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ABSTRACT
: Background and Aim: Acute lower lumbar spinal fractures (L4 and L5) can cause major neurologic
Article info: : damage and mechanical instability. The ultimate surgical method for the management of unstable
Received: 10 Aug 2019 lower lumbar spine fractures
Accepted: 23 Nov 2019 Methods and Materials/Patients: Online search databases including Google scholar databases,
Available Online: 01 Jan 2020 : PubMed and Ovid was performed using the keywords: Low lumbar, fractures, spine trauma,

biomechanics, classification, anatomy, spinopelvic alignment, non-operative and surgical
treatment options. Finally, about 47 related studies were identified and reviewed.

Results: The L4 and L5 vertebra and related discs contribute to 50% of the lordosis in the lumbar
area. Fracture of the trapezoidal body of the fifth vertebra can considerably decrease this and
change the L4-L5 and L5-S1 biomechanics. The lower lumbar spine, in contrast to the thoracolumbar
junction, is secure by the pelvis and the robust musculature. There is great controversy about the
treatment of lumbar burst fractures without neurologic deficit. The surgical indication and optimal
procedure may be influenced by numerous aspects such as the severity of signs and symptoms,
the amount of loss of vertebral body height and the involvement of the spinal canal, and finally, the
stability of the posterior spinal components.

Conclusion: There is no consensus on what establishes the paramount treatment for low lumbar
burst fractures. Conservative care has been related to acceptable outcomes for patients with a
burst fracture which are neurologically intact. In more severe injuries, spinal decompression and
stabilization via a posterior or anterior approach are based on the surgeon’s preference. For lower

Keywords: : lumbar burst fractures or fracture-dislocations of the lumbosacral junction with neurologic injury,
Lumbar region, Spinal : posterior decompression and stabilization, and a period of rest and bracing for the preservation of
fractures, Treatment options : lumbar lordosis are appropriate.
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Highlights
e Acute lower lumbar spinal fractures (L4 and L5) can cause major neurologic damages and mechanical instability.

e L4 and L5 fractures are different from the fractures in the thoracolumbar area. These differences include anatomy,
biomechanics, classification, and treatment possibilities.

e The AO classification for thoracolumbar trauma is not useful for fractures of L4 and L5 vertebra.

® In more severe injuries, spinal decompression and stabilization via a posterior or anterior approach are the best
decisions based on the surgeon’s preference.

Plain Language Summary

Due to the growing prevalence of traumatic injuries, the incidence of spinal injuries has also remarkably increased.
The classification, diagnosis, and treatment options of different types of spinal trauma and fractures are specified
based on their different anatomic and biomechanical issues as well as their location in the spinal column among
cervical to sacrum spine. This study presented the analysis of a thorough search on related studies and data on
some unique spinal fractures occurring in lower spinal injury (fourth and fifth lumbar vertebra) and considered their
special anatomy, biomechanics, classification, and treatment options.

1. Introduction 2. Methods and Materials/Patients

Online databases search including Google scholar da-
tabases, PubMed and Ovid were performed using the
keywords: low lumbar, fractures, spine trauma, biome-
chanics, classification, anatomy, spinopelvic alignment,

cute lower lumbar spinal fractures can
cause major neurologic damage and me-
chanical instability. The ultimate surgical
method for the management of unstable

lower lumbar spine fractures remains questionable [1].

L4 and L5 fractures are different from those of the tho-
racolumbar area. These differences include anatomy,
biomechanics, classification, and treatment possibili-
ties. The infrequency of these damages is marked by
their inadequate documents in the literature. Treat-
ments need to be customized and the recommenda-
tions for thoracolumbar trauma management cannot
essentially be shifted to low lumbar trauma [1, 2].

The ideal treatment of thoracolumbar and lumbar
fractures has remained controversial. The exclusive fea-
tures of the lower spine and insufficient literature on
the fractures in this area are still a challenge for making
helpful decisions [3].

Given the controversial available literature about the
management of low lumbar fractures, this review aims
at highlighting the various characteristics and treatment
options of these unique spine fractures.

non-operative and surgical treatment options. Exclusion
criteria were texts published in any language other than
English. Significant training and publishing in this field
are very limited, so we were obligated to use some exist-
ing old basic articles published before 2000 except for
other new ones. Finally, about 47 related studies were
identified and reviewed.

2.1. Anatomy

About half of the lumbar lordosis cases arise from
complications in the L4 and L5 vertebrae and the related
discs [4]. Fracture of the trapezoidal body of the fifth ver-
tebra can considerably decrease this lordosis and change
the L4-L5 and L5-S1 biomechanics [4-6]. A narrow spi-
nal canal has a possibility for isolated nerve root injury
in burst fractures or fracture-dislocation. The position of
the lumbosacral junction inside the pelvic, the iliolum-
bar tendons, and the main muscle support sets need an
extraordinary level of energy transmission to lead to ma-
jor damages to the lower lumbar vertebrae [5, 6].

Usually, an approach to the lower lumbar spine via the
anterior trajectory can be problematic because of the
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great vessels near the anterior vertebral structures. Al-
though anterior entrance to the L4-L5 and L5-S1 disc is
usually preferred, access to the vertebral body is more
challenging [6, 7].

3. Biomechanics

Developing the 5-point criteria by White and Panjabi
was a milestone for the description of stability and in-
stability of thoracolumbar burst fractures, linking bio-
mechanical, clinical, and anatomical viewpoints using
the incapability to preserve fundamental integrity un-
der physiological pressure to avoid the progression of
neural discrepancy and pain [7, 8].

Burst fractures of the thoracolumbar spine character-
ize a range of spinal injuries that frequently arise due to
axial loading and flexion compression damages of the
spinal column. The mentioned fractures happen as a re-
sult of injury to at least the anterior and middle columns
of the vertebral unit [8, 9]. They often happen in the in-
ferior thoracic and lumbar spine, probably owing to the
great compression forces produced through the bulk of
the inflexible thoracic ribs and the pelvic on the flexible
middle area between them, which turns as the movable
part of the spinal column. They are perceived universally
in patients due to falling from height or high-speed road
traffic accidents, or through rapid deceleration [9, 10].

There are distinctive anatomical features and par-
ticular biomechanics in the lower lumbar spine (L4-L5)
which affect the reaction to trauma and can support di-
verse managements in this fracture [11].

Regular lordosis of the lower lumbar L4 spine permits
the midpoint of gravity to drop posterior center of the
body of L4 vertebra (Figure 1), causing fractures of low-
er lumbar less vulnerable to collapse or kyphosis which

(

Figure 1. Center of gravity posterior to the body of L4 [3] U.Ef
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is routine in the thoracolumbar junction [3, 12]. Neuro-
logic problems can be restricted via a wide neural canal,
making the cauda equine less prone to damage, and in-
crease the rate of recovery [13].

Lastly, the position of L5 on the edge of the upper part
of the pelvic and ligaments between lumbar and sacro-
iliac regions makes a fixed situation for the uncommon
lesions of this vertebra [3, 14, 15] (Figure 2). The practi-
calimportance of the flexibility of the lumbar spine leads
us to control the degree of the fixation and stabilization
of the moveable parts through the treatment [4, 15-17].

The lower lumbar spine, in contrast to the thoracolum-
bar junction, is protected by the pelvis and the strong
musculature. Motor vehicle accidents, falling, or severe
crush injuries occur in this area of the spine. Therefore,
flexion-distraction injuries (Type B in AO spine injury
classification system) are uncommon [4].

In these injuries, the anterior structures are common-
ly compromised. Type A fractures can cause variable
amounts of vertebral body damage. Fracture-disloca-
tion with displacement results in substantial lumbar disc
disruption and a decrease of load-bearing capability.
Defects of the anterior column make decision-making
more challenging [18-20]. Anterior column insufficiency
in the acute phase is associated with sagittal balance
distortion. Deformity of the coronal plane will similarly
cause an imbalanced load on the facet with probably
faster degenerative alteration [4, 8, 20].

Structurally, the surgeon must be conscious that distal
sacral fixation points are instinctively fragile in contrast
to pedicle insertion in the proximal lumbar spine [4, 15].
The distal fixation points could fail in aggregated ante-
rior column discrepancy. Low lumbar fractures near the
sacro-pelvic junction are difficult to brace. Biomechani-
cal data have confirmed the increased shifted load over
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Figure 2. L4 and L5 stability by their lumbar ilio-sacral ligaments
and their position under the upper part of the pelvis [3]
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Figure 3. Pre-operative and intra-operative and 2-year post-operation of a severe L4 burst fracture with young patient without neurological
deficits treated by 1-stage vertebrectomy, titanium mesh implantation, or tricortical graft and pedicle screw fixation.

Note, nerve hook retracts gently the L4 nerve root and prepares a space for cage insertion (Our practice in Spine Center of Mazandaran

University of Medical Sciences, Iran).

the lumbosacral junction once TLSO braces are used.
This bracing needs pelvic immobilization by the inser-
tion of a distinct thigh in the brace or cast [16].

3.1. Classification

This arrangement system would eliminate some com-
mon fractures and contain infrequent sub-groups [18].

The compression and burst fracture, (Type A in AO spine
injury classification system) happen in the lower lumbar
spine. AO Type B and C fractures like the Chance fracture
and fracture-dislocations are extremely rare and are dif-
ferent from the fractures seen at the thoracolumbar
area and need a special classification system [18]. Such
a classification system for low lumbar fracture must

1-Day Postoperative

Figure 4. Pre-operative, just post-operative, and 1-year post-operative axial computed tomography imaging of lumbar L4 burst fracture

with minimal loss of height and canal compromise, the axial images revealing bone growth at the fracture lines (arrows) [47].
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include 1. Process fractures like transverse or spinous,
2. Fractures related to sacral and pelvic trauma and 3.
Fracture-dislocations of L5 as traumatic spondylolisthe-
sis [19, 20]. The decision for diagnosis, spinal cord injury
detection, classification, and treatment selection imag-
ing like CT scan and MRI have important roles [21].

A valuable classification of lower lumbar fractures may
contain:

1. Isolated process fractures such as transverse process
or spinous fractures;

2. Type A as compression and burst fractures;

3. Fracture-dislocations as traumatic spondylolisthesis
(19];

4. Lumbosacral junction trauma linked by pelvic frac-
tures [20];

5. Mixed and miscellaneous injuries [4].
4. Incidence

Lower lumbar injuries are relatively rare and these frac-
tures contain 14% of all thoracolumbar injuries and are the
consequence of high-impact trauma [2].

One multicenter study revealed 31 L4 and L5 burst frac-
tures admitted from three spine departments over 16 years
[16]. Some other small series frequently include a mixed
population of patients and mixed treatment approaches
amenable to change over time [22-26].

In a retrospective unique presentation in the Auckland
region of New Zealand, over five years, the Trauma Unit of
New Zealand reported an analysis of 7,041 admittances with
a total of 824 spine injuries (351 cervical, 218 thoracic, 255
lumbar) [24]. Of the 255 lumbar spine injuries, only 63 in-
volved the L4 and L5 vertebrae. The latter study comprised
37 process fractures principally transverse processes and of
these patients, 21 cases were accompanied by major pelvic
fractures. There were 14 compression type fractures, 6 burst
type fractures, and 3 fracture-dislocations. One fracture of
the pedicle was observed and in 2 cases, the fracture was
unclassified. Noticeably, the incidence of L4 and L5 fracture
leading to neurologic damage or major instability such as
burst fractures or fracture-dislocations is small, signifying
only 1.1% of spinal fractures in a report [27].
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5. Treatment Options

There is a great controversy on the treatment of lumbar
burst fractures without neurologic deficit [26, 27]. Surgical
management classically includes 1. A retroperitoneal cor-
pectomy; 2. Posterior pedicle screw fixation ; or 3. A com-
bination of them. The surgical indication and optimal pro-
cedure can be influenced by numerous factors such as the
severity of signs and symptoms, the amount of vertebral
body height loss and spinal canal involvement, and finally,
the continuity of the posterior spinal components [27-29].

The management of burst fractures in acute spinal injuries
denotes a complex decision procedure [30]. Some consid-
erations should be evaluated to choose the best approach
to continue. Posterior-only approaches are broadly applied,
however, failure to retain the sagittal plane improvement
has been detected [31]. Though, once the main aim is the
decompression of the spinal cord and stabilization of the
spine unit, the anterior approach would be the optimal
method [32]. This approach delivers direct decompression
of the neural elements, making proper anterior support and
load sharing through the usage of a cage or graft [33]. Con-
versely, extreme blood loss, injury of the abdominal wall,
damages to the diaphragm, and incisional problems are as-
sociated with the anterior method [34]. Newly, mini-open
methods to the thoracolumbar spine have been revealed to
be safe and effective in the management of numerous spi-
nal disorders including vertebral fractures, with lowest blood
loss, muscle injuries, and pain [33, 34].

The aims of thoracolumbar fracture treatment are return-
ing spine stability and achieving spinal cord decompression
to attain quick mobility in patients [35-40]. The organization
of thoracolumbar burst fracture is varied, based on several
mechanisms. Fracture neurological status, morphology, and
the tendency of physicians all play a vital role in defining
which approach among the anterior, posterior, or combined
approaches are to be employed [40-42]. Burst fractures of
the lower lumbar spine (L4-L5) have exclusive biomechanical
and neurological characteristics similar to burst fractures in
other areas of the spinal column [40, 41]. Therefore, there
has been great controversy concerning what establishes the
paramount treatment for low lumbar burst fractures. Use-
ful treatment includes quick and dynamic mobilization looks
proper for stable compression fractures. It could similarly be
applied to isolated process fractures without significant ac-
companying pelvic fractures [35, 36].

For burst type fractures without neurological defi-
cit, several studies have recommended that conservative
treatment was related to an acceptable outcome. Con-
ventional care contains: 1. Bed rest; 2. Bracing of the low-
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er lumbar spine [35-38]. It looks very doubtful that bed
rest or postural reduction leads to major vertebral height
reconstruction or any improvement in lumbar lordosis af-
ter a burst trauma. Bracing must consist of a TLSO by a
thigh extension. It is possible that initial mobilization in a
brace may be related to more loss of anterior vertebral
height and decreased lordosis. The short-term functional
results for this method of treatment have been accept-
able. Long-term complications include the likelihood of
painful deterioration associated with disc and endplate
damage and the progression of degeneration with a po-
tential for developed spinal stenosis [36-39].

Sometimes in surgical approaches via posterior corridor
wherever there are fractures with cauda equina inju-
ry; facetectomy, open reduction of fracture-dislocations,
or canal decompression and impaction of retro-pulsed
bony fragments away from compressed neural elements
are obligated. Neurologic recovery after compressive
damage to the cauda equina and nerve roots is reflected
to be more satisfactory than proximal neurologic injury.
Decompression is a proper therapeutic decision for those
patients with major neurological deficits [35-40].

Posterior or posterolateral fusion without stabiliza-
tion can immobilize the fractured bony fragments when
the fusion mass is solid. It is possible that early mobili-
zation, while the fusion mass is growing, would cause
a progressive decrease in vertebral height and lumbar
lordosis [4, 31-33].

Internal fixation with older instruments like 1. Har-
rington rod systems 2. Segmental sublaminar wire-rod
systems are evidently linked with poorer outcomes. The
Harrington system may flatten lumbar lordosis once
used to treat a low lumbar breakage [4, 36, 37, 41]. This
was related to the early progress of proximal junctional
syndrome. Segmental fixation with sublaminar wiring
typically needs further extension of the equipment, and
finally are related to the early development of injuries
in adjacent segments. These systems for stabilization of
lower lumbar fractures are not currently commonplace
in spine surgery [21, 39-42].

Posterior pedicle screw fixation instruments need
2-level stabilization for one-level burst injuries, but this
short-level stabilization might be unacceptable for frac-
ture-dislocations. Because of the propensity for burst
vertebra to consolidate, with loss of anterior column
height, strongly constrained rigid systems are manda-
tory. Choosing a pedicle screw system needs sufficient
screw dimension, suitable rod size, and stiff rod connec-
tion to the screws to counter against bending moments
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[41-43]. The patient’s physiognomies to be measured,
including insufficient pedicle size and sacral anatomy
to normally insertion screws, and also acceptable bone
solidity. Surgical issues to be optimized consist of: 1.
Exact insertion with at least posterior cortical damage;
2. Eighty percent pedicle filling; 3. Screw placement to
the anterior cortex to maximize grip inside the vertebral
body; 4. Bi-cortical screw insertion at S1; and 5. A con-
cern of both the S1 body and alar screws to increase
sacral fixation. The surgery should take an operational
position that enhances the lordosis above the instru-
mented segments. The patient is placed prone with the
hips and completely extended knees [40-42].

Anterior column reconstructionis a challenging issue.
The lack of acceptable anterior stabilizing instruments
sometimes means that both anterior and posterior surgery
would be essential. Because of the great vessel positions,
the anterior approach is technically dependent [41-43].

In lower lumbar burst fractures with excessive vertebral
compression and neurologic damage, standard alterna-
tives are open posterior decompression and stabilization
with a pedicle screw system. The additional care might
include bed rest or bracing to permit fracture union and
this can ultimately prevent implant failure [3, 44, 45].

In circumstances of fracture-dislocation at the lumbosa-
cral junction, the major translation will cause injury to the
disc space. This traumatic instability of the lumbar disc
is possibly dissimilar to disc height loss by degeneration
process, and significantly involve the load-bearing ability
of the intervertebral disc. If open reduction and stabiliza-
tion via a posterior method are achieved, and disc height
is preserved, the bending moments on the instruments
could result in implant failure. In this condition, inter-body
support would be a treatment choice. Decisions contain
the consumption of a cage device or a measured bone
graft via a posterior (PLIF) or anterior (ALIF) approach
based on the surgeon’s preference [3, 41, 42].

A mini-open true lateral trans-psoas approach has de-
scribed for lumbar corpectomy through percutaneous
pedicle screw fixation in the management of an acute
lumbar burst fracture [44].

Today, 1-stage partial or complete vertebrectomy, tita-
nium mesh implantation, or tricortical graft and pedicle
screw fixation in the treatment of some lumbar burst
fractures through a posterior approach is a treatment op-
tion. This can be achieved using expandable cages only
when it is used for the posterior approach. They obviate
the need for an anterior approach to reconstruct the ver-
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tebral body. Meticulous care must be taken to reserve the
spinal nerve roots [45, 46] (Figure 3).

In some selected chronic fractures, vertebroplasty inter-
vention with close post-operative clinical monitoring has
been described as a standalone treatment, and it offers the
advantages of less operative morbidity and maintenance of
lumbar mobility in selected patients [47] (Figure 4).

6. Conclusion

Low lumbar spine fractures are relatively rare and have
different injury configurations, biomechanical and neu-
rological landscapes compared with thoracolumbar frac-
tures. Their management requires modification based on
the pattern of trauma, neurologic injury, biomechanical
insufficiencies, and the restrictions of surgical instruments
and all available approaches. Thus, there has been great
controversy concerning what establishes the paramount
treatment for low lumbar burst fractures. Conservative
care has been related to respectable outcomes for patients
with a burst fracture without neurologic deficit. In more se-
vere injuries, decisions contain spinal decompression and
stabilization via a posterior or anterior approach based on
the surgeon’s preference. For lower lumbar burst fractures,
or fracture-dislocations of the lumbosacral junction with
neurologic injury, posterior decompression and stabiliza-
tion, and a period of rest and bracing for re-establishing
lumbar lordosis is appropriate.
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