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ANTERIOR DECOMPRESSION AND FUSION FOR
OLD TRAUMATIC CERVICAL CORD LESION

Kuo-Hwa Zhang, MD.

11 consecutive patients with incomplete spinal cord
dary to old fractures of the lower cervical spine were treated by anterior
decompression and fusion. All patients had radiographically demonstrat-
ed anterior compression of spinal cord by bone or disk fragments.
Computed tomography was performed after surgery and confirmed the
successful removal of the cause of compression in all of them. All
patients have been followd for an average 3.2 years.

No patient lost further cord function after the anterior decompres-
sion. Nine of the eleven patients improved at least one grade in neur-
ologie function. Six of the cleven patients regained full independent
walking ability.

From this study, I conclude that late anterior decompression and
fusion is indicated in incomplete cervical eord lesion secondary to frac-
tures of the lower cervical spine with persistent anterior compression,
and offers a very good chance of further recovery of neurological func-
tion.

Key Words: incomplete spinal cord injur,
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decompression

Fractures of the lower cervical spine
that are unreduced may heal in a dislocated
position, or may leave bone or disk frag:
ment protrusion into the spinal canal, com-
pressing the anterior surface of the spinal
cord. It is in these patients that many
authors'®?, believe ultimate recovery of
neurologic function will not occur unless
decompression and stabilization are car.
ried out.  Patients with incomplete spinal
cord injuries have potential for recovery,

depending on the amount of initial cord
contusion as well as existig spinal cord
compression *%7 Many of these patients
will recover neurologic function to a signifi
cant degree but then plateau in their neural
recovery, and late anterior decompression
may be indicated.

The goal of anterior decompression is
to provide an optimum environment for the
recovery of incomplete neural deficits by
achieving better decompression of the spi
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nal canal. lam reporting the cases of eleven
patients who had anterior spinal canal
decompression.

MATERIALS AND METHODS

Late anterior decompression and
fusion was performed in eleven consecutive.
patients with a fracture in the lower cer-
vical spine who had an incomplete neural
deficit(Table 1. The patients in this series
were treated at the 803 Army General Hos.
pital. All these patients met the following
criteria,

1.The cause of incomplete neurological
deficit was due to fracture.

2. All patients had radiographic evidence of
anterior cord comppression and their
neurologic recovery had stopped.

3.Documentation of the patient’s neur.
ologic status had been recorded in a pro.
spective fashion at the time when the
patient was seen in our hospital, during
hospitalization, and at long-term follow-
up. The severity of the incomplete spinal
cord injury was graded from A to D.

[A=no distal motor function(grade
210 of 5), touch sensation present, lttle
or 1o position and vibration sense; B=
slight distal motor function (grade 1 or 2
of 5)presence of touch, position, and
vibration senses; C=useful distal motor
function (grade 3 or 4 of 5), presence of
touch, position, and vibration senses; and
D=normal or near normal motor func
tion (grad 5 of 5), able to walk, normal
sensation] . This grading system is simi
lar to the system that was previously re-
ported by Bolhman® in relation to incom.
plete cervieval spinal cord injuries. The
classification of motor strength had been
used, based on a grade of zero ta 5 (zero,

absence; Ltrace; 2active motion; Jactive
motion against gravity; 4.strength
enough to counteract resistance; and 5.
normal strength). All neurological exarmi-
nations were recorded on physical ther
apy data sheets using the standard
muscle-function grades and sensory dia-
frams.

4.All patients had a minimu of two years,
of follow-up.

The length of fellow-up averaged 3.2
years (range, two to 38 years). The average
age of the patients was 315 years (range,
twenty-two to fifty-six years), The verte.
bral level of injury was C3 in two, C4 in
two, C5 in one, C6 in three, and C7 in three.

‘The average time-interval frrom injury
to anterior decompression was 145 months.
Computed tomograph and myelographic
studies had been performed before anterior
surgery to demonstrate neural compression
by bone or disc fragments and fellow-up
computed tomograph had been performed
after anterior decompression to. demon
strate adequacy of the decompression

Operative Technique

‘After the patient is anesthetized, skele
ton tongs are inserted with 5 bs of traction.
‘The patient is positioned and the anterior
approach to the vertebrae is carricd out, as
described by Southwick and Robinson and
Bohlman, et al’. The disc are removed
above and below the fractured vertebra in
order to identify the posterior longitudinal
ligament. It i not desirable to remove the
posterior ligament, since it protects the
dura and cord intraoperatively and allows
stability postoperatively. The bulk of the
vertebral body is removed with a hand ron-
geur followed by a diamond power bur.
‘Small curettes are used to hook the edge of
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the remaining posterior cortical shell and
break it away from the posterior longitudi-
nal ligament.

‘The bone removal must be carried far
enough laterally to adequately decompress
the spinal cord and nerve roots and until
the Tateral cortices of the vertebral body
are left intact to protect the vertebral
arteries. the area of decompression is trap-
exoidal in shape, being wider posteriorly
than anteriorly.

The central osseous endplate is
removed from the vertebra above and
beloww the fracture and an area of 4 mm
deep is prepared in the adjacent vertebral
bodies by means of a power burr. Adequate
anterior and posterior ridges of the verte-
bral cortex are left to hold the graft in
place.

A full-thickness iliac graft is shaped as
2 “T" and positioned with its three-sided
cortex placed posteriorly to give a smooth
posterior edge and greater strength in axial
Ioading. Traction is incresased to 40 1bs to
further distract the vertebrae in prepara.
tion for insertion of the graft. A tamp is
used to impact the graft into the superior
vertebra, and the lower position is then cau-
tiously tamped posteriorly and countersunk
nto the bed of the vertebra inferiorly. Once
the graft is in place, traction is decreased to
5 Ibs and stability of the graft is tasted. If
the graft is loose or i its cortices are frag-
mented, it s replaced. Small bits of cancel
lous bone are packed to the side of the
graft. The graft is contoured on its anterior
surface so that it is flush with adjacent
edges of the vertebral body, avoiding eso-
phageal iritation. A suction drain is left in
the neck wound for 48 hours,

Postoperative Care

Preoperatively each patient had
flexion-extension strress films to evaluate
the stability of the cervical spine. All had a
stable spine. Three had prior laminectomy.
and fusion, and all got solid jusion mass
before anterior surgery. According t0 the
studies about stability, no internal fixation
with implant or external fixator, such as
Halo was felt to be needed. All patients are
Kept in a rigid two-poster cervicothoracic
orthosis. The orthosis is used until fusion is
confirmed _radiographically by flexion-
extension film, usually ater eight weeks,
‘They are allowed out of bed in a chair as.
s00n as they are comfortable.

RESULTS

Neural Recovery

No patient lost neural function after
anterior decompression (Table 1).Only two
patients (cases 4 and 9 with grade.A) did
ot demonstrate enough significant motor
recovery to advance to the next highest cat
egory. The rest of the eleven patients im.
proved by at least one grade. Six patients
(cases 2,7 and 8 with gradeB function and
cases 13 and 6 with gradeC function)
recovered 1o grade-D function and were
able to walk without aids. Three (case 5
with gradeB and cases 10,11 with graade-
) recovered partially to grade-C function
and were able to walk with crutches or
braces Fig. 1A and 1B illustrate case 10 of
twenty-two years old male with burst
fraacture of C7 who had a Class-A neur-
ological deficit. After anterior decompres-
sion, he progressed to Class.C neurologioal
function and regained the ability to walk
with brace. Fig. 2A through 2G illustrats
case 2 of fifty six years old female with
fracture-dislocation C6-C7 received
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Figs 1A and 1B Case 10

Fig L

A tweaty-two years old male with grade-A ncomplete neurologic deficit

due to C7 burst fracture. Sagital reconstruction of CT myelograph
showed anterior cord compresson at C7 level.

Fig. 1B

The postoperative sagittal reconstruction of CT Scan showed cor.

pectomy and fliac bone graft from C tto T1. The decompression was

adeqaste.

laminectomy, fusion, and triple wire tech.
nique fixation after injury, and had a
Class-B neurological deficit. After anterior
decompression by C7 corpectomy and C6
subtotal vertebrectomy and iliac grat
fusion, she  recovered completely and
regained he ability to walk independently.

Although the mechanisms of cervical
spine injury were different and the severity
of neural compression was variable
throughout there patients, I attempted to
relate the length of time between injury and
decomppression to neural recovery. But
the statistical tests and probability plots
failed to show an objective association
between the time to neural decompression
and subsequent neural recovery

Radiographic Assessment of Decompres-
sion

Al patients had high-quality computed
axial tomography along with conventional
radiographs throughout follow-up to assess
the adequacy of the anterior spinal decom.
pression. 1 considered any retained frag-
ments of bone or intervertebral disc that

were visible by these methods to be poten
tially significant and indicative of an opera
tive faillure. I would recommend repeat
decompression in this circumstance. All
eleven patients had radiographic confirma.
tion of adequate spinal canal decompres.
sion. (Fig. 2)

Complications

Ther wre no cases of wound infection,
iatrogenic perforation of the esophagus, or
iliac crest graft displacement. All patients
got firm union. No patient had cord or
nerve root neurological deterioration pos
toperatively. In one patient preumonia
developed and resolved with antibiotic
treatment,

DISCUSSION

Bohlman', in a review of 300 cervical
spine injuries, studied autopsy material
from forty-eight patients and found that
histological changes within neural tissue
were surprisingly few in comparison with
the degree of bone and ligament disruption.
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Fig. 2 through 2.G: Case 2
Fig. 2 and 2 B:
56 years o female with grade.B incomplete neurologic deficit due 10 C6.C
fractare dislocation. Preaperative radiograph showed C6.CT remained in the dis
located position. C7 laminetoms, fusion, and triple wre technique had been done

for this patient.

Fig.2.C:  Preoperative sagittal reconstruction of CT myelograph
showed anterior card compression at C7 level.

Fig 2D and 2E:
Postoperative radiographs showed C6 subtotal vertebrectomy and C7

corpectomy and iliac graft fusion from C6 to T1.
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Anatamical transection of the cord was
rare and o patient had transection of
nerve root. In thirteen patient with a
clinically diagnosed partial cord syndrome,
the post-mortem findings included contu-
sion and necrotic softening of part of the
cord substance in ten, parenchymal hemor-
thage in the white and gray matter in two
and only small peripheral hemorrhage in
the white matter in the remaining patient.
Four autopsics showed vaseular impair-
ment of the spinal cord and cauda
equinattatis

Dolan et al* and Tarlov and Klinger"
experimentally produced partial spinal
cord injuries by compression circufer-
entially and dorsally in animals; these re-
flected incomplete neurologic lesions obser-
ved clinically. The severity of the neur.
ologic deficit that was produced was

Fig. 2626
Postoperative CAT scan and sagital recon
struction showed adequate decompression

related to the duration and force of com:
pression. Complete recovery was possible
after weeks of compression, provided the.
neurologic deficit was incomplete. Neural
recovery did not occur until after the com:
pression was alleviated.

Bohlman et al**. Developed an animal
model of anterior cervical spinal cord com-
pression, demonstrating that compressive
elements physiologically block spinal cx
function and recovery for extended periods.
of time without destroying neural tissue.
Incomplete paralysis was produced in eight
beagle hounds by remote control of a pres

sure transducer. Paralysis was maintained
for three to eight weeks until no further
recovery oceurred, and then the cord com
pression was relieved so that recovery of
paralysis after late decompression could be
studied. Significant motor recovery occur-
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red in all eight animals, in some within
forty-eight hours after removal of pressure
from the spinal cord.

Bohlman'® repported on_ twenty-nine
patients with an incomplete cord lesion
from the first to the tenth thoracic level
who were followed for more than two
vears. Of the sixteen patients who were
treated elsewhere by laminectomy, none
recovered completely, six became able to
walk without braces and crutches, two
remained unchanged, and eight became
worse, By comparison, of the eight patients
who were treated by anterior transthoracic
decompression, six were able to walk with-
out aids, one walked with crutches and
braces, and one could not walk.

Bohiman® and Bohlman and Eismont’,
in a review of 300 cervical spine injuries,
atlined indications for anterior decom-
pression from a published experience of 100
patients with radiographic evidence of
anterior cord compression and an incom.
plete neurological deficit whose neur.
ological recovery had stopped. Twenty-
eight patients who could not walk before
surgical intervention became able to do so.
No patient deteriorated neurololgically
after anterior decompression.

Our rationale for anterior deoompres-
sion of the spinal canal in late cervical spi-
nal cord injuries was based on a review of
the above literatures. Nine of the eleven
patients improved at least one grade neur.
ological function. Six patients became in-
dependent ambulators, three patients
regained enough strength to be household
walkers, requiring either crutches or short
braces, two patients remained unable to
walk,

My overall results do not show an
association between the promptness of sur.

ical decompression and the ultimate level
of neurological function. Empirically, one
would think that the earlier the surgical
decompression, the better the chances for
recovery. The advantage of early decom-
pression probably includes reversing vascu-
lar compression, which would need to be
relieve within hours after injury. Our
results showed significant ~neurological
recovery can occur aiter late anterior
decompression, and this skews any statisti
cal analysis showing  trend toward better
early recovery. Although my study was
restricted to patients who had decompres-
sion during the first two years after injury,
I think the procedure is indicated in
patients with remote injury who have radio-
graphic documentation of persistent bone
‘compression. I have observed motor recov-
ery as long as five years after anterior
decompression.

The major goal of an anterior decom:
pression is to carry out a spinal canal and

neural decompression for optimum recov-
ery of neural function, It is my current pol-
ey to decompress the cervical spinal canal
anteriorly and perform an iliac fusion for
all of my patients with an incomplete cord
injury due to cervical spine fracture and
with radiograpphic evidence of anterior
compression by bone or disc fragments.

SUMMARY

Patients with incomplete spinal cord
injuries have potential for recovery, depen-
ding on the amount of initial cord contusion
as well as existing spinal cord compression.
Many patients who have static or anly
slowly improving neurologic deficit and sig-
nificant compression of the spinal cord and
nerve roots can benefit from anteriorr
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decompression. The improvement ranges
from partial recovery to very dramatic
improvement in the patients with qua
driparesis. An accurate diagnosis must be
made concerning whether a patient has a
complete or an incomplete spinal cord
injury. The mechanical compressive lesion
must be well documented. by myelography,
or CAT scan. An anterior compressive
block is best removed through an anterior
approach.
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