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ABSTRACT

PURPOSE OF THE STUDY 
A prospective cohort study evaluates the functional and radiological outcome of thoracolumbar spine fractures treated

either with open or percutaneous dorsal instrumentation. 
In recent years, several studies advocate percutaneous stabilization of spinal fractures in patients without neurological

deficits. However, it is still debated whether percutaneous stabilization is superior to open dorsal instrumentation in spinal
trauma.

MATERIAL AND METHODS
This study was performed between 2010 and 2012 at a Level 1 trauma center. Patients treated either with an open or

a percutaneous dorsal instrumentation for traumatic fractures of the thoracolumbar spine (T11 to L2) were included. Fracture
morphology, screw positioning and clinical parameters were analyzed. Standardized questionnaires (VAS-spine-score;
Oswestry-disability-score; SF-36) and follow up radiographs were performed.

RESULTS
Overall 72 patients (29 percutaneous; 43 open) could be included. The surgical and the early postsurgical course were

similar between both groups. Furthermore the operative approach had no influence on the functional and radiological outcome
one year after surgery, but the questionnaires showed moderate impairments within both groups. Also both groups showed
a significant loss of reduction after the first postoperative month (p < 0.01). 

Within the open group a significantly higher amount of fracture reduction (p < 0.01) and a significantly reduced intraoperative
radiation exposure was seen (open 105.9 sec.; percutaneous 143.1 sec; p < 0.05); whereas the percutaneous approach
was associated with significantly reduced intraoperative blood loss (open 2.2 g/dl; percutaneous 1.2 g/dl; p < 0.001).

CONCLUSION
The functional and the radiological outcome of both groups was comparable one year after trauma. Minor advantages of

the percutaneous system was less blood loss, whereas the open approach was associated with a significantly higher amount
of initial reduction and significantly less intraoperative radiation exposure. Independent from the type of posterior fixation
loss of reduction was already significant in the early postoperative course. 

Key words: percutaneous instrumentation; thoracolumbar fracture; outcome; loss of reduction.

INTRODUCTION

In recent years, several studies advocate percutaneous
stabilization of spinal fractures in patients without neu-
rological deficits (1, 4, 7, 8, 10, 12, 16, 20, 27–29).
However, it is still debated whether percutaneous stabi-
lization is superior to open dorsal instrumentation in
spinal trauma. Advocates of percutaneous dorsal stabi-
lization emphasize that this technique is associated with
less intraoperative blood loss, shorter operation time,
reduced risk for infections, reduced postoperative pain,
and shorter hospitalization (6, 7, 8, 16, 20, 27, 29). How-
ever, opponents point out that percutaneous instrumen-

tation is associated with higher radiation exposure, less
intraoperative reduction and increased loss of reduction
in the course (7, 11, 12, 16, 17, 27). Accuracy of pedicle
screw placement is reported to be comparable between
percutaneous and open instrumentation (7, 9, 10, 16,
23, 28). 

The aim of this study was to compare the functional
and radiological outcome between patients with thora-
columbar spine fractures treated either with open or
percutaneous dorsal instrumentation one year after
trauma.
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Radiological outcomes
Screw positioning was classified according to

Zdichavsky (30) in three types: optimal (Type A1), sub-
optimal (Type A2-B2) and need for revision (Type C1-
C2). Similar to the multicenter study of Siebenga et al.
(24) reduction and loss of reduction was measured by
the regional sagittal angle (RSA) and the local sagittal
angle (LSA) by two experienced trauma surgeons. This
was done pre- and postoperatively and at five different
follow up radiographs. For statistical analyses, all meas-
ured angles were compared to the intraoperative result.
By this procedure the amount of reduction loss could be
evaluated. In case of anterior fusion in the course, meas-
urement of reduction loss was stopped at the time of
this second procedure. Consequently falsifying influence
of anterior fusion regarding the results of reduction loss
in the course was eliminated. 

Functional outcomes
After written consent was obtained, four different

questionnaires (VAS Spine Score, a modified pain scale,
the Oswestry disability index, and the SF-36) were dis-
tributed to patients by routine medical follow up or by
mail to evaluate the pain level and the quality of live. 

The VAS-spine-score focuses on the description of
pain in different life situations. It comprises 18 questions
which are scored on a 100-mm visual analogue scale.
A minimum score of zero is equal to the worst result
(severe disability), while a score of 100 reflects the best
result (no disability) within the context of the question
(15, 24).

The modified pain scale focuses on the course of pain.
Subjective pain intensity should be classified from zero
(best) to ten (worst) on a visual analogue scale at different
times in the course of treatment.

The Oswestry disability index (ODI) is a functional,
disease specific instrument for low back pain. It includes
ten questions on limitations of daily living. Zero to five
points per question are added and the doubled total score
represents the deficits of the subjective health state within
a range between 0 % (best health state) and 100 % (worst
health state), (5, 25).

General health status was assessed by using the SF-36
questionnaire. It is particularly suitable because of its
high reliability and the possibility of comparing results
to a high number of representative populations. Mental
and functional outcome are measured by 36 Questions
within eight subscales of health. It is already translated
and validated for the German population (2, 29). 

Statistical analysis
The deidentified data were analyzed using SPSS (Ver-

sion 20, 76 Chicago, IL, USA). Data are presented as
absolute means and as mean percentage values. Contin-
uous variables were compared using the Mann–Whitney
U-test in case of not normal distributed data. The Chi-
squared-test was used to compare the counts of categor-
ical responses between two independent groups. Analysis
of variance (ANOVA) was used to compare between
means of more than two groups for data of a normal

MATERIAL AND METHODS

Study design
This study was designed as a prospective single-centre

(Level 1) cohort study. Patients treated either with open
or percutaneous dorsal instrumentation for a traumatic
fracture of the thoracolumbar spine (T11 to L2) between
May 2010 and May 2012 were subjected to standardised
questionnaires and radiographs within the routine clinical
follow-up. Excluded were patients younger than 18 years
of age and those with neurological deficits, or poly-
trauma. Furthermore, patients treated with vertebro-
/kyphoplasty or cement-augmented pedicle screws were
excluded. 

Ethics
This study was performed in accordance with the eth-

ical standards of the responsible Committee on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2000.

Surgical procedure
Overall patients were treated by four different trauma

surgeons. According to the fracture type, intraoperative
closed reduction was performed by patient positioning
and manual maneuver. It was not related to fracture type
or any other objective criteria. The open group was
treated by a conventional medial dorsal approach with
the Universal Spine System (USS 1; Synthes®). In the
percutaneous group the Longitude System (Medtronic®)
was used. The entry point to the pedicle was determined
by fluoroscopy and a 1.5 cm skin incision was set for
instrumentation. The rods were inserted cranially over
additional incisions.

In all patients posterior fixation was performed using
4 transpedicular screws. In case of incomplete burst frac-
ture monosegmental instrumentation was performed if
possible. In all other cases bisegmental technic was ap-
plied. 

Initially all patients were treated using a stand-alone
posterior fixation. Within follow-up a CT-scan was per-
form to verify bone healing. In case of nonunion ventral
fusion was performed in the course.

Endpoints
Demographic and clinical data
Demographic and clinical parameters were obtained

from the medical record. All fractures were classified
regarding the established AO Classification (18) and the
McCormack load sharing classification (19). Recorded
data included operation time and time of intraoperative
fluoroscopy. Blood loss was determined as the difference
between the pre- and postoperative Hb-value. Blood
transfusions were determined on the individual charts.
Postoperative complications and revisions were catego-
rized and documented. The time of hospital stay was
separated into time of standard care and intensive care
stay. 
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Open Percutaneous Significance between 
open and percutaneous 

absolute % absolute % group
female 21 48.8 16 55.2 n.s.

Gender
male 22 51.2 13 44.8

Age av. in years 50.4 53.1 n.s.
T 11 2 4.7 2 6.9

T12 12 27.9 7 24.1 n.s.
Fractured
vertebra L 1 19 44.2 12 41.4

L2 10 23.3 8 27.6

Table 1. Demographic data and location of the fractures separated to the operative approach

distribution and homogeneity of variance. Fisher’s exact
test was used in the analysis of contingency tables. Sta-
tistical significance was defined as p < 0.05. 

RESULTS 

Between June 2010 and June 2012, 72 patients ful-
filled the inclusion criteria. 43 patients were managed
with open and 29 patients with percutaneous dorsal in-
strumentation. There was no significant difference in
age (open 50.4 years; percutaneous 53.1 years; p > 0.05)
and gender distribution (open n = 22 male, n = 21 female
and percutaneous n = 13 male, n = 16 female; p > 0.05)
between the groups (Table 1).

Predominantly the vertebral bodies T12 (n = 19) and
L1 (n = 31) were involved with T11 (n = 4) and L2
(n = 18) less frequently fractured. There was also no
significant difference in the distribution of the localiza-
tion of fractured vertebra (p < 0.05), (Table 1).

The predominant fracture type was burst fracture
(overall 69.4 %; Type A3.1: n = 29; Type A3.2: n = 3;
Type A3.3: n = 18). There was no significant difference
regarding the distribution of burst fractures between the
groups (open 69.8 %; percutaneous 69 %; p < 0.05).
The remaining fractures were classified as Type A1.3
(n = 12), as Type A2.3 (n = 7) and as Type B.1.2 (n = 3)
using the AO (Magerl) Classification (Table 1). 

Regarding the McCormack Load Sharing Classifica-
tion, 21 patients achieved three or four points, 29 had
five or six points and 22 patients had seven or more
points. There was no significant difference between the
groups (open 5.56 points; percutaneous 5.34 points;
(p < 0.05)). 

Time of operative procedure was comparable in both
groups (open 110.1 min; percutaneous 114.3 min;
p < 0.05). The time of intraoperative fluoroscopy was
significantly longer in the percutaneous compared to the
open group (open 105.9 sec.; percutaneous 143.1 sec.;
p < 0.05). 

The amount of intraoperative blood loss was signifi-
cantly higher in the open compared to the percutaneous
group (p < 0.001). On average we found hemoglobin to
decrease by 2.2 g/dL in the open group and 1.2 g/dL in
the percutaneous group. Furthermore, four patients re-
ceived a blood transfusion in the course of hospital stay
(open 3, percutaneous 1). 

The length of hospital stay was almost equal in both
groups (open 9.63 d; percutaneous 10.04 d; p > 0.05),
and there was no significant difference in time of inten-
sive care stay (open 0.28 d; percutaneous 0.22 d;
p > 0.05). 

Overall 29 patients (open 22 of 43; percutaneous 7 of
29; p > 0.05) received an anterior fusion within the follow
up period. Anterior fusion was performed a mean 116 d
after the first operation (open 109 d; percutaneous 137 d;
p > 0.05). 19 patients were treated with vertebral body
replacement (cage with or without additive plate fixation)
and ten with tricortical bone graft (with or without addi-
tive plate fixation). 

Complications
We observed no major complications such as neuro-

logical deficits or vascular injuries. Overall five revision
surgeries were performed (open n = 4 (9.3 %); percuta-
neous n = 1 (3.4 %); p > 0.05): Implant failure with pro-
gressive loss of reduction requiring elongation of the in-
strumentation was observed in four cases (open n = 3;
percutaneous n = 1). A total of nine screws fulfilled the
radiological criteria for screw correction (Zdichavsky
Type C), (Table 2); however, missing clinical correlation
and reduced general health status resulted in correction
of only two screws (one patient) following an open sta-
bilization. There were no wound infections, seroma,
postsurgical bleedings or other minor complications ob-
served. 

Table 2. Showing screw positioning regarding to Zdichavsky-
classification

Accuracy of pedicle screw positioning 
approach ∑

open percutaneous
Type A1
(optimal) 122 77 199
Type A2

(suboptimal) 12 7 19
Type B1

(suboptimal) 1 0 1
Type B2

(suboptimal) 1 3 4
Type C1

(need for revision) 2 0 2
Type C2

(need for revision) 6 1 7
∑ 144 88 232
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The loss of reduction was most pronounced within
the first three months after the operation (LSA and RSD:
> 70 % in both groups). Consequently the further loss
of reduction after three months presented itself in a much
slower fashion.

Considering the severity of injury, there was a higher
loss of reduction in the early course in the more complex
fractures. The LSA already showed a loss of 4° after
one week in complex fractures (LSC ≥ 7) compared to
2.68° in simple fractures (LSC < 7) despite the fact that
the initial amount of reduction was almost similar (7.43°
LSC ≥ 7 vs. 7.63° LSC < 7), (Figs 1 and 2). The regional
deformity measured by the RSA showed similar results
(LSC ≥ 7: loss 6.1° vs. LSC < 7: 4.1°; initial reduction
LSC ≥ 7: 9.9° and LSC < 7: 8.49°).

Clinical outcomes
Overall 67% (48/72) of patients did participate on

follow up. 
To evaluate the intensity and the course of pain the

VAS-Spine-Score (Ø378 d) and a modified pain score
(Ø 355 d) were assessed. The VAS-Spine-Score showed
no significant difference between the open (49.34/100)
and the percutaneous (54.3/100) group (p > 0.05)
(Table 3; Fig. 3). The modified pain score showed that
both groups presented with significant pain relief within
the first six month after the operation (p < 0.001), but
there was no significant difference between the two
groups at any time (Table 3; Fig. 4). 

Clinical outcomes were assessed by the Oswestry
disability questionnaire (Ø 355 d) and the SF-36-score
(Ø 344 d). The ODI showed a trend of reduced disability
for the percutaneous group (percutaneous 32.28 points
(±21.2) vs. open 38.7(±24.1)); however this did not
reach statistical significance. Both groups presented
with moderate disabilities in daily life (Table 3; Fig. 5).
Highest diverging values between both groups were
found within the quality of sexual life (open 1.33; per-
cutaneous 2.21; p > 0.05) and social life (open 1.57;
percutaneous 2.33; p > 0.05), though both were without
significance. 

The SF-36-questionnaire revealed no significant dif-
ferences between the open and the percutaneous groups.
Both groups showed notable deficits compared to the
age-matched SF-36 reference population; however with
comparable results to a SF-36 back pain reference group
(n = 243), (2), (Fig. 6). Patients from both groups de-
scribed their own health as mildly worse than before the
trauma (open 3.07; percutaneous 3.55; p > 0.05). Physical
and mental component summary scales (PCS and MCS)
were analyzed in these patients populations based on
the qualities of operative treatment, fracture location,
gender, age and fracture type (LSC), (Table 3). Interest-
ingly, patients with fractures classified as less severe
stated that their initial pain was significantly higher than
patients with more complex fractures (9.2 LSC < 7 vs.
6.8 LSC < 7; p < 0.05); however, this was not detectable
at later time points (4.5 LSC < 7 vs. 5.0 LSC < 7;
p > 0.05).

Radiological outcomes
Screw placement accuracy could be evaluated for 232

screws. 85.8 % (n = 199) of all screws were placed in
optimal positions, 10.3 % (n = 24) were placed subopti-
mally, and 3.9 % (n = 9) fulfilled radiological revision
requirements (Table 2). There was no significant differ-
ence between the accuracy of pedicle screw placement
in the open and percutaneous groups. 

The sagittal deformity was preoperatively higher in
the open group (LSA initial: open 3.07° vs. percutaneous
0.04°; p < 0.05; RSA initial: open 7.76° vs. percutaneous
5.67°; p > 0.05).

Consequently, the amount of initial reduction was sig-
nificantly higher in the open group (LSA improvement:
open 9.12° vs. percutaneous 5.07°; p < 0.01; RSA im-
provement: open 10.95° vs. percutaneous 5.85°;
p < 0.01), (Figs 1 and 2). 

Within follow up patients of both groups presented
with continuous loss of reduction (p < 0.05 after one
week: LSA-loss for both systems 3.1°, RSA-loss open
5.31°, percutaneous 3.55°; p < 0.01 after one month:
LSA-loss open 7.66° vs. percutaneous 7.67° RSA-loss
open 6.32° vs. percutaneous 5.63°), without significant
differences between the groups. At the final follow up,
the open group had a RSA and LSA of -1.31° and 
-0.14° respectively, while the percutaneous group had
a RSA and LSA of -4.43° and -1.94°, compared to the
preoperative measured angles (Figs 1 and 2). 

Fig. 1. Illustration of the regional sagittal angle (RSA) within
a one year follow-up.

Fig. 2. Illustration of the local sagittal angle (LSA) within a one
year follow-up.
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Pain score Pain score VAS-spine ODI SF-36 SF-36
early at  follow up mental physical

Percutaneous mean 8.7 mean 4.5 mean 54.3 mean 38.7 mean 42.8 mean 34.1
SD ± 1.4 SD ± 2.9 SD ± 20.8 SD ± 24.1 SD± 12.5 SD± 11.2

n.s. n.s. n.s. n.s. n.s. n.s.
Conventional mean 7.8 mean 4.9 mean 49.3 mean 32.3 mean 45.1 mean 33.9

SD ± 3.1 SD ±  2.1 SD ± 26.6 SD ± 21.2 SD± 11.2 SD± 10.4
LWK 1,2 mean 8.9 mean 4.5 mean 54.5 mean 38.8 mean 42.5 mean 32.9

SD ± 1.2 SD ± 2.7 SD ±  26.1 SD ± 22.8 SD ± 10.4 SD ± 10.8
n.s. n.s. n.s. n.s. n.s. n.s.

BWK 11,12 mean 7.1 mean 5.1 mean 45.8 mean 26.9 mean 47.0 mean 36.0
SD ± 3.6 SD ± 2.1 SD ±  20.4 SD ± 19.6 SD ± 13.5 SD ± 10.4

Mail mean 8.7 mean 5.7 mean 49.1 mean 35.7 mean 43.0 mean 33.0
SD ± 1.4 SD ± 2.4 SD ±  25.3 SD ± 22.5 SD ± 12.9 SD ± 9.6

n.s. n.s. n.s. n.s. n.s. n.s.
Femail mean 7.9 mean 3.9 mean  53.3 mean 32.6 mean 45.1 mean 34.8

SD ± 3.0 SD ± 2.3 SD ±  23.7 SD ± 21.4 SD ± 10.6 SD ± 11.5
≤ 55 years mean 8.9 mean 4.5 mean 52.7 mean 33.0 mean 43.9 mean 34.6

SD ± 0.9 SD ± 2.5 SD ±  24.5 SD ± 22.7 SD ± 10.8 SD ± 10.9
n.s. n.s. n.s. n.s. n.s. n.s.

> 55 years mean 7.8 mean 4.9 mean  50.0 mean 36.1 mean  44.4 mean 33.3
SD ± 3.2 SD ± 2.6 SD ±  24.6 SD ± 22.1 SD ± 12.8 SD ± 10.5

LSC < 7 mean 9.2 mean 4.5 mean 51.3 mean 36.4 mean 43.4 mean 33.9
SD ± 0.7 SD ± 2.5 SD ±  25 SD ± 22.8 SD ± 12.3 SD ± 9.9
p= 0.031* n.s. n.s. n.s. n.s. n.s.

LSC ≥ 7 mean 6.8 mean  5.0 mean 51.28 mean 31.7 mean 45.3 mean 34.3
SD ± 3.5 SD ± 2.5 SD ±  23.6 SD ± 21.6 SD ± 9.9 SD ± 11.5

Table 3. Complete follow up analysis regarding operation type, fracture localisation, gender, age and fracture type (LSC), 
* = p < 0.05

Fig. 3. Illustration of the VAS-spine-score results one year after
trauma.

Fig. 4. Illustration of the course of pain up to 6 month post -
operatively.

Fig. 5. Illustration of the Oswestry disability results. Fig. 6. Illustration of the SF-36 item results.
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DISCUSSION

The focus of this study was to compare the functional
and radiological outcome of patients treated either with
open or percutaneous posterior stabilization for traumatic
fractures of the thoracolumbar spine.

Our main findings are:
1. The surgical and the early postsurgical course as de-

fined by length of operation, postoperative pain, length
of hospital stay and complications were not influenced
by the operative approach.

2. The operative approach had no influence on the func-
tional and radiological outcome one year after sur-
gery.

3. Both open and percutaneous groups showed a signif-
icant loss of reduction within the early postoperative
period with a trend of higher reduction loss for patients
treated with the percutaneous system.

4. Advantages of the open approach were a significantly
higher amount of intraoperative fracture reduction and
a significantly lower time of intraoperative fluo-
roscopy.

5. The advantage of the percutaneous approach was sig-
nificantly reduced intraoperative blood loss.
Minimally invasive spine surgery in spinal trauma is

on the rise. However, it is still debated whether percuta-
neous dorsal stabilization is superior to the classic open
approach. Our data show that there is no major difference
between the percutaneous and open approach in the sur-
gical and the early postsurgical course. 

We found no essential difference in the length of op-
erative procedure between the open and the percutaneous
group (open 110.1 min vs. percutaneous 114.3 min).
Grass et al. (7) described a mean 15 minutes less opera-
tion time in the percutaneous group compared to the
open group (85 min vs. 100 min). Jiang et al. (11) re-
ported an approximate 10 minute reduction in surgical
duration with the percutaneous approach (open 89.8 min
vs. percutaneous 79.7 min). Krueger et al. (16) reported
a median operative time of 61 minutes for the percuta-
neous technique. Others found higher operation times
like Wang et al. (open 161 min vs. percutaneous 97.1
min). 

At the time of discharge, a measurable pain relief was
declared by patients of both groups (open: postoperative
7.84, at discharge 6.41; percutaneous postoperative 8.74
at discharge 7.14). Moreover the pain decreased continu -
ously and showed significant improvement after 6
months with almost similar statements by patients of
both groups at any time. This findings are in line with
those of Kim et al. (12) who reported considerably re-
duced pain 21 months after the operation. 

We found no significant differences in the length of
hospital stay between the open (9.63 d) and the percuta-
neous groups (10.04 d). Both Kim et al. (12), as well as
Jiang et al. (11), reported an approximate one day re-
duction of the length of hospital stay for percutaneous
treated patients (Kim et al.: open 9.2 d vs. percutaneous
8 d; Jiang et al.: open 10.8 d vs. percutaneous 9.7 d). In-
terestingly, the range of length of hospital stay for per-

cutaneous instrumentation varies in the literature from
5 to 11 days (Krueger et al. (16); Ni et al. (20)).

Overall, the complication rate between the open and
the percutaneous approach showed no difference in our
study. Major complications such as nerve or spinal cord
injuries or injuries to the great blood vessels were not
observed. Theoretically, minimal invasive procedures
should be associated with lower rates of infection due
to less soft tissue trauma and exposure. We observed no
wound infections in either group. This is in line with re-
ported low rates of wound infections for dorsal percuta-
neous instrumentations of Ni et al. and Kim et al. (12,
20). 

We could not observe a difference in the accuracy of
pedicle screw positioning between the open and percu-
taneous group, which is corroborated by several pub-
lished studies (7, 9, 10, 13, 16, 23, 28). In our study 232
screws were analyzed, and optimal screw positioning
was found in 199 screws (85.8%). This corresponds with
the findings of the meta-analyses by Tian (26), who
summarized 7533 pedicle screws and found a placement
accuracy between 85% and 91%, and by Shin (22), who
showed that risk of pedicle screw mal-positioning is
around 15% without navigation. 

As was expected, within the VAS-Spine-Score, pa-
tients from both groups described least pain at rest (open
59.63/100; percutaneous 68.35/100). Furthermore, com-
pared to the other subqualities, patients from both groups
reported relatively little limitations in activities of daily
life (open 62/100; percutaneous 68.5/100). On the other
hand, the correlation between running activity and pain
showed the worst results in both groups (open 39.47/100;
percutaneous 28.64/100).

To date the VAS-Spine-Score is not reported in lite -
rature for percutaneous procedures. Therefore a direct
comparison of results is not possible. Our study however
showed no clear correlation between pain and radiolog-
ical deformity. This observation has been found in former
studies using the VAS-Spine-Score (24).

The ODI questionnaire showed moderate limitations
with respect to all subqualities. Both groups mentioned
their highest limitation in lifting activities. Fewer dis-
abilities were stated within body care and sleep cate-
gories. These ODI results are worse than the results in
the study by Charles et al. (4), (13.1 ± 13.2 after one
year) who performed an early anterior fusion. However,
comparing these studies is difficult because of different
patient populations and operative approach. Jiang et al.
(11) also found no significant differences for the ODI
between patients treated either by paraspinal or percuta-
neous approach. However, in contrast to our study results,
he found a sharp improvement at about 3 to 6 months
postoperatively. 

Within the SF-36 Score we found quite similar results
between the open and the percutaneous group. Both co-
horts showed their worst results within the subquality
‘role physical,’ which reflects the amount of physical
limitations in the context of activities of daily life. Sur-
prisingly, these results were worse than the results of
the reference back pain group (2), (Fig. 6). Interestingly,
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our patients, however, had obvious better results regard-
ing the subquality of ‘physical pain’ compared to this
back pain population. This suggests that pain was not
the reason for the impairments of our patients. 

To explain the relation between pain and physical
deficits, we analyzed the mental and physical summery
scale for operative approach, fracture localization, age,
gender and the severity of injury. Within this analysis
we could not detect any significant differences that would
explain these events (Table 3). One explanation might
be that patients felt still insecure within their activities
of daily life due to the carefully management of their
injury immediately postoperatively. Summarizing we
found relevant impairrments compared to Germans age
matched SF-36 reverence group (2). Our results showed
that patients still suffer under mental and physical deficits
one year after trauma (open: mental 45.1, physical 33.9;
percutaneous: mental 42.8, physical 34.1). In contrast
Wild et al. (29) found the physical component summary
scale in his patients to be 47.97 points for the open group
and 49.81 points for the percutaneous group. Those re-
sults show a relevant improvement five years after im-
plant removal despite the fact that he also described
a relevant loss of reduction within both groups.

Our findings showed a significant higher amount of
intraoperative reduction for the open compared to the
percutaneous system (LSA improvement: open 9.12°
vs. percutaneous 5.07°; RSA improvement: open 10.95°
vs. percutaneous 5.85°). However, this data has to be
interpreted with caution, because patient distribution
was not randomized and the open group showed preope -
ratively a higher kyphotic deformity (LSA initial: open
3.07° vs. percutaneous 0.04°; RSA initial: open 7.76°
vs. percutaneous 5.67°). In contrast, Wild et al. and Wang
et al. found no significant differences in kyphotic defor-
mity correction between an open and a percutaneous
approach.

Newer studies show that there is no clear relation be-
tween the clinical outcome and a progressive change of
local spinal deformity for short- and midterm outcomes
(3, 14, 24, 29), but there is no data illustrating long term
results. Loss of reduction is a common problem in stand-
alone posterior stabilization (4, 14, 20, 21, 29). The
largest study handling this topic included 372 patients
and demonstrated that treatment with a single posterior
stabilization is associated with a loss of more than 80 %
of the initial reduction with respect to the LSA and even
more than 100 % with respect to the RSA (14). This
loss of reduction is also described in other studies (4,
20, 21). We observed a significant loss of reduction
within the first week (LSA-loss for both systems 3.1°;
RSA-loss open 5.31°, percutaneous 3.55°), especially
in fracture types with a high grade of instability
(LSC ≥ 7). Therefore, we extrapolate that in case anterior
fusion is indicated, it should be performed as early as
possible to support the posteriorly achieved reduction.
Several studies have shown that the main loss of reduc-
tion occurs within the first year (4, 14). In our study we
could show that the loss of reduction mainly occurred

within the first 3 months, after which the speed of pro-
gression gradually decreased and even reached a plateau,
in which hardly any further loss of reduction occurred.
Although the open approach allowed a significantly
higher amount of intraoperative reduction (RSA 10.95°
and LSA 9.12°), it was also associated with a higher
amount of reduction loss (RSA 12.26°; LSA 9.26°).
However, net reduction (initial reduction minus reduction
loss) was better in the open as compared to the percuta-
neous group (RSA -1.31° vs. -4.43°; LSA -0.14° vs. –
1.94).

Higher intraoperative radiation time is reported for
percutaneous dorsal stabilization (7, 12, 16, 27, 29). In
the literature this time is reported between 88 seconds
(7) and 342 seconds (29). In our study the time of intra-
operative radiation exposure was significantly higher in
the percutaneous as compared to the open group (percu-
taneous 143.1 sec.; open 105.9 sec.). These findings un-
derline that appropriate percutaneous pedicle screw po-
sitioning is associated with increased intraoperative
radiation.

Kim et al. (12) described reduced blood loss in the
percutaneous group of approximately 500 ml; Wild et al.
(29) went further to differentiate between intra- and post-
operative blood loss and found for both parameters sig-
nificantly lower results in the percutaneous group. These
studies support our data, which shows that the intraop-
erative hemoglobin drop of patients treated with the per-
cutaneous system was significantly lower compared to
the open group.

This study is limited by several constraints. Our pa-
tients’ population was not randomized. This caused group
size inhomogeneity and differences in preoperative
kyphotic deformity. Furthermore, 29 patients received
an anterior instrumentation during follow up with
a higher percentage in the open group. Nonetheless, our
study provides reliable data to the early postoperative
course with homogeneous demographic data and com-
parable fracture characteristics between both groups.
Up-to-date there is no study comparing the open versus
the percutaneous dorsal instrumentation in such contin-
uous and short intervals for clinical and radiological
data within the 1 year follow-up (12, 29).

CONCLUSION

Minor advantages of the percutaneous system were
less blood loss, whereas the open approach was associ-
ated with a significantly higher amount of initial reduc-
tion and significantly less intraoperative radiation expo-
sure. Independent from the type of posterior fixation
both groups showed already a significant loss of reduc-
tion in the early postoperative course. Therefore, if an-
terior fusion is part of the treatment concept, it should
be performed early to avoid secondary loss of reduction.
Our study showed that there is no difference in the func-
tional and radiological outcome between patients treated
either with an open or a percutaneous approach one year
after trauma.
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