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bility of the injured part, and a high incide-

INTRODUCTION nce of neurological damage(Nicoll 1949, Hold-

sworth and Hardy 1953)%!*. The type of

The Unstable spine has been characterized treatment for unstable fracture and/or dislo-
by rupture of the anterior or posterior liga- cation of the spine, with or without neurolo-
ments-osseous complex with segmental insta- gical damage, remains controversial. Both
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conservative and surgical management have
been recommended, however, it has not still

been established which is the superior method.

Guttmann (1969)® opposed surgical stabi-
lization of the spine and advocated conserva-
tive therapy including postural reduction His
study found that patients undergoing open
reduction and internal fixation showed results
no better than those treated by conservative
means, In the other hand, although the un-
stable spine can gain stability through spon-
taneous interbody fusion,
that this does takc a longer period of time
and it does not occur in all cales, Holdworth
{1953,1963)%'® also indicated that rehabilita-
tion of the patient may be impaired if the
spine is allowed to heal with gross angulation,

He further stated that early open reduction
and internal fixation facilitated neurological

the fact remains

recovefy. made nursing less difficult and im-
proved the ultimate function of the spine.
Many methods of internal fixation have
been employed, including wire loops, plates
(Meuring-Williams plate, Wilson plate), We-

iss spring, methyl-methacrylate reinforced

with steel mesh,and recently Harrington ins-
trumentation.

The purpose of this paper is to report the
results of a retrospective study involving 38
unstablespine patients treated by an anterior
inter body fusion, and is to determine the
union time in the different level of injury by
using our criteria for union.

MATERIALS AND METHODS

The hospital records and radiographs of all
patients who were treated for unstable frac-
tures, dislocations or fracture-dislocations of
spine(without posterior fusion or internal fi-
xation) were reviewed. Three subjects were
excluded; one not seen by us until one year
following his injury and two lost to follow-
up, The remaining subject group totalled 38
between 1975 and 1979.

All patients were male with one exception.
Age at the time of injury, ranged from 18
to 52 years with average of 33 years. The
majority of patients (79%) were between 20

and 39 years of age.

Figs.1 A-E. A 38 year old man had the complete cord lesion below C7 level as a result of fall from
a height. Initial roentgenogram revealed the severe fracture-dislocation of the sixth on seventh cervical

vertebra (A). We applied the Crutchfield tong for 8 weeks (B). But,

there was still instability in the

flexion-extension lateral roengenograms. And we performed the anterior interbody fusion between C6°

and C7 (C). The follow-up roentgenograms on 6 weeks and 12 weeks

after operaticn revealed good

healing process without change of kyphosis angle and disc space height (D,E).
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Figs. 2 A-F. A 42 year old man got hurt in the cervical area during football palying. Initial roent-
genogram revealed tlhe C3 subluxation on C4 without neurologic (A). And it was reduced with Crutch-
field tong traction and maintained for 6 weeks (B). The anterior interbody fusion was done between C3
and C4 (C). The follow-up lateral roentgenograms which were taken at 4 weeks interval postoperatively
showed the good alignment and well healed status (D,E,F).

A

Figs. 8 A-F. A 30 year old man sustained the direct injury on the back by iron plate with incomplete
neurologic daage. He visited our hospital 3 months after injury and complained the back pain. Also, it
was said that only laminectomy was done at the private neurosurgery cliniic. Initial roentgenogram at our
hospital revealed the somewhat unreduced twelfth thoracic fracture-dislocation on the first lumbar vertebra
and 26° kyphosis angle (A). The anterior interbody fusion was done between D12 and L1 with restoration
of alignment of spinal curve (B). Postoperative follow-up roentgenograms at 4 weeks interval revealed the
stout corticocancellous iliac bone graft. There was no angular loss and disc space change postoperatively
in this patient (C-F).

The follow-up after anterior interbody fu- after care at another hospital. It was ranged
sion ranged from 9 months to 3 years, Twen- from 4 days to 11 months(average 105 days).
ty patients visited our hospital immediately Six patients among them had their initial

after injury, but eighteen patients were seen ireatment including open reduction and/or
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Figs. 4 A-C. This patient was 25 year old coal miner. He sustained the injury of the fall of roof in
a mine. There was complete cord lesion below D 12 level. Initial roentgenogram revealed the severe
fracture- dislocation of the twelfth thoracic vertebra (A). And we performed open reduction and wiring
(B). But, the follow-up roentgenogram showed the redisplacement which was probably caused by incorr-
ect surgical technique and wire loosening. The kyphosis angle was 30°(C).

B

Figs. 4 D-H. The anterior interbody fusion was done between D11 and L1 with use of vertebral spre-
ader. The kyphotic deformity was relatively well corrected (D). There was only 3° of angular loss in the

follow-up roentgenogram (E,F). But there was no change of kyphosis angle since 12 weeks postoperatively
(G,H). The last one showed the 20° of kyphosis angle.
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laminectomy at another hospital.

The injury mechanism and stability were
determined on the basis of radiologic features
and neurological examination. The spinal
stability was assessed both in regard to the
shape of vertebral body (bone instability),
and the alignment of the spinal curves (liga-
mentous instability)®'* The lamina or pedi-
cle fracture below the fouth lumbar vertebra
was considered as an unstable fracture even
though the mechanism of injury is extension
in type (Weitzman, 1971)'*. The neurologic
examination was done as complete as possi-
ble. In addition to the observation of sensa-
tion, motor power and reflexs, we examined
the sensation and reflex state in the sacral
and perianal regions'®. With the clinical exa-
mination it is frequently possible to decide
whether there is complete cord section or not.

Surgical management: open reduction and/
or decompression laminectomy was done in
all patients having neurological damage with
the exception of seven patients. At the same,
time wiring procedure was done for mainten

ance of reduction (7 complete paralysis, 6
incomplete paralysis). The operation was done
early as soon as their general condition per-
mitted. The time of operation ranging from
the day of injury to 2 months after injury.

Figs. 5 A-B. A 40 year old man sustained the
injury of fall of roof in a mine with complete ne-
urologic damage. The lateral roentgenogram reve-
aled the severe fracture -dislocation of L4 on L5(A)
And we immediately performed the open reduction,
wiring and laminectomy. The kyphosis angle was
minus 5 degrees (B).

§

Figs. 5 C-G. The anterior; interbody fusion was performed 6 weeks after injury (C). The follow-up
lateral roentgenograms were taken 8 weeks, 12 weeks, 16 weeks and 20 weeks postoperatively (D-G).

Vol. 16, No. 2, June. 1981

— 293 —



429 LAY ¥ Y wF

Nine patients underwent surgery within 24
hours of injury, 1 after three days, 2 after
1 month, and 1 after 2 months,

The last 3 patients were operated on follow-
ing transfer from another hospital,

Stabilization Operation: The anterior inter-
body fusion was usually done 6 to 8 weeks
after injury. Prior to the fusion operation,
we assessed the spinal instability in the fle-
xion-extension lateral roentgenogram which
revealed the difference of angle more than
1¢ degrees'®. All but 9 of patients had a one
level fusion. In 14 cases a rib graft was used
and an iliac bone graft in 24 cases.

Postoperatively management: After anterior
interbody_fusion, the patients with no neuro-
logical damage were usually kept in bed; for
6 to 10 weeks of head halter traction for
those with cervical injuries and 3 or 4 mon-
ths those with dorsal and lumbar injuries
before permitting sitting or ambulation.Now,
the patients with neurological damage were
kept on a Stryker frame for 3 months regar-
dless of level of injury. Then it was substi-
tuted to the conventional hospital bed. The
patients were lead to wheel chair ambulation
and walking exercise according to the extent
of neurologic recovery.

Assessment of results: Result of interbody
fusion was assessed by clinical and radiolo-
gical findings with particular attention to
kyphosis angles and intervertebral disc space
changes at the fusion site (Table 1).

The kyphosis angle was assessed by inter-
section line drawn along the superior end
plate of superior vertebral body and inferior
end plate of inferior one. The lordotic curve
was expressed in the minus angles. And
mean kyphosis angle on each observation

time was assessed at the fusion sites(cervi-
cal, dorsolumbar and lumbar).
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Table 1. Criteria evaluating the clinical and ra-
diological union

Diagnosis of clinical union

i) No progression of the spinal deformity

ii) Absence of pain at fusion site during motion

iii) No further narrowing of disc space

iv) No further change of kyphosis angle

v) No progression of neurological deficits
Diagnosis of radiological union

1) No evidence cf abnormal motien in flexicon-

extension roentgenogram
ii) Solid bony bridge between fused jo:ints

Also, the disc space change was assessed
in the lateral roentgenogram routinely taken
with 4 weeks interval postoperatively. The
disc height was measured at the midportion
of the disc on lateral roentgenogram by use
of sliding caliper which could be measurable
to 0.05mm.

RESULTS

Eight injuries were caused by automobile
accident, 18 by fall, and 12 by heavy shear-
ing blow to the back The site of injury was
located in the cervical spine in 10 cases, the
thoracolumbar in 23 and the lumbarin 5. In
21 patients the mechanism of injury was of
the flexion-rotation type, 7 of pure hyper-fle
xion, 3 shear, 6 of extension and 1 of axial
compression (Table 2).

Twenty of the 38 patients had major neu-
rologic damage, Eight patients had incomple te
cord lesion and 12 complete. Among these 20
patients, 4 were injured in the cervical spinbe,

15 in the thoracolumbar junction (twelfth

thoracic-second lumbar vertebra) and 1 in
the lumbar spine. According to the type of
injury, 13 were due to flexion-rotation type
of injury, 2 pure hyper-flexion, 2 shear force,
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Table 2. Type of violence and injury level

Injury level corvica) DOTSO- [ ybar Total

Tvpe of violence lumbar

Pure hrper-flexion 72 7(2)

Extension 4(2) 2 £(2)

Ax‘al compression 1(1) 1D

Flexion-rotation 5(1) 140D 2 2103

Shearing 2(2) 1 3(2)
Total 10¢4) 23(15) 5(1) 38(20)

*The parenthesis means the number of neurologic
damage.

Table 3. Neurologic damage at each level of injury

Injury lgﬁent Incomplete Complete Total
Cervical 2 2 4
Dorso-lumbar 6 9 15
Lumbar 1 1
Tetial 8 12 20

2 extension and 1 axial compression (Table
2,3).

There were complete recovery in one pa-
tient having anterior cord syndrome at the
cervical spine, and 5 patients with cauda
equina lesion. But there was only one partial
motor recovery out of 12 patients with com-
plete cord lesion.

Usually, those injured at the cervical or
lumbar area had no significant kyphosis at
the time of injury. But, a relatively severe

QT el

kyphosis was observed in patients injured at
the level of thoracolumbar junction. Twenty-
nine patients had a kyphotic angle at the
time of admission., The postoperative total
increase of kyphosis angle was zero in 5 ca-
ses, between zero and 5 degrees in 22, between
5 and 1C degrees in 7 and more than 1¢ de-
grees in 2 cases regardless of spinal level.

However, in the other 2 cases there were
decrease of kyghosis angle: 4 and 1( degrees
after surgery, respectively. Two failure were
in the lumbar spine, one in L2 -3 fusion and
the other L5-S1 fusion. Average angular loss
was 1.9 degrees in the cervical spine, 3 de-
grees in the thoracolumbar junction and 7
degrees in the lumbar spine (Table 4).

Amounts of changes of angle at each ob-
servation interval is shown at table 5. There
was no change of kyphosis angle after 8 weeks
in the cervical, 12 weeks in the thoracolumbar
and 16 weeks in the lumbar spine postopera-
tively. Also, amounts of changes of disc space
at the same period revealed that disc space
narrowing was not seen after 8 weeks in the
cervical, 12 weeks in the thoracolumbar and
16 weeks in the lumbar spine postoperatively,

Under the cur criteria <litical union had
occured eight weeks in average after fusion
operation at the cervical spine, 12 weeks at
the dorsolumbar area, and also 16 weeks at
the lower lumbar spine (Table 5).

Table 4. Changes of spinal curve in the different level of injury (°)

Postop. time

Injury level Angle pattern

Immediate 4 wks 8 wks

12 wks 16 wks 20 wks T.AL

Cervical (10) Lordotx.c angle (5) 8.5 7.3 6.8 6.8 6.8 6.8 1.7
Kyphotic angle (5) 7.5 8.6 9.5 9.5 9.5 9.5 2
DL (23) Kyphotic angle (23) 24 25 25 27 27 27 3
Lumbar (5) Lordotx.c angle (4) 7 5 3 3 0 0 7
Kyphotic angle (1) 23 27 30 30 30 30 7

*T.A.L means the total angular loss postoperatively. **The parenthesis means the number of patients.
gu
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Table 5. Amounts of changes of spinal curve at each observation time

Injury level Postop. time  ynediate 4 wks 8 wks 12 wks 16 wks 20 wks
. y i ° -0. . .6 3.4 1.4 2.7
Cervical (10) Kyphotic angle (°) 0.5 4.5 0
Disc space (mm) 1.4 2.7 1.4 2,7 1.4 2.7
i ° 27 27 27
D.L (23) Kyphotic angle (*) 24 25 25
Disc space (mm) 7.0 6.2 5.9 5.4 5.4 5.4
i ° - . . X 6
Lumbar (5) Kyphotic angle (°) 1 1.4 3.6 3.6 6
Disc_(mm) 9.1 8.2 7.7 7.3 7.0 7.0

*The parenthesis means the number of patients.

A solid bony bridge between adjacent verte-
bral bodies was formed 10 weeks in the cer-
vical, 21 weeks in the thoracolumbar and 25
weeks in the lumtar spine on the A-P and
lateral roentgenograms. The was no difference
of union time at the fused segment between
two groups with or without neurologic im-
pairment (Table 6).

Table.6. Average union time in each level of

spinal injury

Time of union (Weeks)

. . Radiological
Injury level Clinical union uniog
Aver- Aver-
NP P age NP P age
Cervical (10) 6 6 6 10 10 10
D-L (23) 12 12 12 20 22 21
Lumbar (5) 14 18 16 26 24 25

**NP: Non-paraplegic patient P:paraplegicpatient

Even after clinical union was obtained, some
patients still complained of pain at the fusion
site up to 6 months after interbody fusion,

The pain was not due to segmental instabi-
lity but soft tissue orgin because the radio-
logical study showed no motion at the fusion
site and no increase of spinal deformity after
solid fusion. Two patients with failure- in
fusion were not relieved of pain with anal-
gesics which interfered with their normal
activity. The posterolateral fusion was per-
formed for these two patients 6 months after
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**Minus means the lordotic angle.

anterior interbody fusion.
DISCUSSION

The spinal stability means no progression
of the deformity at the fracture site, with or
without eventual spontaneous vertebral body
fusion, while instability means progressive
deformity at the fracture site.

Nicoll suggested that a spontaneous anterior
fusion, gives a better functional result than
a surgical fusion'®, In 1953, Holdsworth re-
ported that the final stability of post-trau-
matic unstable spine is achieved by sponta-
neous fusion. Lewis and Mckibbin reported
that dnterior interbody fusion occurred in 67
9% of patients treated conservatively, and in
63% of patients treatéed by plating!?, while
Roberts and Curtiss found that a progressive
defomity developed in 75 per cent of their
patients and that spontaneous fusion occurred
in only 8 per cent of those with fracture-
dislocation when no attempt was made to
reduce the dislocation!®. Kaufer and Hayes
also reported that the incidence of spontane-
ous anterior fusion was only 14 per cent'®.

There are no common findings which can
lead one to anticipate a stability or instahi-
lity with reasonable certainty., Moreover,
although spontaneous anterior fusion can
occur, it is not sure to be achieved without
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deformity. k‘or these reasons, we thought
that anterict surgical fixation of unstable
spine is bettdr indicated to prevent late cc.n-
plications-fyrther neurologic deterioration,
progressive deformity and pain at the frac-
ture site.

As previbusly described there are many
methods of internal fixation. Several earlier
studies have recommended instrumentation
with posterior fusion as a first choice in res-
toring stability and allowing fracture healing
in patients with or without neurologic deficit
with spinal injuries. These studies indicate
that after such treatment, rehabilitation time
is shortened.

According to Harrington? and Flesch®
Harrington instrumentation may reduce mor-
bidity and shorten hospitalization. But it is
recognized that Harrington instrumentation
has some disadvantages in that the operation
itself requires a wide exposure and has been
known to damage back muscles and liga-
ments, causes stiff back. Also, if kyphotic
deformity is severe, the fixation of Harring-
ton rods is most difficult and can easily fail
to stabilize the spine.

Guttmann and Roberts and Curtiss reported
a high incidence in failure of fixation (loose
bolts, broken plate) and recurrence of defor-
mity when spinal plates were used'®. Also,
it have some technical difficulty. Surgical
exposure is very poor in the cervical spine,
and the plates are more difficult to use in
the thoracic area due to smaller spinous pro-
cess.

Some said that the spine functions not as
one column but as two-one of solid bone,one
composed of neural arches'®. While not pri-
marily weight-bearing, the column of neural
arches has great strength and is capable of
weight-bearing. And when good stabilization

Vol. 16, No. 2, June. 1981

of the posterior column was achieved, spon-
taneous restoration of anterior stability is
likly. Generally speaking, it is well known
that liability of the anterior interbody fusion
was unlikely to be in presence of posttraum-
atic posterior instability?!6:17,

As indicated above, we performed the wi-
ring'procedure after open reduction and/or
laminectomy in thirteen patients. And the
remaining patients kept good alignment in
the bed, sometimes with using Crutchfield-
torig traction. Intial fusion was not carried
out due to the high operative risk, high in-
fection rate for prolonged operation time and
avoidance of additional operative trauma.

Rather, we preferred to do anterior interb-
ody fusion in the later stage because it
had the advantages of effective stabilization
without internal devices and short segment
of stabilization resulting in less pseudoar-
throsis rate.

Many of the patients in this series under-
went an anterior interbody fusion from six
to eight weeks after injury. Although it is
time consuming to wait over 6 weeks before
performing anterior fusion, this delay is be-
neficial in that it allows time for healing of
the ruptured ligaments and muscles surroun-
ding the fracture site as well as increase in
circulation which enhances union in the fu-
sion area.

With an anterior interbody fusion, placing
the graft bone at the anterior position offers
a more effective immediate postoperative sta-
bility against the axial rotation and flexion
or anterior collapse, because it is placed fur-
theriaway from the respective axis of rota-
tion. Moreover, this procedure can prevent
further development of kyphotic deformity
and maintain correction®® 2%,

There were many methods of assessing re-
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sults of anterior fusion. Some relied only on
the clinical examination with the patient’s
own statements about pain and his capacity
for work. Another method is the exploration
of the operation site at about 6 months after
operation'®. But, we made our criteria for
assessment of the fusion which depended upon
the clinical examination and radiological
changes of kyphosis angle and dise space.

There were orly two failures in 38 patients.
These two had lesion in the lumbar spine.
Although we mobilized the 36 patients using
our criteria of clinical union, solid bony fu-
sion was obtained in all without complication
(dysphagia, vascular injury, impotence of
vertebral body). Some authors!s'® recomme-
nded 12 weeks of bed rest following plating
or Harrington instrumentation. Another said
that a period of only 6—8 weeks is essen-
tial®. Also Kaufer and Hayes!” recommended
the early progressive walking with extension
cast 2 weeks after operation.

As our resuls indicate, it is said that fra-
cture dislocation in the non-paraplegic dorso-
lumbar junction heals in a similar way as it
is in the paraplegics®.

There was complete neurologic recovary in
6 out of 20 patients with neurological deficit.

Whether neurological recovary is related to
surgical treatment (open reduction plus lami-
nectomy and interbody fusion) or whether it
simply reflects the natural tendency of inco-
mplete cord and cauda equina lesion to imp-
rove are not clarified. As noted by Guttma-
nn®, it is believed that the most important

determinant of neural recovery is the extent ‘

of damage to the neural tissue at the time
of injury. In his series further loss of fun-

ction occurred during closed reduction and
postural reduction as well as after secondary

by handling. No patient in our series showed
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any deterioration of neural function during
treatment.

SUMMARY

There are many methods of treatment for
unstable spine which causes the segmental
instability with progressive deformity, neuro-
logic deterioration and pain.

Although anterior interbody fusion was
criticized that it was not satisfactory in pre-
sence of post-traumatic posterior instability,
we performed the anterior interbody fusion in
the spine to stabilize the unstable segment 6
to 8weeks after injury. This delayed interbody
fusion after injury is tedious but have some
advantages; provides sufficient time for
healing of injured soft tissue and increases
the local circulation enhancing graft union.

There were many methods of assessing the
spinal stability after spinal fusion, but we
made our criteria for evaluating the clinical
and radiological union with particular atten-
tion to kyphosis angles and intervertebral
disc space changes. This criteria provided
informations or data to manage all the patie-
nts with traumatic segmental instability of
spine. .

Under the our criteria clinical union had
occured eight weeks in average after fusion
operation at the cervical spine, 12 weeks at
the dorsolumbar area, and also 16 weeks at
the lower lumbar spine. A solid bony bridge
between adjacent vertebral bodies was for-
med 1¢ weeks in the cervical spine, 2]1weeks
in the thoracolumbar area and 25 weeks in
the lumbar spine on the A.P and lateral
roentgenograms. Only two failures in fusion
out of 38 patients were encountered, and they
were due to unsuccessful operative technique.
Through this study anterior interbody fu-
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sion was found to provide effective stabiliza-
tion, relatively early mobilization without
internal fixation and to prevent late deformity.
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