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Short segment fixation aims to restore spinal stability and alignment in thoracolumbar spine injuries
while preserving spinal motion by decreasing the levels of spine involved in fixation. In its simplest form
it applies to fixation one level above and one level below the fractured vertebra. It has proven effective
with good clinical, functional and radiological results in well selected cases. However not insignificant
rates of sagittal collapse and recurrence of kyphosis with or without clinical implications have also been
reported. Most of the failures were attributed to lack of anterior column integrity and relatively inferior
robustness of earlier posterior short segment constructs. With better understanding of fracture biome-
chanics, better implant designs and evolution of strategies to increase the biomechanical strengths of
posterior constructs, the rates of kyphosis recurrence and implant failure have been significantly
reduced. Although there is lack of robust evidence to guide a surgeon to the best approach for a particular
fracture, adhering to basic biomechanical principals increases the efficacy and reliability of short segment
fixation. This narrative review highlights the status of short segment fixation in dorsolumbar spine in-
juries with emphasis on patient selection and strategies to increase effectiveness and reduce failures of
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1. Introduction

The goal of operative treatment of thoracolumbar spinal frac-
tures is to protect neurological function and to restore spinal sta-
bility and alignment. The surgical strategy chosen should correct
segmental kyphotic deformity and prevent late instability and pain
while permitting early ambulation and return to function. To this
end, different surgical techniques such as posterior pedicle screw
fixation; anterior decompression, arthrodesis and instrumentation;
and combined anterior and posterior approaches have been
described.!® Due to concerns regarding disc degeneration and
adjacent segment disease in a predominantly young trauma pop-
ulation, minimising the number of spinal levels to be involved in
fixation/fusion is one of the avowed goal of any instrumentation for
spine injury.” This is achieved by short segment fixation i.e. fixation
at levels adjacent to the fractured vertebra. While short segment
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fixation has demonstrated good results in thoracolumbar
injuries,®® it can be accompanied by not insignificant rates of
hardware failures and recurrence of kyphosis with or without
clinical implications.”!! This has been attributed to insufficient
anterior support and less robust instrumentation leading to a
biomechanical failure.'%!? Modifications in short segment fixation
have helped to reduce failure rates.”>~'® Despite the reported fail-
ures, short segment instrumentation remains the preferred choice
of most surgeons for majority of thoracolumbar injuries because of
it being patient friendly, easy to perform and with acceptable
clinical results. This narrative review will discuss the current status
of short segment fixation in management of thoracolumbar in-
juries. The strategies to decrease the failure rates and increase the
effectiveness of short segment instrumentation will also be
discussed.

2. Classification of thoracolumbar injuries
As the understanding of the biomechanics of spine and the im-

aging modalities have improved, various classification systems of
thoracolumbar injuries have been described.””~'° This has led to lot of
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confusion in classifying fractures as well the treatment based on each
of the classification system. For ease of understanding and because it
incorporates most of the current knowledge and practice on thor-
acolumbar injuries, AOSpine Thoracolumbar Spine Injury Classifica-
tion?" has been used in this review (Fig. 1). This system classifies a
spine injury based on injury morphology, neurological status and two
patient specific modifiers (M1 and M2). Injury morphology is divided
into three main groups: type A—compression; type B—tension band
injury; and type C—translation injuries with a total of 9 subgroups. Of
these morphological patterns, there is a general consensus that type B
and type C injuries need surgical treatment while AO to A2 can be
managed conservatively. Most of the controversy has been on treat-
ment of burst fractures i.e. A3 and A4 injuries.

3. Indications for short segment fixation

Short segment fixation is typically reserved for unstable burst
fractures. Multiple studies have shown good results of short segment
fixation in well selected cases.® "3 The issue of stability in burst
fractures is a vexed one and still unresolved. Vaccaro et al. introduced
the concept of PLC or posterior ligamentous complex'® to indicate
instability but the interobserver agreement in determining the status
of the posterior longitudinal ligament is very low and hence it cannot
be the sole determinant of instability in burst fractures.?! Loss of more
than 50% anterior vertebral height reduction, local kyphosis greater
than 20°, or canal encroachment more than 50% have also been used
as markers of instability in burst fractures.”>~>* Presence of
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Fig. 1. AO classification*’(developed by AO Spine Knowledge Forum Trauma).
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neurological injury has been independently thought to be indicating
instability irrespective of vertebral deformity.”>~?4 However good
robust evidence to support any of the above criteria is lacking. It
should be remembered that besides radiological parameters, patient
specific factors like polytrauma, ankylosing spondylitis, rheumatoid
arthritis, overlying skin condition, fitness for bracing etc may further
influence the decision to manage a burst fracture operatively or
conservatively.?

Most of the studies of conservative treatment of burst fractures
do not involve patients with neurological deficit and a burst frac-
ture with neurological deficit is managed by surgical methods by
most surgeons.”® However, presence of neurological deficit is not
an absolute indication for short segment instrumentation. Dai et al.
did not experience neurological deterioration in any of the cases in
a subset of 22 patients with neurological involvement out of a total
of 127 burst fractures treated conservatively.”” However the rea-
sons for choosing conservative treatment in this subset of patients
were not mentioned in their study.

Short segment fixation can also be reliably used in flexion
distraction injuries or type B injuries in non ankylosed spines.?%%
Long constructs are commonly used in highly unstable Type C
rotational and translational thoracolumbar injuries(Fig. 2a) to
counteract the high deforming forces, though there have been re-
ports of successful use of short segment fixation in thoracolumbar
fracture dislocations.>® Another scenario in which short segment
instrumentation cannot be reliably used is for thoracolumbar in-
juries in ankylosed spines(Fig. 2b). Spinal fractures are subject to
high torques because of long lever arms in ankylosed spines. This
increases the stress at the implant bone interface. Osteoporosis is
also very common in ankylosing disorders further increasing the
risk of implant failure. Long segment constructs with more points
of fixation are needed to reduce the risk of implant failure.>"*?

4. Strategies for reduction and canal clearance with posterior
short segment fixation

In short segment fixation, fracture reduction can be achieved by
a combination of postural reduction, pre-contouring of rods and
cantilever correction.”>* Pedicle screws with their 3 column pur-
chase can provide distraction to all the 3 columns the spine.
Distraction should be done carefully based on the damaged end-
plate.>* Excessive distraction will lead to differential increase in
distraction across posterior column exacerbating kyphotic angu-
lation and stressing the screw-bone interface.”*> Thus, careful

A

Fig. 2. Injuries not amenable to short segment fixation. 2a. Fracture dislocations of
spine. 2b. Injuries in ankylosed spine.

attention also must be directed toward generating concomitant
lordosis and re-establishing sagittal balance.>*> Lordosing ma-
noeuvres, either by pre-contoured rods or by approximating distal
ends of Schanz screws, must be performed first before applying
controlled distraction. Monoaxial screws are favoured as they
deliver greater forces for deformity correction.>> A common tech-
nique used to increase the effectiveness of short segment instru-
mentation is use of screw in the fractured vertebra. In this
technique, the screw in fractured vertebra is inserted with a slightly
increased vertical offset. This acts as a push point increasing the
forward force and provides a lordosing force at the time of reduc-
tion of appropriately precontoured rod onto the screws at lower
end vertebra.> The fulcrum of this forward thrust is the screw head
of the pedicle screw in the fractured vertebra and this causes the
compression to occur posterior to the screw head and distraction at
the structures that are anterior to it. Tensioning of the annulus and
posterior longitudinal ligament, indirectly reduces the retropulsed
fragments thus helping to achieve canal clearance.® Indirect
reduction thus achieved helps to improve local kyphosis, restore
vertebral height and decrease canal encroachment (Figs. 3 and 4).

5. Efficacy of short segment fixation

A review of published studies showed that an immediate
correction of kyphosis angle ranging from 6.2° to 21.4 ° is achieved
after short segment instrumentation.>® Significant improvements
in anterior vertebral height ranging from 50 to 100% and vertebral
wedge angle are also achieved.’®*’ Sjostrom et al. showed that
after indirect reduction of burst fractures, canal encroachment
decreased from a mean of 40%(range 8—70%) to 20%(range
7—62%).>® Gertzbein et al. demonstrated a residual encroachment
of 40% after an initial average encroachment of 54%. The canal
clearance was best when the initial encroachment was between
34% and 66% and if done within first 4 days.>® Indirect reduction
techniques may not be as effective in achieving canal clearance in
burst fractures with a suspicion of ruptured annular ligaments or
when a reverse cortical sign is present.3%*% All the clinical studies
report very good clinical results with mean VAS typically less than
2, ODI less than 20 and significant improvement in other functional
scores and capacity to return to work.*4!

6. Posterolateral fusion with short segment fixation

The use of posterolateral fusion along with short segment
instrumentation is questionable. It is not associated with improved
clinical outcomes and it does not prevent kyphosis recurrence or
implant failure(Table 1). Moreover, it is accompanied by longer
operative times, increased blood loss and donor site
morbidity.®'3442 posterolateral fusion does not provide the spine
with the sufficient strength to resist predominantly anterior axial
loads leading to recurrence of kyphosis.*® Inferior results in fusion
groups in some studies may be due to use of spinous processes as
graft. This reduces the tension band effect of the posterior column
leading to recurrence of kyphosis. The improvement in clinical
parameters and health related quality of life was uniformly good in
both fusion and non fusion groups across all studies. Multiple un-
controlled studies also show similar outcomes as regards to clinical
and radiological parameters in patients treated with or without
fusion.>!

7. Implant failure with short segment instrumentation
There have been reports of significant rates of implant failure

ranging from 9 to 54% with short segment instrumentation. The
mean loss of correction ranged from 0.3° to 15.4° 3> McLain et al.
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Fig. 4. Effective restoration of vertebral body height and segmental lordosis by short segment fixation.

Table 1

Studies comparing posterior short segment fixation with or without posterolateral fusion.

Study No. Of cases Kyphosis recurrence Decrease in vertebral body height Implant failure Blood loss Operative time
Wang>* fusion 30 4.8° 8.3% 16.6% 572 224
non fusion 28 1.0° 3.6% 10.7% 303 162
Jindal'! fusion 23 5.50 - 8.7% 486 142
non fusion 24 3.6° — 4.2% 378 107
Lin dai*? fusion 37 1.4° - Nil 423 152
non fusion 36 1.7° - Nil 310 102

were among the first to describe the failures of short segment
instrumentation in their series of 19 patients with thoracolumbar
fractures of which 11 were treated by short segment fixation.
5(45%) out of these 11 patients experienced failure from bending or
breakage of screws with all the failures occurring within the first 6
months. In situ bending of the rods and pre-stressing of the screws
through compression/distraction manoeuvres was attributed to the

failure of instrumentation.’ McCormack et al. analysed cases with
failure of short segment instrumentation and they felt that the
degree of vertebral comminution was the cause of failure. They
came up with a load sharing classification (LSC) to quantify this
comminution and predict failure of posterior fixation. Three sepa-
rate characteristics of the fracture i.e. the amount of vertebral body
comminution as seen in sagittal CT reconstructions, apposition of
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fracture fragments as seen in axial CT cuts through the fracture site
and the amount of corrected kyphotic deformity as measured by
comparing preoperative and postoperative lateral plain films, were
graded. Each of these factors was subdivided into three grades of
severity and was scored on a point system from 1 to 3. In their
series all 10 (out of 28) patients with implant failure had a LSC score
more than 7 and out of these 5 had a score of 9, the maximal
possible in their scheme.!” Dai et al. found that LSC scores were
more predictive of late kyphosis in conservatively treated burst
fractures as well.?” Altay et al. observed that radiological outcomes
of short segment fixation are dependent on fracture location, type
of fracture and LSC score of the fracture. More correction loss was
observed in L1 fractures treated by short segment fixation having
higher LSC score.> On the contrary Scholl et al. concluded that LSC
was not predictive of short segment instrumentation failure in a
retrospective review of 22 patients with thoracolumbar fractures.*>

Disc integrity is also thought to be a contributing factors to
recurrence of kyphosis besides the vertebral body comminution.>®
In studies where the implants were routinely removed, progression
of kyphosis even when vertebral body height is maintained would
implicate disc as the cause.>® The mechanism of disc collapse re-
mains a matter of controversy. Disruption of vascularity of the
endplates, stress shielding effect of posterior fixation and hernia-
tion of the disc into the central depression of the endplate are some
of the proposed mechanisms.>%>’

Other postulated reasons for failure have been poor implant or
construct design such as a small diameter junction between screw
head and shaft, in situ bending of the rod, damage to the posterior
structures and stressing the screws with excessive distraction.%”%!!

8. Strategies to counter short segment instrumentation
failures

The strategies to counter short instrumentation failure have
focussed either on anterior augmentation or augmenting the
biomechanical strengths of posterior construct.

8.1. Augmenting the posterior short segment construct

The strategies for increasing the biomechanical strength of
posterior constructs include the use of crosslinks, addition of a
supplemental hook fixation at the levels of the screws, and addi-
tional fixation with pedicle screws in the fractured vertebra.'® In-
termediate or index level screws (a screw into the fractured
vertebra) have proven to be very effective in maintenance of
sagittal alignment and minimising implant failure. Dick et al. re-
ported the first instance of use of an intermediate screw to increase
the biomechanical strength of short-segment construct. In a
cadaveric model, they proved that axial stiffness and flexion stiff-
ness increased 160% and 84% respectively with the addition of in-
termediate screw as opposed to cross links.'# Mahar et al. termed
this fixation as segmental construct and concluded that a
segmental construct increased construct stiffness for axial torsion
stiffness and it protected the anterior column during flexion-
extension loading.”” In a cadaveric biomechanical model, Barta-
nusz et al. found that short segment fracture screw fixation with
intermediate level screws was biomechanically equivalent to
combined anterior—posterior constructs.'®

8.1.1. Clinical effectiveness of augmentation with index/
intermediate level screws

Clinical studies have also attested to the effectiveness of short
segment instrumentation with screws at the intermediate or index
level.:813:2845.46 15 3 study on 72 thoracolumbar burst fractures
with unstable burst fractures, Guven et al. observed that fractured

vertebra fixation resulted in lowered rates of kyphosis correction
failure and that this fixation was equivalent to a construct with
fixation 2 levels above and below the fracture.** Gelb et al.
concluded that pedicle screw placement into the fractured vertebra
seemed to protect against correction loss as 57% of the cohort with
no intermediate screw had >10° loss of kyphosis correction as
compared to none in intermediate screw group. There was no
relation between loss of kyphosis correction and load sharing
classification, Magerl type, or level of injury.” Farrokhi et al.
compared short segment instrumentation with or without fracture
level fixation in a group of 80 patients with thoracolumbar frac-
tures. Higher rate of impant failure were found in the group with no
screw in the fractured vertebra. This group showed a mean wors-
ening of 29% in kyphosis, whereas the group with fixation in frac-
tured vertebra had a significant improvement by a mean of 6%. The
effectiveness of intermediate level fixation in reduction of kyphotic
deformity and maintenance of sagittal alignment was most marked
in Magerl type C fractures.”® Kose et al. used a thinner and shorter
screw in fractured vertebra due to the fear of distracting fracture
fragments. The mean sagittal index was corrected to —1.8°
(—5°—3°) from 19.6° (12°—28°). At final follow up, the mean sagittal
index was 2.4° (0°—8°). None of the patients in their series required
revision for loss of correction or failure of instrumentation. The load
sharing classification did not influence the results.*> Kanna et al.
used fixation at the fractured level in 32 burst fractures with LSC >7
in a retrospective, uncontrolled series of patients. There were no
implant failures and mean loss of kyphosis correction was 1—2°. It
was concluded that there was no need for anterior fixation even in
injuries with LSC>7'3. In a comparative study on 60 patients,
Dobran et al. concluded that inclusion of fracture level in a short-
segment fixatiotn was as effective as long segment fixation in
kyphosis correction and maintenance of sagittal alignment for
unstable burst fracture at thoracolumbar junction. At final follow
up, local kyphosis angle(LKA) was 15.97° + 5.62° for short segment
fixation and 17.76° + 11.22° for long segment fixation.*® Common to
all the studies was emphasis on achieving lordosis by contouring
and no overdistraction.

8.1.2. Contraindications to index level screw fixation

Presence of a break in the pedicular wall is a contraindication to
index level fixation. It is recommended to use the intermediate
screw on only one side if the other side is fractured.”>"” Insertion of
unilateral pedicle screw instead of bilateral screws has been shown
to have equivalent clinical and radiological results. Sun et al.
showed that there was no difference in corrected vertebral wedge
angle, local kyphosis angle and anterior vertebral body height in
patients treated with either unilateral or bilateral fixation in the
fractured vertebra at a mean follow-up of 18.3 months in a well
matched cohort of thoracolumbar burst fractures with LSC>7.4

8.2. Anterior column support

Based on preceding discussion it would appear intuitive that
anterior column support would address the issue of implant failure
and recurrent kyphosis. Strategies to augment anterior column
have utilised 3 approaches:

i) Augmentation through transpedicular route
ii) Anterior approach and reconstruction
iii) Anterior reconstruction through all posterior approach.

8.2.1. Augmentation through transpedicular route
Intracorporeal bone grafting by morselized autograft, verte-
broplasty and kyphoplasty with hydroxyapatite, calcium sulphate,
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or calcium phosphate, balloon assisted endplate reduction(BAER)
are some of the techniques that have been used through trans-
pedicular routes in addition to short segment fixation.***° Intra-
corporeal grafting has not proven to be successful in majority of
studies despite initial promising results.*® One reason mentioned is
the resorption of graft before its incorporation.*® There have been
reports of good results with the use of hydroxyapatite, calcium
sulphate and calcium phosphate.*® However concerns around
cement leakage, displacement of fracture fragments, radiation
exposure, additional costs and long term fate of synthetic graft/
cement in a predominantly young trauma population need to be
answered, especially in light of near universal good results with
index level fixation.

8.2.2. Anterior approach and reconstruction

Direct spinal cord decompression and potential for complete
kyphosis correction are important advantages of anterior approach.
Combined anterior posterior approaches give the best immediate
and long term kyphosis correction.>*> However anterior approach
is relatively morbid and might be impractical in a polytrauma sit-
uation. It must also be kept in mind that some degree of kyphosis
recurrence does not always impact on the clinical outcome.>*’
Further the degree of canal compromise may not actually corre-
late to neurological dysfunction and a formal anterior clearance
might not be needed.'"® The retropulsed fragment may further
remodel obviating the need for canal clearance!!(Fig. 5).Sjostrom
et al. observed that canal encroachment decreased to a mean of 2%
at one year as compared to preoperative 38%(range 10—70%) in
burst fractures treated by posterior instrumentation.>® The choice
of anterior approach might be impacted by surgeon choice, defi-
nition of successful treatment, training and regional variations with
European (particularly German surgeons) favouring anterior
approaches.”®

Anterior column support might actually serve to keep the pos-
terior instrumentation as a short segment, particularly in the lumbar
spine where it is extremely important to save motion segments(-
Fig. 6). Korvossis et al. compared short segment fixation with index
level screws and a combined ant posterior approach in a well
matched cohorts of lumbar fracture. They concluded that short
segment transpedicular fixation(SSTF) offered similar significant
short term correction of posttraumatic deformities and better im-
mediate clinical results. However, it did not significantly maintain
the achieved kyphosis correction at the final evaluation done at 4
years as compared to a combined anterior and posterior approach.
They did not recommend SSTF alone for operative stabilization of

A

fractures with this severity although they did report that the anterior
group had significantly more postoperative complications.”’

8.2.3. Anterior reconstruction through all posterior approach

The all posterior/extracavitory approach for anterior recon-
struction” sacrifices important posterior stabilising structures and
requires multilevel fixation and should not be recommended with
short segment fixation.

9. Modifications of short segment fixation

Short segment fixation using adjacent vertebra as fixation anchor
points has been further modified to mono segment fixation or same
segment short fixation.>”> > Originally described by Goetzen, this
type of fixation incorporates fixation in one adjacent vertebra be-
sides the fractured vertebra and is meant to save motion segments
and possibly limit implant failure while reducing operating times
and blood loss.”>~>> This fixation while suitable for purely liga-
mentous injuries in non ankylosed spines, should be used with
caution in burst fractures.>? Finite element analysis have proven that
displacements are increased in fractured vertebra under all loading
conditions in monosegmental fixation as compared to short segment
fixation.”® Fractures with greater comminution, involvement of both
superior and inferior endplates and fractures with cortical breach in
pedicles are unsuitable for this type of fixation.?>>!~>°

10. Conclusion

Posterior short segment instrumentation is sufficient for almost
all Type A fractures and type B fractures in a non ankylosed spine.
There might be a slight recurrence of kyphosis but the clinical
impact is minimal. Index level screws (screw in the fractured
vertebra) increases the effectiveness of short segment instrumen-
tation and substantially decreases the implant failure rate. Anterior
reconstruction is rarely indicated and if chosen a separate anterior
approach helps to save levels and limit instrumentation to short
segment.

The future research should focus on identifying the clinical and
radiological variables that impact the outcomes in management of
thoracolumbar fractures. In particular the definition of instability in
relation to radiological parameters need to be well defined to better
identify factures needing operative treatment. There is a distinct
lack of high quality evidence which would guide surgeons to decide
between operative or non operative treatment particularly in burst
fractures(AO type A3,A4) with neurological deficit.

Fig. 5. Remodelling at 2 years in a case of burst fracture managed by short segment fixation. 5a. Postoperative axial view. 5b. Axial view at 2 years at same level.
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Fig. 6. Anterior reconstruction was used to reconstruct a severely comminuted L3 fracture and keep the instrumentation short segment and save mobile lumbar levels; Follow up CT
scan shows maintenance of lumbar lordosis and incorporation of graft.
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