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INTRODUCTION
Flexion-distraction injuries occur due to distractive forces leading to 
disruption of the posterior and middle columns of the spine [1]. These 
injuries are frequently associated with anterior column injuries such as 
compression fractures, often leading to further instability or kyphosis 
[2]. These injuries are also frequently associated with neurodeficit due 
to canal compromise and ab dominal injuries [2]. This fracture pattern 
was first classified by Chance, who originally described a flexion injury 
to the vertebrae resulting in disruption of the posterior arch system [3]. 
These fractures classically consist of a fracture line through the spinous 
process, laminae, transverse processes, pedicles, and into the vertebral 
body (Fig. 1), but involvement of soft tissues, such as the posterior 
Ligamentous complex, is very common (Fig. 2) [4, 5]. The most common 
location for a flexion-distraction injury is around the thoracolumbar 
junction, although it can occur at any level of the spine [6]. Flexion-
distraction injuries account for 1%–16% of all thoracolumbar fractures, 
depending on the population examined [7].

Treatment of flexion-distraction injuries often requires surgical fixation 
and fusion if there is damage to the posterior ligamentous complex, as 
the associated ligaments heal poorly despite reduction and prolonged 
immobilization, and conservative management often results in 
significant kyphotic deformity and neurological deterioration [1, 4].

More recently, minimally invasive techniques have gained traction 
due to advantages with regard to minimizing paraspinal tissue damage 
during the approach, leading to decrease in blood loss, operative 
time, and use of postoperative analgesics [5, 8]. Minimally invasive 
percutaneous instrumentation is a viable option for selective unstable 
fractures that do not require open reduction or open decompression 
of the neural elements. There have been relatively few reports of 
percutaneous pedicle screw fixation for flexion distraction injuries in 
the literature, and reports are mostly oriented regarding bony injuries 
and its healing [5, 9].

We would like to describe the outcome of our patients with flexion-
distraction thoracolumbar injury treated with minimally invasive 
pedicle screw fixation in last three years. 

MATERIALS AND METHODS 
Patients with flexion-distraction injury who were treated between Jan 

2017 and May 2019 were followed up prospectively. Neurological status 
was determined using the ASIA scoring system, which is based on the 
modified Frankel score on admission as well as at each follow-up visit 
[10].  The degree of kyphotic angulation, or Cobb angle, was measured 
from lateral radiographs using the cephalad and caudal intact endplates 
on admission, at discharge, and at each follow-up visit. The residual canal 
was based on the AP diameter of the canal at the site of injury, expressed 
as a percentage of the average AP diameter at the intact levels cephalad 
and caudal to the level of the injury. Injuries were classified using the AO 
classification as well as the TLICS for thoracolumbar injuries [11]. Total 
operative time and length of hospital stay were noted. In postoperative 
period, apart from Cobb angle, incidence of violation of the medial wall 
of pedicle and abutment of cephalad joint were also noted. Healing of 
PLC was noted at postoperative MRI (3 months follow-up) on both T1 
& STIR sequence. Functional assessments were done by measuring VAS 
& ODI score in both preoperative and post-operative follow-up periods. 
Patients with neurological deficit, with other associated injuries and 
patients with less than one-year follow-up were excluded from this study. 

RESULTS
A total of 12 patients (9 males, 3 female) with flexion- distraction injury 
were treated at our institution by Minimally Invasive Pedicle screw 
fixation (MIPS) in prone position between Jan 2017 and May 2019. The 
average age of all 12 patients was 26 years (range 14 years-56 years). The 
mechanism of injury in most of them was road traffic accidents except 
in two female patients who had injuries during contact sports. In all 
cases, non-contrast MRI demonstrated injury to some portion of the 
posterior Ligamentous complex (Fig. 3) as bright hyper-intensity signal. 
The levels of injury ranged from T-6 to L-3. The most commonly injured 
level was L-1 (6 cases). The average residual canal after injury was 90% 
(range 86%–100%). 

All except two cases were operated within 3 days of admission. In 7 
cases, fusion construct were restricted to one segment above and below 
the index level, with a unilateral or bilateral pedicle screw inserted in 
the index level. In rest of the cases, construct was extended up to two 
cephalad & caudal levels. No patient showed neurological deterioration 
in post-operative period. Total operative time in average was 66 
minutes (range 45 min-120 min). Duration of hospital stay in average 
was 5 days (average 3 days-8 days). With experience, operative time 
gradually decreased, though it is basically related with the length of 
instrumentation. 

The average kyphotic angulation at admission was 8 degrees (2°-10°), 
which improved significantly to 2.5° (1.5°-6°) (Fig. 4). A total of 

Fig. 1. Flexion-distraction injury at L1- involving anterior, middle column & 
posterior column as evident by abnormal widening of spinous process (D12-L1). Fig. 2. Involvement of PLC as seen in Coronal MRI (STIR) images.
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80 MIPS were evaluated on CT. Among them only 5 screws showed 
Grade II violation. No incidence of Grade III or higher violation was 
noted. Among the 24 proximal facet joints, only five joints had Grade 
II violation, none higher. On routine postoperative MRI assessment at 
4 months, all cases showed near complete healing of posterior ligament 
complex in T1 sequence and complete absence of hyper intensity signal 
in STIR sequence (Fig. 5). 

The pain profile during the first 7 postoperative days has been reflected 
by VAS scores; average 2.6 [1-4]. Working ability was assessed as the 
capacity of the patients to return to their previous working position. 
In our study, every patient had resumed their full working capacity 

in due course of time. Heavy weight lifting and contact sports were 
restrained until the radiological signs of PLC healing are clearly evident. 
No incidence of superficial or deep infection, CSF leakage, vascular and 
visceral injury happened. No need for hardware removal in any of the 
cases until last follow-up.

DISCUSSION
Although Percutaneous Transpedicular Fixation is currently been 
using for thoracolumbar fractures, a number of articles have cited 
few drawbacks of this technique, such as a reduced angular stability 
of the polyaxial screws, lesser potential to correct kyphotic deformity, 
suboptimal condition for spinal fusion, and the fact that the majority of 
such systems can provide only short-segment fixation [12]. Although 
the initial results with short-segment fixation in thoracolumbar trauma 
cases were dismal, showing mechanical failure in as many as 50% of 
patients, currently the general consensus about the suitability of this 
therapeutic approach is that it is acceptable in preselected patient groups 
[13]. Therefore, most of the literature suggests that this procedure 
should be performed with no inter-segmental fusion in patients with 
supposedly favourable bone healing potential and in the absence of 
significant ligamentous instability [unstable burst-type fractures (AO/
Magerl Type A3 classification) without severe kyphotic deformity] [14, 15].

With a very few literatures support on implementation of MIPS in 
flexion-distraction spine injury (AO/Magerl Type B1 & B2 classification), 
we have experienced a promising result on clinical, radiological and 
functional outcome in our study [5, 9, 16]. No evidence of statistically 
significant increase in Kyphotic angle in any of the cases till last follow-
up have been detected. 

Some authors advocate polymethylmethacrylate augmentation of 
percutaneous transpedicular screws with or without kyphoplasty of 
fractured vertebrae in patients without osteoporosis [17]. We do not find 
this concept to be useful in patients with normal bone supply because 
screw anchoring appeared to be adequate and sufficient, according to 
our results. In our opinion, polymethylmethacrylate augmentation 
only increases the potential risk of perioperative complications. 
Furthermore, there are no published data to clarify the potential long-
term consequences of bone cement placed into the vertebral body, and 
speculation about interference with the natural vertebral body healing 
process might be correct [18].

In our study only five screws out of eighty (6.25%) had radiologically 
significant medial cortical pedicular breech. The ratio is well below than 
the similar literatures [19,20]. In 58.3% cases (7/12), we restricted our 
instrumentation to one level around the index segment. As per JS Uribe 
et al, short-segment fixation (one level above and below the fracture) 
with a short screw (25mm -35 mm in length) through the pedicle at 
the index level provides substantial biomechanical support to allow for 
appropriate healing [21]. Compromise of the pedicle(s) may prohibit 
placement of an index level screw. Likewise, compromised bone integrity 
at an adjacent level may warrant extension to an additional level to ensure 
appropriate purchase [22]. Percutaneous methods do not allow direct 
decompression of neural elements. However, indirect decompressions 
in these cases were achieved by both positioning of the patient in prone 
and by the ligamentotaxis principle along the screws. For many burst 
fractures, prone placement of the patient on the operating room bed 
causes postural reduction of the traumatic deformity and Distraction 
across the fractured segment allowed for ligamentotaxis and anterior 
stretching of the retropulsed bone fragment, thereby decreasing canal 
encroachment [21].

Removal of instrumentation after healing of the injured segments is an 
option, and removal serves to preserve the patient’s motion segments. 
In our practice, if a patient is not having postoperative pain, hardware 
failure, or prominence of their hardware, we usually feel that they would 
not benefit from an additional procedure to remove the instrumentation. 
If these problems do occur, a discussion is held with the patient regarding 
hardware removal. However, timing of instrumentation removal is less 
clear-cut in the cases of ligamentous injury than in cases of primarily 
osseous injury, but removal is not recommended prior to at least 1 year 

Fig.3. Evidence of PLC injury in MRI Sag T2 & STIR

Fig. 4. Correction of segmental kyphosis

Fig. 5. Evidence of healing of PLC in MRI STIR & T1
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in the case of ligamentous injury. 

To our knowledge, there have been very few reports of percutaneous 
pedicle screw instrumentation for treatment of flexion-distraction 
injuries with a disrupted posterior ligamentous injury component 
[5,9,16]. No study has so far documented the healing of PLC in 
postoperative MRI (T1 & STIR) when most of them had documented 
the bony healing only in CT scans. Therefore, although promising, given 
the relative paucity of long-term data regarding MIS procedures as a 
treatment for flexion-distraction injuries, no definitive conclusions can 
be made; however, minimally invasive fixation should be considered as 
a viable and effective option.

CONCLUSION
Flexion-distraction injuries with disrupted PLC & without neurodeficit 
can be effectively treated by minimally invasive pedicle screw fixation 
which restores adequate stability and sufficient neural decompression. 
Associated benefits like reduction in blood loss and hospital stay leads 
to quicker rehabilitation which ultimately improves functional outcome.  
However, further studies are needed to assess the long-term outcome 
of patients treated with percutaneous pedicle screw fixation compared 
with traditional open instrumented fusion techniques.
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