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SURGICAL MANAGEMENT OF THORACOLUMBAR SPINAL INJURIES

Kao-Wha Chang

of the literature and experience of over 200 surgically treated

thoracolumbar spinal injuries, the following information summarizes present knowl-

edge of the subject.

‘The two most impotent determinants of managemer
ty. Maximal neurologic recovery compromised
spinal canal by direct anterior decompressi

are neurologic function and stal

tion of the fractured vertebral body. Early operative stabilization of the us

ion, and fewer late deformities and neurologic complications. The posterior
trumentation system selected must provide corree

of thoracolumbar injuries

‘and reconstruction and rigid stabiliza-

e forces to achieve the best pos-

sible reduction, rigid fixation to maximize carly mobilization and rehabilitation and
short fusion to preserve the most possible lumbar spine function. Following these prin-

term results can be expected.

Keywords:

Inthis review ofthe Fiterature and in the present
Study involving my experience with over 200 surgi-
cally tweated injuies of the thoracolumber spine, |
delineate the principles of surgical management of
thoracolumbar spinal injurics

‘The thoracolumbar junction is much mor fre-
quently injurcd than the thoracic or lumbar spine
because of its position as the transition zane
between the mobile Tumbar segment and the rela-
tively inflexibl thoracic spine, which acts as a long
lever arm, The reported incidence of fractures and
fracture-disocations invalving T12 or L1 is approx-
imately 60% of all thoracic and lumbar spinal frac-
tures and fracture-dislocations,

les for surgical management of thoracolumbar spinal injuries, satisfactory long-

The two most important determinants of man-
agement of the spine injury are neurologic function
and stabiliy. S0 thers are two basic zoals when one
s considering management of thoracolumbar spinal
injuries. The first goal is to maximize neurologic
cecovery as much as possible. The second goal is to
estore stability of the injured thoracolumbar spine.

MAXIMIZE NEUROLOGIC RECOVERY

Traumatic spinal cord and/or cauda equina
injry is a frequent and difficult treatment challenge.
Large series have demonstrated that with complete
cord injury lasting longer than 24 hours do not
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recover neurologic function, but those with incom-
plete lesions have some chance for useful recavery.
 One ofthe major treatment goals in managing tho-
racolumbar fractures is to providing the optimal
environment for maximal neurologic recavery for
cases with incomplet neurologic deficits

Nonoperative management with postural reduc-
tion, as reported by Frankel?, was associated with
Frankel Grade improvement in 63% of patiens who
had thoracolumbar fractures with incomplete neuro-
logic deficits. Similarly, Davies® noted 64% of
patients with complete and partialneurologic lesions
esulling from traumatic thoracolumbar injuries who
were treated nonoperatively improved at least one
Frankel grade. Guttman,® Morgan et al,” and
Bedbrook® have condemned surgical treatment of
spinal cond njuries because of its fiilure o improve
neurologic recovery over nonoperative treatment
and the risk of worsening the neurologic deficit
Marshall et a® and Heiden et al! reported that sur-
sical intervention within 5 days of injury was asso-
ciated with incressed risk of neurologic worsening.
in quadriplegic patients. These may have been &
result of poor surgical technique. More recently,
many studies and ample evidence have demonsirat-
d that operative management of these incompletc
neurologic injurie i associated with improved rates
of neurologic recovery when compared to nonopers-
tive management. "1+

Atthe present time, the only generally accepted
indication for surgical management of thoracolum-
bar fractures is an incomplete neurologic injury or
an evolving neurologie defict

Neurologic decompression can be achieved not
only by direct means but also indirecly. The optimal
surgical approach in the treatmen of patients with
incomplete neurologi deficits remains controver-
sial. 2! The posterior approach to achieve indirect
neurologic decompression by posterior spinal instr

mentation remains the choice of most surgeons and
s essential when laminal fractures with potential
entrapment of neural elements are suspected. In
these instances laminectomy is the method of
choice 22 However, lamincetomy along without
instsumentation is detrimental to neurologic recos-
exy. The posterolateral approach described by Flesch
tal ¥ and others®*2 is an atemaive to decompres-
sion. Posteior sabilization and indirect decompres-
sion through ligamentotaxis or diret posterolteral
decompression is sssociated with Frankel grade
improvement in 80-85% of patients. 142 Posterior
imstrumentation 4o not reliably reduce all fracture
fragments, although some have argued that this can
be done by 4 transpediclr approach, sill ilizing
posterior surgery. So another school of thought has
promoted direct antesior spinal canal decompression
for treatment of thoracolumbar fractures with
incomplete neurologic deficits resling from anteri-
or impingement of the neural clements by
retropulsed bony and dise fragments 512162 Thi

technique allows a reliable and complete neural ele-
ment decompression by direct visuslization and
semoval of the impinging bone and disc fragments.
The decompression can be completed without
manipulation of the neural clemens. The anterior
‘approach also provides the opportunity for recon-
struction and stabilzation of the fractured vertebral
body. Several authors have suggested that anterior
decompression creates the optimal environment for
neurologic recovery and is associated with an
improved neurologic function when compared to
nonoperative management and indircet decompres-
sion technigues. 19 Dunn® concluded neurologic.
recovery as more certain with anterior decompres-
sion compared to a previously reported series of
patients trated by posterior instrumentation or non-
operativ treatment. Bradford and McBride’! com-
pared 20 patints treated by anterior decompression
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and sabilization with 39 trested by posterioror pos-
terolateral decompression and stabilization. The
nearologic recovery was greater for the anteriar
surgery (8% versus 64%). including recovery of
bladder and bowel control (69% versus 33%),
Inferir esuls tended 10 corrlat with any residual
bony canal stenoss identifed on postpoerative CT
scan. In general Frankel grade improverment follow
g anerior decompression ranges from seveny fo
100k, 1150

A prospective study s in progress by us (Chang
‘and Lin) in comparing postrior pedicle stabilization
and anteior surgery. To date there has been sgnif-
cant differeace (92% versus 74%) in the two groups

a5 measured by neurologic outcome. We beieve the

potential ecovery of neurologic funton after injury
depends on the severity of the iniial damage, as
well a5 on the degree of compression of neurl i
sue tha can be decompressed. | suspect that direct
anterior decompression and sabilization provide an
optimal environment for maximl neurologic recov-
ery. Therefor, T suggest that thorscolumbar injuries

deficit be treated with

with incomplete neurologi
disect anterior decompression. An anteror fixation
device should be applied forthe insbily of anterior
rafs alone 0 with stand loads i the erect posure
and for an increase inunion rate. (Fig 1)

The decision as 0 when spinal canl compro-
imise must be correctd is not et clear. The degres
of recovery is related (o the atainment of adequate
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decompression regardless of when it is obtained.
“The fuilure to show improved results by carly iner
vention in humans s in conlict with animal studics.

Surgical Mamagement of Thoracolumbar S

I njucies

Animal experimentation has shown an inverse cor-
elation between duration, as well as force, and

tocovery. ™ Experimental studies by Tarlov and
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Klinger7 Rivlin and Tator” Ducker et al ¥ and
‘Boblman et af have suggested that mehanical fac-
tors are important n the pathogenesis of spinal cord
injury. Dolan et al# confirmed that neurologic
recovery was rlated o the time elapsed from injury
toneural decomprssion

Howerer, there is 1o evidence anywhere i the
iterature tha suggests tht the results of decompres-
sion of neurologic ssuctures are enhanced by delay.
1 suggest immediate (tht i, a5 soon as the proce-
dure can be perfonned safely by suffcienty skilled
persomne) decompression of any compromised neu-
rologie strcture, i it can be conelusively proved
that delay i not detrimental.

1t a paient has a complete neurologic injury.
the major therapeutic consideration is wha treat
ment method wil faciltate the most rapid rehabili-
ation. At the thoracolumibar junction and below, the
inberent instabiliy of these anatomic regions makes
it selatvely more desirable to consider early opers-
tive intervention so that mobilzation and rehabilita-
tion can proceed rapidly. The surgical approach is
probably less important, provided adequate stsbi-
lizaton s abtined.

Principle: Maximal neurologic recovery can be
expectad with prompt and complee decompression
of the compromized spinal canal by dircet anterior

decompression and reconstruction and rigid stsbi-
lizaion ofth fractured vertebeal body.

RESTORE STABILITY

ai
meters. Fist, the motion segment of the spine vill

cal stability can be defined in three para-

ot further deform or displace under physiologic
Jouds. Second, there is no progressive deformity or
displacement during the healing process. Third,
there i 10 progressive encroachment o injury (0 the.
neural structures. IF the spine will not displace or

deform beyond
under the normal physiologic loads of active muscle

s physiologic limits of motion

contractions, if there is no progressive deformity
caused by gravity in the upright position, and if
there is no increasing neurologic defici, the spine
can be judged as stable

There are numerous classifications of spinal
stability and fracture, Each consideration is of
importance and must be taken into aceount when
interpreting and prescribing the most appropriate
management course 1o fallow, Two investigators
stand out in this area: Sir Frank Holdsworth(two-
olumn concept)*! % and Francis Denis(three-col-
amn concept). For simplicity and a need for con-
formity, the classification and defiaition of spinal
fractures and stability has been nasrowed to these
o researchers, because of thie similarity and the
fact that most fractures occurring within the spine
fall within their classification. Recogaition of spinal
instability s sometimes difficult. Fractures of the
thoracolumbar spine demonsiating both subtle and
eross evidence of instability all have one thing in
common, as described by both Denis and
Holdsworth: disruption of two columns, and in some
nstances three,

‘The management of unstable thoracolumbar
fractues temains over the long-term has been estab-
lished by Weinstein et al. in thei study of patients

with burst fracture and na neurologic involve-

ments-45. At an average follow-up interval of 20
years, they demonstrated that 88% of the patients
were working. Most had mild reidual backache but
none were taking narcotic medication, There was 1o
long:-term neuralogic deterioration. The residusl
Kyphosis sveraged 26.5 degtees, and there was no
correlaion between kyphotic deformity and pain.
These results are compasable 10 those obtained by
others' . More intriguing was the demonsiration
that retropulsed fragments gradually resorbed™”
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‘They speculated that bony remodeling was medisted
by pulsations of the neural contents within the bony
canl,

However, in 1977 Soreff"! seported on 147
compression-type fractures of the thoracolumbar
spine treated by conservative means with a follow-
up period of more than eight years. He found a very
high incidence of flexion-type deformitics; increas-
ing compression, 407%: gibbus, 23%; disc collapse,
23%; scoliosis, 23%; and spondylosis, 46%
Furthermre, the correltion between spinl defor-
mity and symptoms was statstically i

Many sudis document the advantages of oper-

ative stabilization of unstable spinal columa
injuries. Flesch et al % Jacobs et al.2 Convery et
a1 Willen et al * Roberts and Curtss * Wilmort
and Hall % and Hardy™ have all shown decreased
deformity, pain, hospital cost, and hospitalization
time when paients were treated with operative sta-
bilization. The time period of rehabilitation was
shortened by as much as 400% when the injured
spine was surgically subilized compared with con-
sorvatively treated patients  Convery et a* found
a reduction in hospitalization time and costs of S0%
in patcnts trated surgically. The time of immobi-
Tization s halved. and the hospitalizaton is reduced
by nearly 2 weeks in Willens's and co-workers's
study 4 The hospital stay in those with neurologic
deficitis 123 days in nomoperatively treated paients
vs. 81 days in those who had operative sabilzation
More recently, many authors recommendt<7
carly operative stabilization because of fewer bed
resteluted complicaions, ealir rehabiltation, bet-

tex neuralogic recovery, fewer Iae neurologic com-
plications, and possibly better long-term sarsfaction
compared with nonoperative care. The importance.
of carly mobilizaton s been extensively reviewed
i the treatment of long bone fractues. Fevwer com-
plications are scen in those patients treated carly.

ical Mamagement of Thoracolombar Spinal Injuries

Preliminary study has shown that patents suffering
multiple injurics as well a5 spine fractures respond
ina similar fashion. Complications of bed rest such
as urinary trat infection, pressure sores, poeumo-
ni. and deep venous thromboses are reduced.
Another advantage of early surgery is that anatomic

nantomic restoration ofthe spinal canal can
e accomplished by indirect reducton using poster-
or instrumentation. Bradford et al* and Dickson et
% both noted improved reductions when early pos-
terior instrumentation was performed.

During the past decade there has been a shift, in
general, toward early operative stabilization for
those patients who have suspected fracture pattemns
it the potential for instabliy.

Prineiple: Early operative stabilization of

unstable thoracolumbar spinal fractures llow fewer
bed-restrelated complications, early mobilization
and rehabilitation, and fewer late deformities and
neurologic complications.

WHAT FIXATION SYSTEM ?

I surgical stabilization is selected, a variety of
spinalinstrumentation systems are avalable

‘The Harrngtan distraction implant, or one of it
modifications such as the Wisconsin”, Jacob's
Thooks® or the Edwards skeeve ' is still favored by
many surgeons. The underlying principe is threep-
oint fixation which s enhanced by placing the rods
at least wo levels above and two levels belowt
“This principle s enhanced by the Edwards sleove.
Numerous aliematives have continued o evolke to
supplant the basic Harrington instrumentation.

The advantages of the Harrington system and
its modificaions are its widespread availabiliy, sur-
zcon familiaity and relative case of insrtion. The
disadvantages are the possbilty that he device is
insuffcient to stabilize many burst fractures®the
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Jack of predictable reductionor the insbiliy to com-
pleely reduce the reopulsed Tragments™ 475 he
necesity 1 ncorporate normal el with resulant
secondary arritc changes i the fcet joins™, 3
consieration of pastcular mportance when only
few mobile Tombar segments remain™; and the
potnta ik of producing a painful fat bck defor-
ity when the iation extends int the mid o lower
Humbar spine”. Early in the postopertive course,
e hooksmay disode with ossofcorection.

“The Lugue system™ has the advantage of
reaterstabilzaton o therotional and ranltion-
a componeat, but provdes no disracive force and
minimaly reiss axia compression. Addiionaly,
there i n inherent danger in passing sublaminal
wite,pariclaty inthe face ofsecen spina injury
accompanied by spinal cord edema. ™ Thas, tis
device s found Tl plac in the management of
burst inrics, but il i useful i seleced injries
sccompanid by scute parsplegia.

Today,the management of spine fractures has

some similarites and some significant differences
compared 10 the management of long bone fractures.
The shared principles are reduction, stabilization,
promotion o fracture healing and joint motion, and
early patient mobilization, The significant differ
ences are that virtually all fractures of the spine
involve multiple joats. Facet artcular surfaces are
fractured, facets are dislocated, and intervertebral
discs are distupted in many spinal fractures.
Therefor, fracture healing slone is not suffcint for
a full function restoration in some patients. The
ideal s 10 have the unstable fracture reduced o the
anstomic position and the disrupted joints fused
thoat involving norma joints above or below the

{ajured segment, In another words, successul surgi-
cal treatment of thoracolumbar fractuces by posteri-
o instramentation system should be directed
fowards the following goals: 1) attainment and

(o N S ———

Fis 2 A compirtin sudy ofsdacion sty o he Fisairs
sy pvidod dsction oy, i i o,

maintenance of anatomic reduction, 2) obaining &
sigid ixation o allow rapid mobilization and reha-
biltation, 3) imiting the number of instrumented
Vertebral motion segments 10 as few as possible for
preservation the most passible lumbas spine func-
tion. I general, surgial treatment of spinal rauma
s advantageous only if these goals can be achieved
more easly and more quickly than with nonsurgical
treatment and the complications are minimal. By
Harrington insteumentation or s modifcations this
is not possible.

During the past two decades, the development
of spinal surgery has been influenced principally by
new instrumentations. New pedile screw implants
such as (F1, RF, VSP, etc) have the advantages of
contralling the three columns via a posterior

approach to obtain better reduction and provide

four-point rigid fixation, and significantly reduce the
number of levels that need  be incoorperated in the
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construc to eave s many movable segments in the
Tumbar spne s possible.
The mechanics of anatomic reduction of thora-
columbar burs fractures was studicd in experiments
Orthopacdic Laboratory of SUNY
Center (Syracuse, NY)M. The resuls

perforn

Health Scien

3

confirmed the ned for symmeic thee-colum lor
dotic distraction of the disc space and veriebral body

o obtan the best possible reduction. The

fixation (RF) system provides symmetsic lordotic
distaction efficienty, consistenty resores pr

tred Tordosis alon with body height, and increases
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canal area the

ost. The fixateur interne: (FT) pro-
vides vasiable lordorc distaction, restores variable
lordosis, and moderately increases canal area. The
Steffe device (VSP) provides excellent disraction
of verebral body heigh, but does not create lordo-
sis, and decreases canal compromise the least (Fig
2,

The RF system can provide distraction, con
pression, lordosis, kyphosis, otation and translation
forces 10 reduce almost all Kinds of thoracolumbar
fractues. 1 has had extensive experience in the RFS:
device (Fig 3.4.5). The results using RF instumen-
tation for unstable thoracolumbar burst fractures

were excellent in my study®. Tn thirty-three unsta
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e thoracolumbar burst freature, the average verte-
bral body eight was restored 10 98% of normal,
maximal translation was reduced 10 0.Tmm, near
complete coreetion of angulation was obiained, and

336 of additional canal cross-sectional arca was
resored in cases operated on soon after injury. The
rigidity of this sstem allowed rapid mobilzation in
a light, external orthosis within 1 week. Regarding



[image: image12.jpg]o ‘Surgical Mamagerment of Thoracolumbar Spinal Injuies

pain ntensity and function, 85% of the patients
were painiess and 89% ofthe paients back to work.
1 fecl very comfortable in using RF to treat thros-
columbar fractures and can efficiently and casily
achieve the goals of surgical treatment of thora-
columbar factuses by posterior instrumentations.
Principle: The posterior instrumentation sys-
fem selected must provide corrective forces to
achieve the best possble reduction,rgid fxation to
maximize early mobilization and rehabiliation and
Shot fusion (o preserve the most possble lumbar

spine function. The RF system can eficiently and
easily saisy these requirements of an ideal nternal
fxation for horacolumbar spinal frctures

IMPLANT REMOVAL

Implant removal has been advocated by
somet43%; however, some of these paients have
developed incrcasing lte Kyphosis®, With implant
removal, th reduction may be compromised even if
a solid posterior or pasteralateral fusion was
obtained before removal. A posterior or posterolai-
eral fusion mass is subjected o a greater anterior
binding moment when there is lack of a proper
reconstiution of the anteror sructurs. Remodeling
of the fusion mass feads (0 progressive kyphosis.
“The loss of reduction of those in whom implans had
been removed electively at 1 year was 110, com-
pared with 40 in those patients with retained
implants?*57. MeAfee™ has shown that there is
device-related osteoporosis of the veriebral body
when posteror nstrumentation has been used to sta-
bilize an unsiabe spine. It therefor is ot clar if
there is enough structural integrity of the anterior
and middle colums of the spine (o resist the aneri
or bending moment after rod removl, The reative
diminution of anteror structural integsity leads to 8
reduced abiliy o resist compressve loads. So1 sug-

st ot 1 remove the implant outinely ualess there
are implant.elated complications such as uncon
twoled infection,skinerosion e
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