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Introduction

Vertebral burst fractures are usually due to traumatic high-
energy distraction of the vertebra. They often require 
pedicle screw fixation to stabilize the spine during the 
healing process but once the fusion of the fractured 
vertebra has occurred, the posterior fixation can be removed 
or shortened to restore part of the spinal mobility. The 
importance of sparing fusion levels to ensure optimal 
functional results has been demonstrated (1,2). In surgical 
planning, the rule is therefore to ensure the osteosynthesis 
stability while limiting the number of levels included. 
Immobilization or fixation of a vertebral segment may be 
responsible for degeneration of the intervertebral disc and in 
case of surgical treatment the adjacent disc (3,4). Therefore, 
we can ask whether removal of a vertebral fixation could 
decrease the stress on adjacent segments (5). Ultrasound 
shearwave elastography is a new innovative and non-
invasive technique allowing evaluation of soft tissue’s elastic 
modulus through the measurement of shear wave speed 
(SWS). This non-invasive imaging method has shown its 
added value in breast (6) or in liver oncology (7) and, more 
recently, in musculoskeletal pathologies assessment (8).  
In particular, Langlais et al. found that SWS measured in 
annulus fibrosus was significantly higher in progressive 

adolescent idiopathic scoliosis than in asymptomatic 
population (9), which is associated with a stiffer tissue. The 
same authors defined a corridor of normality (2.3–3.7 m/s) 
for the asymptomatic population and observed that annulus 
SWS tended to normalize 1 year after fusion surgery in 
severe adolescent idiopathic scoliosis. The aim of this case 
was to analyze the effect of removing the posterior fixation 
in a case of burst fracture on the mechanical properties of 
the bridged and adjacent intervertebral discs. 

Case presentation

Patient information, diagnosis, and therapeutic intervention

A 13-year-old female was treated for a burst (Dennis) 
Type B Fracture at L4 secondary to a 3 m fall in sports 
climbing activities. Surgical treatment was decided upon as 
more than one third of the height of the vertebral body is 
affected. She had no neurological deficit. A transpedicular 
L4 corpectomy and anterior L3/4 fusion with a cage 
was performed by posterior approach associated with a 
posterior L3/5 fixation (10) (Figure 1). Postoperative course 
was uneventful. The patient underwent a rehabilitation 
protocol with physiotherapy at a rate of 2 sessions per week 
for 5 weeks. The objective was to rehabilitate walking, 
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reduce pain and improve lumbar mobility. All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Timeline and clinical/imagery findings

After assessment of the L3/4 anterior fusion by a CT-scan at 
1 year, the L5 posterior fixation was removed. The patient 
had not undergone rehabilitation with physiotherapy. 

Ultrasound elastography of the anterior annulus fibrosus 
were performed according to an already validated protocol 
(9,11) (Figure 2). Shear Wave Speed (SWS) was measured in 
the anterior part of the annulus fibrosus of L4/5 and L5S1 
discs. Three clips of about 10 s (about 10 elastography 
frames per clip) were recorded for each disc, i.e., L4/5 and 
L5/S1. The average SWS value was calculated in each 
region of interest to obtain a single SWS value (from three 
clips × 10 frames = 30 frames per disc) for L4/5 and L5/S1. 
The size of the region of interest (ROI) was also adapted 
to the disc and to the elastographic signal, to avoid signal 
saturation or missing signal. ROI was between 1 and 3 cm2. 
Acquisitions were performed, by the same operator, one 
year after fracture treatment (before L5 fixation removal), 
then 6 months and 1 year after L5 fixation removal. Frontal 

Figure 1 Pre and postoperative imaging. Preoperative CT (A: lateral view) showed a burst fracture of L4 of type B according to the Dennis 
classification. Analysis of the L4 vertebra showed that more than one third of the height of the vertebral body is affected. Postoperative X-rays 
(B: AP view, C: lateral view) after L4 transpedicular corpectomy and posterior fixation with one single posterior approach. Postoperative 
lateral X-rays after distal removal in standing position (D: lateral view). Extension (E: lateral view) and flexion (F: lateral view) dynamic X-rays 
show range of mobility in the last two mobile lumbar discs.
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and lateral X-rays were also acquired at each time point of 
the treatment. Dynamic flexion-extension bending films 
were done 1 year after L5 fixation removal. Two years after 
L5 fixation removal, the patient was symptoms-free and had 
a normal function. Dynamic X-rays showed a restoration of 
disc mobility at the L4/5 level without signs of instability 
or disc degeneration (Figure 1). Although SWS was within 
the normality corridor before removal of L5 fixation, it 
decreased at 6 months and 1 year after L5 fixation removal 
(Figure 3). 

Discussion

In this case, SWS decreased after screws removal for 
the two studied disc levels. L4/5 disc was bridged by the 
posterior instrumentation before removal of the L5 screws, 
and therefore it remained unloaded. L5/S1 disc, on the 
other hand, was free; hence, it was likely overloaded before 
fixation removal, to compensate for the reduced mobility 
of the instrumented segment. Loadings of both these discs 
changed towards physiological patterns after L5 fixation 

Figure 2 Elastography assessment. Example of ultrasound (A) and elastography image (B) of L4/5 intervertebral disc. In the ultrasound 
image, we could see the aortic bifurcation (*) and annulus fibrosus lamellae (arrow). The rectangle on elastography image shows the region 
of interest in the annulus fibrosus. The colouring of the scale bar represents the value of the Young’s modulus in Pascal. This value is 
specified along the scale.

Figure 3 Box plots represents the SWS value of L4/5 and L5-S1 before and after L5 screws removal. Red dashed lines represent the limits 
of the corridor of normality (2.3–3.7 m/s).
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removal. With posterior-only approaches, biomechanical 
properties variations of the anterior annulus fibrosus may be 
only due to the removal of L5 fixation.

To perform the procedure, the adolescent should be 
relaxed, and constant pressure should be applied to the 
probe to clear the bowel contents and gas. It is advisable to 
first detect the aortic bifurcation, which corresponds to the 
L4 vertebra in 64% of subjects (12). Then the probe can 
slide caudally, to measure L4/5 and L5/S1. The lamellar 
structure of the annulus fibrosus is only visible if the probe is 
in the same plane as the disc. The learning curve for in vivo 
annulus fibrosus imaging is not long, but care must be taken 
to obtain stable and good quality images. A limitation of the 
technique is that the measurement is only of the anterior 
part of the annulus fibrosus in the lumbar region. The 
thoracic cage does not allow us to carry out measurements 
above L2. The measurements were carried out by the same 
operator, however there may be intra-operator variations. 
The feasibility study describing the protocol used in this 
case found an intra-operator repeatability of 5.0% and an 
intra-class correlation coefficient greater than 0.9 for each 
operator (11).

This study demonstrates the feasibility of using 
shear wave elastography in the pre- and postoperative 
biomechanical assessment of the lumbar annulus fibrosus. 
These results suggest that the stress reduction due to 
the removal of posterior fixation may influence the 
biomechanical parameters of the intervertebral discs 
and in particular the properties of the lumbar annulus 
fibrosus. This is a new point to consider in the advantage/
disadvantage discussions of fracture treatment strategy 
(i.e., corset or osteosynthesis or arthrodesis). This report 
paves the way for further studies on intervertebral discs 
biomechanical characterization by elastography in various 
pathological conditions.
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