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Fig. 321 The anterior and posteror nerve roots, which emerge fom rootlets
attached to the spinal cord.
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Fig. 32.5 Schematic presentation of a peripheral nerve. Colors for identical
structures are the same as in Fig. 32.4.
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O Fig. 32.7 As the nerve is severed (A), activated macrophages and Schwann cells
l will immediately start the removal of myelin and remnants of the disintegrated axon,
to allow for a conducive environment for the regenerating axons (B). Within just a

few hours numerous sprouts emerge from the distal part of each axon and form the

Fig. 32.6 Principal blood supply of nerve segment, highlighted in red.
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Fig. 32.8 Schematic flowchart of neuronal response to nerve compression and interruption of axonal continuity.
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Table 32.1 Comparison between the Seddon, Sundertand, and MacKinnon classifications of nerve injury.

Local physiologic block wilh paralyss but no analomic disturbance of the nerve. Full
recovery is expected

Neuropraxia 1

Nerve injury with degeneration of the distal segment. Intact endoneurium and perineurium.
Full recovery ocours at rate of 1.5 mm/day

Avonotmesis 2

3 Endoneurial damage with subsequent scaring and incomplete regeneration. Variable
recovery

Nerve damaged with complete inferal stuctural disorganzation. Nerve trunk remains
intact. No functional recovery unless operative intervention

Neurotmesis 4

5 Nerve trunk cut completely. Early operative intervention necessary for restoration of some
function
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Sharp transection Immediate Immediate Immediate
Open wound — nerve crush injury 4-6 weeks® Immediate Immediate Immediate*
Delayed!
Closed traction injury 4-6 weeks Delayed - 3-4 months’
Open wound - gunshot wound 4-6 weeks' Immediate Immediate Immediate*
Delayed'

*If there i macroscopic nerve discontinuity on exploration, repair or reconstruction should be performed after repeated revision to ensure that the wound is tidy.

i there is nerve continuity on exploration, the nerve injury should be treated as a closed injury S0 that repair or reconsiruction s performed only when there is no sign of

nerve regeneration (Tinel's sign), €.g.. for some injuries, exploration after 3-4 months.
*Repair or reconstruction is performed after 3-4 months if there are no clinical signs of nerve regeneration or reinnenvation.
“if the nerve s in continuity on exploration, neurography/EMG can be performed in the same manner as for losed injuries.
EMG, electromyogram.
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Fig. 32.18 End-to-end coaptation. Note that the epineurial vessels match.

Fig. 32.19 Group fascicular repair with nylon sutures. Corresponding groups of
Fig. 32.13 Standard epineurial repair with nylon sutures. To get proper fascicular fascicles are sutured through the interfascicular epineurium.

alignment, nerve endings are aligned based on the pattern of the blood vessels

within the epineurium.
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Fig. 32.21 Schematic presentation of autograft repair. Each segment is coapted to
the corresponding group of fascicles of the nerve endings. Note how the individual
arafts are applied quite loosely.

Fig. 3223 Incisions to enable harves! of the sural nerve, shown by dotted lines. Fig. 32.25 Medial antebrachial cutaneous nerve shown in orange, and basilc vein.

Sural nerve 30-40 cm Dorsal aspect of lower
leg and lateral foot
Medial antebrachial 10-12 cm* Medial forearm
cutaneous nerve 8-10 cm' Cephalic vein
Lateral antebrachial 10-12 cm Lateral forearm

cutaneous nerve

Lateral antebrachial
cutaneous nerve

Superficial sensory 25cm Radial dorsal hand
branch of the
radial nerve

‘Superfalsensory branch

*Above elbow. of theradal nerve:

Below elbow.

Fig. 32.27 Lateral anlebrachial culaneous nerve shown in orange and cephalic Fig. 32.30 Superficial sensory branch of the radial neve.
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Table 23.1 Diagnostic criteria for complex regional pain

: T .2 no peripheml n, 10y ary syndrome (CRPS)
» e <
T damdge nerw Jmycryry
) .
> ASKE - § +  high pre-op pain 1. Sensory: Reports of 1. Sensory: Evidence of
’_‘“S-K o 'v\:’v”l{ﬂ fgh pre-op p hyperalgesia and/or hyperalgesia (to pinprick)
* Pemad + Piychi i depeiion allodynia and/or allodynia (to light
ain Catafaphizing ¢ pC) touch and/or deep somatic
* e ~ 49 ¢ . ’ hizing Cpc) pressure and/or joint
*Tmma by [129fi0f\ movement)
reommon R dUVWI branch of ulngr n. 2. Vasomotor: Reports of 2. Vasomotor: Evidence of
) . temperature asymmetry and/ temperature asymmetry and/
(?V |’mt\§) paimar Curan€oys branch of median 0. or skin color changes and/or or skin color changes and/or
&,p‘ branCy of e dial . skin asymmetry asymmetry
3. Sudomotor/edema: Reports 3. Sudomotor/edema:
. : of edema and/or sweating Evidence of edema and/or
- cl
»Sympiom$ :  Burning or Achin g changes and/or sweating sweating changes and/or
TWPV\ {c chan 9& . edemgq asymmetry sweating asymmetry
4. Motor/trophic: Reports of 4. Motor/trophic: Evidence of
SH{E N decreased range of motion decreased range of motion
| ~ 'p and/or motor dysfunction and/or motor dysfunction
ch qng e of Jin 'nqll ,V]GI (weakness, tremor, dystonia) (weakness, tremor, dystonia)
and/or trophic changes (hair, and/or trophic changes (hair,
nail, skin) nail, skin)
. *A sign is counted only if it is observed at time of diagnosis.
i " (Reproduced with permission from Harden RN, Oaklander AL, Burton AW, et al.
f D' q “o" s . Complex regional pain syndrome: practical diagnostic and treatment guidelines.
® | Pain Med. 2013;14:180-229,)
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Clinical diagnostics

Specific tests in the physical examination

Motor examination If the patient can tolerate it, a focused
motor examination can provide useful information. Nerve
entrapment can result in subtle changes in strength. The
maneuvers proposed by Hagert are useful for assessing nerve
entrapments.“' This examination technique assesses bilateral
muscle strength simultaneously. By testing bilateral muscle
groups at the same time, the examiner can see subtle
differences between the two sides, suggesting areas of nerve
pathology.

Cold perception Patients with nerve injuries or entrapments
will often have changes in perception of temperature and
these changes can localize injured nerves. In clinic, a quick
inexpensive way to assess cold perception is to place a piece
of ice in the finger of an exam glove and test the patient’s cold
perception on various nerve distributions.

Tinel’s sign The Tinel's sign has long been used to assess
nerve pathology. It is easy and quick and can help localize
areas of nerve compression. However, this test has low
sensitivity/specificity and wide variability between providers.**
Thus Tinel’s sign provides information but should be used as
one small piece of a full physical exam.

Clinical tips

Diagnostic blocks

Provider education This is crucial if another provider is

performing the block. The provider of the block needs to

understand what results are useful to the surgeon.

1. First, only one nerve is to be blocked at a time. A “field
block” or a brachial plexus block, which anesthetizes the
whole arm, does not provide enough information on what
particular nerve is generating the pain signals. If several
nerves are involved, then sequential blocks separated by
hours or days will allow the patient to assess the amount of
pain generated by each nerve.

2. Second, the location of the block needs to be clearly
documented. The surgeon needs to know where along the
course of the nerve the block was placed. For example, a
block of the ulnar nerve at the wrist or above the elbow will
be testing very different potential pain generators.

Patient education The patient needs to understand that the

primary goal of the block is to diagnose the pain generator not

treat it. This means there is no expectation of prolonged pain
relief after the injection. If the patient does not understand that
the critical time is the first hour after the block, the patient may
report the “block did not work” because the pain returned
after the anesthetic wore off. During the block, the patient
must also assess the distribution of numbness. This
information provides quality control, ensuring the nerve of
interest was blocked and its corresponding sensory
distribution was numb.

Diagnostic block pearls

* Have the patient document the percentage of pain relief
during the first hour after the block.

* Have the patient try the usually painful activities during the
hour after the block and document the percentage of pain
relief.

Peri- op Treat ment

: grbapeatin

pre Jy

preemptive neurdl blocky do

S (LA (RA)

Clinical tips

Scratch collapse test This is a newer test that is a useful
addition to the physical exam For this technique, the
patient is seated with upper arms at their sides and elbows at
90° of flexion. The patient is asked to resist as the examiner
pushes medially on forearm (loading shoulder external
rotation). The examiner then lightly scratches the skin directly
over the area of the suspected nerve entrapment. Then the
examiner immediately repeats the loading of the shoulder
external rotation. If the patient’s external rotation is weaker, i.e.,
“collapses”, this is a positive test, This test is particularly
useful for less common proximal nerve entrapments such as
radial tunnel, pronator syndrome, and thoracic outlet. The
scratch collapse test is one more tool to help localize an area
of nerve pathology.

Diagnostic testing

Neuro-diagnostic testing Neuro-diagnostic studies are key
diagnostic tests for assessing peripheral nerve pathology.
These studies can assess for neuropathy, localize nerve
compression, and exclude more proximal spinal pathology.
After trauma, patients have swelling, which can result in painful
nerve entrapments, such as carpal tunnel syndrome. Treating
the nerve entrapment is a key part to treating the pain.
However, it is important to understand the limitations of these
studies. There are patients with symptomatic nerve
entrapments with normal neuro-diagnostic tests.” This is
particularly true for proximal nerve entrapments such as radial
tunnel or thoracic outlet. Remember, a negative nerve study
does not rule out entrapment. These tests, like many of the
others, [)Y()VI(‘(‘. one more plece of information for consideration.
Ultrasound Ultrasound is being increasingly utilized in
evaluating nerve pathology. Ultrasound is attractive as it is
not painful, dynamic, and does not expose the patient to

‘ig. 23.4 Magnetic resonance imaging of the ulnar nerve
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radiation. Ultrasound can identify swelling and changes in
nerve architecture. As the nerves become smaller, the utility of
ultrasound decreases. At this time, the role of ultrasound in
the diagnosis of nerve injury/entrapments in the upper limb is
still evolving,

Magnetic resonance imaging (MRI) MRI technology
continues to improve, resulting in more detailed imaging of the
nerves. However, like ultrasound, as the nerves become
smaller, the utility of the exam decreases. MRI neurogram is a
technique specifically designed to image nerves and it can
also provide information about the surrounding tissue
(presence of ganglions, etc.).”” MRI neurogram assesses
T2-weighted images looking for increased signal that identify
the area of nerve injury or entrapment MRI neurogram is
currently useful for looking at larger nerve lesions such as
thoracic outlet and cubital tunnel (Fi 4
Hybrid imaging techniques such as positron emission
tomography (PET)/MRI are new innovations that expand the
information provided. In this technology, the patient undergoes
a PET scan and MRI of the affected area. Then the anatomic
images of the MRI and the biological marker images of the
PET are overlapped, providing more detail on the pathologic
process™ (Fig. 23.5)
Diagnostic blocks Diagnostic blocks with local anesthetic
are the most important tool for identifying the area of pain
generation, If a patient has significant pain relief after a block,
then the pain generator is somewhere distal to the blocked
nerve. Diagnostic blocks are also useful as blocking one nerve
can unmask a second site of pain. These anesthetic blocks
can be done by the surgeon or in collaboration with a pain
medicine specialist. There are several steps, described below,
that are needed to ensure the diagnostic block generates the
most useful information.
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Fig. 23.5 Positron emission tomography (PET) magnetic resonance imaging (MRI)
showing the merging of the bright PET signal on the anatomy of the MRI. (Courtesy
of Sandip Biswal.)
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€n d' {o- side coqpﬂh o Category Criteria
Sensory Hyperesthesia or allodynia
. de( Vv (oM p t3d ]. on : e (eyJ: Q) Vasomotor Temperature asymmetry, skin-color changes, or skin-color asymmetry
Sudomotor/edema Edema, ing changes, or ing y
ex, C ]’5 Cu Tts Motor/trophic Decreased range of motion, motor dysfunction (weakness, tremor, dystonia),
4 f or trophic changes (hair, nails, skin)

The diagnosis requires at least one symptom (ie, reported by the patient) in three of the four categories
and at least one sign (ie, observed at the time of evaluation) in two of the four categories in a patient with

,’N C 'l ) f h' m ql q hOn continuing pain disproportionate to an inciting event.
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