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The wide spread availability of computerized tomography has added a new dimension to the
anatomical evaluation of vertebral fractures. This diagnostic modality has shown that in these
fractures, the protrusion of bone spicules into the spinal canal is often encountered. The
clinical signi®cance of this ®nding and its relation to the need of establishing indications for
surgery in these patients is controversial.
The neurological outcome of patients with postraumatic bony encroachment of the spinal

canal is not well documented in the literature, and therefore the adequate therapeutic
approach is neither clear nor is it unanimous. Whether treatment should be aggressively
surgical with decompression and/or segmental fusion, or conservative, the goal has to be
prevention of secondary injury to the spinal cord.
This presentation is a mean 4 year follow up study of 38 consecutive patients with spinal

fractures and spinal canal narrowing, who were treated conservatively. The results
demonstrate that the initial neurological ®ndings have a very signi®cant prognostic value
for the neurological outcome, regardless of the spinal segment involved, the type of injury and
spinal canal narrowing as demonstrated by computerized tomograms.
We conclude that in trauma patients with vertebral fractures and spicules in the spinal canal

without evidence of an initial neurological de®cit, a favorable neurological prognosis can be
predicted, following conservative management.
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Introduction

The development of permanent neurological damage is
both the most serious and most debilitating complica-
tion of spinal fractures. Its pathogenesis has been
attributed to intraneural hemorrhages followed by
irreversible damage to the gray matter of the spinal
cord.1,2 Hence, various therapeutic approaches have
been recommended and practiced. Reports on the
development or regression of neurological de®cit in
spinal fracture patients over a period of years are
few3± 11 although this may further increase the under-
standing of this condition.

Radiological evidence of spinal canal narrowing
following vertebral fractures has become a common
®nding since computerized tomography has developed
into a widely available clinical imaging modality. This
leaves open the question whether or to what extent
this ®nding correlates with the development of
neurological de®cits.12 ± 20 The answer to this question
may contribute towards establishing a therapeutic

approach based upon ®ndings of post traumatic
spinal canal narrowing, an issue which still is
controversial.9,11,21 ± 23

The following is a report, which compares the
extent of neurological de®cit in a consecutive group of
vertebral fracture patients, with CT evidence of bone
fragments within spinal canal, immediately after injury
and after a mean follow up period of 4 years (range
1 ± 6 years).

Patients and methods

Between 1st June 1982 to 1st June 1988, 63 consecutive
patients with vertebral fractures, with radiographic
evidence of bone fragments in the spinal canal and
with no progressive neurological deterioration after
admission, were treated. Their admission ®les and
radiographic examinations were reviewed. In 1988 they
were asked to attend a specialized follow-up clinic,
where the examination protocol called for:
1 A detailed anamnesis.
2 A detailed clinical and neurological examination,

using Frankel's criteria for objective assessment.24Correspondence: Dr Nahum Rosenberg, M.D.
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3 A review of the initial postraumatic axial
computerized tomograms of the fracture area
extending one level above and one below the
a�ected vertebrae, thus allowing assessment and
localization of the extent of bone damage and of
spinal alignment. Spinal canal narrowing was
calculated as a percentage of the spinal canal
diameter occupied by bony spicules compared to
adjacent vertebral segments without spinal canal
compromise.
Of the 63 patients, four had died (three of unrelated

causes), 11 patients could not be traced and 10 did not
attend the follow up clinic. Therefore the present study
group consisted of 38 patients (60% of the original
group). Only in 23 of the patients the admission CT
radiographs were available for reevaluation (36% of
the patients included to this study group). Thirty-one
of them (82%) were males and seven (18%) females.
The mean age was 31 years (median 28 years, range
18 ± 61 years). All of these patients did not show
immediate progression of neurological de®cit nor were
they thought to have mechanical instability of the
spine.

Therefore they were treated by conservative means.
Patients with severe neurological de®cit (tetraplegia or
paraplegia) were transferred for rehabilitation to a
Spinal Cord Rehabilitation Unit within 48 ± 72 h.
Those with slight, minimal or no neurological de®cit
were ambulated within 5 to 7 days. Those with a
cervical spine fracture had Halo jacket immobilization,
and those with thoracic and lumbar fractures were
treated in a thoracolumbar plaster of paris (POP)
jacket, which was removed after 3 months. The Halo
jacket was retained for 3 to 4 months.

Results

Twenty-one patients (55%) had sustained a high
energy injury (road accident, gun shot or explosion
injuries), while 17 (45%) had a low energy injury
(industrial or recreational sport injuries). To assess the
severity of neurological impairment, Frankel's criteria
were used.

On admission 12 patients (32% of the group)
presented with severe motor and sensory loss, 20%
(10 patients) had minimal motor impairment, while
42% (16 patients) had no neurological abnormality.
At follow up only seven patients (18% of the study
group) still had severe motor and sensory loss, 40%
(15 patients) showed minimal motor impairment and
42% (16 patients) still had no neurological abnorm-
ality (Table 1). Statistical analysis of these data
showed a signi®cant relationship between the neuro-
logical status on admission and at follow up
(P=0.00001, Chi square test). Five patients improved
and their neurological status was upgraded from A to
D using Frankel's criteria. The time of neurological
recovery and the spinal segment involved are presented
in Table 2.

In all of the patients reviewed, protruding bone

fragments were present in the neural canal. In those
patients with available CT documentation the varying
degree of encroachment on the anteroposterior
diameter of the spinal canal caused by these
fragments was measured and was related to the
extent of neurological impairment by Frankel's

Table 1 Patient's neurological status on admission and at
follow up (by Frankel's criteria)

At follow up
On
admission A B C D E

A
B
C
D
E

7
±
±
±
±

±
±
±
±
±

±
±
±
±
±

5
±
±
10
±

±
±
±
±
16

Table 2 Injured spinal segment and time to neurological
improvement in five patients

Time to neurological Spinal segment
Patient no. improvement (days) injured

1
2
3
4
5

4
15
45
30
75

T12
C4, C5
C6

C6, C7
C5, C6, C7

Table 3 Neurological status and degree of spinal canal
narrowing in patients with involvement of different spinal
segments

Spinal segment Spinal canal Neurological status
involved narrowing (%) (Frankel)

C1
C2
C2
C4
C4
C4
C5
C5
C6
C6
C7
T12
T12
T12
T12
L1
L1
L1
L2
L2
L2
L4
L5

10
10
10
27
10
63
43
70
33
20
20
45
40
33
50
10
70
70
67
70
75
50
10

E
E
D
A
E
A
A
A
E
A
D
E
D
A
D
E
E
A
D
E
E
E
D
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criteria ± Table 3. In this group of patients no
statistically signi®cant relationship could be demon-
strated between the loss of neurological function on
admission and the spinal canal narrowing (P=0.26,
Analysis of variance). There was almost no di�erence
between spinal canal narrowing above and below 50%
for every neurological grade (Table 4). Regarding all
of the patients evaluated, 68% (26 patients) had a
favorable immediate neurological status (D and E by
Frankel).

There was no signi®cant relationship between the
neurological de®cit and the fractured spinal segment
(P=0.57, Chi square test, Table 5). Neither high nor
low energy injuries were related to the initial
neurological status (P=0.93, Chi square test, Table 6).

Discussion

Although in all patients of this study group bone
spicules were present in the spinal canal on admission,
only 32% had a motor and sensory de®cit of a degree

that justi®ed inclusion in category `A' of Frankel's
criteria. This observation suggests that acute radiolo-
gical postraumatic spinal stenosis does not appear to
have a positive clinical cause ± e�ect relationship with
loss of neural function, as has already been shown in
other studies.12 ± 20 This is also supported by the
evidence of a non-signi®cant correlation between
radiological spinal canal narrowing and the appear-
ance of neurological de®cits. This ®nding is however of
limited signi®cance for de®nite conclusions because it is
supported by only one third of the patients in the
original study group. However, we think that this
observation is of considerable importance showing a
signi®cant trend, and may contribute to the contro-
versial issue of the proper therapeutic approach to
these patients.9,11,21,23

Our study clearly shows that CT imaging alone of
the neural canal, providing evidence of bony fragments
encroaching on its anatomical diameter, is not siver -
qua - non with the development of neurological de®cit.
Some reports suggest that bone spicules in the spinal
canal are resorbed with time,11,25 while other authors
show that the development of irreversible damage to
the gray matter of the spinal cord appears to be
caused by a cascade of cellular reactions initiated by
intraneural hemorrhages which trigger an enzymatic
cellular destruction process by local free radicals and
lipid peroxidation.22,26 ± 28 Therefore, on the basis of
our ®ndings we propose that neurological damage will
occur only if a su�cient primary impact to the spinal
cord has initiated such a destructive cellular process,
otherwise there will be no permanent neurological
damage. Mechanical damage to the spinal cord by
bone encroaching upon the spinal canal is at best very
rare, and for all practical purposes will not occur.
Furthermore, since no di�erences in the incidence of
neurological de®cit and spinal canal narrowing could
be found when comparing high energy to low energy
injuries, it would appear that it is the local
concentration of emitted energy at the point of
impact, it's magnitude and direction which determine
the development of neurological de®cit, unrelated to
the degree of spinal stenosis.

The demonstrated signi®cant correlation between
the development of immediate postraumatic neurolo-
gical de®cit and neurological status at follow up
supports our hypothesis, that the initial impact to
the spinal cord determines the future neurological
outcome regardless of the spinal segment injured.

In ®ve patients there was a signi®cant functional
improvement from Frankel grade `A' to `D'. The
neurological improvement occurred in these patients
after 4 to 75 days. It may be assumed that in all of
these patients, the neural damage had proceeded
beyond the cord tissue edema phase.29,30 Our
explanation for this phenomenon is that these ®ve
patients probably had incomplete neurological lesions,
which were overlooked on admission.

We suggest that patients with vertebral fractures
and radiological evidence of spinal canal compromise

Table 4 Neurological status (Frankel) related to spinal canal
narrowing of above and below 50%

Spinal canal narrowing
Neurological status Below 50% Above 50%

A
D
E
Total

4
3
6
13

3
3
4
10

Table 5 Neurological status on admission related to the
injured spinal segment

Neurological Spinal canal injured
status Thoracic/
(by Frankel) Cervical Lumbar Total

A
D+E
Total

7
11
18

5
15
20

12
26
38

Note: patients with a neurological status of D and E have an
almost complete, or complete normal function and hence are
discussed as one group

Table 6 The immediate neurological outcome (Frankel) of
high and low energy injuries

Type of Neurological status
Injury A D+E Total

High energy
Low energy
Total

6
6
12

15
11
26

21
17
38

Note: patients with a neurological status of D and E have an
almost complete, or complete normal function and hence are
discussed as one group
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by bone spicules, who are neurologically intact and
therefore treated by conservative means, are not likely
to develop functional deterioration.

These ®ndings, which are in keeping with recently
published data,19,20,27 show that radiological evidence
of post traumatic spinal canal narrowing is not
necessarily associated with the development of a
neurological de®cit. Hence the radiological picture of
acute post traumatic spinal canal narrowing associated
with vertebral fractures appears to be of limited
clinical signi®cance.
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