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A 15-year-old male patient presented with a slow progression of painless right shoulder
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weakness over the previous six weeks. The magnetic resonance imaging revealed right
C4-5 foraminal stenosis caused by right foraminal disc protrusion. The needle electro-
myography and nerve conduction studies revealed acute C5 and/or C6 radiculopathy.
Instead of the initial surgical management modalities, we performed a cervical epidural
steroid injection at the C4-5 level. From the day after the patient received the cervical
epidural steroid injection, his right shoulder motor weakness improved progressively.
Two weeks after the procedure, his right shoulder motor function had fully recovered.
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Cervical radiculopathy is a neurologic condition character-
ized by dysfunction of a cervical spinal nerve or the roots of
the nerve, or both. It usually presents with pain in the neck
and in one arm, and with a combination of sensory loss, loss
of motor function, and/or reflex changes in the affected nerve
root distribution [1]. The mechanisms that underlie radicu-
lopathy are not well understood. Mechanical compression,
chemical inflammation or irritation, and hypoxia of the nerve
roots or dorsal ganglion have been proposed.

The main symptom of cervical radiculopathy is usually
pain, and motor weakness is less frequent than pain. The
treatment options for radicular pain include rest, analgesics,
epidural steroid injection, and surgical treatments in cases of
recalcitrant pain. In cases of radiculopathy with motor weak-
ness, surgical treatment options are traditionally considered
first.

We performed a literature review, and hereby report the
case of a 15-year-old male patient who presented painless
right shoulder weakness caused by C4-5 foraminal disc pro-

trusion. As the right foraminal disc protrusion was not very
severe, we suspect that the symptoms stemmed more from
chemical irritation than from mechanical compression. The
patient’s motor function fully recovered after he received a

cervical epidural steroid injection.

CASE REPORT

A 15-year-old male patient without underlying diseases
presented with right shoulder weakness. This symptom had
appeared after he had laid on a couch and slept 6 weeks prior.
He had gone to another health care center and had received
unknown analgesic medications, but the symptoms had pro-
gressively worsened.

At the time of his visit, his motor grade for right shoulder
abduction and flexion was 2, that for right shoulder exten-
sion was 4, and that for right elbow flexion was 3. His mo-
tor grades for right elbow extension, wrist flexion, and wrist

extension were normal. His right shoulder motor grade was
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evaluated using the British Medical Research Council grade.
He complained of numbness in the right C5 dermatome area.
The neurological examination showed that his biceps reflex,
brachioradialis reflex, and triceps reflex were reduced. The
laboratory examination and vital signs were unremarkable.

The magnetic resonance imaging revealed C4-5 foraminal
stenosis caused by right foraminal disc protrusion (Fig. 1).
We performed needle electromyography (EMG) and nerve
conduction studies (NCS) (Fig. 2). In the NCS, the sensory
and motor nerve conduction were normal. In the needle
EMG, there was denervation potential in the resting state and
a reduced recruitment pattern at maximal contraction in the
right pronator teres, biceps brachii, deltoid, infraspinatus,
supraspinatus, and paraspinal muscles. Although the C5 and
C6 are difficult to localize due to an overlapping myotome,
the results of the EMG and NCS suggested acute C5 or/and
C6 radiculopathy in the right upper limb.

As the right C4-5 foraminal stenosis caused by the right
foraminal disc protrusion was not very severe, we suspected
that the symptoms stemmed more from chemical irritation
than from mechanical compression. Therefore, we injected
2.5 mg of dexamethasone (DEXA-S, llsung Pharmaceuticals,

Korea) in the C4-5 epidural space by using interlaminar
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approach with the needle slightly pointing to the right (Fig.
3). Surgical treatment was planned in case there was no im-
provement in the patient’s symptoms. However, from the day
after he received the cervical epidural steroid injection, the
patient’s right shoulder motor weakness improved progres-
sively. His right shoulder motor grade was 4, and the numb-
ness disappeared one week after the procedure. Two weeks
after the cervical epidural steroid injection, his right shoulder

motor function had fully recovered.

DISCUSSION

Cervical radiculopathy is commonly caused by mechanical
compression or chemical irritation of a nerve root. A poste-
riorly protruding disk, osteophyte formation at the uncinate
process and the zygophophyseal joint, and infolding of the
ligamentum flavum and the facet joint capsule can cause
pressure on the nerve root, triggering radicular symptoms.
However, the exact pathogenesis of radicular pain is unclear.
Besides mechanical compression, the intrinsic blood vessels
show increased permeability within the compressed nerve
root, which secondarily causes edema of the nerve root.

Chronic edema of the nerve root can increase the sensitiv-

Fig. 1. C4-5 cervical spine magnetic
resonance imaging. The T2-weighted
axial (A) and T1-weighted axial views
(B) show foraminal stenosis caused
by disc protrusion (white arrow) in the
right C4-5. The T2-weighted sagittal
(C) and T1-weighted sagittal (D) views
show mild disc protrusion in the right
C4-5 (black arrow). In comparison with
other foramens, there is more severe
foraminal stenosis in the right C4-5
(arrowhead) on the T2-weighted right
oblique view (E).
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A EMG
Side Muscle Nerve Root Ins Act Fibs Psw Amp Int Pat Comment
Right Abd Poll Brev Median C8-T1 PtoC
Right Abd Dig Min Ulnar C8-T1 PtoC
Right 1st Dorlnt Ulnar C8-T1 PtoC
Right FlexCarRad Median C6-7 PtoC
Right PronatorTeres Median C6-7 + ++ Partial
Right FlexCarpiUln Ulnar C8, T PtoC
Right ExtCarRadLong Radial C6-7 PtoC
Right BrachioRad Radial C5-6 PtoC
Right Biceps Musculocut C5-6 + ++ Partial
Right Triceps Radial C6-7-8 PtoC
Right Deltoid Axillary C5-6 + ++ Partial
Right Infraspinatus SupraScap C5-6 + ++ Partial
Right Cervical Parasp Mid Rami C4-6
Right Supraspinatus SupraScap C5-6 + + Partial
Right SerratAnt LongThor C5-7 PtoC
B Nerve conduction studies: motor summary table
Site NR [ Onset | Norm O-P Norm | Full area Site 1 Site 2 Delta-0| Dist | Vel [ Norm
(ms) | Onset| Amp O-P | (mV?ms) (ms) | (cm) | (m/s) | Vel
(ms) (mV) | Amp (m/s)
Left BPI Motor 27.5°C
MCN 41 3.6 12.11
Axillary 3.4 4.7 25.82
Radial 4.5 5.5 38.61
Right BPI Motor 27.3°C
Med, wirst 2.2 8.5 30.60 Med, wirst Med, elbow 4.1 24.0 59
Med, elbow 6.3 7.7 29.57 Ul, wirst Ul, elbow 42 240 57
Ul, wirst 1.7 7.9 27.71
Ul, elbow 5.9 6.4 24.26
MCN 4.6 3.0 34.43
Axillary 3.8 4.1 19.34
Radial 4.8 3.2 24.81
Right C-rad Motor 27.8°C
Axillary, Lt. 3.7 2.0 4.53
MCN, Lt. 3.2 1.0 2.44
MCN, Rt. 4.9 1.6 10.79
Axillary, Rt. 41 1.6 5.03
Infraspinatus, Rt. 3.4 3.2 16.07
Infraspinatus, Lt. 3.1 3.7 11.93

Fig. 2. Needle electromyography and nerve conduction studies. In the needle elecdtromyography (A), there are denervation potential in the resting
state and a reduced recruitment pattern at maximal contraction in the right pronator teres, biceps brachii, deltoid, infraspinatus, supraspinatus, and
paraspinal muscles. In the nerve conduction studies, the motor (B) and sensory (C) nerve conduction are normal. Ins Act: insertional activity, Fibs:
fibrillations, Psw: positive sharp waves, Amp: amplitude, Int Pat: interference pattern, Norm: normal, Dist: distance, Vel: velocity, ABD: abductor, BPI:
brachial plexus injury, MCN: musculocutaneous, Med: median, Ul: ulnar, Lt.: left, Rt.: right, MABC: medial antebrachial cutaneous, LABC: lateral ante-

brachial cutaneous, Sup: supraspinatus, rad: radial.

ity of the nerve root to pain [2]. The neurogenic chemical
mediators of pain released by the cell bodies of the sensory
neurons and the non-neurogenic mediators released by disc
tissue may play a role in the initiation and maintenance of
this inflammatory response [3]. Moreover, the dorsal root
ganglion is a key agent of radicular pain. As the membrane of
the dorsal root ganglion is more permeable than that around
the nerve root, it enables a more florid local inflammatory
response [4]. This is the rationale for treatment with anti-
inflammatory medications [5]. Moreover, the focal compres-

sion at the entrance of the neural foramen caused by the mild
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posteriorly protruding disk, uncovertebral joint arthrosis with
or without soft-tissue pathologies can produce isolated lesion
of the motor ventral nerve root. This anterior focal compres-
sion does not affect the sensory and nociceptive dorsal nerve
root or dorsal root ganglion, the motor weakness without
concomitant pain or sensory of upper limbs can occur [6].

In most cases, the patient’s history and physical examina-
tions are sufficient to make a diagnosis [7]. Patients typically
present with neck and arm pain, and these sensory symp-
toms usually follow a dermatomal distribution. The sensory

symptoms include a burning or tingling sensation, and they
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C Nerve conduction studies: sensory summary table

Site NR |Onset| Peak | Norm P-T Norm | Full area Site 1 Site 2 Delta-P| Dist | Vel | Norm
(ms) | (ms) | Peak | Amp P-T | (uV?ms) (ms) | (cm) | (m/s) | Vel
(ms) | (uv) | Amp (m/s)
Left BPI Motor 27.5°C
1st, med 1.5 2.0 68.3 64.33
MABC 1.3 1.8 12.2 110.24
LABC 1.4 1.9 26.5 10.24
MABC 1.7 2.1 19.2 16.68
Right BPI Anti Sensory 27.6°C
Supf, rad 2.1 2.7 32.6 34.49
1st, med 2.0 24 7.7 30.93
2nd, med 23 2.9 75.6 45.68
5th, Ul 21 2.7 63.9 33.44
MABC 2.1 2.6 16.1 7.98
LABC 1.6 2.1 29.5 12.35
Right C-rad Anti Sensory 28.7°C
Supf, rad 1.8 23 45.2 23.02
LABC 1.8 2.6 59.7 261.82
1st, sup rad 2.0 2.5 20.6 10.15
2nd, med 2.3 2.9 61.9 37.33
1st, med 2.0 25 63.3 27.35
1st, med, Lt 1.6 23 89.7 37.04
2nd, med, Lt 22 2.7 81.2 50.45
Supf, rad, Lt 1.4 1.9 47.0 22.57
LABC, Lt 1.8 23 471 28.16

Fig. 2. Continued.
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Fig. 3. Epidural steroid injection in
right C4-5. The epidural space was
confirmed with contrast media in the
antero-posterior (A), sagittal (B), right
oblique (C), and left oblique (D) views.
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are usually aggravated by extension or lateral rotation of the
head to the side of the pain. Subjective weakness of the arm
or hand is also occasionally reported, for example trapezius
and supraspinatus/infraspinatus muscle for C4, deltoid mus-
cle for C5, biceps and brachioradialis muscle for C6, triceps
muscle for C7, hypothenar muscles for C8, interosseous mus-
cles for C8 and T1 [1]. Henderson et al. [8] reviewed the clini-
cal presentations of cervical radiculopathy in 736 patients:
99.4% had arm pain, 85.2% had sensory deficits, 79.7% had
neck pain, 71.2% had reflex deficits, 68% had motor deficits,
52.5% had scapular pain, 17.8% had anterior chest pain, 9.7%
had headaches, 5.9% had anterior chest and arm pain, and
1.3% had left-sided chest and arm pain or cervical angina.

Imaging modalities are commonly used to assist the diag-
nosis of cervical radiculopathy. MRI is the imaging modal-
ity of choice for its assessment. However, there are no clear
guidelines about when to obtain these images. Conventional
radiographs have a low radiographic sensitivity for the detec-
tion of tumors or infections, and are unable to detect disk
herniation. They have a limited value for the finding of cer-
vical intervertebral narrowing to predict nerve root or cord
compression [9]. Computed tomography can be useful for
the detection of bony spurs, osseous contribution to the fo-
raminal encroachment, and the ossification of the posterior
longitudinal ligament.

EMG and NCS may be helpful to rule out brachial plexopa-
thy or other neurologic causes of neck and arm pain. Within
three weeks of the onset of nerve compression, positive
sharp-wave potentials and fibrillation potentials typically
present in the limb muscles of the involved myotome [10].
The accuracy of EMG was evaluated in 77 patients with cer-
vical radiculopathy and/or myelopathy in the preoperative
period. In 57% of the patients, the affected root level could be
determined, while 10% showed a non-specific finding, and
the EMG was normal in 33% of the patients. Therefore, EMG
plays a complementary role in the diagnosis of cervical ra-
diculopathy [11].

Various neurological diseases can cause progressive pain-
less motor weakness of upper limbs.

The differential diagnoses include the cervical motor ra-
diculopathy due to foraminal stenosis, amyotrophic lateral
sclerosis (ALS), spinal muscular atrophy type IV, multifocal
motor neuropathy (MMN), hereditary neuropathy with liabil-

ity to pressure palsies (HNPP), and entrapment syndromes of
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cervical plexus and/or peripheral nerves [6]. In this case, we
excluded ALS and spinal muscular atrophy type IV because
the patient presented with segmental lesion (deltoid muscle
weakness), and MMN, HNPP and the entrapment syndromes
because the sensory and motor nerve conduction were nor-
mal in NCSs.

In patients presenting with cervical radiculopathy with-
out myelopathy or motor weakness, conservative treatment
should be attempted before surgery. This approach is based
on the natural history of cervical radiculopathy. Wong et al.
[12] performed a systemic review of the course and prognos-
tic factors in patient with cervical disc herniation with radicu-
lopathy. In their study, substantial improvements tended to
occur within the first four to six months after the onset. In ap-
proximately 83% of patients, complete recovery was achieved
within 24 to 36 months. However, for cervical radiculopathy
without myelopathy, surgery is typically recommended when
all of the following are present: definite cervical root com-
pression visualized on the MRI; concordant symptoms and
signs of cervical root-related dysfunction; pain and persis-
tence of the pain despite nonsurgical treatment for at least six
to twelve weeks or the presence of a progressive, functionally
important motor deficit [1].

The main symptom of cervical radiculopathy is usually
pain, and the incidence of motor weakness is lower than that
of pain. In this case—unlike in most cases—, the patient pre-
sented with motor weakness that had acutely worsened over
the previous six weeks, without pain. Based on a cervical MRI
and EMG, we suspected cervical radiculopathy, and con-
sidered that the radiculopathy had developed from chemi-
cal irritation rather than from mechanical compression,
as the MRI images only showed mild right C4-5 foraminal
stenosis. We injected dexamethasone—a drug with an anti-
inflammatory effect— in the C4-5 epidural space by using
interlaminar approach with the needle slightly pointing to
the right to improve the patient’s symptoms by targeting the
neurogenic and non-neurogenic chemical mediators prior
to surgical decompression. Epidural steroid injection is an
effective treatment method by injecting anti-inflammatory
medication into the perineural environment of the affected
nerve root [13]. His motor weakness improved dramatically
from the day after the epidural injection. We think the patient
had good outcome as we performed epidural steroid injec-

tion at a relatively early period of six weeks after the onset of
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symptoms.
In conclusion, in radiculopathy with motor weakness that

aggravates acutely, an accurate diagnosis should be made us-
ing MRI images and EMG in addition to the patient’s medical
history and physical examinations. We think that a cervical
epidural steroid injection can be chosen first as a therapeutic
option than surgery in such cases.
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