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Abstract
Bell’s cruciate paralysis is a rare incomplete spinal cord syndrome characterised by brachial diplegia. It is caused
by an insult to the cervicomedullary junction of the spinal cord. We report three cases of cruciate paralysis following traumatic injury to the cervical spine. In all three cases the clinical diagnosis of cruciate paralysis was confirmed with magnetic resonance imaging (MRI). The prognosis varies according to the underlying cause, but is
generally good. The clinical diagnosis of cruciate paralysis helps localise the injury to the cervicomedullary junction.
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Introduction
Bell first described ‘cruciate paralysis’ in 1970.1 The syndrome is caused by an insult to the cervicomedullary
junction at the upper part of the pyramidal decussation.
Patients with cruciate paralysis present with paresis or
paralysis of their upper limbs without significant involvement of their lower limbs.
We present three cases of cruciate paralysis following
traumatic injury that presented to our unit over a period
of 18 months.

Case series
Case 1
An 18-year-old male patient was transferred from a peripheral hospital one day after being injured in a rugby match.
He was diagnosed with an upper cervical spine injury and a
possible brachial plexus injury at the referring institution.
His cervical spine was immobilised in a rigid collar.
On admission he was fully orientated. His only injury was
a type 3 odontoid peg fracture with minimal displacement.
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Careful neurological examination revealed weakness of his
upper limbs (C5-T1), with the right side weaker than the
left. He also had slight weakness of his right leg. There was
no sensory deficit.
MRI confirmed the injury and revealed swelling and
oedema of the spinal cord at the craniocervical junction
(Figure 1).
The diagnosis of cruciate paralysis was made.
The patient was treated with traction in Cone’s callipers for
six weeks. Upon removal of the traction a Philadelphia collar was applied for another six weeks. His neurological
deficit improved in traction and upon discharge his ASIA
motor score was 90 (improved from 76 on admission). He
had no complications from the treatment.

Case 2
A 16-year-old female patient presented to our trauma unit
following a diving accident. She was diagnosed with a cervical spine injury with partial neurological deficit. She had no
other injuries.
She sustained an undisplaced type 2 odontoid peg fracture
(Figures 2 and 3). On neurological examination she had
weakness of both arms, left weaker than right, involving the
C5 to T1 distribution. Sensation was intact. The only other
abnormality on neurological examination was a slight
decrease in strength of hip flexion on the right side.
MRI showed a signal abnormality of the spinal cord at the
level of the cervicomedullary junction.
She was treated with traction in Cone’s callipers for six
weeks and placed in a Philadelphia collar for a further six
weeks. Her weakness improved during her admission. Her
odontoid peg fracture united and she had no complications
from her treatment. Her ASIA motor score improved to 92
on discharge (from 74 on admission).

Figure 2. Lateral radiograph of the upper cervical
spine showing an undisplaced type 2 odontoid peg
fracture

Figure 3. Sagittal CT scan confirming undisplaced
odontoid peg fracture

Case 3

Figure 1. Sagittal T2 MRI demonstrating spinal cord
signal abnormality at cervicomedullary junction at
the level of the odontoid peg fracture

A 26-year-old male patient was transferred from a referral
institution with a decreased level of consciousness following
an assault to the head with a blunt object. He was intubated
and ventilated.
On neurological examination he had a decreased level of
consciousness with a Glascow Coma Scale (GCS) of 9T/15.
His pupils were equal and reactive. He had no movement of
his upper limbs, but was moving both his lower limbs on
command. He had no obvious sensory deficit.
A computed tomography (CT) scan of his brain showed a
subarachnoid haemorrhage with some generalised cerebral
oedema, an interhemispheric subdural haematoma and a
right zygomatic arch fracture. Radiographs and a CT scan of
his cervical spine showed no fractures or dislocations.
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Because the intracranial injuries could not explain the
neurologic picture, a possible central cord syndrome was
suspected and an MRI scan was obtained. MRI revealed a
Chiari 1 malformation and bulbous dens. It also showed a
signal abnormality of the spinal cord at the junction of the
medulla and the proximal cord. There were no ligamentous
or other injuries at this level. The diagnosis of a Bell’s cruciate paralysis was made.
The patient was treated non-operatively for his head
injury. He was placed in a Philadelphia collar as a precautionary measure. After extubation he remained confused
and restless, but the motor function in his upper limbs
improved. After five days the patient’s ASIA motor score
improved to 92 (from 68 on admission) and he was transferred to a rehabilitation facility.
At three-month follow-up he had made a full neurological
recovery.

Discussion
When there is complete loss of neurological function distal
to the level of a spinal cord injury, the injury is said to be
functionally complete. Functionally incomplete injuries
include a variety of syndromes, which describe distinct patterns of neurological symptoms. Intricate knowledge of the
anatomy of the spinal cord is necessary to understand and
diagnose these syndromes.2 Incomplete spinal cord syndromes are relatively common complications of injuries to
the cervical spine.
Although Nielsen in his textbook on clinical neurology
from 1941 refers to isolated upper limb paralysis, Bell was
the first to describe ‘cruciate paralysis’ as a clinical entity in
1970.1 He presented a case series of four cases. Three of these
cases presented with more severe upper limb paralysis following insults to the cervicomedullary junction. One case
presented with lower limb weakness more than upper limb
following surgery to the posterior fossa and upper cervical
spine. From this he described what he called ‘cruciate paralysis’ as paralysis of both arms without significant paralysis of
the legs resulting from injury to the junction of the medulla
and the cervical spinal cord.1 Various case studies and series
have subsequently validated this clinical entity.3-27 Sensory
deficit can occur.3 Transient respiratory insufficiency, urinary retention, and associated deficit of a single or multiple
cranial nerves have been described.3 The spinal accessory
nerve is the cranial nerve most commonly affected,
although other cranial nerves can be affected as well.3,21
Wallenberg in 1901 first described the complexity of the
neuroanatomy of the corticospinal tracts at the cervicomedullary junction.1 The corticospinal tract is the main
motor pathway mediating voluntary movement. It originates in the primary motor cerebral cortex.

Intricate knowledge of the anatomy of the spinal
cord is necessary to understand and diagnose incomplete
spinal cord syndromes

The tract then runs through the internal capsule before
reaching the brainstem. At the lower medulla oblongata it
approaches the midline and crosses to the contralateral
side at the pyramidal decussation.4 Here the corticospinal
tract of the upper extremity supposedly descends more
medially and anteriorly relative to that of the lower
extremity (Figure 4). The segment level of the pyramidal
decussation of the corticospinal tract of the upper
extremity is located proximal to the level of the foramen
magnum, which is approximately one cord segment
proximal to that of the lower extremity. A percentage of
corticospinal fibres (20%) remain ipsilateral and form the
anterior corticospinal tract. The fibres that cross form the
lateral corticospinal tract, which runs down the spinal
cord to the last sacral segments. These fibres synapse at
segmental levels onto motor neurons, which control fine
movements of distal extremities.2,4
Bell and other authors explained cruciate paralysis by
this supposed separate organisation of the upper and
lower limb fibres within the corticospinal tracts at the
level of the pyramidal decussation.1 It was thought that the
crossing upper limb motor neurons were placed in a
position more anterior and medial relative to the lowerextremity fibres; hence, insult to this region would
selectively affect the upper limbs. This theory has since
been disputed.5 Following work from other authors,
Pappas et al isolated the forelimb and hindlimb fibres in
two different monkey species and traced them. No
evidence of differential decussation of the fibres was
found and he therefore concluded there is no obvious
anatomical explanation for cruciate paralysis.

Figure 4: Illustration showing the anatomical relationship of the
motor tracts, in which the motor tract of the upper extremities
crosses rostrally in the cervicomedullary junction, whereas that of
the lower extremities crosses caudally in the superior cervical
spinal cord (reproduced with permission from Elsevier Science.
Dumitru D, Lang JE. Cruciate paralysis. Case report. J Neurosurg
1986 Jul;65(1):108-11020)
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He did propose two alternative explanations: selective
damage to neural areas involving the internuncial cells,
the central grey area and the cuneate nucleus, or injury to
the anterior corticospinal tract. Evidence for these alternate theories is also lacking.5 The presentation of cruciate
paralysis is similar to that of a central cord syndrome.
Schneider et al in 1954 described central cord syndrome
from traumatic hyperextension of the upper cervical
spine. It was thought to result from compression of the
cervical cord between bony spurs anteriorly and a rolled
ligamentum flavum posteriorly in the already narrowed
canal of the degenerate cervical spine.6 In central cord
syndrome the upper limbs are always affected more than
the lower limbs, although the lower limbs are commonly
affected as well. The cranial nerves are never involved.
The main difference between the two entities is the precise
anatomical location of the lesion leading to the syndromes.7,8,9 In cruciate paralysis, the lesion is thought to lie
in a very specific area within the pyramidal decussation.
The presence of associated cranial nerve palsies further
aid to localise the lesion to the cervicomedullary junction.3,21 In central cord syndrome, the medial fibres of the
lateral corticospinal tract, as well as lower motor neurons
in the anterior horns, may be affected by the injury. It is
thus more commonly associated with injuries to the subaxial cervical spine.7,8,9 Some authors suggest that the two
entities should rather be grouped together.10 Another neurological syndrome that can be confused with cruciate
paralysis is ‘man-in-barrel’ syndrome (MBS).11 MBS refers
to brachial diplegia associated with cerebral vascular disorders, although other aetiologies have been described.11,12
In cruciate paralysis MRI can be helpful in localising the
lesion to the cervicomedullary junction.28 MRI might
show oedema or contusion in this area.
Table I: Various causes of cruciate paralysis described1-3,7,8,13-30

Traumatic injury

Atlanto-occipital dislocation
Jefferson fracture
Odontoid peg fracture (most common)
C2/C3 fractures and dislocations
SCIWORA
Penetrating injury, i.e. gunshot

Disc herniation

C2/3 disc herniation

Congenital
anomalies

Congenital anomalies of C1 and C2 with
atlanto-axial instability
Chiari malformations ± syringomyelia

Tumour or
infection

Spinal metastasis
Odontoid tuberculoma

Rheumatoid arthritis
Complications of surgery to cervicomedullary junction
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Dickman et al examined the possible radiographic localisation of injury in 14 patients diagnosed with cruciate
paralysis. Interestingly in four of the seven patients where
a MRI was obtained the MRI had no abnormal findings.3
Bell’s cruciate paralysis has been described following
various different insults to the cervicomedullary junction
(Table I).1-3,7,8,13-30 Chiari 1 malformations might predispose
individuals to spinal cord injuries, including incomplete
spinal cord syndromes.14,17,28
There is no specific treatment for cruciate paralysis. The
cause must be treated appropriately. The prognosis also
varies according to the underlying cause but is generally
good.3 Residual deficits are usually mild and complete
recovery is possible as described.
Cruciate paralysis is a clinical diagnosis that can guide
the clinician to the area of pathology and again shows the
importance of careful neurological evaluation of the
spinal injured patient. This will help avoid missing the
often subtle neurological signs. In return, suspecting or
diagnosing Bell’s cruciate paralysis localises a lesion to the
cervicomedullary junction and can aid in the diagnosis of
the underlying pathology.
The content of this article is the sole work of the authors. No
benefits in any form have been or are to be received from a
commercial party related directly or indirectly to the subject
of this article.
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