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Abstract: Background and Objectives: Thoracolumbar fracture—dislocations (AO type C) are rare
injuries that occur due to high-energy trauma, and the result is translational and rotational instability
of the spinal column and neurological impairment. Several reduction maneuvers have thus far been
published, each of which can be of use in certain specific situations. We developed a modification
to the previously described reduction technique. Materials and Methods: This is a case study on
the management of thoracic AO type C fracture—dislocations managed with a modified reduction
technique. The success of the reduction and intraoperative iatrogenic complications such as dural
tear and screw pull out were the outcomes analyzed. Results: A total of four cases were successfully
reduced with this described reduction technique. We did not note any complications such as a dural
tear or screw failure with this modified reduction technique. Conclusions: A modification to the
reduction technique employed in the management of thoracic fracture—dislocations resulted in a
successful reduction without the risk of iatrogenic complications due to the reduction maneuver.

Keywords: reduction technique; thoracic spine dislocation; locked facet joints

1. Introduction

The junctional thoracic segment spanning from Th10 to T12 often experiences trauma
due to its unique biomechanical properties. This particular region, frequently known as the
junction between the thoracic and lumbar spine, is particularly vulnerable to injury. This
vulnerability arises from its role as a transitional area, transitioning from the sturdy and
relatively immobile thoracic spine, which is anchored by ribs on both sides, to the more
flexible lumbar spine below. Thoracolumbar fracture—dislocations (AO type C injuries)
are rare injuries that occur due to high-energy trauma, and the result is translational
and rotational instability of the spinal column, as well as severe neurological impairment
(Figures 1 and 2) [1]. Thoracic and thoracolumbar fractures with bilateral dislocation
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and locking of the facet joint are rare and challenging fracture types for correction and
management by surgical treatment (Figure 3). As a general guideline, surgical intervention
is typically recommended for unstable spinal injuries, including flexion-distraction injuries,
unstable burst fractures, and fracture-dislocations. While surgery can alleviate pain and
facilitate early mobilization and rehabilitation, there is no discernible disparity in terms
of neurological recovery and long-term functional outcomes between surgical and non-
surgical treatments [2].

Figure 1. A bilateral dislocation of the facet joint of the lower thoracic spine displayed on a plastic
model. Arrows highlight the bilateral discloation of the facet joint.

Figure 2. Preoperative CT scan showing a bilateral locked facet fracture—dislocation of the Th11-Th12
levels. The tips of the superior facet joints were also fractured indicating the high violence of the
injury causing bilateral locked facet dislocation.
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Figure 3. Intraoperative fluoroscopic image showing dislocated Th11-Th12 levels. Yellow lines
represent the anterior and posterior vertebral body height along with the translation noted between
the vertebral levels that resulted in the facet dislcoation.

Various reduction techniques have been described, generally in a small series of
patients, using a posterior approach with reduction and stabilization based on levering
and manipulation using temporary short rods that join transpedicular screws [3-6]. The
primary goals of the treatment are decompression of the spinal canal, realignment of the
vertebral column, and stabilization to prevent further injury. The reduction of dislocated or
locked facets in the thoracic vertebrae is a critical step in the surgical management of this
injury. The goal of the reduction is to realign the dislocated vertebrae and unlock the facets.
There are several techniques that a surgeon might employ depending on the specifics of
the injury and the surgeon’s expertise [3,5]. In the case of locked facets, unlocking and
realignment can be particularly challenging and may require a partial facetectomy. The
exact technique used to unlock the facets can vary, but it often involves a combination of
gentle distraction and rotation of the involved vertebrae, under direct visualization.

Occasionally, the dislocation may be so rigidly locked that great force is required to
achieve reduction (such as in cases with intact intervertebral discs, which provide a lot
of resistance to distraction) necessitating staged reduction procedures [7]. We introduce
a modified reduction technique that places less emphasis on the strong traction of the
temporary rods placed in the proximal end, thus reducing the risk of screw pull-out and
the need to extend the fixation due to the potential loss of purchase of the pedicle screw
(Figure 4). In any reduction technique, it is critical to be extremely cautious to avoid causing
further injury to the spinal cord or the nerves exiting the spinal canal. Once the dislocation
is successfully reduced, the vertebrae are typically stabilized with a fusion to maintain
the correction and allow for healing. This study aims to report on the technique and the
outcomes of this modified reduction technique employed in the management of thoracic
fracture—dislocations.
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Figure 4. Placement of proximal pedicle screws and fixation with two short temporary rods to
facilitate grip during the reduction maneuver.

2. Materials and Methods

This study was conducted after obtaining approval from the institutional ethical com-
mittee. A retrospective review was conducted from January 2022 to July 2023 following
the inclusion criteria listed below: 1. Patients of age > 18 years presenting with thoracic
fracture—dislocations (AO type C) irrespective of the neurological status; 2. patients man-
aged by the modified reduction technique. The success of the reduction and iatrogenic
intraoperative reduction maneuver-related complications such as dural tear and screw pull
out were the outcomes analyzed.

Surgical Technique

Under general anesthesia, the patient is placed in the standard prone position on a soft
support frame. Using the posterior approach, bilateral pedicular fixation is performed, two
levels above the fracture, using the free hand technique with fluoroscopic screw verification.
Before the reduction itself, we create an initial laminotomy window to get a sense of the
damage done to the spinal cord, as intact spinous processes and laminae are required for
the reduction technique. The laminotomy window can also be used to provide anchoring
points for the lamina spreader in case of spinous process fracture. Definitive laminectomy
and wide decompression are performed after reduction.

Our technique adds the use of a lamina spreader diagonally placed in the interspinous
space of the dislocated level, combined with the temporary rod placement described above.
The idea is that the lamina spreader provides two-dimensional correction forces, one blade
simultaneously distracting and depressing the distal vertebra and the other simultaneously
distracting and elevating the proximal vertebra. It may be necessary to “trim” the tips of
the lower-level facet joints to facilitate “unlock” and further reduce the necessary force for
the reduction maneuver, particularly in obese patients, where greater reduction forces are
anticipated. Manual depression of the distal segment is performed simultaneously. We
feel that the combination of the three simultaneous techniques reduces the overall force
required at each individual component of the combined maneuver, making it overall easier
to control, and ensuring the safety of the reduction technique (Figure 5A-C).
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Following a successful reduction, a definitive central laminectomy and wide decom-
pression were performed and stabilized with instrumentation two levels above and below
the level of injury along with adequate grafting to achieve posterolateral fusion of the index
level. We used mean and standard deviation to denote continuous variables.

(B)

Figure 5. Cont.
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Figure 5. Placement of 2 rod holders on the short temporary rods in the proximal segment and
introduction of a lamina spreader held diagonally in the interlaminar space (red arrows) (A). Simulta-
neous gradual traction of the rod holders, expansion of the lamina spreader (red arrows), and digital
depression of the distal segment to be reduced (blue arrows) (B). Final reduced position with the
facets back in their original positions (C).

3. Results

We screened 132 records of patients who presented to us with thoracic fracture and
found four cases to be of AO type C fracture-dislocation. This modified reduction technique
was performed in four cases presenting with thoracic fracture-dislocations. The mean
age of the patients presented was 32.2 (£7.1) years. The included patients presented with
complete paraplegia. All the patients were operated as early as possible with a mean time to
surgery of 1.5 (+0.5) days. The mean operative time for the cases was 112.2 (+17.5) minutes
with mean intraoperative bleeding of 148.5 (+25.7) mL. The baseline characteristics of the
included patients are presented in Table 1.

Table 1. Characteristics of the patients included in the study.

SL Age S Mechanism Level of Preseln tu.qgl Time to iated Iniuri Follo;v-[.lpl
No (Years) ex of Injury Dislocation Neurologica Surgery Associated Injuries Neurologica
Status Status
1 39.5 Male Car accident Th9/Th10 ASIA A 36 None ASIA B
Fall from Pneumothorax, rib
2 33 Male height Th11/Th12 ASIA A 12 fracture, left humerus ASIA A
g fracture
Left distal radius
3 31 Female Fall from Th9/Th10 ASIA A 24 fracture and ASIA B
bike dislocation of left
shoulder
4 255 Male Car accident Th10/Th11 ASIA A 24 Right hip fracture ASIA C

Upon the utilization of the above-mentioned technique, we did not experience any
technical difficulties in carrying out the reduction, and the post-operative period was
uneventful in all the cases without any intraoperative complications such as dural tears or
screw failure (Figures 6 and 7) [8]. The reduction was smooth, and we did not observe any
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worsening progression of motor or sensory levels in the postoperative period (Figure 8).
Due to the initial violence of injury to the spinal cord that occurs with spinal dislocation,
patients did not show drastic recovery following surgery. However, they improved from
their initial grades of neurological presentation at 1.5 years follow-up as shown in Table 1
and they did not experience back pain.

Figure 6. Intraoperative fluoroscopic images after successful reduction, decompression, and postero-
lateral fusion of Th10-L1. Yellow lines represent the vertebral body height and the translation that is
restored with the surgical fixation.

Figure 7. Computerized tomography scan of thoracic fracture—dislocation (Th9/Th10) successfully
and safely reduced using the described technique.
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not implemented

Figure 8. Postoperative T2 weighted magnetic resonance image revealing adequate decompression.
Despite the slight artifacts from the screws, the medullary contusion is visible.

4. Discussion

The thoracolumbar junction acts as a transition zone from a rigid thoracic spine to a
more mobile lumbar spine. Injuries to this transitional level are typical due to the relative
mismatch in stiffness on either side of the junction. High-energy trauma can affect any
level, including dislocating the relatively stiff thoracic spine, and is frequently associated
with severe neurologic deficits [9]. Most of the cases of thoracic spine fracture-dislocation
present with complete paraplegia as noted in our cases. However, presentations of fracture—
dislocations without neurological injury have also been described in the literature [10].
Narendra et al. [11] reported a case of bilateral facet joint dislocation in the lumbar spine
without fracture of the facets that was treated with open reduction with instrumentation
along with unilateral transforaminal discectomy and fusion. The case demonstrated good
functional and neurological outcomes at 6 months follow-up. However, it is not always the
case in thoracic injuries given the impact of the trauma on the cord in the limited spinal
canal volume.

Despite the grim prognosis, we believe that most fracture—dislocations with complete
neurologic deficits should be operated on as soon as possible (as soon as the patient arrives
and is cleared for surgery) due to the sheer unpredictability of neurological recovery.
The main goals of surgical management include the reduction and stabilization of the
unstable spinal segment. In the case of patients presenting with paraplegia, the goal of
surgery is towards early mobilization and rehabilitation [12]. Surgical treatment of these
injuries is challenging, and the forces needed to achieve adequate reduction often result
in complications such as dural tears, screw failure, or iatrogenic spinal cord injury. Our
modified reduction maneuver is a simple, reliable, and safe method of reducing rigidly



Surg. Tech. Dev. 2024, 13

266

locked thoracic fracture—dislocations. The technique can be reliably used with minimal
risk of dural tear utilizing the sufficient “laminotomy window” performed before the
reduction. It requires minimal inventory to perform this technique without the need for
additional expensive specialized reduction instruments, which may not be readily available
at every center.

A similar technique utilizing short horizontal rods connected across the pedicle screws
to enable the distraction across the locked facets employing three surgeons to act in syn-
chrony has been documented earlier [13,14]. The greatest advantage of our described
technique is the emphasis on leverage rather than strength, which allows for more precise
maneuvering, which is a crucial element to take into consideration when performing com-
plex reductions caused by high-energy trauma without demanding manpower. Using less
brute force and strength while performing the reduction additionally allows for a slower,
more deliberate, delicate movement which reduces the risk of adverse surgical events such
as accidental slippage, which may have catastrophic consequences [15].

Some of the key aspects that should be reminded before embarking on the surgical
reduction of the locked thoracic facets to maintain the efficacy and safety of the procedure
include the following: First, preoperative planning with comprehensive imaging is vital
to understand the exact nature and extent of the injury. This helps to plan the reduction
strategy and predict potential challenges. If needed, technology with three-dimensional
reconstruction with simulation and virtual navigation can be utilized [16]. Further, intraop-
erative use of fluoroscopy or other real-time imaging aids during the procedure allows the
surgeon to verify the positioning and progress of the reduction with every step followed.
Intraoperative neuromonitoring during the procedure can help detect potential spinal cord
or nerve root compromise early [17]. The facets must be manipulated gently to unlock
them. Forceful manipulation may lead to further injury. In some cases, partial facetectomy
may be necessary to unlock the facets. A combination of gentle distraction and rotation of
the involved vertebrae is often employed to unlock the facets which is made in a controlled
manner using the laminar spreader in our technique. If there is spinal cord or nerve root
compression due to disc material, bone fragments, or hematoma, a decompression laminec-
tomy, or discectomy might be necessary. Once the facets are unlocked and the vertebrae
are realigned, it is important to stabilize the spine using pedicle screw fixation, followed
by fusion to maintain the correct alignment and allow healing. In addition to the above
measures, postoperative neurologic assessment, pain control, and early mobilization are
crucial for recovery.

Thoracic vertebrae fractures with facet dislocation are serious injuries that can result
in significant complications. These complications can arise from the injury itself, or they
can be associated with the surgical interventions used to manage the condition. One of
the most serious complications is injury to the spinal cord or nerve roots, which can result
in paralysis or sensory changes below the level of the injury. This can occur as a result
of the initial trauma, or it can occur intraoperatively during the reduction or stabilization
procedures [18,19]. Prevention of avoidable complications is crucial and it includes careful
surgical technique, meticulous perioperative care, early mobilization, deep vein thrombosis
prophylaxis, and close postoperative follow-up [20].

Liawrungrueang et al. [21] reported a case of thoracic facet dislocation without facet
fracture at Th11-12 with complete paraplegia. The authors utilized 3D printing technol-
ogy to make preoperative planning for the case. They performed open reduction and
decompression followed by instrumentation with posterolateral fusion for the patient.
Further, they made a 3D rending of the thoracolumbar junction to further understand the
morphology and alignment following the procedure. The authors suggest the use of this
technology for a better understanding of the pathology and trialing of the reduction maneu-
ver pre-operatively to aid in the training and coordination of the surgical team effectively.

Our study has its limitations. The small clinical experience because of the sample size
managed with the proposed reduction technique is not sufficient to generalize the results
obtained. However, considering the rarity of the event, and the consistent performance
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of the technique at its every attempt, the authors recommend this technique for routine
surgical usage in thoracic fracture—dislocation reduction scenarios. We did not compare
the effectiveness of the technique in comparison with other techniques and also did not
explore the long-term outcome of the patients managed by this technique. However,
the authors believe that the impact of the reduction techniques is mostly evaluated in
the immediate postoperative complications associated with the technique itself rather
than the long-term outcomes which are influenced by the initial spinal cord trauma [22].
Further, a retrospective historical control could not be made out due to the lack of granular
intraoperative data on the actual technique followed earlier for similar cases.

5. Conclusions

Our modified reduction maneuver is a simple, reliable, and safe method of reducing
rigidly locked through-disk thoracic fracture-dislocations. The technique can be reliably
used with minimal risk of iatrogenic complications due to the reduction maneuver.
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