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BROWN-SEQUARD’S SYNDROME

BROWN-SEQUARD'S SYNDROME

Primary Disciplinary Field(s): Neurology, Clinical Medicine, Neurophysiology

1. Core Definition

Brown-Séquard's Syndrome (BSS) is a rare and distinct neurological condition resulting from a
unilateral (one-sided) lesion or hemisection of the spinal cord. This damage typically involves the
lateral column, the dorsal column, and the spinothalamic tracts on one side of the cord at the level
of the injury. The defining characteristic of BSS is a specific combination of motor and sensory
deficits that manifest ipsilaterally (on the same side as the lesion) and contralaterally (on the
opposite side of the lesion), reflecting the anatomical pathways of sensory and motor information
within the central nervous system. This syndrome represents a classic example used in
neuroanatomy and clinical neurology to understand the topographical organization and
decussation (crossing) of major ascending sensory pathways, particularly those responsible for
proprioception and pain transmission.

The core physiological disruption involves the differential effects on three major functional tracts.
First, the lateral corticospinal tract, which controls voluntary motor function, is compromised on the
side of the lesion, leading to ipsilateral weakness or paralysis below the injury level. Second, the
dorsal column-medial lemniscus pathway, responsible for fine touch, vibration, and conscious
proprioception, is interrupted before it decussates in the medulla, resulting in the loss of these
sensations on the ipsilateral side. Third, the lateral spinothalamic tract, which transmits pain and
temperature signals, crosses immediately upon entering the spinal cord (usually one or two
segments above entry); thus, damage to this tract results in the loss of pain and temperature
sensation on the contralateral side, several dermatomes below the level of the lesion. This specific
pattern of dissociated sensory loss--ipsilateral loss of position/vibration sense and contralateral
loss of pain/temperature sense--is pathognomonic for BSS.

Clinically, BSS is considered a partial spinal cord syndrome, differentiating it from complete
transection injuries. While a perfect anatomical hemisection is rare in clinical practice, the term
BSS is applied when the clinical picture closely approximates this textbook pattern. The severity of
the symptoms depends heavily on the extent of the lesion, the level of the spinal cord involved
(cervical, thoracic, or lumbar), and the underlying etiology causing the cord damage.
Understanding the precise anatomical location of the lesion is critical for diagnosis, as the motor
and sensory findings act as a map reflecting the destroyed or malfunctioning neuronal pathways.

2. Etymology and Historical Development

Brown-Séquard's Syndrome is named after the eminent French physiologist and neurologist,
Charles-Edouard Brown-Séquard (1817-1894). Brown-Séquard was a pioneer in experimental
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neurophysiology, whose work significantly advanced the understanding of spinal cord function. He
first described the phenomenon now bearing his name in the mid-19th century, drawing
observations from experimental animal models, particularly guinea pigs, where he surgically
induced hemisections of the spinal cord to study the resulting motor and sensory deficits.

His crucial experiments, published initially in the 1850s, established the concept of the crossing
(decussation) of certain sensory pathways within the nervous system. Before Brown-Séquard's
rigorous experimental work, the functions of the specific white matter tracts within the spinal cord
were poorly understood, and it was generally assumed that all sensations crossed within the
brainstem or cerebrum. His demonstration that proprioceptive and vibratory senses ascend
ipsilaterally while pain and temperature senses ascend contralaterally below the level of the lesion
provided foundational knowledge for modern neuroanatomy and clinical neurology. The recognition
of this syndrome allowed clinicians to localize spinal cord lesions with unprecedented accuracy
based purely on the patient's sensory examination.

3. Pathophysiology: Mechanism of Hemisection

The underlying mechanism of BSS involves the selective disruption of ascending and descending
tracts contained within one half of the spinal cord. The spinal cord tracts are organized
somatotopically and functionally, leading to the predictable constellation of deficits observed. The
tracts most critically affected include the lateral corticospinal tract (motor), the dorsal columns
(vibration, proprioception), and the lateral spinothalamic tract (pain, temperature).

Damage to the lateral corticospinal tract on the side of the lesion results in ipsilateral paralysis or
paresis (weakness). Because the corticospinal tracts responsible for voluntary movement have
already crossed in the lower medulla (pyramidal decussation) before descending into the spinal
cord, damage at the spinal level affects the motor signals destined for the muscles on the same
side of the body. Initially, this may present as spinal shock, followed by the development of upper
motor neuron signs--spasticity, hyperreflexia, and positive Babinski signs--below the level of injury.

The sensory dissociation is explained by the differing levels of decussation. The dorsal columns
(carrying conscious proprioception and vibration) remain uncrossed until they reach the nuclei in
the lower medulla (nucleus gracilis and nucleus cuneatus). Therefore, damage to the ipsilateral
dorsal columns causes ipsilateral loss of these specialized sensations. Conversely, the lateral
spinothalamic tract fibers, which convey pain and temperature, cross over almost immediately
upon entering the spinal cord (within one to two segments). Consequently, a lesion damaging the
side of the spinal cord will interrupt the spinothalamic fibers that originated from the contralateral
side of the body, leading to a loss of pain and temperature sensation on the side opposite the
lesion. The small band of preserved sensation around the level of the lesion is known as the "zone
of spared sensation," often reflecting intact segments immediately above the injury.
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4. Key Clinical Characteristics (The Syndrome Triad)

The clinical presentation of Brown-Séquard's Syndrome is characterized by a specific triad of
symptoms occurring below the level of the spinal cord injury. This triad is essential for clinical
diagnosis and localization. The primary components include motor paralysis, ipsilateral loss of
discriminative touch, and contralateral loss of nociception and thermoregulation.

First, Ipsilateral Motor Deficit: This manifests as weakness (paresis) or complete paralysis
(plegia) on the same side of the body as the spinal cord lesion. If the lesion is in the cervical spine,
all limbs on that side may be affected; if thoracic, only the leg is typically involved. At the level of
the lesion, lower motor neuron signs (flaccidity, muscle atrophy) may be present due to damage to
the anterior horn cells or nerve roots, while below the lesion, upper motor neuron signs (spasticity,
hyperreflexia) dominate.

Second, Ipsilateral Loss of Proprioception and Vibration: The interruption of the dorsal
columns results in a severe impairment in the ability to sense joint position, movement, and
vibratory stimuli below the lesion on the affected side. Patients often report difficulty in coordinating
movement or maintaining balance without visual input (positive Romberg sign), as the brain is
unable to receive accurate feedback about limb position.

Third, Contralateral Loss of Pain and Temperature Sensation: This is the most distinctive
feature of the syndrome, reflecting the damage to the crossed spinothalamic tracts. Patients
cannot detect noxious stimuli or temperature changes on the side of the body opposite the lesion,
usually starting two or three segments below the level of the lesion. This sensory loss contrast with
the intact proprioception on the same side is crucial for differentiating BSS from other spinal cord
syndromes, such as central cord syndrome or anterior cord syndrome.

5. Causative Factors and Aetiology

While the classic description of BSS implies a clean surgical hemisection, the syndrome in clinical
practice usually results from penetrating trauma or localized pathological processes that primarily
affect one lateral half of the spinal cord. Understanding the etiology is paramount for effective
management and determining prognosis.

The most common cause of BSS today is penetrating trauma, such as knife or gunshot wounds,
which physically transect one side of the cord. However, non-traumatic causes are also significant.
These include primary or metastatic tumors (e.g., meningiomas, neurofiboromas) that compress or
invade the cord eccentrically. Spinal cord ischemia or infarction due to occlusions of the anterior or
posterior spinal arteries can selectively damage the lateral cord structures, often associated with
vascular conditions like atherosclerosis or vasculitis.
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Furthermore, conditions causing localized inflammation or demyelination are key etiologies. These
include infectious diseases like tuberculosis (Pott's disease), or herpes zoster, and inflammatory
conditions such as multiple sclerosis (MS) or transverse myelitis. Disc herniations, particularly
large or calcified ones, or epidural hematomas that compress the cord laterally, can also produce
the characteristic symptoms. The diverse range of potential causes necessitates comprehensive
diagnostic imaging (MRI and CT scans) to accurately identify the underlying pathology and level of
injury.

6. Diagnosis and Assessment

Diagnosis of Brown-Séquard's Syndrome is primarily clinical, relying on a detailed neurological
examination that confirms the classic dissociated sensory and motor findings. Imaging studies are
essential to confirm the diagnosis, localize the lesion precisely, and identify the underlying cause.

The clinical assessment focuses rigorously on mapping the patient's deficits. The motor
examination confirms the ipsilateral paresis and determines the presence of upper versus lower
motor neuron signs. The sensory examination is performed meticulously, testing light touch,
pinprick (pain), temperature, vibration, and joint position sense at different dermatomal levels. The
key diagnostic finding is the clear vertical line of demarcation between the loss of pain/temperature
contralaterally and the loss of proprioception/vibration ipsilaterally. Failure to find this dissociation
suggests a different spinal cord syndrome.

Magnetic Resonance Imaging (MRI) is the gold standard diagnostic tool. MRI provides high-
resolution visualization of the spinal cord parenchyma, allowing clinicians to detect spinal cord
edema, hemorrhage, masses (tumors), or inflammatory changes consistent with a unilateral lesion.
In cases where trauma is suspected, Computed Tomography (CT) scans are often used initially to
rule out bony fractures or instability that may be contributing to the compression or injury.
Electrophysiological studies, such as somatosensory evoked potentials (SSEPs), may also be
utilized to confirm disruption of the ascending sensory pathways, although they are generally
supplementary to clinical and imaging data.

7. Prognosis and Management

The prognosis for recovery following Brown-Séquard's Syndrome is generally considered better
than that for other severe spinal cord injuries, particularly complete transection. The recovery
potential is attributed to the fact that BSS represents a partial injury, leaving some neuronal
pathways intact, and the plasticity of the nervous system.

Recovery typically begins within weeks to months following the injury. Motor function, particularly in
the ipsilateral leg, tends to recover first and most extensively, followed by recovery of ipsilateral
proprioception. The recovery of contralateral pain and temperature sensation is usually the slowest
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and may remain incomplete. Studies suggest that 90% or more of patients regain functional
walking ability, although residual deficits often persist. Favorable prognostic indicators include
younger age, shorter duration of symptoms before treatment, and the etiology being a compressive
lesion (like a herniated disc) rather than direct penetrating trauma.

Management is two-fold: addressing the underlying cause and comprehensive rehabilitation. Acute
management involves stabilizing the patient, ruling out spinal instability, and, if a compressive
lesion (e.g., tumor, hematoma) is identified, performing urgent surgical decompression to prevent
further damage. High-dose corticosteroids may be administered in cases of acute trauma or
inflammatory causes to reduce edema. Long-term management relies heavily on intensive physical
therapy and occupational therapy aimed at maximizing motor strength, improving balance,
managing spasticity, and teaching compensatory strategies for sensory deficits.

8. Significance and Impact

Brown-Séquard's Syndrome holds immense theoretical and practical significance in medicine.
Historically, its description was pivotal in establishing the functional anatomy of the spinal cord,
confirming the distinct pathways for different sensory modalities and their respective points of
decussation. This anatomical understanding remains fundamental to neurosurgical planning and
clinical neurological diagnosis worldwide.

In modern clinical practice, BSS serves as a crucial differential diagnosis tool. Recognition of this
syndrome allows clinicians to differentiate spinal cord pathology from brainstem lesions, peripheral
nerve disorders, or purely psychological conditions, as the specific pattern of neurological deficit
cannot be mimicked by injury to peripheral structures or higher CNS centers. Early and accurate
diagnosis of BSS guides immediate medical interventions, particularly when the etiology is rapidly
progressive, such as an expanding tumor or epidural abscess, thereby optimizing functional
outcomes.

Further Reading

Brown-Séquard Syndrome - Wikipedia
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