Review Article

Instrumentation in Spinal Surgery

H K Wong,* Faus Fres(Glas), Mch orth), H T Hee,* * Fams Fres (Edin), FRes (Glas)

Abstract

Asaresult of rapid advancesin thefield of spinal instrumentation, the surgeon today has at his disposal many well-designed implants,
such aspedicle screws, hooks, rods, plates, and interbody fusion devices. Many of theseimplantsaremodular and are used in combination,
such ashooksand screwsattached to rods, allowing the surgeon flexibility in selecting the appropriateimplantsto meet the particular needs
of the patient. Spinal instrumentation restores or enhancesthe mechanical stability of the spine, corrects and maintains spinal alignment,
and enhancesspinal fusion. Thedisadvantagesassociated with theuse of instrumentation includeincreasesin cost, operativetime, infection
rate, re-operation rate, and asteeplearning curve. Asspinal instrumentation isevolving constantly, itisimportant to under stand the surgical
indications and principles of its use. Being highly trained and familiar with the use of these implants is the only sure way to avoid the

potentially serious complications that have been associated with their use.
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I ntroduction

Spinal instrumentationisdefined astheuseof mechanical
devices that enhance or restore the segmental stability of
the spine. Internal fixation of the spine began more than a
hundred years ago and initialy consisted of wires, and/or
rodsattachedtothespine. William FWilkinswasreportedly
thefirst to perform metallicinternal fixation of the spinein
1888.1 He operated on a 6-day-old child with a fracture/
didocation of T12 on L1. Fusion of the spine was first
described by Hibbs(1911) and Albee(1911) inthebeginning
of the 20" century. Facet arthrodesiswith screwswasfirst
performed in 1944 by King.! The rod-hook system of
Harrington,? originally developed in the 1950s for the
treatment of the paralytic spine, was a major contribution
in the surgical treatment of scoliosis, and remained in use
till the mid 80s when the CD (Cotrel and Dubousset)
instrumentation made its first appearance.

Itwasonly inthelast 2 decadesthat atremendousgrowth
of spinal instrumentation was seen. This was due to better
understanding of the biomechanics of the spine,
pathophysiology of various spina disorders, as well as
improved design and manufacturing of the implants. The
introduction of better surgical techniques also made these

advances possible. Equally important, especialy in the
correction of spinal deformity and placement of pedicle
screws into the thoracic spine, was the development of
spinal cord monitoring. Spinal cord monitoring began in
Francewiththewake-uptest (Vauzelleet al 1973) and this
then evolved into somatosensory evoked potential (SSEP)
monitoring (Nash et al 1974).* Thisundoubtedly increases
safety to patients when instrumentation of the spine is
performed.

Although the Harrington system was a big step forward,
it did have severa disadvantagesin that fixation depended
on the security of the hooks at each end of therod. At that
time, a number of surgeons recognised that the spineisa
segmental structure and that effective fixation should also
be segmental. The concept of multi-segmental spinal
fixation began in the 1970s, pioneered by L uque and Roy-
Camille Segmental sublaminar wiring of the spine was
popularised by Luquein 1974. Thereafter, thisconcept was
further modified by Dove (1987) by combining the 2
Luque rods into a single construct, also known as the
Hartshill rectangle. Roy-Camille’s concept of segmental
fixation was that of pedicle screws connected by a plate.
The concept was taken further by Dywer to include
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segmental anterior spinal fixation. The most recent
development of segmental fixation came from Cotrel and
Dubousset in France,® and consisted of double rods
connected viahooks and pedicle screws. The devel opment
of segmental fixation systems not only alowed more
secure fixation and better correction of spinal deformity,
but also enabled the surgeon to reproduce the normal
sagittal alignment of the spine.

White and Panjabi* contributed greatly to our
understanding of thebiomechanicsof thespine. Theanterior
column (ventral to the neural el ements) absorbs80% of the
axia load as compressive force. The remaining 20% is
shared within the posterior column as shear force.® The
importance of restoring the anterior column in cases with
defects of the anterior column led to the development and
utilisation of anterior support systems(e.g. cages) that may
be" stand-alone” or may beused with supplemental posterior
stabilisation. Indoing so, weareabl etorestorethecapability
of the anterior column to resist compressive forces. The
anterior devices (e.g. cages) areinserted with adistraction
manoeuvre. The anterior devices must not only be able to
resist compression or axial loading, they must also have
torsional resistance. Some of these anterior devicesmay be
inserted using endoscopic techniques, with reduced patient
morbidity. The use of minimally invasive spine surgery is
gradualy being viewed by the spine and orthopaedic
community asavaluable tool in the management of spinal
pathologies. Examples include thoracoscopic release and
instrumentation in the treatment of scoliosis, percutaneous
vertebroplasty or kyphoplasty in treating osteoporotic
compression fractures, endoscopic discectomy for
managing prolapsed discs, and intradiscal electrothermal
annuloplasty (IDET) for treating discogenic back pain.

Although in their infancy, computer-aided surgical
navigation systems are improving at avery fast pace. Itis
now possible to place pedicle screws in the thoracic and
lumbar spine using small stab incisions. Before long, the
spine surgeon may have at hisdisposal minimally invasive
instrumentation systems for use throughout the spine.

Despite these advances, clinical success is far from
certain. A 100% fusion rateisnot yet attainable, despitethe
use of spinal instrumentation, bone graft substitutes, and
osteoinductive substances. A good fusion also does not
guarantee a good clinical outcome. In the end, patient
selectionremainsthe only reliableaspect for the successful
use of various spinal instrumentation systems.

The Use of Spinal Instrumentation in Defor mity

The surgical treatment of scoliosis has evolved over the
past 70 years from posterior fusion and cast correction
techniquesto avariety of anterior and posterior techniques
using an even greater variety of instrumentation systems.

Harrington instrumentation, introduced in the 1950s and
which gained popul arity in the 1960s, represented thefirst
effectiveinstrumentationfor thecorrection of scoliosis.2Its
concept is based on the application of a distractive force
acrosstwo points, oneat each end of theconcaveside of the
spinal curvature to effect straightening and stabilisation of
the spine. Compression using hooks applied to the convex
side of the spine was added to the instrumentation in
subsequent years. Thistechniqueallowed early ambulation
of the patient in a cast and at the same time decreased
pseudarthrosisratesby 50% compared tofusionand casting
alone’ Although it was simple, safe and inexpensive,
Harrington instrumentation was disadvantaged by poor
sagittal plane control, particularly when it had to span the
lumbar spine, wheredistraction can producethe*flat back”
syndrome. It was also difficult to treat double curves with
thisinstrumentation, requiring therod to crossthe spinein
thetransitional zoneina®dollar-sign” configuration. Such
a construct is biomechanically inefficient as well as
inelegant. In the 1970s, Luque’ introduced the concept of
multi-segmental fixation of the spine with sublaminar
wires. Transverse traction forces are applied to the spine
when tightening the wires, pulling the spine onto the pre-
contoured rods. The advantages of Luque instrumentation
are better curve correction in both coronal and sagittal
profiles, coupled with increased stability as a result of
fixation at multiple levels, making postoperative bracing
unnecessary. A further refinement of this technique is
hybrid Harrington-Luque instrumentation where the
concave side Luque rod is replaced by a Harrington rod,
adding the advantage of curve distraction. The passage of
sublaminar wires, however, was associated with an
increased incidence of neurological deficits, a major
disadvantage of this system.? As a result, an aternative
wiring technique (Wisconsin) was introduced, which
involved passing the wires through the base of the spinous
process, avoiding intrusioninto the spinal canal. Although
less efficient in curve correction, Wisconsin wires were
safer than sublaminar wires, and hybrid systems, like the
Harrington-Lugue-Wisconsin instrumentation, remained
popular for idiopathic scoliosis in the 1980s before the
introduction of the current generation of spinal
instrumentation.® Multi-segmental sublaminar wiring on
dual Luque rods with one end of each rod contoured and
inserted into the iliac bone on either side to control pelvic
tilt, viz. the Luque-Galveston technique, remains an
excellent instrumentation technique for neuromuscular
scoliosis.

Thecurrent generation of posterior spinal instrumentation
was pioneered by Cotrel and Dubousset in Francein 1983
and popularised in the 1990s.® Named “CD-1", this
instrumentati on systemwasbased ontheconcept of multiple
hook and dual rod fixationto de-rotatethe spine. Unlikethe
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previous multi-segmental wiring systems, the multiple
hooks are directional, in that they can be placed facing
either cephalad or caudally; andthey canasobeindividually
locked onto the rod in their final orientation, giving
unprecedented control of the coronal and sagittal planes of
the spinal curvature. Becausethe hooksare situated behind
the central axis of the spine, distraction of the concavity of
athoracic curve not only straightensiit, but also resultsin
increased kyphosis. Conversely, compression of the
convexity of thoracic scoliosis not only results in
straightening of the curve, but also reduces the thoracic
kyphosis. Thus, in apatient who hasthoracic scoliosiswith
hypokyphosis, which is the most common situation, the
concave side rod is implanted and curve distraction is
performed first, followed by the convex side rod. The
seguence provides curve correction as well as restoration
of the normal kyphosis. The sequence of rod implantation
is reversed, i.e. convex side rod first; if the patient has
thoracic kyphosis, or when correcting lumbar scoliosis,
whereitisimportant not to producekyphosishy distraction.
Double curves can also be instrumented with groups of
hooksorientatedindistractionor compressionconfiguration
on the samerod. Theresult is 3-dimensional control of the
spinal curvatureinthecoronal and sagittal planes,improved
correction, and greater stability, obviating the need for
postoperative bracing (Fig. 1). Correction of the rotational
deformity is, however, lessefficient than earlier thought to
be. Many surgeons now perform a posterior thoracoplasty
through the same posterior midlineincision, excising 3 to
4 rib segments in order to reduce the rib hump and at the
same time using the ribs as a source of autogenous grafts.

Overtheyears, anew generation of spinal instrumentation
has evolved from the basic CD-l. These, like the CD
Horizon, TSRH, Isola, Moss Miami, PASS, Evolution,
have uniquefeaturessuch aslow implant profile, polyaxial
hooksor screws, strong but reversiblelocking mechanisms,
etc., making theinstrumentation not only easier to use, but
also easier to revise or remove if the need arises. The
modularity of today’ s spinal instrumentation, allowing the
use of hooks, wires, and screws on the same construct, is
suchthat any curvetype can be adequately treated fromthe
posterior approach. The only disadvantageisthe high cost
compared to simpler systems.

The use of multi-segmental pedicle screws in posterior
spinal instrumentation isarecent development. Its use has
generally been limited to the lumbar spine because of
safety concernsregarding the placement of screwsthrough
the smaller pedicles of the thoracic spine. Experience with
lumbar pedicle screw fixation has shown better control of
the spinal deformity compared with hooks. Suk et a** have
also reported excellent results with pedicle screws in the
thoracic spine. Because pedicle screws control both the
anterior and posterior columns of the spine, the corrective
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Fig. 1. This 14-year-old with a 95-degree thoracic scoliosis was treated with anterior
release through a right thoracotomy, followed by posterior fusion and instrumentation
using segmental spinal instrumentation under the same anaesthesia. Thoracoplasty was
performed on the right chest wall through the posterior midline incision.

forceslargely liewithrod pre-contouring rather thanonthe
distraction and compression strategies as described in the
al-hook systems. Itisenvisaged that pediclescrew fixation
for both the thoracic and lumbar spine may form the next
standard of posterior spinal instrumentation in scoliosis as
surgeonsbecomemorefamiliar withthoracic pediclescrew
insertion and with the recent introduction of intraoperative
navigation systems to assist in screw placement.

Scoliosis can also be corrected with anterior
instrumentation. Anterior surgery may also be used in
conjunction with posterior surgery to treat large or rigid
curves, or when there is a need to have both anterior and
posterior fusion e.g. to prevent crankshaft phenomenonin
the very young child.’? Instrumentation is preceded by
multiplelevel discectomieswhichreducetherigidity of the
segment and also prepare the interbody spaces for fusion.
Dwyer and Schafer'®* were the first to report the use of
anterior spina instrumentation for thoracolumbar and
lumbar scoliosis. In this procedure, screws were placed
transversely across the vertebral bodies from the convex
side. A flexible cablewas used to connect the screw heads,
which were then brought together, shortening the convex
side of the curve. The cable was subsequently replaced by
athreadedrodintheZielkesystem. However, asthescrews
lieanterior to theaxisof thevertebral column, compression
of the convexity of the curve could at the same time cause
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kyphosis of the lumbar spine, amajor disadvantage of this
technique. Thekyphosing effect of anterior instrumentation
can be overcome by the placement of structural bone grafts
or metallic cagedevicesintheintervertebral spaces, and by
thenewer generation anterior spinal instrumentationwhere
solidrods, pre-contouredinlordosisareused in placeof the
weaker cable or threaded rod systems. More recently,
powerful dual rod systems have been devel oped to correct
scoliosis. The anterior screwsand rods are very often from
the same set of implants used in posterior spinal
instrumentation. Solidrodfailureratesfrom pseudarthrosis
arelower than those associated with the cableand threaded
rod systems. Postoperative bracing is often not necessary
withthesenewer anterior instrumentation systems. Anterior
instrumentation has several advantages. It isoften possible
to instrument one to two levels less than if posterior
instrumentationisused, thereby saving mobilesegmentsin
the lower lumbar spine. Comparative studies have shown
thereisgreater correction and derotation of the spineusing
anterior instrumentation.** However, with the advent of
multi-level pedicle screw fixation from the posterior
approach, it remains to be seen if these advantages still
hold.

Anterior spinal instrumentation hasfor many years been
applied only to the thoracolumbar and lumbar spine.
However, with the devel opment of better and morereliable
implants, surgeons have started to use anterior spinal
instrumentation for thoracic scoliosis.*>*® Theprocedureis
performed through aconventional anterior approach using
double thoracotomy, facilitated by ipsilateral deflation of
thelung. Withtheevolution of video-assi sted thoracoscopic
techniques, it is now possible to correct thoracic scoliosis
using specially devel oped anterior instrumentationthrough
small incisionsthroughthelateral chestwall (Fig. 2). Early
experience with thistechnique has shown it to be safe, and
curve corrections are comparable with posterior
approaches.”'® The advantages of thoracoscopic
instrumentation are possibly lesspain, faster recovery, and
improved musclefunction from avoidance of thoracotomy
or posterior paraspina dissection. This technique holds
promise in achieving a better cosmetic outcome for the
patient with thoracic scoliosis, but it would be some time
yet before its role in scoliosis treatment could be fully
defined.

Use of Spinal Instrumentation in Degenerative
Conditions

Spinal instrumentationisused indegenerativeconditions
whenthereisaneedto stabilisethespine, correct deformity,
and to enhancefusion. Theindicationsfor internal fixation
are degenerative spondylolisthesis, iatrogenic instability
after wide laminectomy or facetectomy for spinal stenosis,
degenerativelumbar scoliosis, failedlumbar surgery, multi-

Fig. 2. Anterior fusion and instrumentation was performed thoracoscopically in this
patient. Four portal sthrough theright chest wall wereused. Bonegraftsweretakenfrom
theribs at the access ports.

level fusions, and discogenic pain in degenerative disc
disease. Early attempts at spina instrumentation are
posterior distraction systemslikeHarrington rods or Knodt
rods. However, these have little stabilising effect and are
inherently kyphogenic, causing loss of the normal lumbar
lordosis. In addition, these hook-rod systems cannot be
used in after laminectomy, which is a significant
disadvantage, as most degenerative conditions that need
stabilisation require laminectomy. This has led some
surgeons to place the hooks onto an adjacent normal
lamina, an unphysiological and undesirablesituation. With
theintroduction of Lugue sublaminar wiringin scoliosisin
the 1970s, the use of sublaminar wiring and rectangular
frames like the Luque rectangle and Hartshill
instrumentation became popular for lumbar degenerative
disease. However, similar to systems using hooks,
sublaminar wiring cannot be used after laminectomy.
Furthermore, the inherently poor biomechanical stability
of wires on rods often result in loss of fixation and
pseudarthrosis.*®

The pedicle screw has been the most significant
development of spinal instrumentation.?2! The screw is
inserted posteriorly through the pedicle into the vertebral
body. By controlling boththeanterior and posterior columns
of thespineat once, it canresist loadsin all planesand can
also provide afulcrum for the correction of rotational and
sagittal deformities of the vertebrae instrumented. Lumbar
lordosis can be restored, scoliosis can be corrected, and
spondylolisthesis stabilised or even reduced. Itsuseis not
dependent on preservation of the posterior elements and
thuscan be used after laminectomy. Short segment fixation
is facilitated. Pedicle screw systems aso alow better
fixation across the lumbosacral junction compared to
previous hook and wiring systems.

Another significant devel opmentinspinal instrumentation
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inrecent yearsistheintroductionof interbody cagedevices.
These devices replace traditional block bone graftsin the
intervertebral space in lumbar interbody fusion. Packed
with bone grafts they have a dua function of providing
structural support and containment of osteogenic material
for fusion. A wide variety of cages have been introduced,
viz. threaded cages orientated horizontally; cages placed
vertically; trapezoidal shaped cages to restore lumbar
lordosis, and innovative designs that allow distraction of
theintervertebral spaceafter insertion. Threaded cageslike
the BAK and TFC are designed for stand-alone use They
restore and maintain segmental stability by distraction of
theannulus of thedisc, and they can beinserted either from
the posterior or anterior approach. Most interbody cages,
including vertically-orientated mesh cages like the Harms
or Pyramesh cages, are designed for load sharing between
the anterior and posterior columns, require supplementary
posterior fixation for stability. Instead of bone grafts, bone
inductiveproteinslike BM Pscan be packed into these cage
devices, saving the need to take autogenous bone grafts.
BMPloaded cagesarenow under investigationtodetermine
their safety and efficacy.

Degenerative Spondylolisthesis

This condition is caused by chronic intervertebral disc
and facet joint degeneration. The most commonly affected
level isat L4/5, followed by L3/4 and L5/S1. Degenerative
spondylolisthesis rarely progresses beyond 25% of the
anterior-posterior diameter of the vertebral below. The
clinical presentation is usually that of low back pain and
radicul opathy. Spinal fusion and decompression havebeen
shown to give better outcome than decompression alone.
Deguchi et d# reported significantly moregoodtoexcellent
resultsinthegroup with rigid instrumentation compared to
thenon-instrumented group. Similarly, othershavereported
more rapid fusion, higher fusion rates, better outcome in
termsof pain, function and neurological outcome, and less
dlippage of the spondylolisthesis in those instrumented.?
Prospective randomised studies have confirmed higher
fusionrates, although the functional outcomewasfoundto
benodifferent betweeninstrumented and non-instrumented
patients.?#% The disadvantages of instrumentation are
increased operativetime, blood | oss, re-operation rate, and
asignificant risk of nerveinjury.® Thefact that fusionrates
do not necessarily predict outcome show how important it
is to determine as accurately as possible the site of back
pain and radiculopathy in order to achieve a high rate of
success. Facet joint injection, provocative discography, or
selective nerve root block could be performed for pain
localisation, particularly in patients with multi-level
degenerative disease. Where the problem is central spinal
canal stenosisdueto facet enlargement and encroachment,
decompression, posterolateral fusion and pedicle screw
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fixation is adequate. In patients where there is segmental
hypermobility from failure of the intervertebral disc, the
addition of anterior column support using either a block
bone graft or interbody cage device is advantageous. This
can be achieved through a posterior lumbar interbody
fusion (PLIF) procedure. Subtotal discexcisionisperformed
from the posterior approach, the vertebral end-plates are
decorticated, and block bone grafts or cage devices are
placed in the interbody space. Alternatively, a unilateral
transforaminal approach (TLIF — transforaminal lumbar
interbody fusion) for lumbar interbody fusion could be
performed. In this procedure, unilateral facetectomy is
performed on the side of radicular symptoms, and through
thisdefect, theintervertebral discisremoved. Theinterbody
cage device or devices packed with bone is then inserted
and the procedure is completed by posterior pedicle screw
fixation (Fig. 3). The TLIF procedure effectively
decompresses both the traversing and exiting nerve roots
underneath thefacet joint, and isindicated in patientswith
spondylolisthesispresenting with unilateral radicul opathy.
Transforaminal lumbar interbody fusion is the preferred
technique over anterior/posterior fusion because it is
associated with shorter operating time, less blood loss,
shorter hospital stay, andlower incidenceof complications.®

A
- |

Fig. 3. Transforaminal lumbar interbody fusion (TLIF) for degenerativespondylolisthesis
L4L5. The intervertebral disc was approached through a facetectomy on the left side.
Bonegraftswereplaced anterior tothepair of titaniummesh cagesand within the cages.
Inter-transver se fusion was also performed in this patient.

latrogenic I nstability

Segmental instability could result after spinal
decompressive surgery dueto resection of the facet joints,
fracture of the pars interarticularis or radical discectomy.
Biomechanical analyseshaveshownthat removal of greater
than 50% resection of each facet joint at the same level
leads to unacceptable segmental instability.?” latrogenic
instability from extensive facet excision associated with
the PLIF procedure will be discussed in the section on
degenerative disc disease below. The parsinterarticularis
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Fig. 4. Thiselderly patient with degenerativelumbar scoliosispresented with severeback
painand claudicating paininboth lower limbs, wor seontheright. Thesurgical approach
wasmulti-level decompression, unilateral facetectomiesand foraminotomies, restoration
of both coronal and sagittal alignment by means of interbody mesh cages and pedicle
screw fixation.

can be inadvertently fractured during laminectomy and
caremust betakento definethelateral edge of the parsand
tomaintainat leastabmmwidthof thisstructure. Excessive
disc and end-plate removal during discectomy destabilises
the anterior column, and spondylolisthesis may occur
especially inthe presence of laminectomy. Reconstruction
of iatrogenic instability is by pedicle screw fixation and
posterolateral fusion for posterior deficiencies. Interbody
fusion and posterior pedicle screw fixation are indicated
for iatrogenic spondylolisthesis or kyphosis.

Degenerative Lumbar Scoliosis

Degenerative scoliosis is due to disc degeneration and
facet joint failure. The apex of the curve is usualy in the
mid-lumbar region, with ashort compensatory curvebel ow
at L4/5 or L5/S1. Lateral subluxation of the vertebrae may
occur. Patients present with back pain, with radicular
symptomsdueto nerveroot compression at the concavities
of the curves. Although most patients do not require
surgery, surgical treatment may be necessary for persistent
and disabling symptoms. Decompression without fusion
may lead to further collapse of the curve, instability, and
persistence or recurrence of back pain and neurological
symptoms. It is nevertheless difficult to predict the
progression of the deformity. The extent of fusion and
instrumentation remains controversial. Generally, patients
with small curveswith minimal degenerative changes, and
who have clearly defined segmental involvement can be
treated by short segment stabilisation after decompression;
whilst those with significant multi-level disease and
subluxationmay betreated by long segmentinstrumentation
withtheamof restoring coronal and sagittal planebalance.®
Theupper end of fusionandinstrumentationisat ahorizontal
vertebraadjacent toanormal disc; thelower endisat either
L5 or S1. The surgical approach could be from posterior
only, or anterior combined with posterior reconstruction.

The posterior only approach involves multiple level
foraminotomiesin the concavities of the curves, unilateral
interbody cage devices, and pedicle screw fixation, similar
to the TLIF procedure above, but done at multiple levels
(Fig.4). Decompressionof nerverootsintheneuroforamina
can be achieved during this procedure. It also avoids an
additional anterior stage in these elderly patients, many of
whom haveconcomitant medical illnesses. Inthecombined
approach, the intervertebral discs are removed from the
anterior approach, interbody fusion is performed, and the
surgery completed fromthe back by pediclescrew fixation.
The advantages of this approach are better restoration of
lumbar lordosis, avoidance of canal intrusion and epidural
bleeding that areassociated with posterior interbody fusion.

Degener ative Disc Disease

The indications for fusion in discogenic pain from
degenerative disc disease without radiculopathy are still
controversial, and its detailed discussion lies beyond the
scope of this article. The underlying premise of surgical
treatment is to eliminate the source of pain, i.e. the
degenerated disc, by discexcisionandfusion. Traditionally,
disc excision and fusion is performed either from the
posterior approach as in the PLIF procedure, or from the
anterior approach as in anterior lumbar interbody fusion
(ALIF). Spinal instrumentation is used to enhance fusion
by increasing the stability of the reconstructed spina
segment. Thisis particularly important in PLIF where the
spinal segment may be destabilised as aresult of the wide
laminectomy and facetectomy performed in the surgical
approach. Pediclescrew fixation hasbeen showntoincrease
fusion rates compared to non-instrumented PLIF. The
fusion rates from anterior lumbar interbody fusion vary
from 35% to 96% and thereis no clear consensus asto the
necessity for instrumentation.? The anatomy of the lower
lumbar spine does not allow safe anterior instrumentation;
and pseudarthrosis from anterior lumbar interbody fusion
is best treated by posterior pedicle screw fixation and
posterolateral fusion. In recent years, threaded cylindrical
interbody cage devices have been introduced for use in
lumbar interbody fusion to overcomethe problemsof bone
graft collapseand pseudarthrosi sassoci ated with traditional
lumbar interbody fusion. Although these cages, when
inserted in pairsfrom the posterior approachin PLIF, have
been shown to give good results comparable with 360
degrees fusion,**3! they often require wide posterior
exposure, includingfacetectomy, for their insertion, raising
concerns of postoperative spinal instability. In a study on
the possibility of cage pairsfitting between the facet joints
in an Asian population, Wong et a* reported that alarge
proportion of paired cylindrical interbody devices would
be too large to fit between the facet joints in the lower
lumbar spineinaPLIF procedure, and that cageinstallation
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in the majority of patientsislikely to require near total or
total facetectomy. Biomechanical studies have shown that
after facetectomy, increasing the size of the cages to
augment ligamentotaxis does not contribute to increased
segmental stiffness.* It is recommended that the insertion
of cagedevicesfromtheposterior approach besupplemented
by posterior internal fixation.

Use of Spinal Instrumentation in Trauma

Theconcept of spinal stahility following traumacontinues
to develop. Holdsworth initially proposed the two-column
(anterior and posterior) concept of spinal stability.
Destruction of either column will lead to instability. With
the use of CT scansin clinical practice, the three-column
theory of spinal stability was proposed by Denis.* Injuries
associated with spinal instability include those with
involvement of 2 out of 3 columns. Examples of unstable
injuries are severe burst fractures with bony retropulsion,
flexion-distraction injuries, and fracture-dislocations of
the spine. Currently used classification of spinal trauma
also includes the AO classification proposed by Magerl,
Aebi, and Gertzbein et al.®® Gaines*® also described the
load-sharing classification to permit quantification of
comminution of spina fracture sites so that the load-
sharing capability of theinjured vertebral body itself, along
with the implant system, can be determined.

The objective of treatment is to restore the functiona
anatomy of the spine and to achieve maximum stability
immediately, including only the damaged segmentsin the
fusion. Theuseof pediclescrewsinthesurgical management
of thoraco-lumbar traumaallowsfor morerigid and shorter
fixation, ascomparedto moretraditional constructssuchas
the posterior rod and hook construct. The duration of brace
wear postoperatively is likewise shorter with the use of
pedicle screws. This reduces the period of immobilisation
and allows for earlier return to work. Other advantages of
rigid internal fixation include prevention of painful, late
post-traumatic kyphosis (Fig. 5).

Internal fixation of the spine using pedicle screws has
improved theresultsof surgical treatment of spinal trauma.
Previoudly, surgical management of spinal traumainvolved
the use of rods and hooks, which required longer segments
of the spine to be instrumented compared to present-day
pedicle screws systems. The use of pedicle screws has
overcomeauniversally recognisedliability inspinal internal
fixation: the lack of truly high-quality spinal internal
fixation similar to what was available for internal fixation
of long bones in the extremities.

Biomechanical tests of pedicle screw constructs have
demonstrated the fundamental importance of the bone-
implant interface, bonedensity, and screw pullout strength.
The relationship between pullout strength and insertional
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torque has been shown, and the improvement in pullout
strength obtai ned by cross-linkingandtheuseof converging
screws has also been emphasised.®®

Recent studies have found that there is a significant
failure rate in terms of instrument fatigue failure and
worsening sagittal alignment if the anterior column is not
reconstructed one-level above and below the fractured
level after pedicle screw fixation.3” Another study by Roy-
Camille® recommended pedicle screw fixation two levels
cephalad and caudal to the fractured level.

We now understand that pedicle screws may fail with
one-aboveand one-bel ow construct because of thefact that
they are load-bearing devices. Supplemental stabilising
methods, e.g. transverse connecting rods, supralaminar or
infralaminar hooks, intermediate screws, two-above and
one-below construct, or two-above and two-below
construct, can be used to enhance the stability of the
construct. In very comminuted fractures (e.g. severe burst
fractures), additional anterior load-sharing devices can be
placed via a separate surgical approach. Commonly used
methodsfor reconstructing the anterior column deficitsare
structural iliac crest grafts or titanium mesh cage packed
with local autogenous graft from the fractured vertebral
body. Whentheanteriorinterbody graftisinplace, posterior
compression can be applied to ensure good stability for
fusion to take place. At the same time, physiological
lordosis and normal loading conditions of the spine can be
restored. Thiswill enabletheload-sharing systemto bere-
created.

Anterior decompression and stabilisation play a
significant role in the management of thoracolumbar
fractures during the past two decades. Early device by
Dunn has been superseded by excellent anterior
instrumentation systemse.g. Kanedadevice, Z plateamong
others. Anterior instrumentation in the treatment of
thoracolumbar fractureshasprogressed significantly during

‘:' A 1
£
Fig. 5. An unstable burst fracture of T12 vertebra. Posterior instrumentation was

performed fromT10to L2. Notetheimprovement in both coronal and sagittal alignments
postoperatively.
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the past 2 decades. Thesefixation systemshave evolved to
meet theanatomic, biomechanical, andimaging challenges
associated with internal fixation of the thoracolumbar
spine. For burst fractures from T9 to L3 presenting with
bony retropulsion, canal compromise, and neurological
deficits, one-stage anterolateral decompressive and
stabilisation procedurecan beperformed. Other indications
for anterior surgery included spinal deformity, progressive
kyphosis, and late pain.*®

Theuseof titanium mesh cagewith local bonegraft from
the corpectomy to reconstruct the anterior column deficit
has been shown to be advantageous in maintaining the
anterior column by providing immediate stability while
bony healing occurs. It also obviatestheneed for iliac crest
bone grafting and its potential morbidities.

Use of Spinal Instrumentation in Tumours and
Infection

Spinal tumours can cause compression of the spinal cord
or adjacent nerve roots. Bony destruction can also lead to
instability and deformity (kyphosis). Primary tumours are
rare, and are treated on an individual basis. The principles
are radical excision (total en-bloc vertebrectomy) and
stabilisation by bone graft and internal fixation. In recent
years, there has been increasing recognition of the value of
operative stabilisation of the spine involved in metastatic
disease. Many patientsarereferred latein the course of the
disease, when there is extensive disease in the spine and
associated neurological deficits. Many of these patients
have tried and failed radiotherapy. Joint management in
conjunctionwith oncol ogistsisthebest way toimprovethe
outcome and quality of life in these patients.

In recent years, it has been shown that the results of
anterior decompression and posterior stabilisation are
superior tolaminectomy or radi otherapy inthetreatment of
metastatic disease of the spine. The development of the
Tokuhashi prognostic scoring scale (0-12) assists the
surgeon in making surgical decisions based on the life
expectancy remaining.* Other authors (e.g. Bauer et al,*
Hart et al*?) havea so devised aclassification system based
on the anatomic location of the tumour.

Indications of surgical treatment of the metastatic spine
generally includethefollowing: spinal instability, epidural
cord compression, significant bony retropulsion leading to
cord compression, radioresistant tumours, failed
radiotherapy (worsening neurological deficit or tumour
recurrence), increasing paralysis, and a fairly long life
expectancy remaining. Surgery involves decompression
of thespinal cord, excision of thetumour, restoration of the
anterior support of the spinal column, and correction of the
kyphosis. Because of the limited life expectancy in these
patients, immediate stability of the anterior column after

tumour excision can be achieved by spacers or cages (e.g.
Harms cage) without waiting for bone fusion to occur.
Operativetimecanalsobereducedinthismanner. Posterior
instrumentation is often needed to provide and restore the
physiological posterior tension band. Weprefer to perform
combined approaches on the same day, as earlier
mobilisation and avoidance of the risks of a second
anaesthesia are possible.*** The use of pedicle screws has
greatly facilitated the short-segment treatment, including
total vertebrectomy, of primary and metastatic neoplasms.®
During the anterior surgery, bleeding can be very heavy.*
Therefore, preoperative embolisation is recommended in
highly vascularised tumours e.g. metastatic renal cell
carcinoma. The stability of the anterior construct (i.e.
vertebral body replacement device) canbefurther enhanced
by anterior instrumentation, thereby loading the construct
in compression (Fig. 6).

Similarly, spinal infection can cause spinal cord and
nerveroot compression, instability andkyphosis. Kyphosis
arises because of the collapse of the destroyed discs and
adjacent vertebral bodies. Cord compression can be caused
by one or more of the following: epidural abscess, disc/
vertebral body collapse, kyphosis, and instability.
Indications of surgery generally include the following:
neurological deficits, unknown diagnosis, failed medical
treatment, spinal instability, significant cord compression
and abscess on imaging studies. The principles of surgical
treatment are fairly similar to that of tumours, i.e.
debridement of theinfectivefocus, anterior reconstruction,
and posterior instrumentation. Though there were initial
fearsof placing hardwarein theinfected field after surgical
debridement of the vertebral osteomyelitis, one recent
study has shown that greater improvement in sagittal
alignment was noted for patients with titanium cages
implanted anteriorly and for those with posterior
instrumentation. Patients who received cages had greater
correctionof their coronal alignment thanfor thosewithout.
There was also a trend towards fewer postoperative
complications for patients who had posterior stabilisation
or titanium cages.*® Good results in spinal tuberculosis
treated only from the front with anterior debridement and
instrumentation has also been reported (Fig. 7).

Instrumentation of the Cervical Spine

Internal fixation of the cervical spine originated from
simple interspinous wiring, and later evolved into
sophisticated instrumentation for the anterior and posterior
cervica spine. The indications for internal fixation of the
cervical spine include traumatic subluxation/dislocation,
spinal stabilisation after laminectomy, and adjunctive
fixation after anterior cervical decompression/fusion.

Thebenefitsof instrumentationincluderigidstabilisation,
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Fig. 6. This patient presented with metastatic breast carcinoma at L2 and L3 vertebrae.
She had severe back pain associated with radiation down her legs. Posterior T12to L5
instrumentation, and decompression of L2 and L3 were performed. Thiswas followed 1
week later by anterior corpectomies of L2 and L3 vertebrae, and reconstruction with
Harms cage and anterior instrumentation.

Fig. 7. This patient was diagnosed with spinal tuberculosis of T8 and T9 with cord
compression. He presented with wor sening neur ol ogi ¢ deficits despite anti-tuber culous
chemotherapy. Anterior T8 and T9 corpectomies were performed, and the anterior
column was reconstructed with Harms cage filled with rib autografts. Anterior
instrumentation was added to increase the stability of the reconstruction.

maintenance of alignment, enhanced fusion rates, minimal
postoperativeexternal immobilisation, and earlier returnto
work. Theconcept of rigidfixationwasinitially popul arised
by the AO group in the treatment of fractures of the
extremities, and have now been extended to include the
spine.

Although anterior fusion of the cervical spine can be
performedwithoutinternal fixation, it requirespostoperative
immobilisation in variousformsof cervical orthosisfor up
to 3 months. The halo-vest and Philadel phia collar are the
commonly used orthosis for immobilising the cervical
spine after surgery. The current consensus is that anterior
instrumentation may not matter muchinsingle-level cervical
fusion, butimprovesfusion ratein multi-level fusion of the
cervical spine. Variousanterior plating systemsarecurrently
available in the market, with most employing locking
mechanisms for the screws to reduce implant failure (Fig.
8). Recent variations include the capahility of placing the
screws at variable as well as fixed angles. Some anterior
cervical plates aso alow dynamisation (not unlike an
interlocking nail of the long bone). This property may
allow better settling of the graft in between and prevent
distraction and non-union of the fusion site.
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Fig. 8. This patient had cervical laminoplasty performed previously for cervical
myelopathy. He was investigated 9 years later for recurrence of his symptoms. MRI
revealed extensive ossification of the posterior longitudinal ligament, with severe cord
compression at C4 and C5. Anterior C4 and C5 corpectomies were done, followed by
reconstruction with Harms cage and cervical locking plate.

Fig. 9. Thispatient sustained a type 3 Hangman' sfracture, and wasinitially treated with
hal o-vest immobilisation at another hospital. Theslip gradually wor sened and he began
to complain of more frequent neck pain. He was eventually managed surgically with C1
to C4 posterior fixation with Cervifix system.

Currently, there are effective segmental fixation systems
for posterior cervical fixation. Thismay reducetheneedfor
cumbersome external immobilisation with deviceslikethe
halo-vest. Posterior cervical instrumentation can be sub-
divided into occipito-cervical (C0O-C1), atlanto-axial (C1-
C2), and sub-axial fixation (C3-C7).

Occipito-cervical fixation can be achieved by wiring,
metal loops (e.g. Ransford loop), and various plate-screw
constructs (e.g. Cervifix, Vertex, and Summit). Bone
cement can be added depending on the pathol ogies.*®

Posterior atlanto-axial fixation (Fig. 9) can be performed
withwiring (Gallieor Brook’ stechniques) andtransarticul ar
screws(techniqueof Magerl).*° Recent advancesof atlanto-
axia fixation are that of arod screw system described by
Harms. Thetechniqueinvolvesplacinglateral massscrews
inthe atlas and pedicle screwsin the axis.® Thistechnique
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istechnically demanding and hasnot yet gai ned widespread
use yet.

Sub-axial cervical fusion (Fig. 9) can bedoneviawiring
techniques (e.g. Bohlman technique of triple-wiring),
various plate-screw systems (e.g. Axis plate), and rod-
screw implants (e.g. Cervifix). Some of the recent systems
are modular, alowing the surgeon various options of
internal fixation, e.g. hooks, lateral massscrews, aswell as
pedicle screws. Some systems also alow the surgeon to
extend the instrumentation distally to the upper thoracic
spine if indicated.

The use of pedicle screws has been very helpful in the
treatment of traumatic and developmental lesions in the
cervicothoracic junction.® Pedicle screws are frequently
used from the second to the seventh cervical vertebra by
Abumi and at the cervicothoracic junction by Albert.
Pedicle screw constructs have been compared favourably
with the lateral mass screw constructs, according to a
recent biomechanical study.*

Conclusion

Spinal instrumentation hascomealong way over thelast
few decades. Rigid internal fixation of the spine presents
several benefits e.g. earlier mobilisation, shorter hospital
stay, improvement in the stability of the spine, and an
enhanced fusion rate. Understanding the biomechanics of
thespineiscrucial when performing spinal instrumentation.
Correct preoperativediagnosis, carefully sel ected patients,
attention to surgical details, and a good structured
postoperativerehabilitation programmearekeysto success
in spinal instrumentation.
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