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ABSTRACT

Background: Transpedicular grafting techniques with posterior short-segment instrumen-
tation have demonstrated to prevent high implant failure in unstable thoracolumbar burst
fractures. We tested our hypothesis that short-segment instrumentation with two addi-
tional augmenting screws in the injured vertebra could provide stability and was similar to
those of the transpedicular grafting technique.

Methods: Twenty patients belonged to group A; treated with short-segment pedicle screw
fixation and reinforced by two augmenting screws at the fractured vertebra. Group B had
thirty-one patients; the fractured vertebra was augmented with transpedicular autogenous
bone graft. Group C had twenty patients; the injured vertebra was strengthened with
calcium sulfate cement. Clinical outcome and radiographic parameters were compared.
Results: Group A had the least blood loss (101.7 + 72.5 vs. 600 + 403.1 vs. 247.5 + 164.2 ml,
p < 0.001) and the least operation time (142.0 + 57.2 vs. 227.2 + 43.6 vs. 161.6 + 28.5 min,
p < 0.001). However, group A had the highest collapsed rate of the body height at the 18-
month follow-up (10.5 + 7.0 vs. 4.6 + 4.8 vs. 7.2 + 85%, p = 0.002). The failure rate,
include implant failure or loss of 10° or more of correction, group B had the lowest failure
rate (10% vs. 3.2% vs. 10%, p = 0.542). The group A had the highest rate of return to their
previous employment (50% vs. 38% vs. 35%, p = 0.265).

Conclusions: Compared with transpedicular grafting techniques, additional two “augment-
ing screws” in the fracture vertebra with short-segment instrumentation are sufficient for
one-level thoracolumbar burst fracture.
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At a glance commentary
Scientific background on the subject

Unstable thoracolumbar burst fracture is usually treated
by surgery. One above and one below posterior short-
segment pedicle screw fixation is popular for thor-
acolumbar burst fracture but has possibility of early
implant failure and loss of reduction. The injured
vertebrae augmented by additional two screws or by
transpedicular grafting are thought to be resolutions to
prevent implant failure. In this study, we compared the
differences between a six-screw construct and a four-
screw construct with fractured body augmentation by
iliac cancellous bone graft or by calcium sulfate cement.

What this study adds to the field

Compared with transpedicular grafting techniques,
additional two “augmenting screws” in the fracture
vertebra with short-segment instrumentation are also
sufficient for most one-level thoracolumbar burst frac-
ture. This technique is easy, spends less operation time,
decreases blood loss, and obtains similar clinical result.

Burst fracture approximately accounts for 20% of thor-
acolumbar fractures and occurs due to an axial loading force
that results in failure to support the anterior and middle col-
umn [1,2]. Surgery is usually indicated for a patient suffering
from severe deformity, and/or neurologic deficit. Since the
development of the pedicle screw, posterior short-segment
instrumentation with fusion has been widely used for unsta-
ble thoracolumbar burst fracture. Pedicle instrumentation
enables kyphosis correction, canal encroachment reduction
indirectly, early mobilization, and early return to work.
However, this method has been reported to have high implant
failure and early loss of reduction because of loss of anterior
support [3]. Liao et al. have demonstrated that posterior short-
segment instrumentation and transpedicular grafting with
autogenous cancellous bone could maintain better vertebral
body height and local sagittal Cobb's angle, but donor-site
complications could not be prevented [4]. Although injectable
calcium sulfate cement is an alternative to autogenous bone
for transpedicular body augmentation, the cost of this mate-
rialis not covered by the National Health Insurance in Taiwan.
To circumvent the difficulties we faced before in using
transpedicular grafting with autogenous bone and calcium
sulfate cement, we modified Wang's technique for treating
thoracolumbar burst fracture [5]. In this study, we applied two
more “augmenting screws” at both pedicles of the injured
vertebra in addition to one-above one-below short-segment
pedicle instrumentation. We hypothesized that these two
additional pedicle screws at the fractured vertebra could
augment construction of instrumentation and the spine could
be maintained when the anterior and middle column ach-
ieved union, as in transpedicular grafting. In January 2010, we

began to use this method in patients with a single-level
thoracolumbar burst fracture. The purpose of this study was
to evaluate the efficacy of all pedicle screws without fusion
used in patients with thoracolumbar burst fracture and to
decide whether this technique could achieve clinical and
radiographic results similar to those of short-segment
instrumentation with transpedicular grafting for thor-
acolumbar burst fracture.

Methods

From January 2010 to June 2012, twenty patients with thor-
acolumbar burst fracture that underwent surgical treatment
using posterior short-segment pedicle instrumentation
without fusion were reviewed. These patients were enrolled
because they met the following inclusion criteria: (a) a single-
level fracture between T11 and L3; (b) only short-segment
screws (one-above and one-below) were used and the frac-
tured vertebra were augmented with two additional screws;
(c) fracture caused by high energy trauma (fall from a height,
motor vehicle accident, or direct strike by a heavy object); (d) a
local kyphotic angle >20°, or anterior height collapse >50%, or
spinal canal encroachment >50%; (e) implants were removed
after one year with union of the vertebrae proved by image; (h)
follow-up radiographic and clinical data for at least 18 months
were obtained.

Preoperative, immediate postoperative, and 18-month
follow-up plain radiographs were analyzed. Sagittal local
kyphosis was measured from the superior endplate of the ce-
phalic intact vertebra to the inferior endplate of the caudal
intact vertebra. The normal height of the fractured vertebrae on
lateral radiographs was determined by averaging the heights of
the adjacent cephalic and caudal vertebrae. The percentage of
anterior height of the fractured vertebra was calculated as the
anterior height of the injured vertebra/the estimated normal
anterior height of the injured vertebra x 100%. The percentage
of canal encroachment by the retropulsed fragment at the
fractured level was calculated using the formula developed by
Mumford et al. [6].

The American Spinal Injury Association (ASIA) impairment
scale was used to evaluate patients' preoperative and final
neurologic status. The final clinical results were assessed
using the Denis scale, a 5-point scale that includes both work
and pain scales [7]. The demographic data, including age, sex,
injury level, estimated blood loss, operation time, duration of
admission, time between injury and surgery, and associated
injuries, were collected.

Grouping

The 20 patients that underwent posterior short-segment
instrumentation with two additional “augmenting screws”
were placed into Group A. The 31 patients that underwent
posterior short-segment instrumentation and transpedicular
grafting with autogenous cancellous bone were categorized as
Group B, and the 20 patients that received posterior short-
segment instrumentation and transpedicular grafting with
calcium sulfate cement comprised Group C. The demographic
data of Group B and Group C were the same as shown in Liao's
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study [4]. However, the final cut-off point of radiographic
assessment was at the 18-month follow-up, so the radio-
graphic data of Groups B and C were re-calculated and
analyzed in the current study.

Surgical procedure

All patients were placed in the prone position on the four-
poster. Posture and manual reduction were applied first.
After the skin was draped and prepared, a standard posterior
midline approach was used to explore the spine. Pedicle
screws were inserted into the vertebra one level above and
one level below the fractured vertebra. Two additional pedicle
screws were inserted into both pedicles of the injured vertebra
for additional fixation. The rod was bent slightly, and being
connected on the screws. The augmenting screws could push
the fractured vertebra ventrally as the rod was connecting to
it. Then a distraction force was applied by using the spreader
forceps to correct local kyphosis and restore anterior body
height [Fig. 1].

Transpedicular grafting with morcellized cancellous bone
or injectable calcium sulfate cement has been demonstrated
by Liao et al. [4] None of the patients in these three groups
received posterior or posterolateral fusion. All patients were
encouraged to sit and ambulate on the second or third post-
operative day with a Taylor's brace protection.

All patients had undergone surgery to remove the implant
and the implant's condition was examined. Surgery was
considered a failure if screws or the rod was broken, or if ra-
diographs obtained at final follow-up demonstrated an in-
crease of 10° or more in sagittal local kyphosis compared to
the local kyphotic angle measured immediately after surgery.

Statistics

We first used the ANOVA and the Wilcoxon rank-sum test to
analyze numerical data between these three groups, the level
of statistical significance was set at p < 0.01. Then, further
analyzed with the paired t test for differences between pre-
operative, postoperative, and 18-month follow-up radio-
graphic data inside each group. Fisher's exact test was used for
categorical variables. The level of statistical significance was
set at p < 0.05.

Fig. 1 — Intra-operative fluoroscopic images illustrate the
surgical procedure. (A) Before skin incision, the injured
vertebra was reduced by manual reduction. (B) The fractured
vertebra was further corrected by indirect reduction and
fixation with four pedicle screws applied one-above and
one-below to the vertebra, and two augmenting screws on
the injured vertebra.

Results

There were 20 patients in Group A, 31 in Group B, and 20 in
Group C. Ten patients in Group A were female and ten were
male; the average age at surgery was 43.0 + 10.4 years. Four
patients were injured in motor vehicle accidents, 15 were
injured by falling from a height, and one was injured by being
struck by a heavy object. Six patients in Group A had other
associated injuries: two with hemothorax, two with pelvic
fracture or sacral fracture, one with femur fracture, one with
ocular and head injury, one with calcaneal fracture, and one
with olecranon fracture. Most patients (11) in Group A were
injured at the L1 level. The mean operation time was
142.0 + 57.2 min. The mean estimated blood loss was
101.7 + 72.5 ml. The mean hospital stay was 11.5 + 3.8 days,

and the average injury-surgery interval was 4.9 + 2.7 days.
Preoperative CT showed that the average spinal canal
encroachment in Group A was 52.7% + 12.5%. The average
preoperative kyphosis angle was 22.3° + 6.6°, which was cor-
rected to 5.6° + 4.8° immediately after surgery (p < 0.001). At
final follow-up, the mean local kyphosis angle was 10.3° + 5.2°;
loss of correction was 4.7° + 2.7° (p < 0.001). The average pre-
operative anterior body height was 46.6% + 12.5%, which
improved to 85.7% =+ 9.4% immediately after surgery
(p < 0.001). Anterior body height restored by surgery was
39.2% =+ 13.3%. Anterior body height at 18-month follow-up
was 74.9% + 12.0%, and the average loss of body height
correction was 10.8% + 7.0% (p < 0.001). No one in Group A had

wound infection or developed neurologic deterioration due to
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surgery, and no one was noted to have a broken rod or screws
when performing implant removal surgery. However, two
patients lost over 10 degrees of local kyphosis correction and
were defined as failed surgery at the final follow-up. According
to the ASIA scale, 18 patients were grade E and two were grade
D before surgery. All patients in Group A were scaled as grade
E finally. In terms of outcome, 65% of patients (13 patients) in
Group A had no back pain, and the mean pain scale was
1.5 + 0.8 at the final follow-up; 10 patients (50%) could return to
their previous employment, and the mean work scale was
1.7 + 0.9. Fig. 2 demonstrates a typical case in Group A.

Comparisons between the three groups

The three groups were similar in age, sex, fracture levels,
associated injuries, hospital stay, and preoperative neurologic
status. Falling from a height was the major injury mechanism
in these three groups. Estimated blood loss and operation time
were significantly different between the groups. Group A had

the lowest estimated blood loss, and Group B had the most
estimated blood loss (101.7 + 72.5 vs. 600 + 403.1 vs.
2475 + 164.2 ml, p < 0.001). Group A and Group C also
demonstrated a significant difference in estimated blood loss
(p = 0.002). In addition, Group A patients spent the least time
in surgery of the three groups (142.0 + 57.2 vs. 227.2 + 43.6 vs.
161.6 + 28.5 min, p < 0.001). There was also a significant
different in operation time between group A and group C
(p = 0.048) [Table 1].

Preoperative radiographic parameters including spinal
canal encroachment, local kyphosis, and anterior body height
were similar for the three groups. Immediately after surgery,
there were no differences in sagittal kyphosis and anterior
body height between the three groups. The angle and body
height correction obtained by these three techniques were
similar. In the final radiographs, Group A revealed more local
kyphosis (10.3° +5.2° vs. 6.4° +7.8° vs. 7.0° + 5.7°, p = 0.239) and
sustained the lowest anterior body height (74.9% + 12.0% vs.
82.2% + 9.5% vs. 79.4% + 6.9%, p = 0.058). According to the

Fig. 2 — A 42-year-old male sustained L1 burst fracture in a motor vehicle accident. (A) Preoperative radiograph showed 27° local
kyphosis and 49% anterior height collapse. (B) Preoperative axial computed tomography showed 52% canal encroachment.
(C) Immediate postoperative radiograph revealed that the all-screws technique had corrected the deformity to 8° of local
kyphosis and a 14% anterior body height collapse. (D) 18 months after surgery, the implants were removed and the radiograph
showed the L1 body united. Local kyphosis deteriorated to 11° and anterior body height collapse increased to 17%.
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Table 1 — Patient demographic data.

Characteristic Group A (N = 20) Group B (N = 31) Group C (N = 20) p value
Age (years) 43.0 + 10.4 39.7 £11.8 40.8 + 11.1 0.609
Gender
Female 10 10 6 0.337
Male 10 21 14
Level
T11 0 1 0 0.706
T12 4 5 2
L1 12 12 9
L2 3 8 6
L3 1 5 3
Hospital stay (days) 115+ 3.8 13.7 £3.9 13.7 £3.2 0.117
Injury-to-operation interval (days) 49+27 35+19 48+34 0.216
Operative time (min) 142.0 + 57.2 227.2 +43.6 161.7 £ 28.5 <0.001
Avs.B <0.001
Avs.C 0.047
Bvs.C <0.001
Blood loss (c.c.) 101.7 £ 72.5 600.0 + 403.1 247.5 + 164.2 <0.001
Avs.B <0.001
Avs.C 0.002
Bvs.C <0.001
Mechanism
Fall 15 20 12 0.371
MVA 11 6
Struck 1 0 2
Associated injury
Yes 6 12 8 0.766
No 14 19 12

MVA = motor vehicle accident.

height loss data (final — immediately after surgery), Group A
had the highest collapsed rate of the anterior body height
(10.8% + 7.0% vs. 4.6% + 4.8% vs. 7.2% =+ 8.5%, p = 0.002). With
transpedicular bone grafting support, Group B had the great-
est ability to resist angle loss (4.7° + 2.7° vs. 2.7° + 2.1° vs.
4.8° +2.4°, p = 0.090) [Table 2].

At the latest follow-up, all patients in Group A could walk
without support and were ASIA grade E in neurologic status.
There was no difference in ASIA grade distribution in these
three groups. The average pain scale score was similar be-
tween the three groups (1.5 + 0.8 vs. 1.7 + 0.9 vs. 1.7 + 1.0,

p = 0.721). The patients in Group A had the highest incidence
of returning to their previous employment (50% vs. 39% vs.
35%, p = 0.265) [Table 3].

Discussion

Short-segment pedicle instrumentation has become popular
for treating thoracolumbar burst fracture, but controversy still
remains regarding the use of fusion or non-fusion with poste-
rior short-segment instrumentation for thoracolumbar burst

Table 2 — Radiographic data of surgery.

Parameter Group A (N = 20) Group B (N = 31) Group C (N = 20) p value
Failure rate 2/20 (10%) 1/31 (3.2%) 2/20 (10%) 0.542
Preoperative canal encroachment (%) 52.7 £ 12.5 48.1 +16.5 53.5 + 14.0 0.374
Local kyphosis degree
Preoperative 223 + 6.6 209 +9.2 21.7 £ 6.7 0.828
Postoperative 5.6 +4.8 3.7+78 24 +5.1 0.208
18-month 10.3 +5.2 6.4+7.38 7.1+53 0.239
Correction by surgery 16.7 + 4.1 17.2 £5.3 19.3 + 4.9 0.224
Loss of correction at 18 months 4.7 +£2.7 2.7 +21 48+24 0.090
Anterior body height (%)
Preoperative 46.6 + 12.5 50.9 + 11.2 50.3 + 14.8 0.489
Postoperative 85.7 +9.4 86.9 + 9.5 86.6 + 7.5 0.777
18-month 75.5 +12.0 822 +9.5 79.2 + 6.8 0.058
Correction by surgery 39.2 +13.3 359+1.9 36.3 +14.6 0.834
Loss of correction at 18 months 10.5+ 7.0 46+48 7.2 +85 0.002
Avs.B 0.002
Avs.C 0.075
Bvs.C 0.115



http://dx.doi.org/10.1016/j.bj.2016.11.005
http://dx.doi.org/10.1016/j.bj.2016.11.005

412 BIOMEDICAL JOURNAI

39 (2016) 407413

Table 3 — Clinical outcomes using Denis scale.

Parameter Group A Group B Group C p
(N =20) (N =31) (N =20) value
Pain scale
1 13 18 11 0.721
2 5 7 5
3 1 4 2
4 1 2 2
5 0 0 0
Work scale
1 10 12 7 0.265
2 7 9 5
3 2 6 4
4 1 1 0
5 0 3 4

fractures. The traditional reasons for additional posterior
fusion include decreasing implant failure and long-term
maintenance of alignment [8,9]. However, a few studies have
demonstrated that non-fusion with posterior short-segment
instrumentation obtained radiographic and clinical results
similar to those of posterior short-segment instrumentation
with fusion for thoracolumbar burst fractures [5,10,11]. The
additional advantages of the non-fusion method include pre-
vention of donor-site morbidity and a decrease in operation
time and blood loss. Despite these advantages, hardware fail-
ure cannot be prevented. Sanderson et al. studied 24 patients
who had undergone posterior short-segment fixation without
fusion for thoracolumbar burst fractures; four implant failures
due to screw breakage (14%) were noted during an average 3.1
years of follow-up [12]. Yanget al. examined 64 patients treated
with posterior short-segment instrumentation without fusion
for thoracolumbar burst fractures; four broken screws were
found in four patients at the final follow-up, and the hardware
failure rate was 4.7% [13]. Wang et al. compared the results of
patients with thoracolumbar and lumbar burst fracture who
underwent posterior short-segment instrumentation with or
without fusion; the authors claimed that three patients in the
non-fusion group had screw breakage (8.3%) [5]. A large ante-
rior defect created during the application of distraction force
and the subsequent disc degeneration contributed to high
levels of stress on the posterior instrumentation. Without
anterior support, posterior instrumentation might fail,
although modern pedicle screws have high pull-out and cut-
out strength and can resist high levels of stress. Trans-
pedicular augmentation of the fractured vertebra seems to be
an ideal method to maintain alignment and vertebra height,
and prevent implant failure. Materials for transpedicular
augmentation include autogenous iliac bone and bone sub-
stitutes. However, with the 10% breakage rate and a loss of
correction of more than 10° in 40% of their patients, Alanay
et al. did not support transpedicular bone grafting for patients
with thoracolumbar burst fractures [14]. In contrast, Liao et al.
supported transpedicular bone graft for thoracolumbar burst
fractures; their data showed only one patient (3%) had implant
failure because of severe posterior element injury [4]. They
suggested that posterior fusion should be done in this situa-
tion. Transpedicular bone substitutes augmentation with
posterior short-segment instrumentation is another alterna-
tive for such patients. Marco et al. and Korovessis et al. used

posterior short-segment instrumentation plus calcium phos-
phate cement for patients with burst fractures or compression
fractures [15,16]. Shen et al. and Liao et al. successfully used
posterior short-segment instrumentation plus injectable cal-
cium sulfate cement for thoracolumbar burst fractures [4,17].

Wang et al. applied only one “lordoring screw” at one side of
the fractured vertebra because they wanted to preserve the
other side for decompression by the anterior approach in the
future if the neurologic status did not improve or there was
deterioration [5]. In our study, all 20 patients in Group A were
neurologically intact or only had minor neurologic deficits (ASIA
grades E and D) before surgery, so anterior decompression
procedures were not considered for our cases. In our institute,
ASIA grades A, B, and C, who will be performed anterior surgery.
We believe that applying two augmenting screws, one through
either side of the pedicle of the vertebra, can provide better
immediate stability and enhance final vertebra union. The re-
sults also showed that there were no implant failures or
neurologic deterioration in these 20 patients.

Hwang et al. reported 15 patients with thoracolumbar burst
fractures that underwent posterior short-segment pedicle
instrumentation without fusion [18]. These 15 patients also
had two augmenting screws at the fractured vertebra; the
results showed no implant-related complication and the
mean loss of correction angle was 6.1° at the 12-month follow-
up. In the present study, the Group A patients underwent a
technique for burst fractures similar to that of Hwang et al,;
our results also showed no implant failure and the mean loss
of correction was 4.7° at the 18-month examination. All pre-
operative and immediate postoperative radiographic param-
eters were similar in the three groups, which meant that an
ideal local alignment and body height could be restored in all
three groups. However, compared to Group B and Group C,
Group A had more body height loss at 18-month follow-up.
This phenomenon meant that the space in the fractured
body created after distraction force could be maintained bet-
ter by augmentation with autogenous bone or bone substitute.
So the main role of the pedicle screw in augmenting the
fractured vertebra was to provide more stability, not to stim-
ulate fracture healing inside the injured vertebra. Although
Group A could not achieve the most ideal radiographic results,
satisfied quality of life with good functional score and work
ability was noted in Group A. The main reason might be the
associated injury. Group A had less associated injury
compared with other groups, although there was no signifi-
cant difference between 3 Groups. Emphasis should be made
about the surgical techniques. The techniques used in Group
A took the least operative time and led to the least blood loss
of the three groups. This distinguishing feature was important
because all these patients with thoracolumbar burst fractures
were injured due to high energy trauma and might have had
associated injuries. Less blood loss and less operative time
mean less blood transfusion and a lesser anesthesia require-
ment, and might prevent surgical complications.

Conclusion

The outcomes of this study confirmed that the use of two
additional augmenting screws in the fractured body with
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short-segment pedicle screws is sufficient for most thor-
acolumbar burst fractures, to attain fracture reduction and
maintain alignment. Compared to the transpedicular grafting
technique, the all-screws method is easy, requires less oper-
ative time, involves less blood loss, and has similar clinical
results. With appropriate patient selection, this procedure is
thought to be a good surgical choice. In the future, this method
can be extended to a different approach (the para-median
approach) or modified to a minimally-invasive technique for
thoracolumbar burst fractures.
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