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Central cord injury: pathophysiology, management, and outcomes
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Abstract BACKGROUND CONTEXT: Cervical spinal trauma can result in a heterogeneous collection of
spinal cord injury syndromes. Acute traumatic central cord syndrome is a common category of
which no uniform consensus on the etiology, pathophysiology, and treatment exists.
PURPOSE: To evaluate and review potential pathophysiology, current treatment options, and
management of central cord injuries.
STUDY DESIGN: Comprehensive literature review and clinical experience.
METHODS: A systematic review of Medline for articles related to central cord and spinal cord
injury was conducted up to and including journal articles published in September 2005.
CONCLUSIONS: Central cord injuries is a clinical definition which is composed of a heteroge-
neous population for which medical management and surgical decompression and stabilization pro-
vide improved neurologic recovery. � 2006 Elsevier Inc. All rights reserved.
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Introduction

The incidence of traumatic spinal cord injuries is re-
ported to be between 10,000 to 12,000 cases annually in
North America. Spinal cord injuries are perceived as a dis-
order that affects only the younger population as a result of
motor vehicle collisions or other high-velocity mecha-
nisms. However, incomplete traumatic spinal cord injury
is most often the result of acute central cord injuries, which
has been characterized as a disorder limited to the elderly.
Central cord injuries, in actuality, are composed of a large
heterogeneous population of patients with varying mecha-
nisms of injury and demographics.

Schneider et al. in 1954 are credited with the clinical
definition of this syndrome as well as postulating the pro-
posed the mechanism of injury as resulting from a hyperex-
tension injury [1]. Schneider et al. reported the central cord
syndrome as, ‘‘characterized by a disproportionately more
motor impairment of the upper than of the lower
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extremities, bladder dysfunction, usually urinary retention,
and varying degrees of sensory loss below the level of the
lesion’’ [1]. However, other physicians also were noted to
have identified and reported this type of injury as far back
in the literature as 1887 [2]. The aim of this article is to re-
view the potential etiologies and pathogenesis of acute trau-
matic central cord injuries and then further comment on
contemporary understanding of recent imaging, manage-
ment strategies, and the neurologic recovery prognosis.

Methods

A detailed computerized literature search using the
OVID Medline search engine was employed. This database
consists of literature published from 1966 through Septem-
ber 2005. The medical search keywords or phrases utilized
were ‘‘spinal cord injuries’’ and ‘‘spinal cord trauma’’; fur-
ther searches were refined with the terms ‘‘central cord’’
and ‘‘incomplete cervical spinal cord injury’’. The resulting
abstracts, approximately 400, were then individually re-
viewed and pertinent English literature was obtained. The
searches were further supplemented with historical articles
on the topic of ‘‘Central Cord Injury or syndrome’’ as well
as indexed references from all articles obtained from the
original query. This material was then further augmented
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with the author’s personal experience through managing
a traumatic spinal cord injury population.

Discussion

Schneider et al. in 1954, as mentioned, defined the clin-
ical syndrome of traumatic central cord injuries as a ‘‘dis-
proportionately more motor impairment of the upper than
of the lower extremities, bladder dysfunction, usually uri-
nary retention, and varying degrees of sensory loss below
the level of the lesion’’ [1]. It was postulated this syndrome
resulted from a hyperextensive mechanism and subsequent
cord compression, an injury to the central portion of the
spinal cord and associated neural spinal tracts [1,3,4].
The clinical presentation, management, and outcome of
15 patients (9 patients from his practice and 6 cases from
the literature) were reviewed, and the great clinical hetero-
geneity of these individuals was highlighted. Specifically,
cases varied from a minor spinal cord trauma that pro-
gressed to a sudden and complete neurologic recovery com-
pared to extensive traumatic injuries to the spinal cord and
column resulting in the patient’s demise. This heterogeneity
was further exemplified in the patients’ ages, which ranged
from 18 to 85 years old, as well as the inconsistency of
traumatic fractures to the spinal column. Schneider et al.
proposed the etiology of the spinal cord injury was due to
damage to the central spinal cord neuronal tracts resulting
from a sudden compression of the cord between the hyper-
trophic spondylotic disc osteophyte complex and the buck-
led posterior ligament flavum [1,5–8] (Figs. 1–3).

As detailed previously, central cord injury or syndrome
is a clinical phenomenon based on the patient’s presenting
physical examination, and may result from several etiolo-
gies. Ishida and Tominaga, in a review of central cord
injuries, noted that motor vehicle collisions, falls, and
diving injuries were the most common etiology of this in-
complete spinal cord injury [9]. In addition, they and others
noted a bimodal distribution of patients affected by this clin-
ical disorder [9–11]. The younger population (less than 50
years old) appear typically to be affected as a result of severe
spinal column traumatic injuries, whereas the older popula-
tion (greater than 50 years old) develop injuries as a result
of a hyperextensive injury in a spondylotic canal [9–11].
However, further recent analysis of the demographic charac-
teristics of the central cord injury population discloses a third
subcategory. This category consists of patients without an
acute bony fracture, nor the classic spondylosis or severe de-
generative canal stenosis. This population was reported to
present after low velocity traumatic injuries resulting from
acute central cervical disc herniations [12–14] (Fig. 4).

The elderly population, which is the fastest growing sec-
tor of the general population, may develop a central cord
injury caused by a hyperextension injury, again without bo-
ny fractures in the setting of a stenotic spondylotic canal
[15]. The progression of cervical degenerative changes in
the form of spondylosis happens through a multiphase
degenerative process. It begins insidiously, during adoles-
cence, with the aging and desiccation of the intervertebral
disc, due to loss of vascular supply and nutrition to the nu-
cleus pulposus. This desiccation, dehydration, and subse-
quent disc collapse continues to propagate with time, thus
further creating the development of osteophytic changes
at the end plates as well as subsequent hypertrophy of the
uncal vertebral joints. This progressive loss of disc height
further accentuates the loss of the tensile properties of the
ligamentum flavum, resulting in it buckling and further nar-
rowing the stenotic spinal canal. The end result is a progres-
sive circumferential narrowing of the spinal canal due to
disc desiccation, uncal vertebral joint and facet hypertro-
phy, and ligamentum flavum buckling, creating an ovoid
compressed spinal cord (Figs. 1–3). Parke demonstrated
the effect of the disc osteophyte and ligamentum hypertrophy
as well as shingling (overlapping of the laminae) creating se-
vere canal compromise [16]. Therefore, a resultant hyperex-
tension injury can create further canal occlusion, reported as
an additional 2–3-mm loss of the anteroposterior diameter,

Fig. 1. A 67-year-old male fell over an object (approximately 5 feet) with

frontal scalp laceration and no loss of consciousness. Neurologic examina-

tions disclosed a symmetric ‘‘dense’’ central cord syndrome with legs 3–4/

5 and distal arms 0–1/5. Plain cervical radiograph demonstrates extensive

cervical spondylosis without a fracture.
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causing a sudden ‘‘pinching’’ of the spinal cord parenchyma
and a devastating spinal cord injury [17].

Pathogenesis

A central spinal cord injury is a clinical description;
Schneider proposed the pathogenesis of the injury as a result
of a hyperextension mechanism in the setting of a stenotic
canal, with subsequent compression of the white mater
tracts due to a central hematomyelia of the gray mater
[1,5–7]. It has become apparent that central cord syndrome
affects a diverse patient population by means of a multitude
of etiologies. A simplistic categorization of these incom-
plete spinal cord contusions separates them into bony insta-
bility affecting a younger population versus a spondylotic
spinal canal which predisposes to a hyperextension mecha-
nism resulting in spinal cord injury through compression of
the buckled ligamentum flavum.

Fig. 2. Computed tomographic sagittal reformatted and axial images of

patient from Figure 1. Note the osteophytes and canal stenosis. The axial

computed tomographic image (right) measured the canal at 6.7 mm, which

represents severe canal stenosis and inferred spinal cord compression.

Fig. 3. T2-weighted sagittal magnetic resonance imaging of patient from

Figure 1 [preoperative (A) and postoperative (B)]. Note the osteophytes

and canal stenosis and with spinal cord signal at the C3–C4 level (arrows)

which is more visible after a posterior cervical decompression (B).
Over the last several decades it is becoming apparent
that there is a significant complexity to the understanding
of the pathogenesis of central cord spinal injuries.
Schneider proposed that as a consequence of mechanical
compression there is an injury to the central portion of
the spinal cord disrupting the medial lamination of the cor-
tical spinal tracts that control the hand and upper extremity
function, but spare the lateral tracts serving the sacral and
lower extremity. This theory of the pathogenesis of injury
was based on the work of Foerster who demonstrated that
the anatomical location of the corticospinal tracts has a de-
tailed somatotopic organization [18]. Unfortunately, the ex-
act anatomic distribution and function of the corticospinal
tracts is controversial as well as their influence and contri-
bution to motor function [12,13,19–22].

It appears that patients with central cord type spinal cord
injuries without traumatic fractures tend to have a signifi-
cant element of spinal cord compression because of a ste-
notic central canal created by spondylotic disease [9,23].
Ishida and Tominaga reported that the mean spinal canal di-
ameter of a patient with central cord injuries was stenotic
and less than 14 mm of ‘‘normal’’ canals [9] (Figs. 2 and
3). Further, it has been shown that the greater the degree
of canal stenosis correlates with a poorer neurologic

Fig. 4. A 48-year-old male fell and developed loss of strength in the distal

hand with normal lower extremity function after a low-speed motor vehicle

collision. Computed tomography and plain films revealed no evidence of

fracture or instability. Magnetic resonance imaging of the cervical spine

(T2-weighted image) illustrates an acute C34 disc herniation (arrow) with

increased signal in the spinal cord.
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recovery [23]. Central cord injuries appear to develop as
a consequence of a mechanical compression and selective
injury to the motor tracts affecting the upper greater than
the lower extremities. However, other proposed pathogene-
sis for this syndrome includes arterial ischemia to spinal
cord, a central intraparenchymal spinal cord hematoma,
and isolated injury to the decussating corticospinal tracts
in the brainstem.

In the central cord injured patients, the precise anatomic
location of neuronal injury has been debated on whether oc-
curring in the cervical spinal cord or as a corticomedullary
neuronal injury. Wallenberg first reported impairment of
upper extremity greater than the lower extremities function
due to injury of the decussating corticospinal tracts at the
rostral portion of the cervicomedullary junction [24]. Bell
further extrapolated this hypothesis of neuronal injury
through selected case presentation of patients with a dispro-
portionate greater upper rather than lower extremity weak-
ness [25,26]. He proposed, through case series, that
a neuronal injury at the occipital-cervical junction caused
by retropulsion of a posterior displaced odontoid fracture
resulted in a loss of upper greater than lower extremity
strength, which he termed ‘‘cruciate paralysis’’. Levi
et al. provided an excellent review and summary of possible
clinical syndromes with disproportionate weakness of the
upper versus lower extremities [20].

Unfortunately, as opposed to the precise anatomic lami-
nation or location of the corticospinal tracts defined by
Foerster and referred to by Schneider, others have not sup-
ported these findings in the primate population [27–30].
However, the corticospinal tracts had been shown to have
a greater influence on the upper extremity motor functions
and particularly, hand function, as one ascends the evolu-
tionary scale [31–33]. Bucy et al. demonstrated that surgi-
cal destructive lesions of the corticospinal tracts at the level
of the cerebral peduncles in primates resulted in only lim-
ited motor deficits and these initial neurologic deficits had
a significant recovery [28].

There are only a limited number of detailed studies on
corticospinal tract anatomy in humans; thus, defining their
role and influence in the pathogenesis of central cord in-
juries is problematic. Quencer et al. performed the most
in-depth study to analyze postmortem specimens of cervi-
cal central cord injuries [21]. Eleven consecutive patients
were examined and clinically determined to have central
cord injuries. Patients subsequently had detailed radio-
graphic evaluation, including cervical spinal cord magnetic
resonance imaging (MRI) which illustrated hyperintense
signal within the cervical spinal cord parenchyma on T2-
weighted imaging sequences consistent with edema to the
spinal parenchyma [21]. Three patients had further gross
and histopathologic analysis of their traumatized spinal
cord by detailed thin sections through the injured cervical
regions. The gross inspection, after removal of the dura ma-
ter, revealed that the spinal cord had a ‘‘normal’’ appear-
ance without any evidence of traumatic injury such as
hemorrhage or extrinsic compression. However, the histo-
logic evaluation of all three specimens revealed damage
to the lateral white matter tracts, specifically involving
the deep regions consistent with the anatomic location of
the corticospinal tracts. The evidence of axonal and myelin
loss on these pathologic specimens was related to the tem-
poral period between the spinal cord injury and the patient’s
subsequent death. Specifically, at the 6-week period postin-
jury there was considerable loss of the lateral white matter
columns with marked axonal breakdown [21]. Jimenez
et al. further used histochemical and morphometric tech-
niques to demonstrate that the hand dysfunction associated
with central cord injuries resulted from loss of the lateral
corticospinal tract through Wallerian degeneration and not
through direct loss of motor neurons to the hands [19].

Based on these postmortem evaluations and observations
as well as anatomic primate neuronal pathway studies, it
appears that selective injury to these lateral white matter
columns results in selective loss of upper greater than lower
function. This is further supported by functional outcome
studies after central cord injury in which the hand function
is often most severely affected and the last neurologic im-
pairment to recover [10,12,13].

Previous theories that central cord injury was the conse-
quence of a central spinal cord hematomyelia have been
contradicted by contemporary radiographic imaging
(MRI, computed tomography [CT]) (Figs. 2–5). Quencer
et al. in their series noted that no patient had hemorrhage
centrally causing mass effect on MRI imaging, and this
was confirmed in the three cases that underwent pathologic
evaluation [21]. However, hemorrhage may be present after
a traumatic cervical spinal cord injury, and this has been
correlated with a worse injury and limited neurologic re-
covery [34]. An additional theory proposed by Schneider
and Schemm was that the pathogenesis was due to a vascu-
lar insult and subsequent ischemia [7]. Specifically, direct
vertebral artery compression was suspected to result in
a vascular incident with insufficiency and injury to the lat-
eral spinal cord [7]. Recent imaging modalities such as
magnetic resonance angiography and magnetic resonance
imaging appear to contradict this hypothesis.

Neuroimaging

Acute traumatic central cord injury comprises a hetero-
geneous population of spinal cord injuries. Although clini-
cal findings are consistent in defining this disorder,
unfortunately there is considerable variation of the radio-
graphic features. Patients with symptomatic cervical trauma
or central cord injuries previously would obtain plain radio-
graphs of the cervical spine (Fig. 1) consisting of three-
view cervical spine series (anteroposterior, lateral, and
odontoid view), but reformatted CT images are increasingly
being used as the primary imaging modality (Fig. 2)
[35,36]. In the National Emergency X-radiographic Utiliza-
tion Study (NEXUS), which consisted of an analysis of
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Fig. 5. A 33-year-old male dove into a shallow pool and had immediate loss of distal arm strength with normal lower extremity function. Computed tomog-

raphy (A) reveals a flexion compression fracture (arrow) of C6. Magnetic resonance imaging of the cervical spine (T2-weighted image) illustrates an acute C6

fracture with arrow (B); in addition, note the increased signal and posterior ligamentous injury (asterisks).
plain radiograph findings of patients presenting after cervi-
cal spine trauma, the occurrence of central cord injuries
was noted in only a small percentage of patients. Specifi-
cally, of the more than 34,000 patients enrolled, only 818
patients (2.4%) had radiographic evidence of cervical spine
injuries, and only 10 patients met the definition of a central
cord syndrome [37].

Patients who present with concurrent minor face or head
trauma with neurologic loss in their upper extremities sug-
gesting a hyperextensive injury should be further evaluated
for a central cord injury despite negative cervical spine radio-
graphs [38]. It is important to comprehend that commonly ra-
diographs of central cord injured patients do not illustrate
cervical fractures, because the injury mechanism is believed
to result from a hyperextension and compression of the spinal
cord [15,38]. Geisler et al. and others underscored the impor-
tance of early diagnosis of cervical spine trauma induced tet-
raplegia because failure to recognize the initial injury
resulted in a 3% rate of neurologic deterioration [39,40].

Recent advances in neural and osseous imaging modal-
ities such as CT and MRI have provided further visualiza-
tion and insight into the etiology and pathogenesis of
traumatic spinal cord injuries (Figs. 2–5). Computed to-
mography with sagittal and coronal reconstructed images
provides a detailed assessment of the osseous spinal column,
deformities, and any associated fractures whether displaced
or nondisplaced (Figs. 2 and 5). In addition, multi-detector
computed tomography provides further advanced image
resolution with quicker image acquisition, therefore being
beneficial in the assessment of any traumatic spinal column
injury [41]. This multi-detector CT imaging technique has
been shown to provide more detailed images than the sin-
gle-detector technique and has a greater ability to depict
spine fractures than conventional radiography [35].

MRI of the cervical spine is advantageous because it
provides noninvasive detailed imaging of soft tissue (mus-
cle and ligaments) and neural elements through multiple
imaging sequences. In the setting of acute trauma, cervical
spine MRI has been suggested to indicate the degree of spi-
nal instability through the signal characteristics associated
with posterior ligamentous injury and was demonstrated
to be extremely sensitive but not specific in detecting an in-
jury (Fig. 5) [42–44]. Acute MRI imaging performed
acutely after a central cord injury has provided detailed im-
ages of the spinal cord parenchyma, and specific imaging
sequences such as T2-weighted gradient echo studies have
shown hyperintense signal at the level of injury as well as
the ability to assess the presence of intraparenchymal hem-
orrhage. Quencer et al. confirmed the precision of MRI to
detect a spinal cord injury by performing postmortem his-
topathologic sectioning of three cervical central cord in-
jured patients [21]. Therefore, MRI may indicate the
degree of traumatic injury through the presences of hyper-
intense signal, osseous injury as well as hemorrhage in the
spinal cord parenchyma which has been correlated with
worse neurologic injuries and limited recovery [45].
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Treatment and management

Schneider initially advocated a surgical approach for the
treatment of central cord injuries with a decompression of
the neural elements through a laminectomy, dural opening,
dentate ligament section, and a transdural discectomy. Un-
fortunately, two patients treated with this technique
achieved no benefit and the first patient awoke quadriplegic
after surgical intervention [1]. Therefore, the remaining six
patients in this series were treated medically without surgi-
cal intervention or decompression of the spinal cord.
Schneider concluded through these observations that the
natural history of central cord injuries resulted in a good
neurologic recovery and that surgical intervention provided
no benefit and therefore was not indicated. Numerous stud-
ies have concurred with these findings and support consid-
erable recovery of neurologic function after a central cord
injury without surgical intervention [10,11,46–48].

Schneider’s conclusions on surgical intervention were
developed during a period when there was little knowledge
concerning the properties of the cervical spine in terms of
biomechanics, spinal stability, and surgically addressing
the vector of compression. In addition, neither aseptic sur-
gical nor microsurgical techniques were routinely em-
ployed. Since that time there have been major advances
in the comprehension and understanding of spinal disorders
as well as the application of these principles to the trauma-
tized spinal cord. Bosch et al., in 1971, presented one of the
first papers on central cord injured patients in the modern
surgical era with a prolonged period of follow-up that ques-
tioned the extent of neurologic recovery, as well as the abil-
ity to maintain this level of neurologic function with only
medical management [49]. Specifically, 42 patients were
treated at a rehabilitation hospital with a period of fol-
low-up from 4 months to 26 years. There was a significant
degree of neurologic recovery, 75% improvement of neuro-
logic function in this series which is consistent with other
large series of central cord injured patients. However, the
prolonged period identified that 10 of the 42 patients
(24%) not only had a plateau of their recovery but then
had a progressive decline in neurologic functions [49]. This
‘‘chronic central cord syndrome’’ develops as a result of
persistent compression of the spinal cord and resultant neu-
rologic deterioration similar to a progressive spondylotic
myelopathy.

Over the next several decades after the identification of
central cord syndrome there was an increased understand-
ing of spine and spinal cord anatomy, spinal biomechanics,
in addition to improvements in surgical techniques and the
philosophy of decompressing the vector of spinal compres-
sive pathology. This led to a reappraisal of operative treat-
ment and spinal cord decompression of spondylotic central
cord injuries [50–57].

Maroon presented two cases with hyperextension cervi-
cal spine trauma during a football game and noted a variant
of acute central cord injury, which he referred to as the
‘‘burning hand syndrome’’ [56]. Both these patients pre-
sented immediately after their impactions with the onset
of burning paresthesias and dysesthesias in the hands and
were treated with bed rest and cervical traction after plain
radiographs showed no fracture or dislocation. One patient
required an operative decompression because of persistent
and intractable symptoms, illustrating the beneficial surgi-
cal effect.

Brodkey et al., concurring with Bosch, demonstrated the
development of delayed deterioration in seven spondylotic
central cord injury patients with persistent cord compres-
sion [51]. These seven patients’ neurologic recovery pla-
teaued with conservative treatment, and then, because
their neurologic examination declined or failed to further
improve, they underwent a cervical myelogram which re-
vealed significant persistent spinal cord compression. Sub-
sequently surgical decompression was performed and then
there was a rapid improvement in neurologic examination,
thus leading the authors to conclude that continued spinal
cord compression caused by spondylosis resulted in contin-
ued deterioration and adverse neurologic status [51].
Brodkey et al. had an improved understanding of spinal
biomechanics, cord compression, and direct decompression
of offending compression. Patients therefore underwent
a decompressive procedure directed at the region of maxi-
mal compression, such that five had an anterior cervical
approach and fusion whereas two received posterior
decompressive multilevel laminectomies. The subsequent
neurologic improvement after decompression was dra-
matic, and three patients returned to ‘‘normal’’ even after
they had profound neurologic injuries that persisted despite
a prolonged period of nonoperative treatment. These au-
thors advocated a surgical decompression procedure for
central cord injury patients with persistent poor neurologic
conditions and spinal cord compression documented on
a radiographic evaluation [51].

Bose et al. further assessed conservative versus operative
treatment of acute traumatic central cord injuries and the
ability to maximize neurologic recovery through a retro-
spective review of 28 patients over a 7-year period [50].
All patients were initially immobilized and had confirma-
tory radiographic and physical examinations. One group
(14 patients) was treated with medical therapy (consisting
of intravenous mannitol, steroids, and sodium bicarbonate),
and the other group (14 patients) had a surgical decompres-
sive procedure. Patients treated in the operative decompres-
sion group had significantly improved motor scores and
function when compared with the patients treated only with
medically management [50]. The authors concluded that in
central cord injured patients surgical intervention did not
result in neurologic worsening as reported by Schneider,
but rather provided significantly better motor recovery than
nonoperative treatment modalities [50]. Limitations or crit-
icisms of this study are the inherent selection bias in that
the patients were retrospectively reviewed and not in
a blinded fashion. Despite these inherent limitations,
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additional investigators have also concluded that surgical
decompression is beneficial for neurologic recovery over
conservative regimens which suffer from the adverse ef-
fects of persistent spinal cord compression and prolonged
neurologic deterioration [13,44,52–56].

Chen et al. retrospectively reviewed 114 central cord in-
jury patients of whom 86 were treated nonoperatively with
medical management and 28 underwent a surgical decom-
pressive procedure [53]. This report also had an inherent se-
lective bias because patients were not randomized and there
was a tendency to treat younger patients with spinal insta-
bility with surgery. The decision to operatively decompress
the traumatized spinal cord was based clinically on the
failure to improve with nonoperative treatment, and the
presence of persistent spinal compression on MRI or mye-
lographic evaluation. These authors concluded that decom-
pression of persistent spinal cord compression even in
a delayed manner can result in significant neuronal im-
provement in comparison to conservative (nonoperative)
treatment [53]. In addition, these authors also noted that pa-
tients with cervical cord injuries and canal stenosis over
multiple vertebral segments had a poorer prognosis of neu-
rologic recovery, which they inferred was due to develop-
ment of a late cervical myelopathy [53]. Chen et al. also
noted that the hyperpathic sensation or neuropathic pain
tended to resolve more rapidly in the surgically treated pop-
ulation after decompression of the neural elements than the
medically treated patients.

In 1998, Chen et al. further augmented previous works
and reported a series of 37 trauma patients with preexisting
spondylosis who presented with acute spinal cord injury
without a bony fracture or instability [52]. Sixteen of these
37 patients underwent surgical decompression (9 anterior
and 7 posterior) of the neural elements because they failed
to improve one grade within a mean of 9 days from the time
of their injury with nonoperative treatment. Thirteen of
these 16 patients had a significant recovery of neurologic
function after surgical intervention. Both groups were clin-
ically followed and at the 2-year interval reached the same
level of neurologic improvement. However, the authors and
others noted that the patients who underwent surgical de-
compression had a more rapid initial neurologic improve-
ment resulting in a shorter hospitalization and
rehabilitation period [52].

Present imaging modalities, MRI and CT, provided a de-
tailed evaluation of the spinal canal and the associated neu-
ral elements and allowed the identification of a subset of
acute central cord injuries as a result of acute cervical disc
herniations (Fig. 4) [12,13,36]. Dai and Jia reviewed their
experience with 24 patients who presented with this subset
of central cord injuries [12,13,36]. All patients underwent
an anterior cervical decompression of the spinal cord with
subsequent fusion owing to the central location of the cord
compression. These authors reported no clinical deteriora-
tion with surgery, but rather all patients had a profound neu-
rologic recovery [12,13].
Prognosis and recovery

Uniformly, patients with traumatic central spinal cord
injuries have some degree of progressive return or recovery
of neurologic function. Schneider in his original series re-
ported that medical treatment alone facilitates recovery of
motor, sensation, and bladder injuries [5]. Roth et al. re-
viewed 81 rehabilitation patients who sustained central
cord injuries and again noted an excellent recovery (90%)
of some neurologic function. Patients were maintained in
an acute hospitalization for approximately 30 days, fol-
lowed by 70 days of intensive rehabilitation, and overall
89% of patients were able to return to their home environ-
ment [11].

The major impediment to the degree of neurologic re-
covery appears to be the age of the patient at the time of
the injury [9,10,23,57–60]. There appears to be a bimodal
distribution in neurologic recovery, with 50 years represent-
ing the median age. Penrod et al. further demonstrated the
influence of age on one’s ability to regain independent am-
bulation, in a study wherein the younger population signif-
icantly improved (29/30 patients [97%]) in comparison to
the elderly population (7/17 [41%]) [10]. The younger pa-
tients were able to resume independent activities of daily
living and also had improved bowel and bladder function
at a significantly greater rate and degree than the elderly
population [10]. Dai and Jia also found that patients with
trauma-induced fractures of an older age tended to have
a slower and limited recovery [12].

The return of neurologic function tends to occur first in
the lower extremities, followed by the bladder, proximal
upper extremities, and finally hand function. This return
of function to the hands tends to have the most limited re-
covery, and the hands may not recover at all [11]. Newey
et al. further expanded on Penrod’s analysis of an age-
dependent recovery of neurologic function. In their series,
they divided the patient population into three progressively
older groups and again reported an inverse relationship
between age and neurologic recovery [47]. Ishida and
Tominaga further expanded on prognostic factors for a
favorable recovery, and demonstrated that the absence of
abnormal signal on MRI imaging of the traumatic cervical
spinal cord was a significant predictor of full neurologic
recovery [9].

Conclusion

The understanding of acute traumatic central cord injury
has evolved over the last 50 years since this clinical disor-
der was defined by Schneider. It represents a heterogeneous
group of traumatic spinal cord injured patients, and three
subcategories can be demonstrated. First are younger pa-
tients (less than 50 years) with traumatic spinal column in-
juries and subsequent spinal instability, who require
surgical stabilization of the spine (Fig. 5). The second
group also comprises a younger population (less than 50
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years) with an acute central cervical disc herniation who
benefited from an acute decompression of the spinal cord,
typically through an anterior approach (Fig. 4) [12]. Lastly
is the ‘‘classic’’ central cord injury in elderly patients
(greater than 50 years) which presents after a hyperexten-
sion mechanism and cord compression as the result of a ste-
notic spondylotic cervical canal where no fracture is
evident (Figs. 1–3). The majority of patients have some de-
gree of recovery with medical treatment; however, surgical
decompression of persistent cord compression or correction
of spinal instability may be prudent so as to provide max-
imal neurologic recovery and prevent a delayed neurologic
deterioration.
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