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Knee Pain of Neural Origin

A. Lee Dellon, MD, PhD

INTRODUCTION 1096

PERIPHERAL NERVE ANATOMY RELATED TO THE KNEE 1097

Innervation of the Human Knee Joint 1097
Innervation of the Proximal Tibiofibular Joint 1097
Common Peroneal Nerve 1098

Deep Peroneal Nerve 1098

Superficial Peroneal Nerve 1098

Proximal Tibial Nerve 1098

Lateral Femoral Cutaneous Nerve 1099

Saphenous Nerve 1099

CLINICAL EVALUATION OF KNEE PAIN OF NEURAL ORIGIN 1099
INDICATIONS FOR PARTIAL KNEE DENERVATION 1101
PREOPERATIVE PLANNING 1102

OPERATIVE TECHNIQUES 1103

INTRODUCTION

Nerves related to the knee include not only those that go in the
skin about the surface of the knee joint but also mixed (motor
and sensory) nerves that pass the knee on the way to their targets
distal to this joint. In addition to these well-known nerves are
those that innervate the knee joint. Each of these nerves is at risk
of injury whenever (1) there is blunt force directed at the knee,
(2) there is a stretch/traction injury to the musculoskeletal Sys-
tem of the knee joint, (3) there is an inversion sprain to the
ankle, and (4) open or arthroscopic knee surgery has been per-
formed. Whereas it is intuitively clear that a joint is innervated,
the exact pathways of this innervation are curiously omitted
from the classic and even the newer anatomy texts. For the
human knee, the innervation pattern was not found to be
described until 1994 during the author’s search for an etiology
of knee pain unrelated to musculoskeletal dysfunction.”’ The
approach to knee pain described in this chapter follows closely
that developed for wrist pain,®'%*® which preceded the author’s
interest in knee pain and led to a subsequent similar approach to
those for shoulder pain'’ and ankle pain.®'*?’

The approach described in this chapter considers knee pain
that exists after musculoskeletal treatment to be of neural origin.
The physician caring for these patients must consider whether

1096

Lateral Denervation of the Knee Joint 1103
Medial Denervation of the Knee Joint 1103

Resection of the Infrapatellar Branch of the Saphenons
Nerve 1104

Resection of the Medial Cutaneous Nerve of the Thigh 1105
Neurolysis of the Common Peroneal Nerve 1105
Denervation of the Proximal Tibiofibular Joint 1108
Neurolysis of the Superficial Peroneal Nerve 1108
Neurolysis of the Proximal Tibial Nerve 1108

Neurolysis of the Lateral Femoral Cutaneous Nerve 1109
Neurolysis of the Saphenous Nerve in Hunter’s Canal 1109

AUTHOR'S CLINICAL STUDIES 1109
OTHER AUTHORS' CLINICAL STUDIES 1113
REFLEX SYMPATHETIC DYSTROPHY OF THE KNEE 1113

Critical Points INTRODUCTION

Nerves are at risk of injury from

® Blunt force directed at the knee.

® Stretch/traction injury of the knee joint.

® Inversion sprain to the ankle.

¢ Open or arthroscopic knee surgery.

Approach: knee pain that exists after musculoskeletal treatment is

of neural origin.

® Decide whether pain is coming from direct damage to the cuta-
neous nerves about the knee or from an injury to one of the
nerves arising within the knee joint structures themselves.

® Partal joint denervation is an approach in which the joint affer-
ents that transmit a pain message are interrupted.

the pain is coming from direct damage to the cutaneous nerves
about the knee, such as a neuroma of the infrapatellar branch
of the saphenous nerve, or from an injury to one of the nerves
arising within the knee joint structures themselves. A further
source of knee pain due to nerve injury is an injury to a nerve
far away from the knee, such as the lateral femoral cutaneous
nerve, or a nerve that is simply going past the knee on its way
to some other distal target. The concept of partial joint



denervation is presented as an approach in which those joint
afferents that transmit a pain message are interrupted, thereby
stopping the pain and preserving the musculoskeletal compo-
nents of the joint. A Charcot-type joint is not created because
the deafferentation is partial instead of total.

PERIPHERAL NERVE ANATOMY
RELATED TO THE KNEE

Innervation of the Human Knee Joint

The innervation of the human knee joint is remarkably con-
stant.”® On the medial aspect (Fig. 42-1), the femoral nerve
branch that innervates the vastus medialis continues past its
motor point and exits deep and distal to the vastus medialis. At
this point, it lies deep to the medial retinaculum and becomes
related to the medial recurrent geniculate artery and vein. This
structure is termed the mwredial retinacular nerve. These structures,
nerve and vessels, continue directly adjacent to the vastus media-
lis and superficial to the synovium to enter the ligamentous
structures of the medial aspect of the knee. Thése fibers also
continue toward the midline of the knee to innervate the under-
surface of the patella (see Fig. 42-1).

On the lateral aspect of the knee (Fig. 42-2), a branch of the
sciatic nerve leaves the popliteal fossa, travels laterally and ante-
riorly, emerges deep to the biceps tendon, and enters the space
beneath the lateral retinaculum. In this location, the nerve is
adjacent to the superior lateral geniculate artery and vein. This
structure is termed the lateral retinacular nerve. These structures,
the nerve and vessels, are immediately distal to the vastus later-
alis and superficial to the synovium. The nerve enters the liga-
mentous structures of the lateral aspect of the knee (which
have not yet been further defined histologically) and travels to
the midline to innervate the undersurface of the patella.

Anteriorly, another source of innervation is derived from the
femoral nerve innervation of the vastus intermedius. This nerve
continues on the surface of the periosteum to innervate the tis-
sues around the prepatellar bursa. Finally, posteriorly, branches
from the sciatic nerve enter the posterior knee joint capsule to
provide innervation (see Fig. 42-2).

Innervation of the Proximal
Tibiofibular Joint

Although many patients complain of “knee pain,” they may be
pointing or referring to the region distal and lateral to the knee,
which is the articulation between the fibular head and the tibia.
This joint space is likely to be injured from fractures of the

Critical Points PERIPHERAL NERVE ANATOMY RELATED

TO THE KNEE

¢ Innervation of human knee joint

® Innervation of proximal tibiofibular joint
¢ Common peroneal nerve

® Deep peroneal nerve

® Superficial peroneal nerve

® Proximal tibial nerve

® Lateral femoral cutaneous nerve

® Saphenous nerve

Knee Pain of Neural Origin
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FIGURE 42-1. Medial view of the innervation of the knee. The
skin overlying the patella is innervated by the medial cutaneous nerve
of the thigh, a branch of the saphenous nerve (thick arrow). The
medial joint structures are innervated by a branch of the femoral
nerve, the medial retinacular nerve, which, after innervating the
vastus medialis, continues distal and then anterior to this muscle to
enter the ligamentous structures of the knee joint (long thin arrow).
This nerve lies superficial to the synovium and deep to the

medial retinaculum. The saphenous nerve's infrapatellar and distal
branches are shown in their most common variation (short thin
arrow). (Reprinted with permission from Dellon.com.)

FIGURE 42-2. Lateral view of the innervation of the knee. The
innervation of the skin in this area represents the terminal branches of
the lateral femoral cutaneous nerve. The lateral joint structures are
innervated by a branch of the sciatic nerve that comes from the
popliteal fossa, goes deep to the biceps tendon to enter the joint,
termed the lateral retinacular nerve (bottom arrow). The nerve passes
just distal to the vastus lateralis and then lies superficial to the
synovium and deep to the lateral retinaculum as it enters the joint.
The branches of the sciatic nerve to the posterior knee joint capsule
are shown next to the femur posteriorly. The branch to the prepatellar
bursa is shown on the anterior surface of the femur as it exists the
vastus intermedius. The innervation of the proximal tibiofibular joint is
shown as branches proximal and distal to the fibular head, arising
from the common peroneal nerve (top arrow). {Reprinted with permission
from Dellon.com.)
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Postoperative Complications

fibula or lateral tibial plateau or from high tibial osteotomy or a
Maquet operative procedure. This space is innervated by the
common peroneal nerve (see Fig. 42-2). As the common pero-
neal nerve travels from the popliteal fossa to the fibular head,
it gives off a small (~I mm in diameter) nerve that may enter
this space posterior to the fibular head. The common peroneal
nerve gives off a second branch to this space immediately as it
curves anterior to the fibular head, at the junction with the fib-
ular neck. This branch is also approximately 1 mm in diameter.
The next branch of the common peroneal nerve goes to the
tibialis anterior, which is a critical motor branch. In the
operating room, the only way to identify the branch to the joint
is to stimulate it electrically. No motor function will be elicited
when the branch to the joint is stimulated. This is a critical step.
This small branch often looks like epineurium.

Common Peroneal Nerve

The common peroneal nerve is the lateral branch of the sciatic
nerve. It can most often be identified as a distinct branch even
to the sciatic notch. Therefore, in the thigh, there is clearly a
common peroneal nerve even though it may be referred to as
the sciatic nerve. In the distal thigh, the common peroneal
nerve courses laterally, approaches the fibular head, and con-
tinues anteriorly to cross the fibular neck and enter the leg.
As the common peroneal nerve approaches the fibular neck,
it clearly divides into the superficial and the deep peroneal
nerve, increasing in size as increased epineurium is required
to ensheath these two branches (Fig. 42-3). The critical ana-
tomic sites that can cause compression have long been appre-
ciated to occur as the common peroneal nerve crosses the
fibular neck, requmng division of the fascia of the peroneus
longus fascia.”” With increasing experience, it has become evi-
dent that three other anatomic factors must be considered.
A fibrous band exists beneath the peroneus longus in 20% of
cadavers, but this band is present (and ranges from 5-15 mm
in width) in 80% of patients requiring neurolysis.'* The sur-
geon must identify the common peroneal nerve by elevating
it from the fibular neck, determine whether fibrous thickening
in the lateral gastrocnemius muscle fascia is present, and
finally, be certain that the overall entrance into the anterior
and lateral compartments is sufficiently large.

Deep Peroneal Nerve

The deep peroneal nerve arises over the fibular neck as a discrete
fascicle. It can be dissected proximally by microtechnique if nec-
essary. Immediately after crossing the fibular neck, it gives off
tiny branches to the tibialis anterior and the toe extensor mus-
cles. In so doing, the deep peroneal nerve effectively tethers
the common peroneal and its distal branches from having too
much excursion. This predisposes the common peroneal nerve
and its branches in this region to stretch/traction injuries. The
entrapment site for the deep peroneal nerve is at the ankle, the
“anterior tarsal tunnel,” which is a rare site for compression
unless there has been a direct injury in this location. A more
common site for compression is over the dorsum of the foot
where the tendon of the extensor hallucis brevis represents the
anatomic structure causing the compression. A portion of the
tendon of the extensor halluus brevis is excised in the region
of the deep peroneal nerve’ (see Fig. 42-3).
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FIGURE 42-3. Common peroneal nerve enters the leg at the fibular
head and divides into the deep and superficial peroneal nerves, Inset
The typical incision for the decompression of the common peroneal
nerve. The superficial peroneal nerve entrapment site as it exits from
the deep fascia is noted laterally, and the deep peroneal nerve
entrapment site is illustrated beneath the extensor hallucis brevis
tendon. (Reprinted with permission from Dellon.com.)

Superficial Peroneal Nerve

The superficial peroneal nerve arises over the fibular neck from
the common peroneal nerve. It can be dissected more proximalli
by microdissection if required. The motor innervation to the
foot everters arises within the first 1 to 2 cm distal to the neck
of the fibula. The known site of entrapment for this nerve is
the region where it transitions from deep to the fascia into the
subcutaneous tissues in the distal third of the leg. The typical
division into its dorsomedial and dorsolateral branches occurs
just proximal to the ankle in approximately 75% of patients
(see Fig. 42-3). In the author’s experience, it is now clear that
in at least 25% of cadavers and patients coming to surgery, this
division can occur in the proximal third of the leg.”*” This cre-
ates the situation in which the superficial peroneal nerve may be
found in both the anterior and, its most usually described loca-
tion, the lateral compartment. Indeed, the superficial peroneal
nerve may be present in just the anterior compartment or within
the seprum between the two compartments.*® The anatomic
variability means that any surgical approach to this nerve must
open both the anterior and the lateral compartments.

Proximal Tibial Nerve

Although the tibial nerve (like the common peroneal nerve) arises
at the sciatic notch as the medial component of the sciatic nerve,
and is often clearly a distinct nerve in the thigh, the only well-
described site for tibial nerve compression was at the medial ankle




in the tarsal tunnel.’! It is now evident that the tibial nerve can
be compressed in a site more proximal than the tarsal tunnel,
and this site (just distal to the knee) is best described as the
proximal tibial nerve to distinguish it from the tarsal tunnel
region. Tibial nerve compression in the popliteal fossa has been
described related to the presence of compartment syndrome or
space-occupying masses, such as a popliteal artery or a Baker
cyst.?*** Although anatomy texts clearly depict a fibrous arch
or soleal sling from which the soleus muscle arises, only recently
has there been an anatomic study describing the relationship of
this sling to the proximal dbial nerve.*! This sling lies at a mean
distance of 9.3 cm (range, 7-13 cm) from the middle of the pop-
liteal fossa and causes a visible narrowing of the tibial nerve over
a length of 1.5 cm in 55% of the cadavers, with a severe con-
striction being found in 2% of the specimens. With injury to
the knee, especially one associated with postoperative bleeding
into the popliteal fossa, tibial nerve compression at this proxi-
mal site must be considered as a source of symptoms of numb-
ness in the plantar aspect of the foot, with proximal referral to
the knee region.

Lateral Femoral Cutaneous Nerve

The lateral femoral cutaneous nerve has a great deal of anatomic
variability related both to its location at the anterior superior
iliac crest’ and to its innervated skin territory. If the location is
within the inguinal ligament instead of inferior to it, the lateral
femoral cutaneous nerve is at risk for compression or stretch/
traction injury during falls, while wearing tight belts, during a
seatbelt injury, or during manipulation of the knee with the
patient on the operating room table. From Figure 424, it can
be appreciated that compression of the lateral femoral cutaneous
nerve can produce symptoms that include numbness or pain
about the lateral aspect of the knee.*” This nerve, or the femoral
nerve itself, can be injured during regional anesthesia given for
knee surgery.??

CUTANEOUS NERVES OF THE THIGH AND GROIN REGIONS
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FIGURE 42-4. Skin territory innervated by different nerves related to
the groin. The lateral femoral cutaneous nerve territory is shown in
blue and extends distally to the knee. Compression or stretch/traction
injury of this nerve can be perceived as knee pain. (Reprinted with
permission from Dellon.com.)
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Saphenous Nerve

The saphenous nerve is a branch of the femoral nerve that arises
from the femoral nerve in the proximal thigh. Its cutaneous
branches to the skin below the knee are well described and lie
in a position to be injured directly from either a medial ankle
arthroscopy portal or the midline incisions used for many surgi-
cal approaches to the knee. These branches can be directly
injured by blunt trauma as well. Less well recognized is the
nerve to the skin overlying the patellar itself. This is a branch
of the femoral nerve, which may include sensory contribution
from the obturator nerve joining within Hunter’s canal. The
medial cutaneous nerve of the thigh (see Fig. 42-1) approaches
from the medial aspect of the knee compared with the vertical
approach taken by the anterior femoral cutaneous nerves.! Even
less well appreciated is that the saphenous nerve can be com-
pressed in the distal thigh within Hunter’s canal. This is called
adductor canal syndrome, which is rare in the absence of direct
trauma to this region. Entrapment of the saphenous nerve in this
location can present as medial knee pain.*

CLINICAL EVALUATION OF KNEE PAIN
OF NEURAL ORIGIN

The history of knee pain is critical to obtain. Knee pain does not
arise de novo, but due to a history of some type of sports event,
overuse activity, new activity, or actual direct injury to the knee.
The knee injury may be blunt or open. Surgery should also be con-
sidered as a source of trauma. Many patients with knee pain due to
musculoskeletal problems awake from their reconstructive knee
surgery to have a different pain or paralysis. These are known com-
plications of knee surgery that should be recognized as such and
referred for appropriate treatment in a timely manner. The deter-
mination of whether the pain is made worse by certain positions
of the body or leg or by certain activities is important to arrive at
a correct diagnosis. Certainly, most knee pain unrelated to struc-
tural impairment will be relieved by nonoperative treatment. But
when pain persists beyond a reasonable timeframe of 3 to 6 months,
the diagnosis is most consistent with pain of neural origin.

The physical examination is directed to identifying one or
more sources of neural origin of the pain. First, the clinician
should try to distinguish whether any skin territories are dyses-
thetic or painful when touched lightly. If so, these areas should be
outlined. The most common distribution is that of the infrapatellar

Critical Points CLINICAL EVALUATION OF KNEE PAIN OF

NEURAL ORIGIN

® History is critical.

® Determine whether pain is made worse by certain positions of
the body or leg or by certain actvities.

® If pain persists beyond a reasonable timeframe of 3 to 6 mo,

diagnosis is most consistent with pain of neural origin.

Distinguish whether any skin territories are dysesthetic; observe

for trigger spot.

® Joint afferents: palpate medial and lateral retinacular nerves. To
determine whether knee pain is due to an injury to one or
both of the joint afferents, conduct diagnostic nerve block.
Determine whether effective.

® Ifblock is not effective, look for more rare sources of nerve pain:
anterior femoral cutaneous nerve, another branch of the infrapa-
tellar saphenous nerve, Tinel’s sign over lateral femoral cutane-
ous nerve, or motor function of the common peroneal nerve.
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FIGURE 42-5. Demonstration of the sites to palpate a tender medial
and lateral retinacular nerve in the patient with joint pain.

branch of the saphenous nerve; the second most common is the skin
over the patella itself. These areas might be numb, indicating loss of
sensation (Fig. 42-5). Once the pattern is identified, examine prox-
imally along the course of the given nerve, observing for a trigger
spot, which is either a true end-bulb neuroma or an in-continuity
nerve lesion. The hypothesis is made that this nerve or these nerves
are the source of the cutaneous pain; a diagnostic nerve block will be
required to confirm this hypothesis.

The physical examination is then directed to the joint affer-
ents. Palpation is done deeply to the spot located just distal to
the vastus medialis muscle, through the medial retinaculum to
elicit pain from the medial retinacular nerve. Palpation is next
done deeply to the area located just distal to the vastus lateralis
muscle, through the lateral retinaculum, to elicit pain from the
lateral retinacular nerve (Fig. 42-5). The hypothesis is made that
the knee joint pain is due to an injury to one or both of the joint
afferents; a diagnostic nerve block will be required to confirm
this hypothesis. The medial cutaneous nerve to the thigh and
the medial retinacular nerve can be blocked at the same area.
Ten minutes after the nerve blocks, the patient is instructed to
walk in the hallway, climb and descend a few steps, and even
to kneel on a padded chair (Fig. 42-6). A reduction of § points
on a visual analog scale; for example, from 10 to 5, where 10
represents the worst pain, is confirmation that sufficient relief
of pain has occurred to permit surgery for partial knee denerva-
tion and resection of cutaneous neuromas.

If the nerve blocks just described have not reduced the pain
level to less than § points, or the blocks were not effective, the
physical examination should proceed to include other more rare
sources for the nerve pain. In the patient with a knee replacement,
the remaining pain may stem from an anterior femoral cutaneous
nerve found in the proximal portions of the incision or another
branch of the infrapatellar saphenous nerve, which can have many
branches, including more distal branches.

E

FIGURE 42-~6. Demonstration of the use of local anesthesia to block
the suspected joint and cutaneous afferents in the patient with knee
pain. A mixture of 0.5% bupivacaine (Marcaine) and 1% lidocaine
(Xylocaine), each without epinephrine (upper left), is used to conduct
the local block at the two sites indicated in Figure 42-5 to block the
joint afferents most likely to be the source of joint pain. Additional
blocks would also be done of cutaneous afferents. After the block, the
patient should be able to climb stairs and kneel without the previous
pain {as shown). There should be a reduction of at least 5 on the
10-point Likert scale in order for this block to be considered
successful enough to recommend a partial knee denervation. If there
Is significant residual pain after the block, additional nerves causing
this pain should be identified.

Finally, the groin should be examined to search for a Tinel
sign over the lateral femoral cutaneous nerve. The patient will
be noted to sit with the lower extremity extended at the hip joint
(Fig. 42-7). The midthigh should be examined to search for a
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FIGURE 42-7. Clinical sign of compression of the lateral femoral cutaneous nerve (meralgia paresthetica). Two examples are shown. The patient
can be observed to be sitting with the lower extremity on the painful side extended at the hip. Hip flexion increases pressure on the lateral
femoral cutaneous nerve as it exits through the site of compression. Shown are a left (A) and a right (B) lateral femoral cutaneous nerve

compression.

Tinel sign over Hunter’s adductor canal. This is most effectively
done with the patient supine, and the effected leg externally
rotated at the hip, leaving the knee bent. This stretches the adduc-
tor muscle group over the saphenous nerve. Then, gentle palpa-
tion over the canal produces a distal radiating painful response
(Fig. 42-8).

If the pain is below the knee joint and laterally located, exam-
ine for tenderness in the proximal tibiofibular joint space. If this
is present, a nerve block can be done directly into this space
without blocking the common peroneal nerve.

If pain is accompanied by complaints of the leg “giving out,”
the foot dragging, or a “footdrop,” the motor function of the
common peroneal nerve must be evaluated by manual muscle
testing. The common peroneal nerve must be palpated or per-
cussed at the fibular neck, with tenderness (even without distal
radiation) considered a positive sign for nerve entrapment.

INDICATIONS FOR PARTIAL KNEE
DENERVATION

Knee pain that persists for more than 6 months despite muscu-
loskeletal nonoperative and operative treatment is considered
chronic. By definition, patients with chronic pain require appro-
priate management. The diagnosis of knee pain of neural origin
should be considered before sending a patient for pain

management or, at the least, be considered and evaluated with
nerve blocks by a pain-management physician. Certainly, before
any consideration is given for a peripheral nerve or spinal stim-
ulator for pain relief, the physician should contemplate treating
the peripheral nerve pain generators directly by resection or
decompression, as described in this chapter.

In the athlete, persistent knee pain after ligamentous repair or
knee arthroscopy is an indication to determine whether the pain is
due to a traction injury to the nerves that innervate the knee joint,
a stress/traction injury, or compression of nerves that cross the
knee. Medial knee pain can be related to a groin pull if the con-
tracted adductor muscles create an adductor canal syndrome.

In the patient who has had knee reconstruction related to
other disorders, persistent pain must be considered as related
10 a cutaneous neuroma or an injury to the joint afferents.

In the patient who has severe degenerative knee pain, but
who is “too young” for a hemi- or total knee replacement, con-
sideration should be given to diagnostic nerve blocks. Although
partial joint denervation will not change the underlying osteoar-
thritic process, it may provide the patient some degree of relief
until she or he ages sufficiently to enter the age bracket consid-
ered appropriate for an arthroplasty.

In the patient with persistent knee pain after total knee
arthroplasty (TKA), in the absence of loosening, malalignment,
or infection, pain of neural origin clearly must be evaluated, as
described in this chapter.
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FIGURE 42-8. {ocation of the distally radiating Tinel's sign in the patient with compression of the saphenous nerve in Hunter's canal. A, Site in a
right thigh. B, Site in a left thigh. Tinel's sign is marked and distal radiation into saphenous skin territory is noted.

Critical Points INDICATIONS FOR PARTIAL KNEE

DENERVATION

® Knee pain > 6 mo.

® Persistent knee pain in athletes after ligamentous repair or knee
arthroscopy.

® Persistent pain after knee reconstruction related to other
disorders.

® Patient who has severe degenerative knee pain, but who is “too
young” for a hemi- or total knee replacement.

® Patient with persistent knee pain after total knee arthroplasty, in
the absence of loosening, malalignment, or infection.

PREOPERATIVE PLANNING

The first consideration is to make the correct diagnosis. The pain
must be identified as coming from either an injured joint afferent
as proven by a successful nerve block, an injured cutaneous
nerve as proven by a successful nerve block, or a nerve entrapment
as demonstrated by the history and physical examination.

The second consideration is that all structural musculoskele-
tal problems have been treated either nonoperatively, opera-
tively, or both as documented in the referring letter from the
orthopaedic surgeon.

The third consideration is the presence of lumbosacral disk
disease. Appropriate imaging, electrodiagnostic studies, and sub-
specialty referral must be completed before peripheral nerve
surgery is conducted.

The fourth consideration is the existence ofa neuropathy, either
diabetic or idiopathic. If the patient has complaints related to the
feet, the presence of neuropathy should be evaluated. In addition
to the history and physical examination, the author’s preferred

Critical Points PREOPERATIVE PLANNING

® Identify pain as coming from either an injured joint afferent, an
injured cutaneous nerve, or a nerve entrapment.

¢ All structural musculoskeletal problems have been treated either

nonoperatively, operatively, or both.

Treat lumbosacral disk disease if present first.

Determine whether neuropathy exists.

* Consider general health condition of patient, vascular status of
limb.

® Educate patient regarding postoperative pain, success rate, and
therapy required.

approach is to obtain nonpainful and noninvasive neurosensory
testing with the Pressure-Specified Sensory Device (PSSD) (Sen-
sory Management Services, LLC, Baltimore, MD).*"*8 The PSSD
documents the presence of a neuropathy and a nerve entrapment,
providing a basis for decompression of the common or superficial
peroneal nerve or both (dorsomedial and dorsolateral foot sensibil-
ity sites). This device also documents the presence of tibial nerve
dysfunction by evaluating the medial calcaneal and medial plantar
nerves (heel and hallux pulp skin test sites). This is especially helpful
in the patient with postarthroplasty palsy, in whom the PSSD eval-
uation can document whether the involved nerves demonstrate a
nerve regeneration pattern and warrant further observation or, in
the absence of that pattern, whether neurolysis is indicated at the
3-month timeframe.’

The fifth consideration is the medical condition of the
padent with regard to the risks of general anesthesia.

The sixth consideration is the vascular status of the limb. The
peripheral nerve surgery is done with the use of a tourniquet.




Currently, it is recommended not to use a tourniquet in the
presence of a leg that has had a bypass grafting procedure.?!

The seventh consideration is to inform the patient that after a
denervation procedure, a neurectomy of a peripheral nerve, or a
decompression, there may be unusual and sometimes painful
postoperative sensations. These are due to either nerve regener-
ation in the case of a nerve decompression or collateral sprout-
ing in the case of a resection of a cutaneous nerve. Some
patients perceive that the knee area is swollen, although no
visible effusion is present. Postoperatively, the patient should
be prepared to participate in aquatic therapy pool sessions two
to three times a week for 3 weeks and perform water-walking
to desensitize the skin and help reorganize the cortical maps.'”

The eighth consideration is to inform the patient that not all of
the original knee pain may be resolved. Small nerves have many
anatomic variations, and although in some patients the preopera-
tive block suggests that all pain has been relieved, there may still
be a small branch (e.g., the infrapatellar branch of the saphenous
nerve) that will require a second operation to remove. A second
operation may be necessary in approximately 10% of patients.

With regard to postoperative care, the patient ambulates
immediately. This facilitates gliding of any nerves that have been
decompressed and minimizes the risk of venous thrombosis.
Once the sutures are removed, the patient begins water therapy.
With regard to postoperative wound healing, in the obese indi-
vidual, the lipid substances may come out of the fat cells into the
subcutaneous tissue. The biologic process to absorb this often
results in a firm, warm area in the fat that may appear to be cel-
lulitis. This responds to topical warmth and anti-inflammatory
medication. If it is difficult to distinguish this from a bacterial
problem, a course of antibiotics may be necessary.

Finally, the patient must be told that peripheral nerve surgery
will not alter the stiffness present in the knee joint. Once pain
has been relieved, the patient’s range of motion and strength
can again be addressed by the orthopaedic surgeon and the
physical therapist.

OPERATIVE TECHNIQUES

The operative techniques for partial knee denervation described
later have been published previously.!”"'? For each patient, a
tourniquet is used and set at a pressure of 300 mg Hg. If the
leg is quite large or exceptionally muscular, this pressure can
be increased to 325 mm Hg. It is critical to note that the leg is
not completely exsanguinated. Deliberately, some venous blood
is left in the region around the knee by not wrapping the Ace
bandage tightly. The small amount of blood left in all the recur-
rent geniculate artery and veins is helpful in identifying the small
joint afferents that lie next to these structures and the larger
nerves such as the infrapatellar branch of the saphenous nerve.
A bipolar coagulator and Loupe magnification (3.5x) are used.
Intravenous antibiotic prophylaxis is given prior to inflating
the tourniquet. A femoral nerve block is 7ot done owing to the
risk of injury to the femoral nerve, but rather bupivicaine (Mar-
caine) 0.5% is infiltrated into the skin edges of the incisions at
the end of the surgical procedure. The dressing consists of
Xeroform gauze over the incision, followed by sterile 4- x 4-inch
gauze, which is held in place with Kling and covered with a
stockinette. Then, an Ace wrap is applied firmly and left in place
for 30 minutes to counteract the reactive hyperemia attendant to
use of the tourniquet.
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Critical Points OPERATIVE TECHNIQUES

¢ Intravenous antibiotic prophylaxis.

* "Tourniquet used, leg not completely exsanguinated.

® Femoral nerve block not done owing to risk of injury to femoral
nerve.

® Bupivacaine (Marcaine) 0.5% is infiltrated into skin edges of
incisions at end of surgical procedure.

® Dressing: Xeroform gauze over incision, followed by sterile 4- x
4-inch gauze held in place with Kling and covered with a stocki-
nette. Ace wrap applied firmly, left in place for 30 min.

® Operative procedures

Lateral denervation of knee joint.

Medial denervation of knee joint.

Resection of infrapatellar branch of saphenous nerve.

Resection of medial cutaneous nerve of thigh.

Neurolysis of common peroneal nerve.

Denervation of proximal tibiofibular joint.

Neurolysis of superficial peroneal nerve.

Neurolysis of proximal tibial nerve.

Neurolysis of lateral femoral cutaneous nerve.

Neurolysis of saphenous nerve in Hunter’s canal.
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Finally, the concept of minimizing the risk of recurrent neu-
roma pain must be understood. Because the sensory nerves
remain alive once divided owing to their intact nucleus in the
dorsal root ganglion, nerve regeneration will occur in every joint
afferent or cutaneous afferent that is divided. Alteration of the
microenvironment of the nerve by implanting the proximal
end of a divided sensory nerve into an innervated motor envi-
ronment results in the absence of formation of a true neuroma.??
Implanting a sensory nerve into an innervated muscle after
resecting the painful neuroma or after interruption of that nerve
function by division of that nerve results in predictable pain
relief without recurrent neuroma for upper'”?® and lower
extremity'>?#2” peripheral nerves. The location chosen to place
the divided nerve is explained for each operation described later.

Lateral Denervation of the Knee Joint

An incision is outlined lateral to the patella, beginning over the
distal muscle belly of the vastus lateralis. This muscle sometimes
has a slight distal split, and the surgeon must be sure to remain dis-
tal to the most distal portion of the vastus lateralis muscle. The
iliotibial band (lateral retinaculum) is divided longitudinally for
approximately 1.5 cm. Immediately adjacent to the muscle belly
are small recurrent vessels and a 1- to 1.5-mm nerve that go from
beneath the biceps tendon and the iliotibial band and across the
synovium into the lateral joint and infrapatellar structures. This
nerve is infiltrated with bupivacaine 0.5% down beneath the ilio-
tibial band and the nerve and vessels are cauterized toward the
patella to prevent bleeding and placed under traction and cauter-
ized deep beneath the iliotibial band to prevent bleeding. The por-
tion between the two cauterized sites is sent to pathology. The
iliotibial band (lateral retinaculum) is repaired with two figure-
eight sutures of 2-0 braided nonabsorbable material (Fig. 42-9).

Medial Denervation of the Knee Joint

An incision is outlined medial to the patella beginning over the dis-
tal muscle belly of the vastus medialis. The thin medial retinaculum
is divided longitudinally for approximately 1.5 cm. Immediately
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FIGURE 42-9. Lateral knee denervation. A, Incision is shown, lateral to the patella, centered over the tender site shown in Figure 42-5 The

short arrow indicates the vastus lateralis. The iliotibial tract is incised

{dotted line) to demonstrate the lateral retinacular nerve (long arrow)

adjacent to the superior lateral geniculate vessels. B, The lateral retinacular nerve. €, The nerve is first infiltrated with local anesthetic,
cauterized distally and proximally, and then divided proximally below the leve! of the iliotibial band so that the nerve drops into the popliteal fossa

adjacent to the muscle belly are the small recurrent vessels and a 1-
to L.5-mm nerve that goes from beneath the vastus medialis and
across the synovium into the medial joint and infrapatellar struc-
tures. This nerve is dissected proximally beneath the retinaculum
until it exits from beneath the muscle. This nerve is infiltrated with
bupivacaine 0.5% down beneath the vastus medialis and the nerve
and vessels are cauterized toward the patella to prevent bleeding
and placed under traction and cauterized deep beneath the vastus
medialis to prevent bleeding. The portion between the two cauter-
ized sites is sent to pathology. The medial retinaculum is repaired
with two figure-eight sutures of 3-0 braided nonabsorbable mate-
rial (Fig. 42-10).

Resection of the Infrapatellar Branch
of the Saphenous Nerve

The saphenous nerve exits Hunter’s canal in the distal thigh to
become the medial cutaneous nerve of the thigh, the infrapatel-
lar branch of the saphenous nerve, and the distal saphenous
nerve. The infrapatellar branch crosses the insertion of the
adductor tendons into Gerdy’s tubercle beneath the deep fascia.

There may already be two branches at this level. Ultimately, sev-
eral terminal branches cross from medial to lateral across the
region of the tibial tuberosity to innervate the lateral knee skin.
The skin proximal to this laterally is the terminal zone of inner-
vation of the lateral femoral cutaneous nerve. Whereas the
numbness is lateral, the damage to the nerve usually occurs in
the axial line of the knee from an incision or medially from a
scope portal. The site of the Tinel sign medially is around
Gerdy’s tubercle. An incision is made longitudinally across the
Tinel sign. The dissection is carried deep to the fascia where
one or more branches are noted by the blood in the vein that
accompanies the nerve branch. A thorough search proximally
and distally must be done to identify more than one branch.
This is the most common location for a missed remaining pain-
ful nerve. The nerve is infiltrated with bupivacaine 0.5% proxi-
mally, the distal end cauterized to minimize bleeding, a segment
resected for pathology, and the proximal end dissected. There is
usually a clear tunnel where this nerve has transversed along or
through the sartorius or other adductor muscle or tendon. The
proximal end of the divided nerve, after cauterization to prevent
bleeding, is turned blindly into these muscles and implanted
there, proximal to the popliteal crease (Fig. 42-11).
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FIGURE 42-10. Medial knee denervation. A, Incision is shown, medial to the patella, centered over the tender site shown in Figure 42-5.
The medial retinaculum is opened. The arrow points to the medial retinacular nerve adjacent to the recurrent medial recurrent geniculate
vessels. B, The nerve has been resected. The arrow points to the direction in which, beneath the medial retinaculum, the nerve has been
implanted into the vastus medialis muscle. €, Closure of the medial retinaculum. '

Resection of the Medial Cutaneous
Nerve of the Thigh

The medial cutaneous nerve goes to the skin overlying the
patella. This skin is traditionally shown as being innervated
by an anterior femoral cutaneous nerve coming vertically down
the leg. However, the skin is innervated by a branch of the
saphenous and approaches this region medially. Indeed, the
same tender location for the medial retinacular nerve is
the location of this nerve. The clinical clue is that the skin
of the patella is dysesthetic. The nerve block medially will
block both of these nerves. An incision is used to approach
the medial retinacular nerve. There will be blood in the imme-
diate subcutaneous tissue from the small vein that accompanies
this nerve. The nerve is cauterized distally, and the proximal
end is dissected medially across the surface of the vastus med-
ialis. The nerve is injected with bupivacaine 0.5% proximally.

A small window is opened into the fascia of the vastus medialis.
The proximal end of the nerve is implanted loosely into this
muscle (Fig. 42-12).

Neurolysis of the Common Peroneal
Nerve

An oblique incision is made going from the location of the pop-
liteal fossa distally across the fibular neck overlying the palpable
and tender common peroneal nerve. In the immediate subcuta-
neous tissue, the surgeon should be aware that the lateral cuta-
neous nerve of the calf can be present as a branch of the
common peroneal nerve. Injury to this nerve will cause a post-
operative painful incision. In addidon, this nerve can become
adherent to the biceps tendon, which also causes postoperative
pain beneath the incision proximally.
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FIGURE 42-11. Resection of the infrapatellar branch of the saphenous nerve. A, A woman 9 years after total knee arthroplasty whose knee
is shown from medial aspect demonstrating sites of pain over the anterior femoral cutaneous nerve (proximally), over the medial cutaneous
nerve of the thigh (and medial retinacular nerve), and over the infrapatellar branch of the saphenous nerve. B, The infrapatellar branch is noted at
the medial aspect of the knee, near the tibial tuberosity, at which site it is usually painful to touch. The nerve is infiltrated with local
anesthetic prior (C) and then cauterized and divided (D). E, The proximal end of the nerve is dissected and implanted into an adductor

muscle medially {location denoted by the finger at the popliteal fossa). F, A search must be made proximally for other infrapatellar branches.
One is shown here in the incision used to resect the medial cutaneous nerve of the thigh and the medial retinacular nerves.
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FIGURE 42-12. Resection of the medial cutaneous nerve of the thigh. A 23-year-old with a direct injury to the knee resulting in pain over the
patellar region. A, Site of Tinel's sign and nerve block that eliminated the pain. B, Medial cutaneous nerve of the thigh demonstrated by the

scissors’ tips in the subcutaneous plane, C, This is superficial to the medial retinaculum. D, The nerve has been divided distally

and dissected proximally and is held by a clamp. E, A window is made in the fascia over the vastus medialis into which the proximal end of the
nerve will be implanted.
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The deep fascia is opened. In patients who do not have a neu-
ropathy but who sustained trauma, this fascia will be adherent to
the common peroneal nerve, which will be white with an area of
inflammation and swelling as the peroneus longus muscle is
approached. In patients with neuropathy, and particularly those
with glucose intolerance or actual diabetes, the common pero-
neal nerve will be yellow and resemble a neuroma. Be aware of
these cases and handle the fat beneath the fascia with great care
because it is usually the nerve. The dissection must release the
nerve into the popliteal fossa, especially in the case of trauma
or joint replacement. The usual compression site, however, is
beneath the peroneus muscles. As the surgeon evaluates the
common peroneal nerve approaching the fibular head and cross-
ing the fibular neck, two or more tiny branches will be observed
that go around the fibular head to innervate the proximal tibio-
fibular joint. Because the peroneus fascia is the main site of com-
pression, divide the peroneus longus fascia transversely and from
the fibula head distally, cauterizing the edges. If there is a sep-
tum between muscle groups, divide this septum, being careful
on its deep surface. Retract the muscle; dividing the muscle is
not necessary. In 20% of cadavers, but in 80% of patients, there
will be another band of varying width and thickness deep to the
muscle and overlying the nerve across the fibular neck.'” This is
the site of compression, and this band is resected. Then, look
beneath the nerve for fibrous bands on the lateral gastrocnemius
muscle; if they are present, cauterize and resect them. Check the
passageway of the common peroneal nerve beneath the muscles
and into the leg. If this is tight, divide the fascial origins of the
muscle at the fibula by cautery. This completes the neurolysis
of the common peroneal nerve (Fig. 42-13).

Denervation of the Proximal
Tibiofibular Joint

In the preceding section, the small branches to the proximal
tibiofibular joint were observed. The safest way to denervate this
joint is to perform a complete neurolysis of the common pero-
neal nerve. Then, using a disposable nerve stimulator, stimulate
the deep and the superficial peroneal nerves to demonstrate a
“positive control.” Stimulate the small branches purported to
go the proximal tibiofibular joint. If no muscle twitches, these

are indeed the correct nerves and they may be resected back o,
the common peroneal nerve and submitted to pathology. Do
not inject bupivacaine into these nerves because this is likely to
create a motor block and cause worry in the recovery room unti}
it wears off (Fig. 42-14).

Neurolysis of the Superficial
Peroneal Nerve

Symptoms related to compression of the superficial peroneal
nerve are numbness, tingling, or pain radiating from the midlat-
eral lower leg to the top of the foot.

The most important concept here is that the superficial peroneal
nerve in at least 25% of padents will have a branch in the anterior
compartment.”® Therefore, in addition to opening the lateral com-
partment, the anterior compartment must be opened. The incision
is made approximately + cm long, centered on the site of the positive
Tinel sign. The most common location for the incision is 10 to
15 cm proximal to the lateral malleolus. In the subcutaneous tissue,
look for a small bulge in the fascia or fat protruding from the fascia
because this may be the transit site of the superficial peroneal nerve
from deep to superficial to the fascia. There may be a small branch o
the skin right at this point that must be preserved. Create a longitu-
dinal opening in the lateral compartiment. Even if a nerve is found, a
longitudinal opening in the anterior compartment must be made. In
addition, transversely cut the fascia to visualize all the way anteriorly.
The fascial edges must be cauterized because they are well vascular-
ized and can be a source of postoperative bleeding. The septum
between the two compartments is another site in which a branch
or the entire superficial peroneal nerve may be located. Do not just
simply cut across this region.* The goal is to leave the superficial
peroneal nerves surrounded only by muscle, because this guides
the proximal and distal extent of the fascial releases (Fig. 42-15).

Neurolysis of the Proximal Tibial Nerve

An incision approximately 12 cm long is made medially in the
calf just anterior to the medial head of the gastrocnemius mus-
cle. The center of the incision is made at the level of the tender
proximal tibial nerve, approximately 9 cm distal to the popliteal
crease. The deep fascia is opened and the medial gastrocnemius

FIGURE 42-13. Decompression of the common peroneal nerve. A, The incision is noted on a right knee, overlying the fibular head and angling
toward the popliteal fossa. B, The peroneus fascia has been released superficially and the muscles retracted anteriorly. The common peroneal nerve
is infiltrated by fat in this patient with diabetes and is compressed by the fibrous band deep to the retracted muscle. C, The fibrous band has

been excised. The nerve is noted to be indented at the site and to have lost its fascicular markings, consistent with severe compression,
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FIGURE 42-14. Denervation of the proximal tibiofibular joint. A, Example of surgery in the region of the proximal tibiofibular joint that can
cause pain in this region, typically after a high tibial osteotomy or tibial plateau fracture. B, The common peroneal nerve has been
decompressed, with the normal common peroneal nerve proximally, and a vesse! loop placed about its major branches, the deep and
superficial peroneal nerves. The arrow marks a branch that innervates the proximal tibiofibular joint. €, Electrical stimulation will give no
motor response, and this small branch can be resected. There may be a more proximal branch as well.

muscle is dissected bluntly from the soleus muscle. The plantaris
tendon and the popliteus muscle will be seen. The tibial nerve
and the popliteal vein will be observed to pass anterior to the
fascial origin or arch or sling of the soleus muscle. A large clamp
placed deep to this arch demonstrates the tight area. The soleus
muscle fibers may require dissection to reveal the fibrous arch. If
there has been bleeding in this area, this dissection can be diffi-
cult. The soleal arch must be completely divided. Usually, a
notch in the tibial nerve will be idendfied (Fig. 42-16).

Neurolysis of the Lateral Femoral
Cutaneous Nerve

A tender spot exists just anterior to the anterior superior iliac crest.
An incision approximately 4 cm long is made just cephalad to this
area and deepened into the subcutaneous tissue. The inguinal liga-
ment is identified and carefully divided, millimeter by millimeter,
adjacent to the anterior superior iliac crest and the surgeon looks
for the compressed lateral femoral cutaneous nerve. The nerve is
narrowed, yellow, and inflamed and often does not look like a nerve.
The nerve must be released into the thigh and then proximally until
it enters the pelvis. Proximally, this entails dividing portions of the
internal oblique fascia. Where this dissection stops, the surgeon
should take care not to divide the deep circumflex iliac artery and
vein. If the lateral femoral cutaneous nerve is too badly damaged
by the compression, it may need to be resected with the proximal
end allowed to lie within the pelvis (Fig. 42-17).

Neurolysis of the Saphenous Nerve
in Hunter’s Canal

A 6-cm incision is made longitudinally at the site of the Tinel
sign of the saphenous nerve in the adductor canal. The dissec-
tion goes deep untl the fascia connecting the vastus medialis
to the adductor longus is identified. The length of this tunnel
is between 6 and 8 cm. Small nerves will be in this vicinity. They
need to be stimulated, because some are not saphenous branches
but motor branches. Once the fascia is released, the saphenous
nerve will be present as one or more branches. Deep to them
will be the superficial femoral artery (Fig. 42-18).

AUTHOR'S CLINICAL STUDIES

If a patient obtains relief of knee pain after a block of any combina-
tion of joint or cutaneous afferents, there is a 90% chance that he or
she should also obtain good to excellent relief of his or her knee pain
postoperatively.' ™' Patents who achieve less than a satisfactory
result either have another nerve that requires removal or have con-
founding problems such as a central mechanism for their chronic
pain, drug addiction, or legal issues related to work or an accident.

The first group of patients selected for partial knee denerva-
tion were chosen from a group who had undergone a TKA but
had persistent pain for greater than 6 months that was unrelated
to loosening, malalignment, or infection.!” In this study, the
orthopaedic surgeons completed a preoperative Knee Society







