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Abstract Twenty patients with thoracolumbar burst
fractures (type A3 in the classification of Magerl et al.)
were studied prospectively for the evaluation of clinical,
radiographic and functional results. The patients were
submitted to surgical treatment by posterior arthrodesis,
posterior fixation and autologous transpedicular graft. The
patients were followed up for 2 years after surgery and
assessed on the basis of clinical (pain, neurologic deficit,
postoperative infection), radiographic (load sharing classi-
fication, Farcys sagittal index of the fractured segment,
relation between traumatic vertebral body height and the
adjacent vertebrae (compression percentage), height of the
intervertebral disk proximal and distal to the fractured
vertebra, rupture or loosening of the implants) and func-
tional (return to work, SF-36) criteria. Two patients pre-
sented a marked loss of correction and required the
placement of an anterior support graft. Pain assessment
revealed that eight patients (44%) had no pain; four (22%)
had occasional pain, three (17%) moderate pain, and three
(17%) severe pain. According to the classification of
Frankel et al., 17 patients persisted as Frankel E and one
patient presented improvement of one degree, becoming
Frankel D. The mean value of Farcys sagittal index of the
injured vertebral segment was 20.67° + 6.15° (range 8°—
32°) during the preoperative period, 11.22° + 8.09° (range
—5° to 21°) during the immediate postoperative period, and
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14.22° + 7.37° (range 3°-25°) at late evaluation. There
was a statistically significant difference between the
immediate postoperative values and the preoperative and
late postoperative values. The compression percentage of
the fractured vertebral body ranged from 9.1 to 60 (mean
28.81 = 11.51) during the preoperative period, from 0 to 60
(mean: 15.59 + 14.49) during the immediate postoperative
period, and from 8 to 60 (mean: 25.9 + 13.02) at late
evaluation. There was a statistically significant difference
between the preoperative and postoperative values and
between the postoperative and late postoperative values.
The height of the proximal intervertebral disk ranged from
6 to 14 mm (mean 8.44 + 2.66) during the preoperative
period, from 6 to 15 mm (mean 10 + 2.30) during the
immediate postoperative period, and from 0 to 11 mm
(mean 7.22 + 2.55) during the late postoperative period. A
significant difference was observed between the immediate
postoperative values and the preoperative and late post-
operative values. The height of the intervertebral disk distal
to the fractured vertebra ranged from 7 to 16 mm (mean
9.94 + 2.64) during the preoperative period, from 5 to
18 mm (mean 11.61 = 3.29) during the immediate post-
operative period, and from 2 to 14 mm (mean 9.72 + 3.17)
during the late postoperative period. There was a signifi-
cant difference between the immediate postoperative val-
ues and the preoperative and late postoperative values.
Except for the height of the intervertebral disk proximal to
the fractured vertebra, no correlation was detected between
the clinical, functional and radiologic results. The results
observed in the present study indicate that other, still
incompletely defined parameters influence the functional
result of thoracolumbar burst fractures.

Keywords Traumatic thoracolumbar fractures -
Burst fractures - Surgical treatment - Functional outcomes
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Introduction

Burst fractures represent about 10-20% of all spinal frac-
tures [11] and their treatment continues to be a matter of
controversy. Although a large number of papers have been
published describing techniques for the reduction and sta-
bilization of these fractures, as well as conservative treat-
ment, no consensus exists about the ideal treatment [25].

The loss of immediate postoperative correction has been
one of the parameters studied for the evaluation and
comparison of the results. However, the correlation
between the loss of reduction and the clinical/functional
result has not been presented in all reports. The loss of
reduction and the occurrence of faults in the fixation sys-
tem have been correlated with the degree of comminution
of the fractured vertebral body [9,11, 13, 16, 19]. McKo-
mark et al. [16] introduced the concept of load sharing and
proposed a classification for burst fractures based on the
degree of comminution of the fractured vertebra in order to
orient the reconstruction of the anterior spine.

The objective of the present study was to evaluate
prospectively a group of patients with thoracolumbar burst
fractures submitted to surgical treatment through a pos-
terior approach considering the morphological parameters
of the fractured vertebral body, the adjacent disks, the
sagittal alignment, as well as clinical and functional
parameters.

Materials and methods

A sequential group of 20 patients with thoracolumbar burst
fractures were operated and studied prospectively with a 2-
year follow-up. Patient age ranged from 19 to 60 years
(mean 36.6 + 10.6 years). Sixteen patients (80%) were
males and four (20%) were females. Trauma was caused by
a fall from a height in nine patients, by a traffic accident in
nine, and by direct trauma in two. The fracture was located
at the T10 level in one patient, at T12 in 4, at L1 in five, L2
in six, L3 in three, and L5 in one. According to the clas-
sification of Magerl et al. [15], all patients had a typeA3
burst fracture. Five patients (25%) had a type A3.1 fracture,
ten patients (50%) a type A3.2 fracture, and five patients a

Fig. 1 Dennis pain scale

type A3.3 fracture (25%). Neurologic deficit was assessed
using the scale of Frankel et al. [6] with 17 patients being
classified as Frankel E and one patient as Frankel C.
Associated lesions were present in seven patients: two
ankle fractures, two heel fractures, one diaphyseal fracture
of the femur, one diaphyseal fracture of the humerus, and
one distal fracture of the radius.

Twenty patients with type A3 fracture of the spine with
an indication for surgical treatment were selected pro-
spectively for the study.

All patients were submitted to arthrodesis and posterior
fixation with an internal fixator (Synthes). The area of
fixation and arthrodesis comprised the distal and proximal
vertebrae to the fractured area. An autologous graft was
used for posterolateral arthrodesis, associated with unilat-
eral placement of an autologous transpedicular cancellous
graft in the fractured vertebra. During the postoperative
period, walking and rehabilitation were started based on the
pain symptoms and associated lesions of the patients. The
patients wore a corset for 12 weeks during the postopera-
tive period.

A 2-year postoperative follow-up was established for the
final evaluation of the patients. The patients were evaluated
according to clinical, radiologic and functional parameters,
with a preoperative and immediate postoperative evalua-
tion and a final evaluation after 2 years of follow-up.

The clinical parameters evaluated were the neurological
picture and pain according to the Denis scale [4] (Fig. 1).
The parameters used for radiographic evaluation were the
sagittal index of the fractured segment (Fracy’s sagittal
index [5]); the relation between the traumatic vertebra body
height and the adjacent vertebrae (compression percent-
age = 100 — (2 x F/A + B) x 100. F-height of fractured
vertebra, A-height of the proximal vertebra, B-height of the
distal vertebra) [21]; the height of the intervertebral disk
above and below the fractured vertebra; classification of
the fracture based on load sharing according to McCor-
mack et al. [16]; loosening and rupture of the implants used
for fixation.

Vertebral body height was measured as the coefficient of
the body height of the fractured vertebra divided by the
sum of the heights of the vertebral body proximal and distal
to the fractured vertebra.

Pain P1 : no pain
P2 : occasional minimal pain; no need for medication
P3 : moderate pain, occasionally medications e no interruption of work or activities

of daily living

P4: moderate to severe pain, occasionally absent from work; significant changes in
activities of daily living
PS5 : Constant, severe pain; chronic pain medications
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Fig. 2 Dennis work scale

Work

W1 : return to previous employment (heavy labor) or physically demanding activities

W2 : able to return to previous employment (sedentary) or return to heavy labor with
restrictions

W3 : unable to return to previous employment but works full time at new job

W4 : unable to return to full time work

WS5 : no work, completely disabled

Functional evaluation was performed using the func-
tional work scale of Denis [4] (Fig. 2) and the functional
evaluation scale SF-36 [8].

The parameters of radiographic evaluation were ana-
lyzed by the paired ¢-test and the Wilcoxon test. The cor-
relation between the clinical, functional and radiologic
results was calculated by Spearman correlation and the
level of significance was set at 95% in all analyses.

Results

The patients were followed for a period of 2 years after
surgery. Two patients were excluded from the final eval-
uation due to a marked loss of correction and to the need
for an anterior approach for the reconstruction of the
fractured vertebral body. These two patients presented an
intense degree of comminution of the fractured vertebral
body and reached nine points in the load-sharing classifi-
cation [16] (Fig. 3). The general results for the 18 patients
are listed in Table 1.

Evaluation of the neurological picture according to the
classification of Frankel et al. [6] showed that the patient
classified as Frankel C in the initial evaluation progressed
to Frankel D and the remaining patients continued to be
Frankel E.

Evaluation of pain according to the Denis scale [4]
showed that eight patients (44%) had no pain 2 years after
surgery, four (22%) had minimal pain not requiring anti-
inflammatory drugs, three (17%) had moderate pain
requiring the occasional use of analgesics, and three (17%)
had moderate to severe pain, with occasional loss of work
days and significant changes in daily activities (Fig. 4).

The sagittal index of the fractured vertebral segment
ranged from 8° to 32° during the preoperative period (mean
20.67° £ 6.15°), from —5° to 21° during the immediate
postoperative period (mean 11.22° + 8.09) and from 3° to
25° (mean: 14.22° + 7.37) at the final evaluation 2 years
after surgery (Fig.5). The values observed during the
immediate postoperative period differed significantly from
preoperative values (P = 0.0002—¢ test) and from late
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postoperative values (P = 0,0036—¢ test). There was no
statistically significant difference between the postopera-
tive and late postoperative values (P = 0.0512).

Compression percentage of the fractured vertebral body
height was from 9.1 to 60 (mean 28.81 + 11.51) during the
preoperative period, the immediate postoperative values
ranged from 0 to 0.60 (mean 15.59 + 14.49) and the values
measured 2 years after surgery ranged from 8 to 60 (mean
25.9 = 13.02). There was a significant difference between
preoperative and immediate postoperative  values
(P = 0.0006—Wilcoxon). There was no difference
between preoperative and late postoperative values
(P = 0.08—Wilcoxon). Immediate postoperative values
differed significantly from late follow-up values
(P = 0.0054—Wilcoxon). These results indicate that the
correction of vertebral body height by the method used was
significant but a significant loss of vertebral body height
occurred during follow-up (Fig. 6).

The height of the intervertebral disk proximal to the
fractured vertebra ranged from 6 to 14 mm (mean
8.44 + 2.66) during the preoperative period, from 6 to
15 mm (mean 10 = 2.30) during the immediate postoper-
ative period, and from O to 11 mm (mean 7.22 + 2.55)
2 years after surgery. The immediate postoperative values
differed significantly from the preoperative values
(P = 0.021—Wilcoxon) and from the late postoperative
values (P = 0.001—Wilcoxon). However, there was no
significant difference between the preoperative and late
postoperative values. These results indicate that there was a
significant restoration of disk height, which, however, was
not maintained, with the occurrence of loss of correction
and with the values observed at final evaluation being equal
to preoperative values (Fig. 7).

The height of the intervertebral disk distal to the fractured
vertebra ranged from 7 to 16 mm (mean 9.94 + 2.64) during
the preoperative period, from 5 to 18 mm (mean
11.61 £ 3.29) during the immediate postoperative period,
and from 2 to 14 mm (mean 9.72 + 3.17) 2 years after sur-
gery. The immediate postoperative values differed
significantly from the preoperative ones (P = 0.009—

Wilcoxon) and from the late postoperative ones
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Fig. 3 Fracture with intense degree of comminution and loss of
reduction. a, b Preoperative CT. ¢, d Postoperative Rx and CT after
posterior arthrodesis and fixation. E Loss of correction after
3 months. f Postoperative Rx after anterior support with iliac bone
graft

(P = 0.006—Wilcoxon). However, no significant difference
was observed between the preoperative values and those
observed 2 years after surgery, demonstrating the same
behavior as observed for the disk proximal to the fractured
vertebra (Fig. 8).

The values of the radiographic parameters (sagittal
index, compression percentage of fractured vertebral body

and intervertebral disk height) and the scores of the load-
sharing classification are presented in Table 1. Comparison
of the parameters with the scores of the load sharing
classification did not reveal a significant correlation
according to the Spearman test.

Evaluation of the ability to work by the Denis scale
showed that nine patients (50%) returned to the job they
held before the accident, four (22%) did not return to their
previous job but are currently working full time on another
job, two (11%) are working with limitations on a part time
basis, and three (17%) are not working. Evaluation by the
SF-36 functional scale is listed in Table 2.

Except for the height of the proximal intervertebral disk,
no correlation was observed between the radiologic, clin-
ical and functional results for the patients studied.

All the unsatisfactory results of the clinical and func-
tional parameters evaluated were associated with a signif-
icant loss of proximal disk height. Sf 36 questionnaire
(physical function—P = 0.01, role limitation due to
physical health—P = 0.01, role limitations due to
emotional problems—P = 0.013, vitality index—P =
0.013, mental health index—P = 0.006,social function
index—P = 0.003, pain—P = 0.002, general health per-
ception index—P = 0.006, Spearman test) (Figs. 9, 10).
The complications observed in the 20 patients studied
were: a significant loss of sagittal alignment in two
requiring anterior reconstruction of the fractured vertebral
segment, rupture of one of the inferior pins of the fixation
system in two, superficial infection in one patient, and
implant loosening in another. All four patients who pre-
sented complications related to infection or to implant
rupture required implant removal.

Discussion

Evaluation and comparison of thoracolumbar fractures
should consider specific types of fractures with similar
morpho-pathological characteristics. Burst fractures vary
widely in morphology, so that it is difficult to obtain a
homogeneous group for study and comparison [19, 25].
The burst fracture is an injury characterized by anterior
vertebral body height loss and retropulsion of the posterior
aspect of the vertebral body into the spinal canal. The
vertebral body injury frequently is associated with fractures
through the neural arch. Using a three-column concept of
instability the division of these fractures into stable and
unstable injuries is difficult [19, 20]. Radiographic signs of
instability include widening of the interspinous and inter-
laminar distance, translation of more than 2 mm, kyphosis
of more than 20°, dislocations, height loss of more than
50%, and articular process fractures [20]. The assessment
of instability in these fractures is still not straightforward,;
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P1-no pain
P2-occasional pain
P3-moderate pain
P4-Severe pain
P5-Constant severe pain
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Fig. 4 Late evaluation of pain according to the Dennis scale
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Fig. 5 Evaluation of the sagittal index of the fractured vertebral
segment during the preoperative period, immediate postoperative
period, and late postoperative period. The asterisk (*) indicates a
statistically significant difference (* P <0.0002) and
(** P < 0.0001)
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Fig. 6 Evaluation of the compression percentage of the vertebral
body during the preoperative period, immediate postoperative period,
and late postoperative period. The asterisk (*) indicates a statistically
significant difference (¥ P <0). * P=0, ** P=0.002 and
#x P =0.012

the definition of instability by White and Panjabi [27] is
abstract and in clinical practice different classification
systems are applied [24].

0 T
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Fig. 7 Height of the intervertebral disk proximal to the fractured
vertebra during the preoperative period, immediate postoperative
period, and late postoperative period. The asterisk (*) indicates a
statistically significant difference (* P = 0.021) e (** P = 0.001)
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Fig. 8 Height of the intervertebral disk distal to the fractured
vertebra during the preoperative period, immediate postoperative
period, and late postoperative period. The asterisk (*) indicates a
statistically significant difference (* P = 0.0009) and (** P = 0.006)

Different treatments have been proposed for thora-
columbar burst fractures, with controversial results having
been reported by different authors [1, 3, 23, 28, 25]. It
remains unclear if conservative or operative treatment is
more effective [24].

The parameters used for the evaluation of the final result
(radiologic, clinical and functional) have contributed to an
increasing debate about the ideal method for the treatment
of these fractures. Although some studies included clinical
outcome measures such as pain and functioning, many
studies focused on radiological outcome only. One could
argue that radiological changes are only relevant if they are
strongly associated with changes in clinical outcomes,
which is not necessarily true [24]. Radiographic measure-
ment of angulation on the sagittal plane of the fractured
vertebral segment has been extensively used for the eval-
uation and postoperative follow-up of patients and most
clinical studies have been unable to establish a relationship

@ Springer
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Table 2 Patients’ characteristics and SF-36 outcome

Patient Age Gender Physical Role limitations due Role limitations due to Vitality Menthal Social Pain  General health
function to physical health emotional problems index  health functioning perceptions index
index index

1 41 F 60 0 0 60 24 25 225 125
2 25 M 95 100 100 100 96 100 77.5 90
3 36 M 100 100 100 35 68 62.5 55 85
4 29 F 65 0 0 35 44 25 225 35

5 28 M 100 100 100 90 96 100 100 90
6 19 M 80 100 100 95 88 80 90 96
7 46 F 95 100 100 80 84 100 100 80
8 32 M 95 100 100 90 84 75 715 90
9 26 M 35 0 0 50 76 50 225 0
10 29 M 95 100 100 100 100 100 100 90
11 39 M 95 75 66.5 70 84 100 90 100
12 47 M 95 100 100 90 92 100 100 100
13 34 M 100 100 100 85 88 100 90 95
14 55 F 95 100 100 100 100 100 100 90
15 60 M 65 100 100 75 80 87.5 77.5 70
16 25 M 40 25 66.7 75 32 50 75 75
17 45 M 40 0 0 35 44 225 35 5
18 4 M 20 0 0 40 64 25 35 30

Fig. 9 Mounting of the case
that had a good result.
Preoperative radiograph (a) and
computed tomography (b).
Profile radiography during the
immediate postoperative period
(¢) and at late evaluation (d).
There was no loss of the
correction obtained for this
patient and the clinical,
radiologic and functional results
were good
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Fig. 10 Preoperative
radiography (a), immediate
postoperative period (b), with 2
(¢) and with 4 years follow-up
(d). Despite the kyphosis of the
fractured vertebral segment, the
patient presented a good clinical
result. The good clinical results
were associated with ankylosis
of the fractured vertebra

between the degree of kyphosis of the operated vertebral
segment, lumbar pain and functional limitation [9, 13, 23,
28].

Regarding the measurement of kyphosis, loss of surgical
correction has been observed with the different treatment
methods used such as conservative treatment, posterior
fixation, posterior fixation with a transpedicular graft and,
to a lesser extent, combined posterior fixation and anterior
arthrodesis [1, 3, 10, 11, 13, 25]. This fact has led several
authors to conclude that no ideal treatment able to restore
the morphology of the vertebral segment to normal phy-
siological levels is currently available for thoracolumbar
spine fractures [25].

This loss has been correlated, among other factors, with
the degree of comminution of the vertebral body, a fact that
led McCormack et al. [16] to propose the load-sharing
classification, considering this parameter for the indication
of anterior spinal reconstruction [19].

A correlation of the preoperative scores on the load-
sharing classification [16] with the loss of correction of the
fractured vertebral body was observed in our patients.
However, the behavior of the loss of correction was not
uniform for patients with a high score on the load-sharing
classification [16]. This fact indicates that other still
unidentified factors may influence the loss of correction of
the fractured vertebral segment.

When we analyzed separately the height of the fractured
vertebral body and of its adjacent disks in the final evalu-
ation of sagittal alignment we observed that the main factor
related to the loss of the correction obtained by surgery was
the reduced height of the intervertebral disks adjacent to
the fractured vertebra. The disk proximal to the fractured
vertebra presented more frequently a more important
reduction of height. In agreement with data reported by
others [9,10, 13], in our patients there was no significant
loss of vertebral body height.
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The involvement of the proximal intervertebral disk in
the loss of correction of the present patients must be cor-
related with the morphological pattern of the fractures
studied, which presented comminution of their cephalic
portion. In this type of fracture the adjacent disk is affected
by the fracture of the terminal vertebral plate and its con-
tent may be introjected into the cephalic portion of the
vertebral body. The fracture or fissure of the terminal
vertebral plate may contribute to changes of the interver-
tebral disk even in the absence of an initial traumatic injury
to the disk [7, 18]. Qualitative discomanometry showed
disk lesion in experimentally produced burst fractures. A
fractured vertebra is easy to recognize, but the associated
disk injuries are less well known. The disk injury may be
not be apparent in radiographic images of burst fractures
[26].

Loss of correction was observed in all of our patients
and was significant in two of them, requiring an anterior
approach and the placement of a tricortical graft as an
anterior support. This loss indicates the need to use a
structural support in some patients with burst fractures [1,
2, 4, 11]. However, this significant loss did not occur in all
patients with high scores on the load-sharing classification
[16] and submitted to the same type of treatment, indicat-
ing that other, still incompletely defined factors in addition
to the degree of comminution of the vertebral body influ-
ence this process [7, 25].

Except for height of the vertebral disk proximal to the
fractured vertebra, in our patient series we observed no
correlation between most of the radiographic values stud-
ied and the functional results.

Evaluation of pain by means of the Denis scale showed
that 66% of the patients had no pain even though radio-
graphic loss of correction was present [11, 23, 28].

The scores obtained for functional evaluation using the
SF-36 questionnaire were lower than reference values [2].
The values observed in our patient group agree with the
results observed in other series, with no correlation be-
tween this parameter and loss of correction of the fractured
vertebral segment. High scores were observed even in pa-
tients with a significant loss of the fractured vertebral
segment [11, 13].

Only 50% of the patients studied were able to return to
their previous job. The evaluation of these patients is very
complex and involves biopsychosocial factors beyond the
scope of the present study. However, we observed patients
with radiographic loss of the fractured vertebral segment
who were able to return to their previous occupation,
indicating that the loss of correction probably was not di-
rectly related to this parameter [10, 17, 23].

The degeneration of the disk proximal to the fractured
vertebra may be related to the poor functional results
observed. The loss of intervertebral disk height may
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produce a certain instability in the vertebral segment and
a relaxation of the oblique fibers of the fibrous annulus,
which may contribute to degeneration of the interverte-
bral disk [14].

However, this degeneration was not observed in the MR
study for the evaluation of the disks adjacent to the burst
fractured vertebra during the preoperative period and after
the removal of the synthesis material, which occurred on
average after 10 months of evolution [7].

Analysis of our group of patients with burst fractures
showed that the clinical and functional result was not re-
lated to the loss of correction of the fractured vertebral
segment. Despite the loss of correction, which was serious
in two patients and required an anterior support, there is no
scientific evidence linking posttraumatic kyphosis to clin-
ical outcomes [12, 22, 25, 28].

No correlation between correction of fracture and
functional results was observed in the patients studied here.
Only the loss of height of the intervertebral disk adjacent to
the fractured vertebra was related to unsatisfactory func-
tional results. The results observed in the present group of
patients suggest that other still undefined parameters
influence the functional result of surgery for thoracolumbar
spine fractures.

Conclusion

Arthrodesis and posterior fixation of burst fractures did not
achieve maintenance of the intraoperative correction, with
loss of correction of varying degrees occurring in all
patients operated upon. Reconstruction of the anterior spine
was necessary in two of the patients studied (20%). In the
remaining patients the loss of radiologic correction showed
no correlation with the functional results. The loss of
height of the intervertebral disk adjacent to the fractured
vertebra was the only radiologic parameter studied that
showed correlation with the functional results obtained on
the occasion of the evaluation performed two years after
surgery.
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