the femoral nerve also carries motor function, a
requently encountered side effect is quadriceps weakness. The obtura-
or and sciatic nerves are spared. 



N.D. Fisher, A.S. Bi, U.O. Umeh et al. Health Sciences Review 4 (2022) 100031 

O

 

t  

b  

t  

O  

r  

d

S

I

 

a  

e  

f  

t  

k  

i

T

a  

p  

t  

t  

c  

i  

b  

l  

1
 

t  

a  

f

O

 

a  

a  

p  

a  

s  

o  

w  

e

P

I

 

w  

m  

t  

a  

a  

t  

u  

r

T

 

p  

p  

s  

t  

t  

j  

o  

a  

a  

(

O

 

t  

s  

t  

p  

a  

c  

s  

(  

t  

p  

s  

p  

p  

[

S

I

 

o  

p  

i  

i  

t  

w

T

 

t  

a  

a  

A  

v  

i
 

n  

t  

v  

t  

w

O

 

a  

t  

p  

r  

a  

o

I

I

 

a  

o  

t  
utcomes 

Several studies have proved the efficacy of femoral nerve blocks in
he management of acute hip fractures, leading to earlier patient mo-
ility, improved respiratory function, and decreased overall complica-
ions including pneumonia, confusion, and opioid requirement [ 31 , 32 ]
ne retrospective study even found a significantly decreased mortality

ate in community dwelling patients with hip fracture who received in-
welling catheters for prolonged femoral nerve blockade [33] 

ciatic nerve block 

ndications 

The sciatic nerve provides both sensory innervation to the posterior
spect of the knee, hamstrings, and entire leg below the knee (with the
xception of the medial lower leg and foot). This block is indicated for
oot and ankle surgeries, as well as below-the-knee amputations; addi-
ionally, it is incorporated as part of multimodal analgesia following
nee surgery involving the posterior compartment. A rare complication
s femoral artery puncture with the anterior approach. 

echnique and clinical efficacy 

There are several approaches for performing the sciatic nerve block –
nterior, transgluteal, subgluteal, parasacral, lateral and the more distal
opliteal fossa approach (discussed later). The approach depends on pa-
ient characteristics and provider preference. For an ultrasound-guided
ransgluteal technique, the sciatic nerve can be visualized as a hypere-
hoic structure deep to the gluteus maximus muscle lying between the
schial tuberosity and greater trochanter. The subgluteal approach may
e easier to perform as it done a few centimeters distally where the nerve
ies more superficially. Successful blockade typically entails injection of
0–20 mL of local anesthetic. [ 34 , 35 ] 

Although the sciatic nerve provides motor and sensory innervation
o most of the lower leg, sciatic nerve block does not cover the posterior
spect of thigh, which derives sensory innervation from the posterior
emoral cutaneous nerve. 

utcomes 

In a study by Elkassabany et al., patients who underwent general
nesthesia with sciatic nerve blocks for operative repair of tibia and
nkle fractures reported significantly higher satisfaction scores at 24 h
ostoperatively as compared to those who exclusively received general
nesthesia.7 Sciatic nerve blocks have also recently been reported to
uccessfully control intra-operative pain when used in conjunction with
ther blocks in order to perform awake surgery for hip fracture patients
ith significant medical co-morbidities, in order to avoid receiving gen-

ral anesthesia [ 37 , 38 ] 

opliteal sciatic nerve block 

ndications 

Popliteal sciatic blocks are indicated for foot and ankle injuries as
ell as Achilles tendon ruptures. These blocks are often preferred over
ore proximal sciatic nerve blocks because they only anesthetize distal

o the hamstring muscles, thereby preserving knee flexion. Popliteal sci-
tic blocks are often combined with saphenous blocks, discussed later, to
dequately cover the entire lower leg. Complications are minimal with
his block. Although intra-arterial injection is a risk for most blocks, it is
ncommon in popliteal blocks given the superficial location of the nerve
elative to the artery. 

echnique and clinical efficacy 

To perform an ultrasound-guided popliteal block, the transducer is
laced in the transverse position at the popliteal crease ( Fig. 5 ). The
opliteal artery and vein are identified, with the biceps femoris at either
ide of the artery. The tibial nerve is located lateral to the vein and
he common peroneal nerve is identified lateral to the tibial nerve. At
5 
his point, the transducer is slowly directed proximally to visualize the
oining of these two nerves to form the sciatic nerve. Around 15–20 mL
f local anesthetic is deposited into this epineural sheath to allow for
dequate block [39] . Sciatic nerve blocks result in sensory and motor
nesthesia below the knee, sparing only the medial lower leg and foot
innervated by saphenous nerve). 

utcomes 

A randomized control trial of 150 patients undergoing ankle frac-
ure surgery compared combined popliteal and saphenous blocks with
pinal anesthesia, and demonstrated superior post-operative pain con-
rol with popliteal and saphenous blocks, despite potential for rebound
ain after peripheral nerve block [40] Furthermore, continuous local
nesthetic infusion in popliteal sciatic block has been shown to de-
rease rebound pain and need for narcotic pain medication compared to
ingle-shot popliteal sciatic block for operative repair of ankle fractures
Ding et al.). Preoperative popliteal sciatic blocks have also been shown
o be more effective in controlling post-operative pain compared to
ost-operative blocks or no block in patients undergoing ankle fracture
urgery [41] A recent randomized control trial also demonstrated that
ost-operative popliteal sciatic nerve blocks are effective in controlling
ost-operative pain following operative repair of calcaneus fractures
42] 

aphenous nerve block 

ndications 

Saphenous nerve blocks (also referred to as adductor canal blocks)
ften supplement sciatic nerve blocks,. Most commonly they are used for
atients undergoing ankle fracture surgery or saphenous vein harvest-
ng. Adverse effects include pain on injection, vascular injection, bleed-
ng, and allergic reactions, as with all regional blockade; more specific
o saphenous nerve blocks, however, complication includes quadriceps
eakness (discussed below). 

echnique and clinical efficacy 

With the transducer in transverse position along the distal aspect of
he anteromedial thigh, the sartorius muscle is identified as a trapezoid-
ppearing structure ( Fig. 6 ). Deep to the sartorius, the femoral artery
nd vein are surrounded by the vastus medialis and adductor magnus.
djacent to the femoral artery, the hyperechoic saphenous nerve can be
isualized at a depth of 2–3 cm and about 5–10 mL of local anesthetic
s injected [43] 

The saphenous nerve is the terminal sensory branch of the femoral
erve, providing innervation below the medial aspect of the knee. Al-
hough the saphenous nerve block is a sensory block, injection of large
olumes of local anesthetic can result in a motor blockade of the nerve
o the vastus medialis which may present clinically as mild quadriceps
eakness. 

utcomes 

Although not often used in isolation, when saphenous nerve blocks
re used in combination with popliteal sciatic nerve blocks as opposed
o popliteal block alone, there is significant reduction in post-operative
ain in patients undergoing ankle fracture surgery [44] A recent case
eport by Darling et al. described the use of a saphenous nerve block
lone for medial foot surgery, with the patient reporting 0/10 pain post-
peratively [45] 

PACK block 

ndications 

IPACK is an acronym for Infiltration between the Popliteal Artery
nd Capsule of the Knee. This field block targets the articular branches
f the obturator and tibial nerves, thereby providing sensory blockade
o the posterior aspect of the knee. This block may be useful for knee
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Fig. 5. Popliteal Sciatic Nerve Block Technique. 

Fig. 6. Saphenous (Adductor Canal) Nerve Block 
Technique. 
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rthroplasty, cruciate ligament repairs or reconstructions and other pro-
edures involving the posterior aspect of the knee. 

echnique and clinical efficacy 

With the leg in the frog-leg position, a low frequency curved ultra-
ound probe is placed behind the distal femur. Once the popliteal artery
nd femoral condyles are identified the probe is moved cephalad until
he condyles appear to flatten. A needle is then inserted from the medial
ide of the leg and advanced between the posterior femur and popliteal
rtery. 10–20 mL of local anesthetic are injected in this plane. It is im-
ortant to identify the sciatic nerve lateral to the popliteal artery and
nsure that the local anesthetic does not spread to that nerve. The goal
f this block is provide sensory blockade to the posterior aspect of the
nee. A possible complication of this block is inadvertent blockade of
he sciatic nerve in the popliteal fossa. If the sciatic nerve in advertently
locked, the patient will also have motor blockade below the knee and
ould present with a foot drop clinically. 

utcomes 

Given that the IPACK block is a relatively new form of regional
nesthesia, there are currently no studies demonstrating its efficacy in
racture care. However, multiple studies have shown that the IPACK
lock significantly decreases pain in the immediate post-operative pe-
iod when used as an adjunctive block following total knee arthroplasty
nd anterior cruciate ligament reconstructions, and thus should be in-
estigated as an adjunct for peri ‑articular knee fractures [46–48] 
6 
isks of regional anesthesia 

There are minimal risks associated with regional anesthesia, with less
han 1% of patients experiencing neurologic symptoms after both upper
nd lower extremity blocks, with the majority of neurologic symptoms
ue to causes unrelated to the block [49] Supraclavicular blocks involve
 risk for pneumothorax given their proximity to the apical pleura, how-
ver studies have shown that such risk is significantly diminished with
ltrasound guidance [50] 

For injuries below the knee, the saphenous and the sciatic nerve at
he popliteal fossa are most frequently targeted. A known complication
f tibial fractures is acute compartment syndrome (ACS), particularly
he proximal and middle third of the diaphysis secondary to bulky mus-
le mass. Given that paresthesia and pain are recognized as early indi-
ators of developing ACS, many clinicians avoid nerve blocks due to the
isk of masking these symptoms. However, the sensitivity and positive
redictive value of these signs are only 11–19%; the specificity and nega-
ive predictive value are 97–98% for lower extremity trauma [51] While
he data on peripheral blocks and ACS is sparse, most case reports sug-
est neural blockade may aid in the diagnosis and treatment of ACS as
reakthrough pain from the newly ischemic limb can alert physicians to
 change in the patient’s clinical status and prompt an assessment. Most
ata linking regional anesthesia to missed ACS events involved epidu-
al block as opposed to peripheral nerve blocks. Additionally, although
ome case reports have implicated femoral nerve blocks during tibia in-
ramedullary nailing with missed diagnoses of ACS, these authors fail
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o recognize that the anterior compartment is primarily supplied by the
eep peroneal nerve and thus a femoral nerve block is unlikely to mask
ymptoms [52] 

enefits of regional anesthesia 

Regional anesthesia limits exposure to the effects of general anes-
hesia and its associated complications, including nausea or vomiting,
mmunosuppression, cognitive dysfunction or delirium, and hemody-
amic instability. It has been associated with a decreased opioid re-
uirement and opioid-related adverse events, such as dependence and
olerance [31] Regional anesthesia may also decrease the incidence of
hronic pain syndromes. Risk factors for the development of chronic
ain include age, medical comorbidities, mental health disorders (par-
icularly anxiety and depression), alcohol and tobacco consumption,
nd most importantly, high intensity acute pain at the time of the in-
ult [53] Given that regional anesthesia provides excellent site-specific
nalgesia, it may have a role in preventing post-traumatic chronic pain.
ultimodal analgesia with adjunctive regional anesthesia incurs eco-

omic advantages as well. The economic burden of the opioid crisis in
he United States is an estimated $50 billion annually [54] By minimiz-
ng narcotic administration during surgery, regional anesthesia offers a
ore accessible approach to analgesia. Furthermore, regional anesthe-

ia can lead to a shorter length of stay which reduces the cost of care
nd increases patient safety and satisfaction [ 4 , 36 ] 

onclusion 

This review highlights the types of upper and lower extremity pe-
ipheral nerve blocks in the setting of orthopedic trauma, and presents
trong evidence that supports their use for patients undergoing opera-
ive management of acute orthopedic injuries. 
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