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Current 

diagnosis 

and 

limitations

• neuropathic pain may be vague “non-
textbook”

History and Physical exam

• Sensitivities ranging from 49% to 84%.
• NCS generally show high specificity 95-99%.

Edx – Limited sensitivity, specificity

• MRI  - limited resolution, signal similar to 
surrounding soft tissues, limited to larger 
nerves. 
• Expensive, time consuming 

Imaging 



It’s always frustrated me that our patients don’t come in color coded



US pros 

We can use ultrasound to evaluate the 
morphology of the nerve in it’s course

We can visualize direct causes of nerve 
irritation/impingement

static lesions
(cysts, bone, hardware, etc)

dynamic 
(muscles, vasculature, tendons, etc)



How do nerves get injured?





What is this mechanism of injury 

in a COMPRESSIVE Neuropathy?

• Ischemia!

• Compressive mononeuropathy – like a tourniquet

• Normal axonal function is disrupted

• Blood flow within the nerve is impaired 



Nerve anatomy



Entrapments lead to changes in the nerve



Nerve morphology



How do peripheral nerves heal?

• Compared to the central nervous system (CNS), peripheral nerves 
have a remarkable ability to regenerate and remyelinate. 

• This regenerative capacity to a large extent is dependent on and 
supported by Schwann cells, the myelin-forming glial cells of the 
peripheral nervous system (PNS). 

• Schwann cells are critical in the removal of the degenerated 
tissue, which is followed by remyelination of newly-regenerated 
axons. 

• The endogenous regenerative capacity of Schwann cells is enhanced 
through interventions such as exercise, electrical stimulation or 
pharmacological means. Alternatively, Schwann cells derived from 
healthy nerves, or engineered from different tissue sources have 
been transplanted into the PNS to support remyelination.



• These data are consistent with previous studies on 
vascular regrowth in animal models of sciatic nerve 
crush injury and transection (Podhajsky and Myers, 
1993, 1994). The vascular response to crush and 
transection injury is composed of two phases. The 
early phase comprises the first week after injury 
and is characterized by an increase in blood vessel 
size, with the blood vessel number remaining 
unchanged. Then, during the second phase, from 1 to 
6 weeks after injury, an increase in the number of 
vessels is observed. The first phase of the vascular 
response is related to the recruitment of 
macrophages and the clearance of degenerating axons 
and myelin sheath debris produced by Wallerian 
degeneration, while the second phase is associated 
with nerve regeneration and is comprised of cellular 
proliferation, axonal elongation and myelination 
(Podhajsky and Myers, 1993, 1994).



Data supporting the role of 
revascularization need for 
nerve to heal 



After peripheral nerve damage, the size of blood vessels 
of the INV system increases due to the effects of 
neuropeptides such as SP and CGRP. Vasodilatation, 
associated with the release of monocyte 
chemoattractant protein-1 by SCs, allows macrophage 
recruitment. Migrating and resident macrophages then 
secrete VEGF. This growth factor then stimulates neo-
angiogenesis which supplies the oxygen and nutrients 
required for the formation of “bands of Büngner” by SCs. 
However, the molecular interactions between SCs, 
macrophages and endothelial cells of neo-vessels still 
remain to be elucidated. In conclusion, this review 
highlights the importance of revascularization in nerve 
regeneration. It therefore seems appropriate to intensify 
research in this area to provide a better understanding 
of revascularization after nerve injury and additionally 
to discover new therapeutic avenues.



Factors Influencing Regeneration:

•Distance of the injury:

The further the injury site from the nerve cell body, the more difficult and prolonged 
regeneration becomes.

•Severity of the injury:

More severe injuries, such as complete nerve transection or crush injuries, may 
require surgical intervention.

•Age and overall health:

Younger individuals and those with better overall health tend to regenerate more 
effectively.

•Presence of growth factors:

Schwann cells release growth factors that promote regeneration, and these factors 
can be supplemented with therapies.

•Scar tissue formation:

Scar tissue at the injury site can impede the regenerating axons from reaching their 
targets.

•Timing:

Early intervention and appropriate rehabilitation strategies can significantly improve 
outcomes.



What do Autoimmune neuropathies 

show us?

inherent repair capacity of the PNS is evident in 

chronic conditions such as hereditary neuropathies 

which can involve hyperproliferation of Schwann 

cells and onion bulb formations, the results of 

repeated remyelination efforts.



Signs of Pathology

Cross sectional 
area
• Edema of the nerve

Hypervascularity

Hypoechogenicity 
of the nerve

Thickened, 
hyperechoic 
epineurium







Diagnostic criteria

Cross 
sectional 

area
CSA ratios



Cut 

off 

values 

for 

CSA

CSA carpal tunnel inlet > 
10.5MM^2

• 100% specificity and 83.12% sensitivity.

CSA ulnar nerve at cubital tunnel 
medial epicondyle 10–10.5 
mm2 sensitivity (80.4%)

Every 1mm increased Diagnostic 
Odds Ratio 36%



Median 

Nerve



CT injection video



Ulnar nerve



Ulnar nerve side to side 

comparision



Nerve release











Intra-neural injection?

• Intraneural injection of local anesthetic was 

described as a safe practice in regional 

anesthesia. 

• Does injecting into a nerve – make sense?





Rats undergoing sciatic nerve cut-and-repair and treated with either local or systemic injection of MSCs 
had significant improvement in the speed of recovery of compound muscle action potential amplitudes 
and axon counts when compared with negative controls. Similarly, rats undergoing allogeneic hindlimb 
transplants treated with local injection of MSCs exhibited significantly increased axon counts. Similarly, 
systemic MSC treatment resulted in improved nerve regeneration following allogeneic hindlimb 
transplants. Systemic administration had a more pronounced effect on electromotor recovery while 
local injection was more effective at increasing fiber counts, suggesting different targets of action.

Our studies demonstrated that local or systemic MSC treatment accelerated the functional recovery and 
increased the number of nerve fibers distal to the site of repair.



traumatic peripheral nerve palsy Forty-eight hours after injury, 
an end-to-end suture was performed without
a microscope. T
hree months after the surgery, (EMG) showed right radial nerve 
neurotmesis with no tendency to reinnervation. 
Four months after the trauma, serial intraneural
infiltrations of PRP were conducted using ultrasound guidance.



• 150 patients randomized PRP vs CS

• Both arms had improved(EDX) parameters of the 
median nerve (MN), and the median nerve cross 
sectional area (m-CSA) at 1 month and 3 months 
post-injection evaluation in comparison to baseline 
recordings; 

• PRP injection was superior to the local steroid 
injection in all study parameters at 3M
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