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Abstract

Background The purpose of this study was to evaluate the effectiveness between percutaneous and open pedicle screw fixa-
tion without fusion for treating type A3 and A4 thoracolumbar fractures. Traumatic thoracolumbar burst fracture is a common
pathology without a consensus on the best treatment approach. Percutaneous pedicle screw fixation (PPSF) systems have
been recently introduced in the treatment of spinal fractures to reduce the adverse effects associated with the conventional
open approaches, such as iatrogenic muscle denervation and pain.

Methods A prospective analysis was made to evaluate consecutive 46 patients with type A3 and A4 thoracolumbar frac-
tures. Patients were divided into a percutaneous pedicle screw fixation group (PPSF) and an open pedicle screw fixation
group (OPSF). The mean age of patients in PPSF group (12 men, 11 woman) was 49.9 years and in OPSF group (10 men,
13 women) 52.2 years. For the purpose of evaluation, the radiological assessment of the bisegmental Cobb angle, the loss
of correction, the volume of blood loss, operation time, cumulative radiation time and dose were recorded and compared.
Results All patients were followed up for 12 months. There were no significant differences between OPSF and PPSF in the
Cobb angle preoperative and postoperative angle and the loss of bisegmental correction. In PPSF group, the mean preop-
erative Cobb angle was 10.9° and improved by 4.5° postoperatively, and in OPSF group the preoperative angle was 12.1°
and postoperatively improved by 3.8°. Significant differences between OPSF and PPSF were found in the mean cumulative
radiation time, radiation dose and operation time. PPSF group also had a significantly lower perioperative blood loss.
Conclusions Both open and percutaneous short-segment pedicle fixation were safe and effective methods to treat thoracolum-
bar burst fractures. Percutaneous fixation without fusion seems to be suitable for type A3 and A4 fractures.
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Introduction

Thoracolumbar fractures are usually high-energy injuries
caused by motor vehicle or fall accidents. A large part of
them involves the thoracolumbar junction. In an epidemio-
logic study by Hu et al. [1], traumatic injuries to the thora-
columbar region accounted for 75% of total spinal skeletal
injuries.
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The optimal treatment strategies for type A of thora-
columbar fractures remain controversial. Many reviews and
meta-analyses on surgical strategies have been published,
with a focus on fusion versus non fusion, minimally invasive
surgery versus open surgery and anterior versus posterior
approach [2-5]. The posterior open approach with fusion is
considered appropriate for patients with burst fractures and
posterior ligamentous complex injuries. General consensus
exists that in less severe fractures (AO—A2) conservative
treatment has the best risk/benefit ratio and that very severe
fractures (B and C types) as well as patients with neurologi-
cal compromise should be treated surgically. However, no
such consensus exists in patients with incomplete (A3) and
complete (A4) thoracolumbar burst fractures without neuro-
logical deficit [6, 7]. The aim of this study was to compare
clinical and radiological outcomes between patients with
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thoracolumbar spine fractures treated either with open or
percutaneous dorsal instrumentation without fusion.

Methods

This study was designed as a prospective cohort study.
This study was performed between 2015 and 2016.
Patients were randomly alternately included to both
groups according to the common inclusion criteria: (1)
thoracolumbar fracture classified as A3 or A4; (2) no other
significant injury; (3) the absence of neurological deficits.
The group under study included consecutive 46 patients,
with only A3 and A4 fractures according to the present AO
Spine classification, published by Vaccaro in 2013 were
considered [8]. 23 patients (12 men and 11 women), aged
22-69 years (average 49.9 years), were enrolled into the
percutaneous pedicle screw fixation (PPSF) group. The
injury segments were T11 in 2 patients, T12 in 8§, L1 in 9
and L2 in 4 patients. Mechanisms of injury included falls
from a height (15 patients), traffic accidents (4 patients)
and falls (4 patients). According to the AO fracture clas-
sification, A3 fracture occurred in 19 patients and A4 frac-
ture in 4 patients. 23 patients, (10 men and 13 women)
aged 29-74 years (average 52.2), were enrolled randomly
into the open pedicle screw fixation (OPSF) control group.
The injury segments were T12 in 7 patients, L1 in 12 and
L2 in 4 patients. Mechanism of injury included falling
from a height (15 patients), traffic accidents (3 patients),
and falls (3 patients). According to the AO fracture clas-
sification, type A3 fracture occurred in 17 cases, A4 in 6
patients. In PPSF group, PathFinder NXT system (Zim-
mer Biomet) was implanted using four pedicle screws, one

level above and one below the fractured vertebra. Patients
in OPSF group were treated with open pedicle screw fixa-
tion system SOCON (Bbraun) with the same manner, one
level above and one below the fractured vertebra without
cross link and without fusion. For the purpose of evalua-
tion, radiological assessment of the sagittal Cobb angle,
the loss of correction, the volume of blood loss, operation
time, radiation time and dose were recorded and com-
pared. All patients were followed up for 12 months. We
did not remove the metal or treat the anterior column for
any patient in both groups.

Operative procedures

All patients were operated on by two experienced trauma
and spine surgeons. The patients were in the prone position,
with a pad beneath breast and pelvis to increase the lordosis
and to obtain partial reduction.

23 patients were treated by short segment, minimally
invasive, percutaneous pedicle screw instrumentation. Four
small incisions were made and the transpedicular guide
wires were inserted by means of fluoroscopy. The surround-
ing tissues were stripped off with dilatators. The cannulated
pedicle screws were slid over the guide wires. The position
of the pedicle screws was controlled via fluoroscopy. The
cranial incisions allowed percutaneous insertion of the rods
(Fig. 1a).

The control group was composed of 23 patients who were
stabilized using a short segment construct through a stand-
ard midline incision. The position of the pedicle screws was
controlled via fluoroscopy (Fig. 1b). There was no fusion
performed in the control group.

Fig. 1 a Intraoperative fluoroscopic image of an instrumented vertebra by Pathfinder (PPSF group). b Intraoperative fluoroscopic image of an

instrumented vertebra by SOCON (OPSF group)
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Postoperative treatment

Patients were mobilized on the second day after surgery,
when wound drains (OPSF group) and urinal catheter were
removed. A clinical and radiological check-up took place
after 6 weeks, 3 months, 6 months and 12 months. There
was no construct failure or others complications recorded
during follow-up.

All the data were analysed using Minitab 15 Statistical
software (Minitab Inc., State College, PA, USA). Descriptive
statistics including mean, minimum and maximum value,
median, were used to describe PPSF (23 patients) and OPSF
(23 patients) data (Tables 1, 2). The Anderson—Darling test
was used to determine whether data meets the assumption
of normality (Table 3). The paired Student’s 7 test and Wil-
coxon signed-rank tests were used to compare Cobb vari-
ables in groups PPSF and OPSF (Tables 4, 5). The Wilcoxon
signed-rank test does not assume normality in the data. The
boxplot was plotted to assess and compare Cobb sample dis-
tributions (Fig. 2a, b). All variables were compared between
PPSF and OPSF groups (Table 6). One-way ANOVA test
was performed to compare normally distributed variables.
Where the normality assumption was not met, the nonpara-
metric Kruskal-Wallis test was used. Statistical differences

Table 1 Descriptive statistics for PPSF group (n=23)

Parameters Mean Minimum Median Maximum
Age 499 220 53.0 69.0
Cobb injury (°) -109 -0.7 -102 -2538
Cobb after surgery (°) 45 00 3.0 10.0
Cobb after 1 year (°) -0.2 8.0 0.4 -9.0
Loss of correction (°) 4.7 0.0 4.7 10.6
Radiation dose (cGycm?) 379.9 188.0 394.0 540.0
Radiation time (s) 29.0 150 29.0 50.0
Operation time (min) 49.7 29.0 50.0 65.0
Blood loss (ml) 29.0 19.0 29.0 40.0

Table 2 Descriptive statistics for OPSF group (n=23)

Parameters Mean Minimum Median Maximum
Age 522 29.0 52.0 74.0
Cobb injury (°) —12.1 =35 —-128 -16.5
Cobb after surgery (°) 3.8 0.6 39 7.5
Cobb after 1 year (°) -0.1 6.5 —-1.0 —-4.0
Loss of correction (°) 3.9 0.0 4.5 8.5
Radiation dose (CGycmz) 207.6 147.0 192.0 284.0
Radiation time (s) 173 13.0 17.0 23.0
Operation time (min) 52.0 44.0 53.0 70.0
Blood loss (ml) 328.7 150.0 330.0 600.0

Table 3 p values for Anderson—Darling test

Parameters Test normality

PPSF OPSF
Age 0.054 0.784
Cobb injury (°) 0.857 0.334
Cobb after surgery (°) 0.021 0.832
Cobb after 1 year (°) 0.621 0.083
Loss of correction (°) 0.097 0.208
Radiation dose (cGycmZ) 0.244 0.054
Radiation time (s) 0.119 0.202
Operation time (min) 0.179 0.698
Blood loss (ml) 0.928 0.438

were considered to be significant when the p value was less
than or equal to 0.05.

Results

In PPSF group, the mean preoperative Cobb angle was
10.9° (range 0.7°-25.8°) and postoperatively improved by
4.5°(range 0°-10.0°). In OPSF group, the mean preoperative
Cobb angle was 12.1° (range 3.5°-16.5°) and postopera-
tively improved by 3.8° (range 0.6°-7.5°). No significant
differences were found between OPSF and PPSF in the loss
of bisegmental correction after 1 year. The mean surgical
duration in the percutaneous screw group was on average
49.7 min (range 29.0-65.0), compared with the average of
52.0 min (range 44.0-70.0) in the OPSF group. The percu-
taneous screw group had a lower perioperative blood loss of
29.0 ml (range 19.0-40.0) compared with 328.7 ml (range
150.0-600.0) in the OPSF group. The cumulative radia-
tion dose ranged from 188.0 to 540.0 and averaged 379.9
c¢Gycm?2 in PPSF group, and from 147.0 to 284.0 with the
average of 207.6 cGycm?2 in OPSF group. The C-arm expo-
sure time was in average 29.0 s (range 15.0-50.0) in PPSF
group and 17.3 s (range 13.0-23.0) in OPSF group. There
were no neurological, wound infections or medical compli-
cations in both groups.

Discussion

The advantages of percutaneous technique are preservation
of posterior musculature, less blood loss, shorter operative
time, and lower infection risk. Lee et al. [9] also revealed
that PPSF provided relatively earlier pain relief and func-
tional improvement in comparison with OPSF.

Limitations of percutaneous fixation include the inability
to achieve direct spinal canal decompression and impossibil-
ity to perform a fusion.

@ Springer



150

J.Kocis et al.

Table 4 p values for paired 7 test and Wilcoxon test, statistically significant differences between the parameters p <0.05

Parameters Cobb injury (°)

Cobb after surgery (°)

Cobb after 1 year (°)

Cobb injury (°) -

<0.005 (Wilcoxon signed-  —
rank)

<0.005 (7 test)

Cobb after surgery (°)

Cobb after 1 year (°)

<0.005 (Wilcoxon signed-rank)

<0.005 (7 test)
<0.005 (Wilcoxon signed-rank)

<0.005 (Wilcoxon signedrank) -

Table5 p values for paired ¢ test, statistically significant differences
between the parameters p <0.05

Parameters Cobb injury (°)  Cobb after ~ Cobb
surgery (°)  after
1 year (°)
Cobb injury (°) - <0.005 <0.005
Cobb after surgery (°)  <0.005 - <0.005
Cobb after 1 year (°) <0.005 <0.005 -

Diniz [10] published a systematic review and meta-
analysis of the articles, compared the use and non-use of
fusion in association with internal fixation for the treatment
of thoracolumbar burst fractures. The data reviewed in this
study suggest that the use of fusion did not improve clini-
cal outcomes, but it was associated with increased surgical
time and higher intraoperative bleeding and did not promote
significant improvement in radiological parameters. No sig-
nificant difference between groups in the degree of kypho-
sis correction, loss of kyphosis correction, or final angle of
kyphosis was observed.

Kim et al. [11] found that the pre-surgery and post-sur-
gery cross-sectional areas of the multifidus muscle showed
no statistically significant differences in the PPSF group,
but in the conventional posterior group, muscle atrophy was
significant. Wild et al. [12] reported statistically lower blood
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Fig.2 a Boxplot for group OPSF. b Boxplot for group PPSF

@ Springer

loss in trauma cases after the internal fixation was implanted
percutaneously than when implanted during an open proce-
dure. Wang et al. [13] retrospectively reviewed 100 patients
who were treated with open or percutaneous pedicle screws
after a thoracolumbar fracture. All fractures were type A
fractures, and no patient had a neurologic deficit. Patients
underwent either short-segment open pedicle instrumenta-
tion or MIS short-segment pedicle fixation with four or six
screws. A fusion was not performed. Postsurgical improve-
ment in the clinical outcomes was seen in terms of blood
loss, operation time, postoperative hospital stay, and VAS
scores in the MIS group. Radiographically, postoperative
sagittal Cobb angle, vertebral body angle, and anterior ver-
tebral body height (VBH) were similar between all treatment
arms. In the open group, one patient had poor wound healing
and one patient had a loose screw. Vanek et al. [14] evalu-
ated 37 patients treated with either percutaneous or open
posterior short-segment pedicle screw fixation with fusion.
All patients were thoracolumbar types A3.1-A3.3 without
neurologic deficit. The authors found a significant decrease
in mean surgical duration and mean perioperative blood loss
in the MIS group. The VAS scores were also significantly
lower in the first 7 postoperative days in the MIS group.
There were no significant differences between the groups
in vertebral body index and Cobb angle during follow-up.
Bronsard et al. [15] published a study comparing radiation

Angle (°)
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Table 6 Summary of p values and no statistically significant differ-
ences were observed (p > 0.05)

Parameters p value Significant

Age 0.595 (one-way ANOVA) No
Cobb injury (°) 0.415 (one-way ANOVA) No
Cobb after surgery (°) 0.895 (Kruskal-Wallis test) No
Cobb after 1 year (°) 0.951 (one-way ANOVA) No
Loss of correction (°) 0.313 (one-way ANOVA) No
<0.005 (one-way ANOVA) Yes
<0.005 (one-way ANOVA)  Yes
0.376 (one-way ANOVA) No
<0.005 (one-way ANOVA)  Yes

Radiation dose (cGycm?)
Radiation time (s)
Operation time (min)
Blood loss (ml)

exposure doses between percutaneous pedicular screwing
and open reduction internal fixation in the lumbar spine,
showing that radiation dose was threefold higher in PPSF
than in OPSF group. In the current study, twofold radiation
dose we observed in PPSF group.

Phan et al. [16] evaluated 12 studies. There were 279
patients undergoing percutaneous fixation, compared with
340 open fixation procedures. Operative duration was sig-
nificantly shorter in the percutaneous group, by 19 min. The
percutaneous approach was also associated with shorter
hospital stay by 5.7 days. Whilst there was no difference in
screw malpositioning, the percutaneous approach had lower
rates of infections and superior visual analogue scale. No
difference was found between the groups in terms of post-
operative Cobb angle, postoperative body angle, and post-
operative anterior body height. Kreinest et al. [17] analysed
perioperative complications of open versus percutaneous
dorsal instrumentation after dorsal stabilization in patients
suffering from fractures of the thoracic and lumbar spine.
Open surgery was carried out on 169 patients and percuta-
neous surgery procedure was carried out on 322 patients.
Fracture level ranged from T1 to L5. The complication rate
was 14.8% in open surgical group and 5.3% in percutane-
ous surgical approach. Postoperative hospital stay was also
reduced significantly in percutaneous group.

Kumar et al. [18] compared traditional open spinal sur-
gery, minimally interventional surgery (MIS) and conserva-
tive management of thoracolumbar burst fractures in their
prospective study. 30 patients were treated conservatively,
23 patients were treated via open approach and 25 patients
were treated via MIS techniques. Analysis of data showed
there was no difference in degree of post-traumatic kyphosis
between the groups. Those patients treated with MIS tech-
niques demonstrated superior outcomes compared to open
surgery and conservative methods of treatment, with sig-
nificantly reduced hospital stay and better return to work.

Tinelly et al. [19] published the results of reduction and
the accuracy of screw placement in minimally invasive

percutaneous posterior instrumentation. 34 of 542 screws
(6.3%) in 22 patients (17.3%) were misplaced, but mis-
placed was minimal without neurological deficit. Most of
the vertebral body fractures (82/64.5%) were located in the
thoracolumbar junction. Kyphosis of these fractures changed
from mean 2.5° +6° to 5.6° +5.7° lordosis (p <0.001) and
lordosis in the 45 lumbar fractures from mean 6.9° +10.3°
to 14.5° +8.8° lordosis (p <0.001).

In summary, our results suggested that PPSF had a less
intraoperative blood loss, but radiation exposure dose was
twofold higher than in OPSF group. No differences were
found between the groups in terms of postoperative Cobb
angle and loss of correction.

Conclusion

Patients with type A3 and A4 thoracolumbar fractures can
be effectively managed with percutaneous or open pedi-
cle screw placement. PPSF had a less intraoperative blood
loss, but radiation exposure dose was twofold higher than in
OPSF group. No differences were found between the groups
in terms of postoperative Cobb angle and loss of correc-
tion. This study is limited, because it shows radiological
1 year results before material removal. In our study, none of
the patients received additional ventral stabilization using
cages or plates. The A3 and A4 fractures were not differenti-
ated. It is known that the rupture of two discs leads to more
loss of reduction compared to one. This study supports the
hypothesis that percutaneous spine fixation can be effec-
tively applied to a group of thoracolumbar spine fractures
type A3 er A4 without neural compression. Blood loss was
decreased in the percutaneous group, which may represent a
potential benefit, particularly in the polytraumatized patient.
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