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ABSTRACT

The radial nerve divides into two terminal branches the superficial
radial nerve and the posterior interosseous nerve. Posterior
interosseous nerve entrapment is associated with weakness in the
extension of fingers, atrophy of the forearm muscles, and localized
pain in the lateral aspect of the elbow and proximal forearm without
sensory deficits. A 37-year-old man complained of difficulty of
right finger extension (MMT 2) and persistent pain (VAS 5) at the
forearm after a fall from a motorcycle six months before admission.
We treated the patient with a physical rehabilitation program for
three months and a total of 12 visits. Sonography and
electromyography (EMG) biofeedback were performed to evaluate
improvement after the physical rehabilitation program. After three
months, the pain was relieved, and forearm extensor muscle
strength increased. This showed that sonography and EMG
biofeedback play a role in the detection and evaluation of muscle
and nerve abnormality due to posterior interosseous nerve (PIN)
syndrome.
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Introduction

The radial nerve runs beneath the
long radialis carpal extensor and the short
radialis carpal extensor at the elbow. The
radial nerve divides into two terminal
branches—the superficial radial nerve and
the posterior interosseous nerve.l The
majority of posterior interosseous nerve
innervation is the motor branch of the nerve
fiber located in the forearm. Some muscles
located in the forearm are the supinator, the
short radial carpal extensor muscles, the
common digital extensor muscle, the digiti
minimi extensor, the ulnar carpal extensor,
the pollicis abductor, the short pollicis
extensor, the long pollicis extensor, and the
indicis extensor innervated by posterior
interosseous nerve (PIN).?
PIN compression occurs within the
musculotendinous radial tunnel. Posterior
interosseous  nerve  compression IS
associated with weakness in the extension of
fingers, atrophy of muscles in the forearm,
and without sensory deficit.® There may be a
history of episodic forearm pain followed by
progressive weakness of the extensors of the
fingers as well as the short radial carpal
extensor. Symptoms may occur because of
trauma (penetrating, tendon rupture,
latrogenic), space-occupying lesions, and
inflammatory  conditions  (rheumatoid
arthritis, mononeuritis).? Radial nerve
compression, such as radial tunnel and
posterior interosseous nerve syndromes,
result in a decreased quality of life and
ability to perform daily activities.*
Evaluation of PIN abnormality can be
performed  through  sonography and
electromyography (EMG) biofeedback
examination before and after rehabilitation.
Sonography examination includes nerve
swelling, compression, changed
echogenicity, displacement, and the
presence of a mass originating from or
around the PIN.> Nerve swelling or
compression is identified as an increase in
nerve diameter just before the supinator
muscle and needs to be compared to the
contralateral asymptomatic nerve. Further
confirmation of nerve abnormality function
uses EMG biofeedback to optimize the
physical rehabilitation program. EMG
biofeedback is one of the therapeutic

techniques that use physiological electrical
response through visual and auditory
signals.

Sonography has become a valid method for
the imaging of peripheral nerves, and it has
proven to be especially valuable in the
imaging of compression neuropathy.® EMG
biofeedback has become an efficient tool for
the identification and assessment of
neuropathy diseases as well.” However, only
a few case reports, reviews, and case series
describing sonography findings and EMG
biofeedback in the evaluation of PIN
syndrome are available in the literature, and
further work is required. Hence, the purpose
of this case report was to assess whether
sonography and EMG biofeedback play a
role in the evaluation of PIN syndrome after
the comprehensive physical rehabilitation
program.

Material & Method (Case Report)

A 37-year-old man experienced
difficulty of right finger extension and
persistent pain (VAS 5) at the forearm after
falling from a motorcycle six months before
admission. The patient was a potter,
Javanese, body mass index (BMI) was
normal and without previous medical
history. On physical examination, there was
difficulty in extending the right fingers with
an average muscle strength of 2. The patient
had undergone nerve exploration and
neurolysis PIN operation with orthopedic
surgery two months after admission. After
the surgery, there was an 8 cm wound found
at the anterolateral forearm without
significant pain; hence, there was no sensory
deficit along the forearm to the hand. We
also performed hand function examination
using the Disabilities of the Arm, Shoulder,
and Hand (DASH) questionnaire and
obtained a score of 59 before rehabilitation.
Comprehensive physical rehabilitation was
performed for three months, three times in a
week, by giving Low-Level Laser Therapy
(LLLT), active and passive strengthening
exercise of the common digital extensor and
long pollicis extensor muscles using
neuromuscular  electrical ~ stimulation
(NMEYS), and a static hand splint to avoid
muscle contracture. The evaluation of nerve
and muscle function was performed before

91



Surabaya Physical Medicine and Rehabilitation Journal, Vol. 4 No. 2, August 2022

and after rehabilitation using sonography
imaging and EMG biofeedback.

Result

After three months of physical
rehabilitation, there was improvement of
extensor muscles contraction from MMT 2
to 4. However, patient still complained
reduce of sensibility on area innervated by
superficial radial nerve. Figure 1a shows the
radiography of the right radius-ulnar bone in
AP projection. Malunion of one-third
proximal ulnar can cause soft tissue edema
on the fracture site and lead to posterior
interosseous nerve compression. Figure 2a—
¢ exhibits muscle strength of the common
digital extensor of the right hand before
rehabilitation, the average strength of which
was MMT 2, accompanied by persistent
pain, swelling, and redness of the forearm.
The patient had difficulty moving all fingers
from flexion to extension position. Figure
2d—f exhibits the improvement of muscle
strength from MMT 2 to MMT 4, and
functionally the patient can do grips, grasp,

Tinger extension, and adduction of the right
finger after three months of physical
rehabilitation.

Figure 3a and 3b show normal
sonography findings of PIN around the
arcade of Frohse, below the supinator
muscle. Compared with Figures 3a and 3b,
Figures 3c and 3d showed the enlargement
of the right PIN diameter with hypoechoic
appearance. Furthermore, a decrease in
nerve diameter and hyperechoic feature
were shown in the sonography examination
after physical rehabilitation.

Figure 4a and 4b show amplitude of
EMG biofeedback on common digital
extensor muscle before and after
rehabilitation. Figure 4a, indicated low
amplitude of muscle contraction (showed in
red graph) by averaged in 70uv and still far
compared with the baseline amplitude
(showed in green graph). Figure 4b,
indicated the increased of muscle
contraction showed by higher amplitude by
average in 130uv (red graph) and parallel
with baseline amplitude.

Figure 1. (a) Malunion (R) of one-third proximal ulnar bone, (b) projection of the posterior
interosseus nerve on one-third proximal ulnar bone.
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d e f
Figure 2. (a—c) Physical examination of common digital extensor muscle strength before
rehabilitation; (d—f) physical examination of common digital extensor muscle strength after
rehabilitation.
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Figure 3. (a, b) Normal sonography finding of posterior interosseous nerve syndrome in the
forearm at the arcade of Frohse level which in Figure 3a is marked with an upward-facing
arrow.? ; (c, d) sonography of PIN syndrome at the right elbow before rehabilitation; (e, f)
sonography of PIN syndrome at the right elbow after rehabilitation; N=PIN (marked with white

arrow); ECRL= extensor carpi radialis longus; BR =
Radius;LAX = Long Axis; SAX = Short Axis
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Figure 4. EMG biofeedback before rehabilitation (a) and after rehabilitation (b). *Device

used was Neuro-Trac® EMG biofeedback

Discussion

The difficulty to extend the right
fingers (muscle strength was 2), particularly
the digiti minimi extensor muscle, followed
by persistent pain (VAS 5) at the forearm is
characteristic of PIN syndrome. There are
some other common findings like a
weakness of other extensor muscles in the
hand such as the radial extensor carpi muscle
and the thumb extensor muscle that
resembles that of our patient, with no
sensory deficit.? Weakness of the extensor
muscles and pain resulting from posterior
interosseous nerve entrapment are due to
trauma that leads to soft tissue edema at the
fracture site.> Nerve compression often
occurs in the lateral intermuscular septum,
the short carpal radialis extensor margin, and
the distal ligamentous margin of the
supinator muscle. Meanwhile, the most
common area of compression is the arcade
of Frohse as fibro-tendinous band from

which some muscle fibers originate.?*
Nerve entrapment syndrome is
commonly  diagnosed  using  nerve
conduction study or needle EMG and the use
of high-resolution ultrasonography to
evaluate anatomical appearance.® EMG
plays a role in establishing the
electrophysiologic severity of the lesion.®
There are two types of EMG measurement:
surface and intramuscular.® Surface EMG is
noninvasive and has been widely used for
superficial, large, and easily accessible
muscles.’® However, EMG biofeedback is
currently used as a new method to evaluate
the presence of muscle functional disorder
and perform muscle retraining by creating
new feedback systems.!! It detects skeletal
muscle activity and converses myoelectrical
signals in the muscle into visual and auditory
stimuli.!?  This technique records a
difference in potential electrical activity
along the length of a muscle using electrodes
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over the skin surface.™

The use of EMG biofeedback in the
peripheral nerve system is considerably due
to its contribution to muscle strengthening
and recruitment as reinnervation takes
over.’* EMG biofeedback can be used either
to increase activity in weak or paralyzed
muscles or facilitate a tone reduction in
spastic ones. Compared to conventional
therapy, EMG biofeedback results in greater
improvements in functional features such as
muscle force, active range of movement and
motor  recovery.’? Studies on EMG
biofeedback indicated that patients with
sensorimotor deficits were able to control
single-muscle activation based on their
EMG responses. Two mechanisms might
occur: either new pathways are developed or
the feedback loop recruits existing cerebral
and spinal pathways. In addition, visual and
auditory feedback suggests the activation of
unused synapses in executing motor
functions. Overall, biofeedback may
enhance neural plasticity by using both
auditory and visual inputs, thus making it a
plausible tool for neurorehabilitation.*
After the application of various modalities in
rehabilitation, the amplitude recorded on the
EMG biofeedback for this patient increased
during muscle contraction.

PIN entrapment might be difficult to
assess clinically because it exhibits various
features such as painless palsy or painful
condition depending on the site of
entrapment.? Electro-diagnostics could not
identify the exact site of nerve compression.*
However, sonography can be used as an
additional examination to determine the
exact location of nerve abnormality, so that
might increase the accuracy of examination
and thus increase the success of the
rehabilitation ~ program.®  Sonography
examination was performed bilaterally to
evaluate the anteroposterior (AP) of the PIN
diameter. The measurement is preferably
performed at three locations in the long axis
at three different locations including the
entry point of the arcade, 5 mm upstream
and 5 mm downstream the arcade of Frohse.
The echo-structure of the nerve was
analyzed in terms of echogenicity and
fasciculation. The normal PIN features were
described as having a honeycomb
appearance without an increase in

echogenicity and a normal diameter (0.49—
1.16 mm). Meanwhile, the sonographic
findings in PIN syndrome would be an
abnormal nerve swelling and a change in its
diameter at the entrapment site®. Our patient
showed consistent findings with a previous
study that exhibited an enlargement of the
right PIN diameter with hypoechoic
appearance, which was significantly greater
(2 mm) compared with that of normal people
(1 mm). The other study showed similar
results, which found an AP diameter of 1.79
mm in the affected hand and 1.02 mm in the
healthy hand (P=0.003).%

The improvement of PIN syndrome
was achieved after a comprehensive
physical rehabilitation program for three
months. The rehabilitation program included
LLLT, strengthening of the common digital
extensor and long pollicis extensor muscles
using NMES, and static hand splint. LLLT
has been widely used and suggested to
reduce inflammation and tissue edema,
relieve pain, and promote the healing of
musculoskeletal injury. It works by the
mechanism of photo-stimulation to the
mitochondria, leading to the activation of
signaling pathways, thus increasing growth
factors, promoting neovascularization and
angiogenesis, demonstrating its ability to
heal the nerves, and stimulating the
proliferation of Schwan cells, the principal
glial cells of the peripheral nervous system,
resulting in the acceleration of nerve
regeneration.’®’  To increase muscle
strength, we performed both active and
passive strengthening exercises. Passive
strengthening was performed by giving
NMES aimed to improve muscle weakness.
This technique used a lightweight stimulator
unit and skin electrodes to produce a
controlled and comfortable  muscle
contraction.!® Direct electrical stimulation
enhanced sensory and motor axon
regeneration, accelerated functional
recovery, and facilitated the reinnervation of
the injured nerves.'® Meanwhile, the role of
active strengthening exercises in the nervous
system was observed in axonal growth,
phenotypic changes in peripheral structures
and neuro-tropine levels. Several studies
have investigated the impact of physical
exercise on peripheral nerve regeneration
and functional recovery.?%?! During the
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regeneration  period, increased motor
activity by exercise also positively
influences ~ neuromuscular  functional
outcomes after nerve injury.???® The
additional therapeutic method was the static
hand splint, which aimed to immobilize the
wrist in a neutral position to avoid flexion or
extension contraction of the wrist, keep
denervated muscles from remaining in an
overstretched  position, prevent joint
contractures, and maximize the functional
use of the hand.?* There is no adverse events
(dangers) or unexpected events were
identified along this treatments.

The evaluation of the rehabilitation
program for this patient was assessed by
MMT measurement, presented the function
of innervated muscles by DASH score, and
was confirmed by sonography and EMG
biofeedback. The DASH questionnaire
provided evaluations of hand function and
ability in general by assessing the severity of
disability in hand function through the
scores that can be obtained by the patient.?
Comprehensive  physical  rehabilitation
programs not only relieved the symptoms
but also increased muscle function as seen in
the improvement of EMG biofeedback and
decreased edema in sonography
examination.

Conclusion

In conclusion, improvement of PIN
syndrome after the rehabilitation program
was not only explained clinically by pain
relief and increased muscle strength but also
confirmed by the improvement of EMG
biofeedback and USG features. Therefore,
the use of USG and EMG biofeedback
provided a tremendous diagnosis and
evaluation of physical rehabilitation
programs through posterior interosseous
nerve syndrome.
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