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Total Knee Arthroplasty (TKA) is an increasingly common procedure performed for
advanced osteoarthritis. Optimal perioperative pain management strategies are critical
for early mobilization and shorter hospital stays in TKA. Peripheral nerve blocks
commonly used in TKA perioperative analgesia including individual and combined
femoral, obturator, sciatic, lumbar plexus, and adductor canal nerve blocks. Overall, the
safety profile varies depending on which block is utilized, but the current evidence
suggests when optimally chosen and delivered, peripheral nerve blocks may provide a
safe, effective option for perioperative analgesia. Determining optimal analgesic
regimens for total knee arthroplasty is critical to improve postoperative pain, patient
satisfaction, decreasing opioid usage, recovery times and functional outcomes, and as
such, peripheral nerve blocks may represent a viable option to supplement analgesic

requirements in the perioperative period.

INTRODUCTION

Total Knee Arthroplasty (TKA), frequently performed for
advanced osteoarthritis, has become increasingly common
with annual operative rates expected to rise. As such, many
providers have sought to determine optimal pain manage-
ment in the perioperative period. Adequate analgesia has
been shown to decrease post-operative morbidity and mor-
tality by improving post-operative mobilization, and
shorter hospital stays.!-8 Traditional methods of pain con-
trol, including intravenous and oral pain medications have
been associated with unreliable pain control and adverse
effects such as hypotension, sedation, urinary retention,
and nausea.®10 As such, contemporary strategy for pain
control following total knee arthroplasty is utilizing a
multi-modal approach, frequently including nerve block-
ade. Nerve blocks have been shown to be a valuable modal-
ity in perioperative Total Knee Arthroplasty analgesia. Vari-
ous nerves have been targeted through solo or combination

blockade, and single injection or continuous infusion. In
this review, we aim to summarize current literature on
common peripheral nerve blocks used in practice, and the
literature surrounding their efficacy and safety profile.

FEMORAL NERVE BLOCK

The first femoral nerve block (FNB) was described in 1952
by Moore.11.12 Its use has been implicated in pain control
concerning pathology of the anterior thigh, and lower me-
dial leg. Some of which include hip fractures, femoral shaft
fractures, and operations involving the knee.13:14 Since its
introduction, its use has allowed for decreased narcotic use,
earlier mobilization, improved pain scores, knee flexion,
and decreased duration of hospitalization.!>22 It can be
given as a single injection, or continuously with an in-
dwelling catheter.23 When given as a single injection, cur-
rent literature reports the analgesic effects typically lasts
12-24 hours, though some studies have suggest residual ef-
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fects may linger up to 48 hours.24-26 Femoral nerve block
was first administered in single shot femoral nerve block
(SSFB), with recent progression to continuous infusion
femoral nerve block (CFNB), through an indwelling
catheter, which can be administered continuously and used
in concurrence with other forms of nerve blockade.

As with other peripheral nerve blocks, femoral nerve
blockade has been associated with earlier mobilization, de-
creased narcotic use, and improved side effects associated
with other forms of analgesia. Ilfeld et al. found that con-
tinuous femoral never blockade (CFNB) decreased time to
discharge in patients undergoing TKA.2! Likewise, a study
by Szcuzukowski Jr. et al, found a significant decrease in
morphine consumption, sedation and pain scores in a pa-
tient group who received single injection of bupivacaine
with epinephrine as compared to a group who did not re-
ceive a FNB.26 These findings were also shown in a meta-
analysis by Paul et al., including 23 studies totaling 1,016
patients, showing significant decrease in opioid consump-
tion at 24 and 48 hours, less pain at rest at 24 hours post-
op, and less pain with activity at 24 and 48 hours with
FNB use.l” Numerous studies have continued to reiterate
these findings, reporting FNB provides superior pain con-
trol, improves time to functional recovery and decreases
hospital length of stay, with an improved side effect profile
compared to epidural or IV PCA.2%28 Of note, it appears
these beneficial effects are present with all forms of femoral
nerve blocks, including the single shot form, continuous
blockade, and studies that included concurrent sciatic
nerve blockade or PCA.17

Some studies have shown decreased length of stay,
though it appears most current literature suggests FNB pro-
vides no benefit in length of stay after TKA.10:16:23,29 What
has been shown in the literature is significantly improved
knee range of motion, pain at rest and pain with activity,
which greatly contributes to early physiotherapy and mobi-
lization.16:17.30 These positive findings have spurred inves-
tigation into comparisons of single and continuous forms
of femoral nerve blockade. In a study of 33 patients under-
going TKA, Hirst et al. compared single injection femoral
nerve block with continuous infusion and found the only
significant benefit of continuous infusion was reported pain
scores in the post-operative recovery room, which did not
remain beyond the recovery room.3! Whereas in a study
by Salinas et al., they found cFNB provided significant im-
provement in narcotic use, pain scores at the 24 and 48
hour mark, with continuation of improved pain scores into
post-operative therapy.23 They did not find any differences
between the groups in terms of hospital length of stay, or
long term functional recovery, as measured by knee flexion
post-operatively.23 Similarly, a more recent study in 2013
by Chan et al. reported cFNB had statistically significant
pain score improvements during movement, as compared
to SSFNB at 24 hours. They also reported significant im-
provements in opioid consumption, nausea and vomiting.32
However, a 2014 pilot study by Albrecht et al. found no dis-
cernible difference in primary or secondary outcomes be-
tween SNFB and CFNB, which included length of stay, opi-
oid consumption, pain and functional outcomes.32-33 These

mixed findings suggest further work is needed to determine
any superiority between cFNB and SSFNB.

While the safety profile of FNB has been reported as ex-
cellent, several adverse effects have been cited. Most no-
tably, quadricep weakness and femoral nerve palsy has been
estimated to occur in 2-2.7% of patients who receive FNB,
and can lead to deleterious events such as falls or prolonged
mobilization.2%34.35 In their case report, Kandasami et al.
reported 5 patients who experienced quadricep weakness,
and falls, leading to prolonged hospital stays, peripros-
thetic fractures and additional operative management.2?
The authors suggested FNB mediated quadricep weakness
is likely underreported, and a cause for larger studies
reevaluating of its overall safety profile.2%:30 Other side ef-
fects reported in the literature include nausea, vomiting,

hematoma formation, catheter site infection and blockade
failure.9:26,35-37

OBTURATOR NERVE BLOCK

A portion of the obturator nerve penetrates the intraartic-
ular space and provides innervation into the knee joint it-
self.3® As such, appropriate blockade can prevent referred
pain, often to the posterior aspect of the knee.3940 FNB
does not consistently anesthetize the obturator nerve,
which may preclude inadequate analgesia and impaired
functional outcomes post-operatively.4! Due to the incon-
sistency of obturator nerve blockade with isolated FNB, a
variation was developed called the “3-in-1 block”, utiliz-
ing the femoral nerve’s proximity and shared facial plane
with the obturator and lateral femoral cutaneous nerves, al-
lowing anesthetic injection which provides blockade at all
three nerves. The addition of an obturator nerve block di-
minishes pain conduction through intraarticular nerve seg-
ments, originating from the popliteal nerve plexus in the
posterior aspect of the knee.3842 With the added benefit
of obturator nerve blockade, many studies have shown sig-
nificant decrease in post-operative pain, opioid use, and
improved functional measures.41:43:44 Unfortunately, prior
studies have suggested 3-in-1 blockades do not provide ad-
equate obturator blockade.#> As a result, several authors
have examined the effect of isolated obturator nerve blocks
or additional peripheral blockade after FNB for post-opera-
tive TKA pain.

Prior to increased use of ultrasound technology, obtura-
tor nerve blocks showed varying efficacy. In a study by Kar-
dash et al. 60 patients undergoing unilateral TKA, patients
were given either a FNB, Obturator nerve block or sham
block, with no statistically significant results suggesting
obturator nerve block alone provided benefit.46 Whereas
studies by Mcnamee et al and Macalou et al. showed im-
proved post-operative analgesia with the addition of an ob-
turator nerve block.4143 These positive effects were also
shown in a study by Bergeron et al., where no difference in
pain scores, range of motion, and daily function at 6 weeks
and 1 year post-operatively were observed between patients
receiving a femoral nerve block or obturator nerve block.47
Recently investigators have incorporated use of ultrasonog-
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raphy, which has improved targeted delivery of analgesia
and improved opioid use, vomiting, and nausea.4448

The literature on complications associated with obtura-
tor block is limited. In a study by Heywang-Kobrunner et
al. they noted that no major complications had been de-
scribed with obturator nerve blockade, but a theoretical
risk of infection, hematoma formation and persistent nerve
palsy likely exists.4® The relative safety of obturator nerve
blockade was also shown by Choquet et al. whom reported
no minor complications, defined as local bleeding, painful
bone contact, groin pain, or major complications, defined
as hematoma, paresthesia, or neuropathy.50 Though, some
adverse effects have been reported. In their study compar-
ing obturator versus femoral nerve block after TKA, Kar-
dash et al. reported patients with urinary retention after
surgery, pruritus, and numbness of the leg within the first
48 hour post-operative window, though there was no sta-
tistically significant difference between the femoral nerve
block group.?® Overall, the literature supports obturator
nerve blockade as safe, with theoretical risks that are as-
sumed with all peripheral nerve blocks, such as infection,
hematoma, and persistent numbness to affected legs.

SCIATIC NERVE BLOCK

The sciatic nerve originates from the sacral plexus, and ex-
its the greater sciatic foramen to traverse through the pos-
terior portion of the thigh and leg. It ends in the popliteal
fossa to bifurcate into the common peroneal nerve and the
tibial nerve. Fibers forming from the tibial nerve joining
with fibers from the obturator nerve to form the popliteal
plexus, which can be responsible for intraarticular nocicep-
tion in the knee.38

Sciatic nerve blockade can be achieved by either blocking
the sacral plexus, or, targeting a more distal portion of the
sciatic nerve, often with ultrasonography. As with other pe-
ripheral nerve blocks, much of the current literature exam-
ines sciatic nerve blockade as a supplement to a femoral
nerve block.5! In a review by Abdallah et al. they examined
studies comparing sciatic nerve block in addition to FNB
with FNB alone, which included four intermediate random-
ized studies and three observational trials, all of which in-
cluded 391 patients. Overall, three out of the four studies
examining single shot sciatic nerve blockade reported im-
proved pain, and two out of three examining continuous
sciatic nerve blockade reported improved analgesia. Their
review was limited though, as they could not determine
specifically any improvement to posterior knee pain, as well
as any effect beyond the initial 24 hour post-operative pe-
riod.>! Zuglani et al. reported when added to femoral nerve
blocks, sciatic nerve blockade improved quality of post-
operative analgesia.>2 However, in studies aiming to com-
pare functional outcomes, such as physical rehabilitation
and length of stay, sciatic nerve blockade has not shown to
add any benefit when compared to other peripheral nerve
blockade.53-56

Some recent studies have examined more regional anes-
thetic techniques, such as local infiltration analgesia (LIA)
incorporating posterior pain receptors and compared them

with normal FNB and SNB. Gi et al. reported improved
pain scores with periarticular infiltration analgesia, but was
not able to show significant functional outcome differences
between groups.>+55:57%58 L et al. demonstrated LIA may
provide quicker onset anesthesia, but found no benefits
with active knee flexion, LOS, opioid use, and falls com-
pared with combined sciatic and femoral nerve blockade.>®
Though in a review article and meta-analyses by Zhang
et al. who examined three randomized controlled trials,
2 non-randomized controlled trials, all of which included
240 patients, they concluded SNB in combination with FNB
provided greater pain control in the first 24-48 hours, de-
creased opioid consumption in the first 24 hours, along
with associated decrease in nausea and vomiting when
compared with LIA.60

As with other peripheral nerve blocks, the risks asso-
ciated with sciatic nerve block center around possible
hematoma formation, infection, and persistent analgesia.
A study by Wiegel et al. examined the complications as-
sociated with continuous peripheral nerve blocks in or-
thopaedic patients, and found that less than 1% of patients
who underwent sciatic nerve block suffered local inflamma-
tion or catheter breakage, while 6% and 36% encountered
transient neurologic deficit and vascular puncture respec-
tively.61 Zaric et al reported only technical complications,
with no physiologic or toxic complications.®? The overall
side effect profile of sciatic nerve blockade is favorable,
when compared to other forms of PNB and epidural analge-
sia.62

LUMBAR PLEXUS NERVE BLOCK

A lumbar plexus nerve block is accomplished by adminis-
tering anesthetic to the Psoas compartment, the area be-
tween the Psoas muscle and the quadratus lumborum mus-
cle. Anesthetic affects nerves which passes through this
region, including the rami of the lumbar plexus and sacral
plexus including genitofemoral nerve, femoral nerve, and
obturator nerve, along with portions of the sciatic nerve.63
As such, a lumbar plexus nerve block, or also called a Psoas
compartment block, can achieve vast analgesia of the lower
extremity, and has been used for both total knee and hip
arthroplasty.

In studies comparing effects compared to patient con-
trolled analgesia (PCA), Watson et al and Raimer et al re-
ported a continuous form of Psoas compartment block
(PCB) resulted in lower pain scores and fewer incidences of
sides effects including nausea and sedation.6465 In a paper
by Lee et al., similar pain scores were recorded in compar-
ison to patients with intravenous patient controlled anal-
gesia, after a total knee arthroplasty until after 6 hours
post-operatively.66 Though the PCB group reporting statis-
tically significant improvements on pain, nausea, and se-
dation after 6 hours post operatively.6¢ The authors postu-
lated this difference in time was due to the anesthetics need
to fully infiltrate the compartment before achieving full
and optimal effect. These findings were also highlighted by
Touray et al. in their review and metanalysis which found
PCB when paired with a sciatic nerve block is superior than
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patient-controlled opiate administration. Of note, the au-
thors did not find any difference in length of hospital stay,
satisfaction, or rescue emetic use.®® These favorable out-
comes have similarly been shown when compared to other
regional blocks. In a study by Kaloul et al. comparing lum-
bar plexus block with a three-in-one FNB, they found simi-
lar reductions in 48 hour opioid consumption, similar pain
scores at six and 24 hours post operatively, but a greater
sensory and motor blockade of the obturator nerve in the
lumbar plexus group.6” Similar improvements in post-oper-
ative analgesia were reported in studies by Ozalp et al and
Ganigagli et al who found when PCB was combined with
sciatic nerve blockade, it provides superior analgesia than
FNB alone.68:69 Though most studies comparing isolated
PCB block to FNB have not shown a difference in analgesic
effect.56:67-69 When comparing single versus continuous
form, Watson et al showed continuous postoperative lum-
bar plexus anesthesia improved recovery and reduced mor-
phine requirement, compared to a single-injection lumbar
plexus blockade.>

When compared to neuraxial techniques (i.e. epidural),
PCB may provide similar analgesia, without some common
neuraxial analgesia side effects. This was highlighted in a
study by Campbell et al whom reported similar functional
measures and pain scores post-operatively between PCB
and an epidural, but with a decrease in required bladder
catheterization in the PCB group.’% PCB, in combination
with SNB, has been shown to be equivalent if not superior
in post-operative pain control when compared to neuraxial
techniques.®471,72 In a meta-analyses by Touray et al. com-
paring PCB to other local analgesic techniques, the authors
determined PBC to be at least equivalent to neuraxial
blocks and peripheral nerve blocks, though they conclude
evidence to support PCB as an alternative to other periph-
eral nerve blocks and neuraxial anesthesia for a TKA is con-
flicting.”2

As of now, evidence to support PCB as an alternative to
other peripheral nerve blocks and neuraxial anesthesia for a
TKA is conflicting.”? Its relative efficacy has been shown to
be equivalent, if not superior, to many commonly employed
peripheral or neuraxial nerve blockade techniques.”0,72,73
It is likely the hesitance to incorporate Psoas compartment
blocks is due to its safety profile, which includes reports of
life-threatening adverse effects, including seizures and car-
diac arrest, and less lethal side effects such as retroperi-
toneal hematoma.”2,74,75

ADDUCTOR CANAL NERVE BLOCK

The adductor canal is an aponeurotic tunnel in the middle
third of the thigh, spanning the distance from the apex of
the femoral triangle to the adductor hiatus of the adductor
mangus. Traditionally, it was believed to serve as a tunnel
for the saphenous nerve, but recent anatomic studies have
suggested the adductor canal may also include the vas-
tus medialis nerve, medial femoral cutaneous nerve, medial
retinacular nerve, and articular branches from the obtura-
tor nerve.”6-78 Thus, blockade in the adductor canal may
potentially affect greater sensory distributions beyond that

of just the saphenous nerve, and cover portions of the an-
terior and medial knee, as well as the area between the su-
perior pole of the patella down to the proximal tibia.”®

A benefit of the adductor canal block (ACB), as sum-
marized by Jeeger et al., comes with the primarily sensory
blockade without affecting quadricep motor function.80
This was highlighted by Jeger et al. which demonstrated in
patients receiving FNB there was a 49% decrease in quadri-
cep strength from baseline, as compared to an 8% decrease
in strength after an ACB.8! This trend of preserved quadri-
cep appears to remain post operatively, as shown by Grevs-
tad et al. who found statistically significant increase in
quadricep muscle strength post-operatively in patients who
received an ACB compared to patients who received FNB.82
Of note, the authors did not find a statistical difference be-
tween the two groups in terms of adductor muscle strength,
pain, or mobility.82 ACB has also been associated with im-
proved ambulation and early functional recovery, including
staircase competency and straight leg tests, as compared
with FNB after a TKA.83,84 ACB also appears to provide ad-
equate analgesia. In a study by Patterson et al. they high-
lighted no significant differences in pain scores and opioid
requirements in first 24 hours after TKA, between ACB or
FNB groups.8> Consistently, it has been shown in various
studies and metanalysis, that when compared to FNB, ACB
appears to provide equivalent analgesia, while preserving
quadriceps function, which has shown to improve hospital
length of stays and patient satisfaction scores.86:87 ACB uti-
lization has also been suggested to decrease post-operative
opiate use, highlighted in studies by Jenstrup and Jaeger et
al, whom showed whether given as a solo agent or in com-
bination with other PNB, ACB use was associated with im-
proved pain scores and opiate consumption.88,89

The benefits of ACB appear to be in at least equivalent
analgesia to other popular PNB for TKA, while avoiding
muscular weakness. There are theoretical benefits, such as
decreased falls, which to date have not been shown to be
better in patients receiving ACB.%0 It is likely the full thera-
peutic benefits of ACB will require larger, more robust ran-
domized controlled trials to truly elucidate the validity of
other purported theoretical benefits.91,92

CONCLUSION

In conclusion, the current evidence is mixed regarding op-
timal analgesic regimens for total knee arthroplasty. Cur-
rently, multimodal analgesia is recommended, and options
including femoral, sciatic, lumbar and adductor nerve
blocks are being used. Establishing optimal analgesic regi-
mens for total knee arthroplasty is critical to improve post-
operative pain, patient satisfaction, recovery times and
functional outcomes.
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