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The Neurological Exam, Beyond Concussions

Learning Objectives
ØCentral Spinal Cord Syndrome
ØCauda Equina Syndrome
ØTransient Brachial Plexopathy “Stinger”
ØBrown-Sequard Syndrome
ØAnterior Spinal Cord Syndrome
ØNeurological Exam
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Central Cord Syndrome

Mechanism
ØThe cervical spine is forcefully extended, such as a head on collision, 

the spinal cord can be squeezed. There is usually no obvious break or 
fracture in the bones of the neck and spine may be stable
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Central Cord Syndrome

Mechanism
ØThe cervical spine is forcefully extended, such as a head on collision, the 

spinal cord can be squeezed. There is usually no obvious break or fracture 
in the bones of the neck and spine may be stable

ØBruising, bleeding and swelling of the spinal cord can occur, particularly in 
the central portion. The spinal cord is organized with the nerves that 
control the movement of the arms in the center and the nerves going to 
the legs more toward the circumference, the arms are affected more than 
the legs in this situation

ØOccurs most commonly in those who suffer a hyperextension injury or 
from a higher velocity of trauma leading to cervical spine 
fractures/subluxations that lead to the above-described 
compression/contusion/bleeding.





Central Cord Syndrome

Symptoms
ØWeakness in the upper extremities (arms) and less severe weakness of the 

lower extremities (legs)
ØDifficulty with every-day tasks, such as doing up buttons, writing or even 

walking
ØMay also note a lack of sensation and difficulty urinating
ØMore commonly affects patients age 50 and older, who have sustained a 

cervical hyperextension injury
ØMay be seen in athletes who present with not only hyperextension injuries 

to their neck, but associated ruptured disc(s) that cause compression of the 
spinal cord



Central Cord Syndrome

Examination
ØGreater strength impairments in the upper extremities, especially the 

hands.
ØSensory deficits below the level of injury, but this is variable. 
ØLoss of pain, temperature, and of light touch may be affected. The most 

common sensory deficits are found in a "cape-like" distribution across their 
upper back and down their posterior upper extremities.

ØNeck pain at the site of spinal cord impingement.
ØUrinary retention and priapism can also occur as signs of upper motor 

neuron dysfunction. 
ØDifferential diagnosis should include fractures, dislocations, vascular 

injuries, or bilateral brachial plexus injuries.



Central Cord Syndrome

Testing & Diagnosis
ØComplete medical history, thorough general and neurological 

examinations
ØMRI: displays direct evidence of spinal cord compression from bone, 

disc or hematoma. 
ØCT scan: displays boney detail superior to any other imaging device
ØX-ray: Cervical Flexion/extension views assist in evaluation of spinal 

stability.
§ Both the MRI and CT scan are static images. Flexion/extension X-rays can 

provide a simple means of determining dynamic stability or instability of the 
spinal column. 



Central Cord Syndrome

Normal Cervical Spine MRI
Spinal cord compression 
With trauma to cord



Central Cord Syndrome

ØAll patients with concern for spinal cord injury should have a 
thorough trauma evaluation performed

ØAll patients should have cervical immobilization maintained during 
initial evaluation while obtaining radiologic imaging

ØAt the time of presentation/diagnosis, high-dose methylprednisolone 
should be considered for administration within the first eight hours. 
Corticosteroids suppress edema and help promote blood flow to the 
area of cord injury. This recommendation was initially made in 1990, 
and a Cochrane review in 2012 supports this therapy



Central Cord Syndrome

Prognosis:
ØVaries:

§ Most have some recovery of neurological function. 
§ Evaluation of abnormal signals on MRI images can help predict he likelihood 

that neurological recovery may occur naturally. 
§ Those who receive medical intervention soon after their injury often have 

improved outcomes. 
§ Improvement occurs first in the legs, then the bladder, and may be seen in 

the arms.  Hand function recovers last, if at all.  
§ Recovery is generally better in younger patients



Central Cord Syndrome

ØSurgery is rarely indicated. 
ØOrthopedic and neurosurgical physicians should be involved early 

after diagnosis is made, as occasionally, the amount of cord 
impingement can progress and worsen. 

ØGuidelines published in 2016 recommend that "early surgery be 
considered as a treatment option in an adult patient with traumatic 
central cord syndrome."



Cauda Equina Syndrome



Cauda Equina Syndrome

ØA rare condition with a disproportionately high medico-legal profile. 
It occurs most frequently following a large central lumbar disc 
herniation or prolapse. 

ØReview of the literature indicates that around 50–70% of patients 
have urinary retention on presentation with 30–50% having an 
incomplete syndrome. 

ØTreatment usually requires emergency MRI to confirm the diagnosis 
followed by prompt decompression by a suitably experienced 
surgeon. 



Cauda Equina Syndrome

Usually characterized by these so-called ‘red flag’ symptoms:
ØSevere low back pain
ØSciatica: often bilateral but sometimes absent, especially at L5/S1 

with an inferior sequestration
ØSaddle anesthesia and/or genital sensory disturbance
ØBladder, bowel and sexual dysfunction



Cauda Equina Syndrome

Mechanism
ØWeight Room

§ Deadlift

ØCollision sports
ØHyperextension of lumbar spine
ØExtreme rotation of lumbar spine



Cauda Equina Syndrome

Normal Lumbar MRI Cauda Equina at L4/5



Cauda Equina Syndrome

Symptoms
ØTandon and Sankaran described three variations:

§ Rapid onset without a previous history of back problems.
§ Acute bladder dysfunction with a history of low back pain and 

sciatica.
§ Chronic backache and sciatica with gradually progressing 

symptoms.
§ Onset may be either acute within hours or gradual over weeks or 

months, and may be complete with painless incontinence or 
incomplete with some sphincter function.



Cauda Equina Syndrome

Examination
ØUsually characterized by these so-called ‘red flag’ symptoms:

§ Severe low back pain
§ Sciatica: often bilateral but sometimes absent, especially at L5/S1 

with an inferior sequestration
§ Saddle anesthesia and/or genital sensory disturbance
§ Bladder, bowel and sexual dysfunction



Cauda Equina Syndrome

Testing & Diagnosis
ØMagnetic resonance imaging (MRI) Assists in determining the exact 

structures that have been damaged.  No contrast is necessary for 
acute injury.

ØComputerized Tomography scanning (CT scan) In persons who are 
unable to have an MRI scan performed, a CT myelogram is the study 
of choice



Cauda Equina Syndrome

Prognosis
ØVaries:

§ Most have some recovery of neurological function. 
§ Evaluation of abnormal signals on MRI images can help predict he 

likelihood that neurological recovery may occur naturally. 
§ Those who receive medical intervention soon after their injury 

often have improved outcomes. 
§ Recovery is generally better in younger patients



Cauda Equina Syndrome

Summary of management
ØRare condition but may have devastating consequences for patients if the condition is not 

adequately managed in order to avoid unpleasant clinical and legal sequelae.
ØEarly diagnosis by ATC gives the patient the best chance of a satisfactory outcome .
ØEmergency action plans must respond quickly, to confirm the clinical diagnosis then alerting the 

emergency medical response team. Baseline neurological criteria should be noted. (Level 1 
trauma center)

ØAn emergency MR scan should be arranged as soon as possible. In the hospital, Ultrasound may 
be useful in assessing urinary retention. 

ØA proper explanation concerning short and long term prognosis should take place in order to 
avoid misunderstanding and the possibility of litigation if a neurological deficit persists. 

ØDecompressive surgery as soon as adequately skilled personnel and infrastructure are available, 
preferably within 24 h after injury. 

ØSympathetic and supportive multidisciplinary postoperative management over many months may 
be necessary for complete recovery



Brown-Sequard Syndrome



Brown-Sequard Syndrome

ØInvolves injury to only 1 side of spinal cord.
ØCauses:

§ Paralysis
§ Loss of vibration sensation
§ Loss of proprioceptive input ipsilaterally, with contralateral loss of pain and 

temperature perception
§ Due to involvement of posterior columns and spinothalamic tracts on the same side.

ØIt is associated with hemisection of the spinal cord



Brown-Sequard Syndrome

What is this saying?
ØInvolves injury to only 1 side of spinal cord
ØOne half of the spinal cord is injured
ØCauses:

§ Paralysis
§ Loss of vibration sensation
§ Loss of proprioception on same side
§ Loss of pain and temperature on opposite side



Brown-Sequard Syndrome

Mechanism of injury
ØCaused by a spinal cord trauma such as a puncture wound or lateral 

mass fracture of a cervical vertebra
ØOther causes can include 

§ Tumor 
§ Ischemia 
§ Infectious or inflammatory diseases



Brown-Sequard Syndrome

Symptoms
ØParalysis
ØLoss of vibration sensation
ØLoss of proprioception on same side
ØLoss of pain and temperature on opposite side



Brown-Sequard Syndrome

Examination
ØDiagnosis and identification is based on physical examination findings
ØPartial Brown-Séquard syndrome is characterized by asymmetrical paresis, 

with hypalgesia more marked on the less paretic side
ØPure Brown-Séquard syndrome (rarely seen in clinical practice) is 

associated with the following:
§ Ipsilateral spastic paralysis below the level of the lesion and Babinski sign ipsilateral 

to the lesion (abnormal reflexes and Babinski sign may not be present in acute injury)
§ Ipsilateral loss of tactile discrimination, as well as vibratory and position sensation, 

below the level of the lesion
§ Contralateral loss of pain and temperature sensation; this usually occurs 2-3 

segments below the level of the lesion



Brown-Sequard Syndrome

Examination
ØDifferentiate

§ Levels of sensation loss - Pinprick/dull, notable for contralateral decreased 
sensations. Record in representative dermatomes

§ Motor loss - Strength testing, spastic weakness or paralysis, increased tone, 
hyperreflexia, clonus, Hoffmann sign on 1 side of the body. Grade on the 
standard 0-5 scale

§ Temperature loss - Ice/heat, notable for contralateral decreased sensations. 
Record in representative dermatomes

§ Vibratory sense loss - Tuning fork, Record in representative dermatomes
§ Evaluate bilateral versus unilateral findings when determining level of loss.



Brown-Sequard Syndrome

Testing
ØMagnetic resonance imaging (MRI) Assists in determining the exact 

structures that have been damaged.  No contrast is necessary for 
acute injury.

ØComputerized Tomography scanning (CT scan) In persons who are 
unable to have an MRI scan performed, a CT myelogram is the study 
of choice



Brown-Sequard Syndrome

Prognosis
ØDepends upon damage to the Spinal Cord
ØCarries a more favorable prognosis than do most Spinal Cord Injuries
ØOngoing neurologic recovery occurring for up to 2 years following the 

injury
§ Improvement is measured in weeks/months/years



Transient Brachial Plexopathy
“Stinger”



Transient Brachial Plexopathy - “Stinger”

ØCharacteristic knife-like pain extending from the neck to 
the fingertips

ØMuscle weakness and paresthesia are often times 
associated symptoms

ØSymptoms are similarly temporary



Transient Brachial Plexopathy - “Stinger”

ØTrue rate of brachial plexus injuries is difficult to determine due 
to significant underreporting

ØBrachial plexus injuries are the most common peripheral nerve 
injuries seen in athletes

ØIn a study of Canadian football, brachial plexus injuries were 
reported to be 26% (21%-32%) of all players

ØIn an American football study, the lifetime rate of brachial 
plexus injuries was 50.3%

ØClancy et al reported that 33 of 67 college football players (49%) 
sustained at least 1 burner during collegiate play. This is 
supported by Starr's work.



Transient Brachial Plexopathy - “Stinger”

Mechanism of injury
ØThe following 3 mechanisms are common to brachial plexus injury:

§ Traction caused by lateral flexion of the neck away from the involved side 
(similar to the mechanism in birth trauma)

§ Direct impact to the Erb point causing compression to the brachial plexus 
(often associated with poor-fitting shoulder pads)

§ Nerve compression caused by neck hyperextension and ipsilateral rotation 
(The neural foramen narrows in this mechanism.)



Transient Brachial Plexopathy - “Stinger”

C4 - Trapezius; shoulder; top of shoulders
C5 - Deltoid, rotator cuff; shoulder abduction; lateral upper arm 
C6 - Biceps, rotator cuff; elbow flexion; lateral forearm and thumb
C7 - Triceps; elbow extension; index and middle finger tips
C8 - Extension of fingers; distal thumb; fourth and fifth fingers



Transient Brachial Plexopathy - “Stinger”

Symptoms
ØCommonly, the athlete may complain or describe burning and/or sensation of 

numbness in the proximity of the neck, shoulder, or upper extremity. 
Ø"Dead arm"
ØPain in neck
ØBurning sensation between neck and shoulder
ØDysesthesias
ØAffected extremity may feel weak or heavy
ØParesthesias

§ Symptoms can last anywhere from a few seconds to weeks, depending on the extent of 
injury. Numbness in both upper extremities should alert the physician to a possible cervical 
cord injury.



Transient Brachial Plexopathy - “Stinger”

Symptoms
ØAssessment of immediate mental status
ØCervical nerve root assessment (motor and sensory)
ØTenderness over Erb point 

§ The point on the posterior border of the sternocleidomastoid muscle where the four 
superficial branches of the cervical plexus emerge from behind the muscle

ØCervical ROM within pain threshold when no suspicion of cervical fracture 
is present

ØSpurling test: Extend the cervical spine with the head rotated toward the 
affected shoulder with firm, axial loading
§ A positive Spurling test successfully reproduces the patient's symptoms



Transient Brachial Plexopathy - “Stinger”

Examination
ØThe following is a list of cervical nerve roots with the associated area 

of potential motor and sensory deficits:
§ C4 - Trapezius; shoulder; top of shoulders
§ C5 - Deltoid, rotator cuff; shoulder abduction; lateral upper arm or distal 

radius
§ C6 - Biceps, rotator cuff; elbow flexion; lateral forearm and thumb
§ C7 - Triceps; elbow extension; index and middle finger tips
§ C8 - Extension of fingers; distal thumb; fourth and fifth fingers



Transient Brachial Plexopathy - “Stinger”

Testing
ØThe diagnosis is made on the basis of history and physical examination
ØRadiography can be used to rule out bony involvement against peripheral nerves. 

Complete cervical spine radiographs should include: anteroposterior (AP), lateral, 
odontoid view, bilateral, obliques and flexion/extension

ØMRI of the spine may likely elucidate any evidence of canal stenosis
ØUltrasound can provide only partial information because of the clavicle, and difficulty to 

see the outlet tract at the spine. Though, Zhu et al showed that the nerve root can be 
seen with high resolution ultrasound. Its portable and economic nature makes 
ultrasound a reasonable first choice in the evaluation

ØElectromyographic (EMG) studies are rarely necessary in the evaluation of stingers. For 
symptoms that last at least 2 weeks, EMG testing can help confirm diagnosis and localize 
any possible lesions.

ØWith any traumatic injury, do not fail to consider that other injuries may be present as 
well



Transient Brachial Plexopathy - “Stinger”

Prognosis
ØPrognosis is good, yet some possibility of chronic symptoms may 

remain
ØSymptoms may persist up to 2 years depending upon neurological 

involvement 



Anterior spinal cord syndrome



Anterior spinal cord syndrome

ØAnterior spinal cord syndrome involves complete motor paralysis and 
loss of temperature and pain perception distal to the lesion. Since 
posterior columns are spared, light touch, vibration, and 
proprioceptive input are preserved.

ØThis syndrome is caused by compression of the anterior spinal artery, 
which results in anterior cord ischemia or direct compression of the 
anterior cord. It is associated with burst fractures of the spinal column 
with fragment retropulsion caused by axial compression.



Anterior spinal cord syndrome

Mechanism
ØBurst fractures of the spinal column with fragment retropulsion 

caused by axial compression
§ Motor vehicle collisions and falls account for 50% and 20% of cervical spine 

injuries, respectively. 
§ Sports-related activities account for 15%. The following athletic activities have 

the highest incidence of associated cervical spine injuries. 
Diving Gymnastics
Equestrian activities Football
Skiing Hang gliding



Anterior spinal cord syndrome

C7 burst fracture: CT Scan MRI



Anterior spinal cord syndrome

Symptoms
ØComplete motor paralysis
ØLoss of temperature and pain perception distal to the lesion

ØLight touch preserved
ØVibration preserved
ØProprioceptive input preserved



Anterior spinal cord syndrome

Examination
ØPosterior neck pain on palpation of spinous processes
ØLimited range of motion associated with pain
ØWeakness, numbness, or paresthesias along affected nerve roots
ØSpinal shock: Flaccidity Fecal Incontinence

Areflexia Priapism
Loss of anal sphincter tone

ØNeurogenic shock: Hypotension
Paradoxical bradycardia
Flushed, dry, and warm peripheral skin

ØAutonomic dysfunction: Ileus
Urinary retention
Poikilothermic



Anterior spinal cord syndrome

Testing & Diagnosis
ØComplete medical history, thorough general and neurological 

examinations
ØMRI: displays direct evidence of spinal cord compression from bone, 

disc or hematoma. 
ØCT scan: displays boney detail superior to any other imaging device



Anterior spinal cord syndrome

Prognosis
ØDepends upon damage to the Spinal Cord
ØCarries a less favorable prognosis due to injury to the anterior spinal 

artery and typical bone fragmentation in the spinal canal 



The Neurological Exam



The Neurological Exam

ØGCS 15 : (M6, E5, V4)
ØAlert and Oriented x3
ØSpeech/language intact, fluent
ØPERRL, EOMI, Visual fields intact
ØFacial Symmetric, Tongue Midline
ØFacial sensation symmetric/intact
ØNegative drift



Neurological Exam (Reference)

Glascow Coma Scale
ØMotor

§ 6 = Obeys verbal commands, 5 = Localizes to pain, 4 = Withdraw to pain, 3 = Flex to pain, 2 = 
Extend to pain, 1 = No response

ØEye
§ 4 = Open spontaneously, 3 = Open to verbal command, 2 = Open to pain, 1 = No response

ØVoice
§ 5 = Oriented, converses, 4 = Disoriented, converses, 3 = Inappropriate responses, 2 = 

incomprehensible sounds, 1 = No response, T = intubated

Alert and Oriented x3 (4)
ØPerson, Place, Time (Situation)



The Neurological Exam

ØMotor: Symmetrical
Bilateral shoulder shrug intact, 5/5

Deltoid Biceps Triceps Hand grip Hand Intrinsic

RUE 5/5 5/5 5/5 5/5 5/5
LUE 5/5 5/5 5/5 5/5 5/5

Hip Flexion Knee Extension Dorsiflexion Ex Hallicus Plantar flexion

RLE 5/5 5/5 5/5 5/5 5/5
LLE 5/5 5/5 5/5 5/5 5/5



The Neurological Exam

ØSensation grossly intact to sharp/dull sensation
Ø(-) Hoffman's 
Ø(-) Clonus
Ø2+ reflexes throughout in upper and lower extremities

Biceps 2+ Triceps 2+ Brachioradialis 2+
Patellar 2+ Achillies 2+

ØToes upgoing (Babinski)
ØProprioception intact
ØNormal coordination, No dysmetria
ØNormal gait/Antalgic gait



The Neurological Exam (Reference)

Root  Motor action            Sensation Reflex
C4 - Trapezius, shoulder   Top of shoulders
C5 – Shoulder Abduction  Lateral arm      Biceps
C6 – Wrist extension          1st, 2nd digits Brachioradialis
C7 – Wrist flexion 3rd digit            Triceps
C8 – Finger flexion             4th, 5th digits 
T1 – Finger intrinsics Medial arm

L1 – Hip flexion v inguinal ligament
L2 – Hip adduction             Mid thigh
L3 – Knee extension           low thigh
L4 – Foot dorsiflexion        med leg/foot   Patellar
L5 – Toe extension             lat leg/dorsal foot
S1 – Foot plantarflexion    lat foot             Achillies



The Neurological Exam

ASIA Impairment Scale – American Spinal Injury Association
ØThe extent of spinal cord injury is defined by the American Spinal Injury 

Association (ASIA) Impairment Scale (modified from the Frankel classification), 
using the following categories:

A = Complete: No sensory or motor function is preserved 
B = Incomplete: Sensory, but not motor, function is preserved below the neurologic 
level 
C = Incomplete: Motor function is preserved below the neurologic level, and most 
key muscles below the neurologic level have a muscle grade of less than 3
D = Incomplete: Motor function is preserved below the neurologic level, and most 
key muscles below the neurologic level have a muscle grade that is greater than or 
equal to 3
E = Normal: Sensory and motor functions are normal



The Neurological Exam

ASIA Impairment Scale 
Example:  Weightlifter performing a deadlift feels a pop in his back, he falls to the 
ground and looses strength in Toe extension, foot plantarflexion and foot eversion, 
he has no sensation in the same region, achillies reflex is absent bilaterally
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Classified ASIA A L5



The Neurological Exam

ASIA Impairment Scale 
Example:  Weightlifter performing a deadlift feels a pop in his back, he falls to the 
ground and looses strength in Toe extension, foot plantarflexion and foot eversion, 
he has no sensation in the same region, achillies reflex is absent bilaterally

Classified ASIA A L5

Example: Gymnast performing a landing from uneven bars, extends her back 
on impact.  Immediately falls to the ground.  She is able to extend her 
knee/dorsiflex her foot to gravity. And has normal sensation throughout



The Neurological Exam

ASIA Impairment Scale 
Example:  Weightlifter performing a deadlift feels a pop in his back, he falls to the 
ground and looses strength in Toe extension, foot plantarflexion and foot eversion, 
he has no sensation in the same region, achillies reflex is absent bilaterally

Classified ASIA A L5

Example: Gymnast performing a landing from uneven bars, extends her back 
on impact.  Immediately falls to the ground.  She is able to extend her 
knee/dorsiflex her foot to gravity. And has normal sensation throughout

Classified ASIA D L3
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Questions

Central cord syndrome commonly is seen in patients with which of the 
following?

A. Spinal cord injury
B. Multiple sclerosis
C. Diabetes mellitus
D. Those receiving epidural corticosteroid injections



Questions

Central cord syndrome commonly is seen in patients with which of the 
following?

A. Spinal cord injury
B. Multiple sclerosis
C. Diabetes mellitus
D. Those receiving epidural corticosteroid injections



Questions

A patient sustained a neck injury during a football game. He has normal 
movement and strength of the legs but a weakness of the arms. What 
is the most likely spinal cord syndrome?

A. Brown-Sequard syndrome
B. Anterior spinal cord syndrome
C. Central cord syndrome
D. Complete cord injury
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Questions

Which of the following is true regarding central cord syndrome?

A. Proprioception is lost, but motor function is intact
B. There is loss of motor function, but pain and temperature 

sensation are intact
C. There is greater involvement of the upper extremities than the 

lower extremities
D. There is greater loss of pain sensation than other sensory deficits



Questions

Which of the following is true regarding central cord syndrome?

A. Proprioception is lost, but motor function is intact
B. There is loss of motor function, but pain and temperature sensation 

are intact
C. There is greater involvement of the upper extremities than the 

lower extremities
D. There is greater loss of pain sensation than other sensory deficits



Questions

An 18 year old female presents for evaluation of bilateral hand numbness 
and arm paresthesias after heading a ball in soccer yesterday. She denies loss 
of consciousness, has no neck pain, and denies weakness in any of her 
extremities. She is having difficulties passing urine today and has some 
suprapubic fullness on examination but intact rectal sensation/sphincter 
tone. What is the likely mechanism leading to her suspected injury?

A. Hyperflexion
B. Hyperextension
C. Axial loading
D. Rotational torque
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