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Abbreviations
PAI: Periarticular Injection

Introduction
Total knee arthroplasty is a frequently performed procedure 

and the incidence is expected to increase 673% to 3.48 million 
procedures annually by 2030 [1]. Current literature confirms that 

total knee arthroplasty is an effective treatment for osteoarthritis 
with excellent outcomes [2].  Despite these results, postoperative 
pain management may be insufficient and prevent patients 
from sleeping, ambulating, and participating with physical 
therapy [3,4]. Numerous strategies have been devised to control 
postoperative pain and reduce opioid consumption including 
neuraxial anesthesia and peripheral nerve blocks.  Continuous 
femoral nerve blockade in particular, is associated with a 1%-
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Abstract

Introduction: Preoperative pain control after total knee athroplasty may be 
insufficient resulting in insomnia, antalgic ambulation, and difficulty with rehabilitation. 
Current strategies, including the use of femoral nerve catheters, may control pain 
but have been associated with falls, motor blockade, and quadriceps inhibition.  
Periarticular infiltration (PAI) with the appropriate technique and knowledge of 
intrarticular knee anatomy may increase pain control and maximize rehabilitation.

Materials and methods: We reviewed current available literature using MEDLINE 
and other search engines regarding human knee innervation. Search terms included 
“knee innervation,” “pain control,” and other terms. Studies were excluded if they did 
not provide pertinent information on human knee innervation or studies that were not 
in English.  We used this literature to summarize human knee innervation and relevant 
areas of increased mechanoreceptors with free nerve endings to systematically guide 
periarticular infiltration.

Results and discussion: Evidence from the literature supports the use of peri-
articular injections for the relief of pain following total knee arthroplasty. Effective 
use of PAI requires specific knowledge of the relevant neuroanatomy of the knee. 
Based upon a review of the literature we have identified eight areas around the knee 
that have an increased number of nerve endings and should be infiltrated with the 
anesthetic agents. Concentrating the PAI injection to these areas with a long acting 
liposomal bupivacaine can aid in improving postoperative pain following total knee 
arthroplasty.

Conclusion: Perioperative pain management with PAI and liposomal bupivacaine 
is a safe and effective method of controlling pain after total knee arthroplasty. The use 
of a systematic approach to periarticular injection with knowledge of intrarticular knee 
innervation may improve perioperative pain control after total knee arthroplasty, and 
decrease complications associated with femoral nerve blockade.
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2.5% incidence of muscle weakness, nerve damage, and local 
infection with 57% of catheters colonized at 48 hours [5-9].  

In addition to peripheral nerve blocks, parenteral narcotics 
continue to be a mainstay of perioperative pain management 
despite its significant side effects [10-12].  Oderda et al, 
demonstrated that opioid-related adverse drug events following 
surgery were associated with significantly increased length of 
stay and hospitalization costs [13]. With the goal of decreasing 
these adverse drug events, multimodal pain pathways have been 
developed to block pain at its source. Furthermore, a successful 
multimodal pathway should control pain, but also maximize 
muscle control, promote rehabilitation, and decrease venous 
stasis. Peri-articular injection (PAI), as an adjunct to multimodal 
pain management pathways, accomplishes both of these goals 
[14].  

Evidence from the literature supports the use of PAI. In a 
study by Venditolli, morphine consumption was lower in the 
PAI group compared to the control group for up to 40 hours 
postoperatively [14].  Other authors have compared different 
PAI protocols and reported lower narcotic consumption and 
lower pain scores compared to the femoral nerve block [15,16].  
In a recent prospective randomized trial by Chaumeron, PAI 
provided equivalent pain control up to 120 hours without the 
37% incidence of motor blockade experienced by the femoral 
nerve block group [17]. Patients with PAI had increased capacity 
to perform straight leg raise, active knee extension, and ambulate 
than the femoral nerve block group. In this article, we review 
the relevant neuroanatomy of knee with specific attention to the 
areas that are the most sensitive and should be infiltrated with 
an anesthetic.  

Methods

The current available literature on knee neuroanatomy, 
pain generators, and concentrations of mechanoreceptors 
were reviewed. The databases searched include MEDLINE, 
MEDLINE In-Process, EMBASE, BIOSIS, Clinicaltrials.gov, and 
Cochrane Database of Systematic Reviews. Full text searching 
of key surgical journals was also performed. Searches were not 
restricted by study design, publication year, or language, and 
conference proceedings and abstracts were included in the 
search.  Reference lists of all included studies were scanned to 
identify additional relevant studies. Search terms included “knee 
innervation,” “pain control,” ”knee mechanoreceptor,” “sartorial 
nerve,” “saphenous nerve,” “common peroneal nerve,” and “tibial 
nerve.” Studies were excluded if they did not provide pertinent 
information on human knee innervation or studies that were 
not in English. Our search produced 56 articles of which 15 met 
inclusion criteria. We summarize human knee innervation and 
relevant areas of increased mechanoreceptors below.

The Neuroanatomy

The degree to which the intrarticular components of the knee 
generate neurosensory signals that reach the spinal, cerebellar, 
and higher central nervous system levels is variable. These 
signals ultimately result in conscious perception [18]. In a study 
by Biedert et al, histologic examination of free nerve endings 
in the human knee was performed in an effort to describe 
which intrarticular areas contain increased nerve endings and 

mechanoreceptors [19]. They found that the retinacula, the 
patellar ligament, the pes anserinus, and in the ligaments of 
Wrisberg and Humphry had the greatest amount of free nerve 
endings, with the lowest amount was found in the anterior 
cruciate ligament. In a correlate study by Dye et al, conscious 
patients underwent knee arthroscopy without anesthesia, and 
were able to identify which areas of their knee were more painful 
to arthroscopic palpation [18].  There are 8 knee regions that have 
been identified as having increased neurosensory perception and 
elevated concentration of mechanoreceptors: (1) suprapatellar 
pouch and quadriceps tendon; (2) medial retinaculum;  (3) 
patellar tendon and fat pad; (4) medial collateral ligament (MCL) 
and medial meniscus capsular attachment; (5) posterior cruciate 
ligament (PCL) tibial attachment; (6)  anterior cruciate ligament 
(ACL) femoral attachment; (7) lateral collateral ligament  (LCL) 
and lateral meniscus capsular attachment; and (8) lateral 
retinaculum. The nerve contributions to each zone are listed 
below.

Zone 1: Suprapatellar Pouch/Quadriceps Tendon

The saphenous nerve is the longest and the largest branch of 
the femoral nerve [20]. It is a pure sensory nerve that supplies 
innervation to the anteromedial aspect of the lower leg from 
the knee to the foot. During Its course in the thigh, the nerve 
runs in the adductor canal (Hunter´s canal) and migrates along 
with the sartorius muscle [21].  Within the adductor canal, the 
saphenous nerve lays anteromedial to the femoral artery and 
vein. In addition to the saphenous nerve and the femoral vessels, 
the canal also includes the nerve to the vastus medialis, and other 
motor branches of the femoral nerve. The minor branches of the 
femoral nerve including the nerve to the vastus medialis and the 
nerve to the vastus lateralis, supply innervation to the quadriceps 
tendon. These nerves are also distributed to the articular capsule, 
as well as the suprapatellar pouch (Figure 1) [22]. 

Zone 2 Medial Retinaculum 

The medial retinacular nerve, the terminal branch of the 
nerve to the vastus medialis, provides innervation to the medial 
retinaculum. It usually travels in the substance of the muscle, and 
enters the joint capsule to innervate medial articular structures 
[23], sending a branch to the medial patella as well [24].

Figure 1 The eight regions of the knee having increased pain receptors 
(Reproduced with per mission of the Hip and Knee Best Infiltration 
Practice Working Group).
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Zone 3: Patellar Tendon and Fat Pad

The infrapatellar fat pad is densely innervated structure, 
receiving nerve contribution from the saphenous, tibial, and 
common peroneal nerves. The nerve to the vastus medialis and 
the saphenous nerve provide medial sensory innervation to the 
fat pad [22].  The common peroneal nerve projects the recurrent 
articular branch, and the tibial nerve projects the posterior 
articular branch to provide the lateral sensory innervation [25, 
26]. 

Zone 4: Medial Collateral Ligament and Medial 
Meniscus Capsular Attachment

The main branch of the saphenous nerve, as it runs down the 
anterolateral edge of the sartorius, supplies innervation to the 
medial and anteroinferior side of the knee.  It also supplies a wide 
area covering the articular capsule, medial collateral ligament, 
and meniscal capsular attachment [22].

Zone 5: Posterior Cruciate Ligament Tibial Attachment 
and Zone 6: Anterior Cruciate Ligament Femoral 
Attachment

Formed by the L4-S3 nerve roots, the sciatic nerve is the 
largest nerve in the body [20,21]. The peroneal and tibial 
divisions of the sciatic nerve physically split at or above the 
popliteal fossa to form the common peroneal nerve and the tibial 
nerve [25]. The tibial nerve is the medial and the largest terminal 
branch of the sciatic nerve. The tibial nerve branches off from the 
sciatic nerve at the apex of the popliteal fossa, which appears like 
a diamond shaped fatty space bordered by the biceps femoris and 
the semimembranosus muscles superiorly and the two heads of 
the gastrocnemius muscle inferiorly. During Its vertical course 
in the popliteal fossa, the nerve is virtually median, typically 
just posterior to the popliteal vein whereas the popliteal artery 
is anterior to the vein. Collaterals of the tibial nerve in the knee 
region include the posterior articular branch, which supplies 
sensory innervation to the ACL and PCL [26, 27] 

Zone 7: Lateral Collateral Ligament and Lateral 
Meniscus Capsular Attachment and Zone 8: Lateral 
Retinaculum

The tibial nerve projects articular branches at the popliteal 
fossa, innervating the posterolateral capsule [28].  The common 
peroneal nerve projects articular branches as it runs down medially 
along the long head of the biceps femoris. These branches run 
towards the deep part of the long head of the biceps femoris, and 
innervate the posterior and lateral side of the articular capsule. 
The common peroneal nerve also projects an articular branch as it 
runs down to the origin of the lateral head of the gastrocnemius 
and extends to the head of the fibula. This branch runs with the 
inferolateral popliteal vessels and innervates the anterolateral 
side of the lateral retinaculum, lateral cruciate ligament, and the 
lateral meniscus remnant [25]. There is also some contribution to 
the patellar tendon and infrapatellar fat pad.  

Application of Neuroanatomy and Systematic 
Injection Technique

Our PAI cocktail is prepared by adding 266 mg (20 cc) 

ExparelR (Pacira Pharmaceuticals, Parsippany, NJ), 20 cc .25% 
bupivacaine, 20 cc normal saline, and epinephrine 1:200,000 
for a volume of 60 cc in a single syringe. We only use 22 gage 1 
½ inch length needles for injections.  The injection is technique 
dependent, and we only allow 2-3 cc of cocktail to disperse per 
pass.  If more than 2-3 cc is injected per pass, the PAI cocktail will 
elute out of the soft tissues, and will be ineffective.  Furthermore, 
the PAI is concentrated in the eight areas of the knee with the 
most abundant sensory innervations as detailed above. 

We perform total knee arthroplasty through a standard 
medial parapatellar approach and use posterior stabilized 
implants. Once the tibial and femoral bone cuts are made, laminar 
spreaders are used to distract the joint in flexion for the removal 
of the medial meniscus, lateral meniscus, PCL and remnant of the 
ACL.  With the laminar spreader placed in the lateral joint excellent 
visualization of the posteromedial structures and intercondylar 
region is achieved (Figure 2).  Several cc’s of the PAI cocktail is 
injected into the area of the ACL femoral attachment (Figure 3) 
and PCL tibial attachment, several cc’s into the posteromedial 
capsule along the residual posterior meniscal rim and posterior 
capsule attachment, and several cc’s into the residual middle 
and anterior residual rim of the medial meniscus (Figure 4).  We 
then transfer the lateral laminar spreader into the medial joint, 
giving excellent visualization of the posterolateral capsule and 
lateral meniscus. Several cc’s of the cocktail is injected into the 
posterolateral capsule along the residual posterior rim of the 
lateral meniscus and posterior capsule attachment (Figure 5), 
and several cc’s into the residual rim of the middle and anterior 
portion of the lateral meniscus.  While infiltrating the posterior 
areas of the knee, care should be taken not inject the political 
artery.  Aspiration should be performed prior to any injection 
into the posterior region of the knee. Anatomic studies have 
confirmed that the popliteal artery location is variable, but about 
2 cm from the posterior capsule in flexion, and is found just 
lateral to the midline in >95% of patients [29]. It can be found, on 
average, at a width of 40% of the lateral plateau.  Posteromedial, 
poster lateral, and intercondylar injections may be performed 
safely, and the surgeon should always err on injecting superiorly 
juxtaposed to the femur. The knee is then balanced, and the 
tibial, femoral, and patellar components are cemented.  While 
the cement is curing, several cc’s of the PAI cocktail is injected 
into the quadriceps tendon and suprapatellar pouch (Figure 6), 
several cc’s into the fat pad (Figure 7), and the residual several 

Figure 2 Exposure of posterior medial capsule, injection into 
intercondylar region.
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cc’s into the region of the medial femoral condyle in the region 
of Hunter’s canal (Figure 8). Once again, injections are dispersed 
in 2-3 cc passes in each location with strict attention to the soft 
tissue absorbing the periarticular cocktail. The knee is closed in a 
normal fashion and a dressing is applied.

Discussion
Femoral nerve blocks are commonly used to decrease 

preoperative pain from total knee arthroplasty [30], despite the 
1-2.5% incidence of femoral motor blockade with quadriceps 
weakness, nerve damage, and infection [5-9].  Furthermore, 15% 
of femoral nerve blocks are unsuccessful [31] and do not provide 
any analgesia to the posterior portion of the knee supplied by the 
sciatic nerve. This posterior knee knee pain requires analgesic 
intervention with either parenteral opiates or a single injection 
sciatic block which further impairs ambulation.

 PAI allows for pain control at the source, maximizes muscle 
control, facilitates rehabilitation, and prevents venous stasis. 
In a randomized trial of 64 patients, Busch et al [32] found 
that patients who received a periarticular injection containing 
ropivacaine, ketorolac, epimorphine, and epinephrine used less 
patient-controlled analgesia at 6, 12, and 24 hours after surgery, 
and had lower pain scores in the post-anesthetic care unit and 
at 4 hours after the operation.  An alternative to this cocktail 
is ExparelR (Pacira Pharmaceuticals, Parsippany, NJ), a novel 
liposomal formulation of bupivacaine containing microscopic, 
spherical, lipid particles with the encapsulated drug.  It is designed 
to provide prolonged postsurgical analgesia through diffusion 
[33]. In a double blind study, liposomal bupivacaine showed a 
favorable dose response and statistically significantly greater 
analgesia with lower NRS-A scores compared to a bupivacaine 

Figure 3 Injection in the posterior lateral capsule in the region of the 
ACL origin.

Figure 4 Injection in the residual medial meniscal rim.

Figure 5 Injection along the posterior lateral meniscus rim.

Figure 6 Injection within the lateral suprapatellar region.

Figure 7 Injection into the infrapatellar fat pad.

Figure 8 Injection within the medial suprapatellar region in the 
direction of Hunter’s canal.
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injection alone [33]. When a periarticular injection of liposomal 
bupivacaine is used in conjunction with a multimodal pain 
pathway, rapid recovery is possible, and selected patients are 
able to undergo outpatient total knee arthroplasty [34]. A recent 
prospective study of 1,000 total joint arthroplasties  utilizing 
the long acting liposomal bupivacaine, as part of a multimodal 
analgesic protocol, compared to a 1,000 patient control group 
demonstrated improved patient reported pain scores, increased 
‘pain free” patients, decreased length of stay, decreased falls, and 
decreased overall costs with the long acting analgesic [35].

Some concern exists regarding the maximum dose of 
bupivacaine and its side effects including cardiotoxicity and 
acute CNS side effects.  The recommended maximum daily dose 
of bupivacaine is 400 mg.  The typical total knee arthroplasty 
patient will undergo spinal anesthesia which requires 10-14 mg 
of bupivacaine. Our cocktail contains 40cc of .25% bupivacaine or 
100 mg.  The long acting liposomal bupivacaine ExparelR contains 
266 mg, which elutes over 72 hours.  When administering 
bupivacaine before EXPAREL, it is important to use no more than 
50% of the total EXPAREL dose (266 mg) (e.g., 50 mL of 0.25% 
and 25 mL of 0.5% bupivacaine HCl) both equate to a total dose 
of 125 mg. Adherence to this dosing regimen will ensure that 
the maximum recommended dose is not exceeded. ExparelR has 
also been shown to be efficacious and safe at higher doses.  In a 
phase I clinical trial ExparelR given subcutaneously in doses of up 
to 750mg did not prolong the QT interval and raised no cardiac 
concerns [36].

Since many PAIs involve mixing various drugs and 
preparing a “cocktail”, a review of the compatibility of liposomal 
bupivacaine with other drugs was undertaken. As per package 
labeling, liposomal bupivacaine should not be mixed with other 
substances or drugs other than normal saline prior to injection 
into surgical sites. It was reported that liposomal bupivacaine 
may be safely administered with some commonly used drugs; 
interactions between liposomal bupivacaine and epinephrine, 
corticosteroids, antibiotics, non-steroidal anti-inflammatory 
drugs, transexamic acid and opiod analgesics were not clinically 
meaningful. No adverse synergistic effects on liposomal 
bupivacaine were observed in evaluations involving multiple 
medications compared with each drug’s individual effects [37].

Conclusion
Periarticular infiltration with long acting liposomal 

bupivacaine is an effective method of controlling preoperative 
pain after total knee arthroplasty while decreasing the amount 
of opioid consumption and its related side effects.  It has the 
potential benefit of increased muscle control with rehabilitation, 
while eliminating complications associated with opiates and 
peripheral nerve blockade. Careful attention to the infiltration 
method is necessary to prevent leaching from the soft tissues, 
and care should be taken to avoid intravascular injection. 
Concentrating the PAI in the areas of the knee with increased 
innervation is necessary to maximize benefits from periarticular 
injection, and can aid in improving post-operative pain control in 
total knee arthroplasty.
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