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Abstract

Introduction and objective. Agricultural accidents often result in spinal injuries, particularly in fractures of the thoracolumbar spine. Surgical treatment of thoraco-lumbar fractures continues to comprise a major medical problem. The aim of
this study was to assess and compare the long-term effects of surgical treatments of thoracic and lumbar spinal fractures
treated with transpedicular stabilization, combined with posterior interbody spinal fusion (PLIF, also known as spondylodesis)
or Daniaux reconstruction. 
Materials and method. A retrospective analysis was conducted on 66 patients with a thoracic or lumbar spinal fracture
(Th10-L3) type A in the AO classification system, operated in 2000–2005. All patients underwent a short segment transpedicular
stabilization, which in 36 patients was combined with posterior interbody spinal fusion, and in 30 other patients combined
with Daniaux reconstruction. Radiological assessment was performed based on X-ray imaging. A lateral X-ray image of
the spine was used to measure the vertebral wedging angle of the fractured vertebrae, the height ratio of the anterior to
posterior vertebral body, and the angle of segmental kyphotic deformation. Subjective long-term assessment of the patient
was conducted using the Oswestry Instability Score. The results were analyzed for statistical significance. 
Results. In both groups, similar improvements in all measured parameters were observed. Despite all patients losing some
of the correction in the long-term, this loss was significantly smaller following Daniaux reconstruction. 
Conclusions. Spinal stabilization combined with vertebral reconstruction allows for long-term and improved treatment
results for thoraco-lumbar fracture than posterior interbody spinal fusion (spondylodesis).
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INTRODUCTION

OBJECTIVES

Agricultural accidents often result in spinal injuries,
particularly in fractures of the thoraco-lumbar sections
of the spine [1, 2]. The necessity to operate on unstable
spinal fractures is non-controversial; however, the choice of
treatment method continues to cause disagreement [3, 4, 5].
The course of treatment is determined not only by the type
of fracture, the degree of narrowing of the spinal canal and
the presence of neurological symptoms, but also by angular
spinal flexion and loss of vertebral height [6, 7].
Most authors point out the necessity of reproducing the
correct height of the fractured vertebral body as well as
the functional spinal unit, thus leading to restoration of
spinal balance. Despite the appearance of several novel
reconstruction methods, none are free of drawbacks and
do not fully prevent secondary recurrent deformations
[7, 8, 9, 10]. Analysis of the literature does not allow for
the determination of which method is more favourable,
or effectively prevents recurrent deformations, especially a
long time after surgery [4, 7, 11, 12, 13, 14].

The aim of the study was to assess and compare the long-term
results of surgical treatment of thoraco-lumbar fractures,
accompanied either by posterior interbody spinal fusion
(PLIF) or Daniaux reconstruction.
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MATERIALS AND METHOD
A retrospective analysis was conducted on 66 patients operated
on between 2000–2005 due to traumatic spinal fractures
sustained due to agricultural accidents. The average follow-up
time was 13.2 years, and not less than 10 years. The mean age
of the patients was 34 years and ranged between 15–52 years.
The majority of the patients (48) were male. The assessment
was conducted on patients with fractures in vertebral bodies
ranging from Th10 – L3, where the most commonly fractured
vertebral bodies were those transitioning between thoracic
kyphosis and lumbar lordosis (83.5%), with the most common
being L1 (53%). Only type A fractures in the OA classification
system, without accompanying neurological symptoms, and
in which spinal support was not removed, were qualified
into the study. 36 patients underwent PLIF, while 30 patients
underwent vertebral reconstruction following the Daniaux
method (Tab. 1).
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Table 1. Fracture type and treatment method
AO
A 1.3

No. of patients

%

Daniaux
(No. of patients)

PLIF
(No. of patients)

10

15.2

5

5

A 2.2

3

4.5

2

1

A 2.3

28

42.4

12

16

A 3.1

12

18.2

6

6

A 3.2

7

10.6

3

4

A3.3

6

9.1

2

4

In all patients, a short segment transpedicular stabilization
(including the vertebra above and below the fracture) was
performed. Following screw insertion, a wide laminectomy
was performed, which also aided in controlling the anterior
wall of the spinal canal, which is necessary to remove
dislodged bone splinters of the fractured vertebral body
or a damaged intervertebral disc. Next, the fracture was
repositioned by distraction and reclination of the vertebra.
Reconstruction of the anterior wall of the spinal canal was
achieved by insertion using a mallet, or removing dislodged
bone fragments after previously gently moving the spinal
cord to both sides. At this stage of the operation, frequent
bleeding from the damaged venous plexus on the posterior
wall of the fractured vertebral body was found and controlled.
PLIF was performed by using a specialized set of
instruments. A metal sleeve was embedded into the space
between the dural sac (which was moved aside), below the
root of the spinal nerve and at the height of the intervertebral
disc, through which two canals of 10mm diameter were
drilled on either side of the spinal cord, reaching almost to
the anterior longitudinal ligament. A small spoon was used to
remove remaining fragments of the intervertebral disc and to
scarify the endplate of the neighboring vertebral bodies. Bone
grafts previously taken from the iliac crest were inserted into
the space left by the removal of the intervertebral disc. PLIF
was only performed on the superior level of the fractured
vertebral body.

VBDR is the insertion of bone grafts through the base of
the arch of the fractured vertebral body using a specialized
tunnel. Holes with a diameter of 4–8mm were drilled at the
bases of the arches of the fractured vertebral body. A curved
mallet was inserted through the holes, and used to raise the
deformed superior and lowered inferior wall of the vertebral
body. Once the funnel was inserted, the spongy osseous
tissue missing from the vertebral body was replaced with
bone grafts.

Figure 2. L1 fracture. Shaft reconstruction according to
Daniaux

Radiological assessment of the deformations was conducted
using X-ray imaging prior to surgery, then after surgery but
prior to verticalizing the patient (between 2–4 days after
surgery), by using the last image available during the followup period (after 10–15 years). A side-view spinal X-ray image
was used on which the vertebral wedging angle, the height
ratio of the anterior to posterior wall of vertebral body, and
the segmental kyphotic deformation angle were measured.
Figure 1 shows a diagram of these measurements (Fig. 3).

Figure 3. Diagram of measurements used

Figure 1. L2 fracture after surgery. PLIF reconstruction

A subjective assessment of the patient’s long-term state
was conducted using the Oswestry Instability Score [15].
Quantitative data were recorded in a Microsoft Office Excel
Spreadsheet and statistically analyzed using Statistica for
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Windows. The arithmetic mean, minimum and maximum
values were used. Statistical significance was calculated using
Friedman’s ANOVA and the Mann-Whitney U-test. The
threshold for statistical significance was set at p<0.05.

Table 4. Analysis of segmental angle

RESULTS

Before
procedure

16.10° (2°–37°)
7.71°

Analysis of the treatment outcomes focused on the
radiological outcomes. In both groups, an improvement of
the vertebral wedging angle was achieved. Better treatment
outcomes were recorded following VBDR treatment. In both
groups, a loss of correction was observed in the long-term;
however, in the patient group that underwent VBDR, this
loss was significantly smaller (p<0.05) (Tab. 2).
Analogically, the best outcome of vertebral body
reconstruction, calculated as the ratio of the height of the
anterior to the posterior vertebral body, was also achieved
following VBDR surgery, where an improvement of the AB/
PB segment of 0.17 was achieved, more than double that
achieved by using the PLIF method. The difference was
statistically significant. In both groups the correction did not
turn out to be permanent, and was found to be 0.06. In the
PLIF patient group, the size of the vertebral body deformity in
the long-term proved to be almost identical to the deformity
calculated prior to surgery (Tab. 3).
Analysis of the segmental angle found a lower
correction following PLIF. In the long-term, a loss of
correction was noted; however, this was smaller following
VBDR treatment (p<0.05) (Tab. 4). Despite the loss of
correction, a destabilization of the fusion only occurred
in 2 patients (4.8%) and manifested as a broken screw (one
VBDR patient) and a broken beam connecting 2 screws (one
patient – PLIF).

After
procedure

9.27° (2°–25°)
5.38°

+6.83°

13.00°(2°–30°)
7.37°

+5.50°

Long-term
result

12.73° (3°–36°)
5.92°

–3.46°

18.53°(1°–47°)
12.31°

-5.53°

Table 2. Analysis of vertebral wedging angle
VBDR
Vertebral
angle

Average
min.–max.
st.dev.

Before
procedure

17.53° (3°–32°)
6.36°

After
procedure

10.00° (1°–23°)
5.59°

Long-term
result

12.90° (1°–26°)
5.80°

P

correction +
loss of
correction -

Average
min.–max.
st.dev.

correction +
loss of
correction -

18.08° (4°–34°)
6.69°
+7.53°

13.94° (1°–31°)
6.57°

-2.90°

16.03° (3°–35°)
5.58°

<0.0001

P

correction +
loss of
correction -

Average
min.–max. st.dev.
18.50°(2°–36°)
8.53°

<0.00001

<0.00207

Additionally, a Mann-Whitney U-test showed a statistically
significant difference between the 2 treatment groups across
all parameters measured in the post-operative period, as well
as in the long-term for the vertebral angle, ratio of anterior
body height to posterior body height, and the segmental
angle (p<0.05). No significant differences were found for
any parameters measured prior to surgery, demonstrating
the uniformity of the 2 groups.
Table 5. Statistical differences between VBDR and PLIF
p
SA before

0.25

AB/PB after

0.76

VA before

0.66

SA after

0.03

AB/PB after

0.001

VA after

0.01

SA after

0.05

AB/PB after

0.01

VA after

0.04

VBDR
Average
min.–max. st.dev.

–2.09°

Result

Daniaux

PLIF

0%-20%

19

17

21%-40%

10

15

41%-60%
average
p

1

1

19.93%

23.38%
<0.05

PLIF
correction + Average correction +
loss of
min.–max.
loss of
correction st.dev.
correction 0.61 (0.36–
0.93) 0.14

After procedure

0.80(0.50–0.97) 0.11

–0,18

0.69 (0.38–
0.97) 0.13

–0.08

Long-term result

0.73(0.44–0.96) 0.11

+0,07

0.62 (0.29–
0.93) 0.11

0.07

<0.0001

Improved results were also achieved following VBDR
treatment when analyzing the Oswestry Instability Score
(Tab. 6).
Table 6. Oswestry Instability Score

+4.14°

<0.00013

Before procedure 0.62(0.29–0.89) 0.12

P

Average
min.–max. st.dev.

PLIF
correction +
loss of
correction -

PLIF

Table 3. Analysis of height ratio of the anterior to posterior vertebral body
Ratio of anterior
body height to
posterior body
height

VBDR
Segmental
angle

<0.0015

DISCUSSION
Thoraco-lumbar fractures are some of the most common
spinal fractures. Despite surgical recommendations being
significantly expanded, these fractures continue to present
a major surgical problem [3, 16, 17]. In choosing the optimal
treatment, reviews summarizing clinical experiences can
prove to be very helpful, even though reports in the literature
are usually retrospective.
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While most authors acknowledge the necessity of operating
on unstable spinal fractures, the choice of surgical method
remains controversial [3, 4, 5, 18, 19]. Many parameters are
considered, such as the type of fracture, stability, the degree
of narrowing of the spinal canal, the degree of angular flexion
of the spine, and neurological symptoms [4, 7, 20, 21]. Due to
the lack of a unified classification system for spinal fractures,
the treatment of similar injuries may take different courses
at various clinics.
In planning an operation, it should be borne in mind that
it should fulfil the correct conditions, so that the treatment
results are satisfactory not only directly after the procedure,
but also in the long-term. Most importantly, treatment
should aim to decompress the nervous structures, followed
by reproducing the axis of the spine, ensuring its stability
and conditions allowing for bone fusion; it must also recreate
the frontal spinal column. It is also important to allow fast
and full mobilization of the patient.
When assessing the long-term results of surgical treatment
for thoraco-lumbar spinal fractures, an open question
remains: how to prevent the loss of correction of the fractured
vertebral bodies or secondary kyphotic curvature of the
spine.
The most popular treatment method for thoraco-lumbar
fractures is posterior transpedicular stabilization [19, 20,
22, 23]. This ensures internal spinal stabilization and gives
resistance to flexion, rotational and extension forces. It
additionally immobilizes the short segment of the spine,
corrects the spinal axis and reproduces the height of the
frontal vertebral body. However, the stabilization alone,
without reconstructive procedures around the spine, is
unfortunately doomed to fail due to the loss of corrective
effects or a loosening of the fusion [4, 24, 25, 26, 27].
Reconstruction of fractured vertebral bodies by filling
empty spaces with bone grafts allows for the restoration of
vertebral body height. Reclination alone of the spinal body
without reconstruction of its height is impermanent because
kyphotic deformation can reoccur [8]. Proponents of this
method believe that reconstructing the vertebral body can
effectively restore its height, and a small loss of correction
in the long-term demonstrates its permanent remodeling
[8, 9, 10]. Opponents, on the other hand, are trying to prove
that this method does not prevent a loss of correction and
with time can lead to slow, spontaneous spondylodesis with
kyphotic curvature [26, 27, 28, 29].
A retrospective analysis was conducted of 66 patients with
thoraco-lumbar fractures sustained through agricultural
accidents, in which a short-segment stabilization with spinal
body reconstruction or posterior interbody spondylodesis
were performed. In this study, the best correction of the
fractured vertebral body and Cobb’s angle was achieved
following a spinal body reconstruction procedure with bone
grafts introduced through the base of the vertebral arch.
Following surgery, a correction of the deformed vertebral
body we achieved by an average of 7.53°, compared to 4.14°
following posterior interbody spondylodesis. A relatively
smaller improvement was achieved when analyzing the Cobb’s
angle analogically, from 6.38° – 5.50°. However, in the longterm a recurrence of the deformity was observed; however,
better results were achieved following reconstruction of
the fractured vertebral body. In the long-term, the loss of
correction of the fractured vertebral body was 2.90° following
VBDR 0 and 2.09° following a PLIF procedure. Analogously,

the loss of correction of Cobb’s angle was 3.46° and 5.53°,
respectively
In the literature, Zang reports a perfect correction of a
broken vertebral body from 23.7% – 95.8%. The average
observation period was 17.2 months [30]. Li compared results
in 2 groups, between a control group (45 patients) and a
spinal body reconstruction group (75 patients). The followup period was 27–70 months. In the long-term, the height
ratio of the vertebral body was 93.7% in the reconstruction
group and 66.3% in the control group [31]. Qinliang Li [32]
also achieved an improvement in the correction of Cobb’s
angle and vertebral body height over a 2-year follow-up
period. However, it should be emphasized that the authors
additionally used a transpedicular screw inserted into the
fractured vertebral body with the aim of achieving better
correction and durability. Alanay divided patients into 2
groups. In the first group, the spine was stabilized and bone
grafts were inserted into the vertebral body through the
base of the arch, while in the second group, only spinal
stabilization was performed. In the long-term, a smaller loss
of anterior vertebral body height of the fractured vertebral
body was achieved following reconstruction with bone grafts;
however, the results were not statistically significant. The
average follow-up time was 24 months [4].
Opponents of the method have observed a recurrence of
vertebral body deformation. In a study by Liljenqvist and
Mommsen [13], the loss of correction was found to be 10.1°.
In addition to the loss of correction, the authors also observed
changes in the height of intervertebral discs. When assessing
the long-term effects, the conceiver of the method, Daniaux
[8], also observed a loss of correction by 10.4°. A similar
observation was noted by Aebiin which a loss of correction
of 3.6° was observed, representing 29%) [11].
Several authors indicate the necessity of interbody
spondylodesis, which should prevent the loss of correction
in the long-term. An indisputable argument in favour of
interbody arthrodesis is that it is the best way to ensure longterm spinal stability. Without performing an arthrodesis,
all forms of stabilization can be prone to failure over time.
As bone fusion proceeds, these bones take on progressively
greater loads affecting the spine. Once the fusion has
redeveloped, the loads are transmitted mainly through the
bone, and only partially through the implant. However, some
authors question the necessity of performing this procedure,
believing that it prevents the loss of correction of kyphotic
spinal deformation. They also indicate the increased risk
of developing degeneration of the neighboring motion
segments, and emphasize the persistence of pain symptoms
in the area of graft collection. A separate issue raised by some
authors is also the problem of stenosis of the spinal canal
resulting from spondylodesis.
In his retrospective studies, Qian [33] concluded that
patients who did not undergo spinal immobilization
experienced a significantly greater loss of correction and
had worse functionality outcomes. Sanderson, in his study
of 24 patients who did not undergo interbody spondylodesis,
[23] found an average loss of correction of 8° after a follow-up
period of 3.1 years. In prospective studies conducted on 58
patients by Wang, [7], a greater loss was found of correction
of the segmental angle in patients without spondylodesis than
in those with it. However, he did not find any statistically
significant differences between the groups with and without
immobilization. LaMajda [34] also reported positive results of
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monosegmental stabilization combined with spondylodesis.
In a 2-year follow-up period, he reported an improvement
of the vertebral body angle from 23.6° to 13.9°. However,
the cited authors believe that performing a spondylodesis is
essential. They also point out that the reason for the loss of
correction in patients without spondylodesis is an additional
loss of height in the damaged intervertebral disc [7, 23].
In their studies, the opponents of spondylodesis point
out a recurrence of deformities after the procedure has been
performed. In a prospective randomized study conducted
on 73 patients, Dai [14] found no conclusive evidence
differentiating stabilization with or without spondylodesis.
Knop [15] used Cobb’s angle to measure treatment outcomes
after performing an interbody spondylodesis, achieving a
post-surgery correction of 11.8°. Unfortunately, there was a
partial loss of correction in the long-term, with an average
loss of 7.8°. The consequences of undergoing a spondylodesis
are a separate issue, and the long-term effects are frequently
discussed in international literature. These studies indicate
that there is a lack of a significant link between back pain
and patient age, post-surgical follow-up time, and the extent
of spondylodesis.
In a study conducted on 27 patients, Wang [35] noted
a recurrence of kyphotic spinal deformity following the
removal of a spinal stabilizer, without the recurrence of
deformity of the fractured vertebral body. The author also
noted changes in the height of the intervertebral disc, where
a loss of height was found following removal of the stabilizer,
indicating that stabilization protects against loss of height
only temporarily.
CONCLUSIONS
Reconstruction of the anterior wall of a fractured vertebral
body by filling holes left by cancellous bone with bone grafts
provides the chance for permanent correction; when inserted
into the anterior 2/3rds of the vertebral body they promote
healing of fractures and ensure their permanent restoration.
Unfortunately, posterior interbody spondylodesis does not
guarantee the long-term maintenance of spinal correction
or absence of kyphotic curvature, but when these outcomes
are achieved, the results are permanent.
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