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Comparison of preoperative bisegmental kyphosis in supine 
position with the bisegmental kyphosis at 24-month FU in 
upright position showed a worsened kyphosis for the con-
trol group (10.7° → 15.6°), whereas an improved kyphosis 
(11° → 8.3°) was detectable for the interventional group.
Conclusion  The results of this pilot RCT showed less dis-
ability for the posterior–anterior group linked with a signifi-
cant better restoration of the sagittal profile in comparison 
with the posterior-only group. To detect a clinically signifi-
cant difference using the ODI and assuming a 20% loss of 
FU rate, a total of 266 patients have to be studied in the 
multicentre trial.

Keywords  Thoracolumbar fracture · Incomplete burst 
fracture · Randomized trial · Sample-size calculation · 
Posterior–anterior stabilization

Introduction

Traumatic incomplete cranial burst fractures (Magerl 
A3.1.1) without neurological deficit located in the thora-
columbar junction represent the highest subgroup of frac-
tures within the thoracolumbar spine in working popula-
tions across all industrialized countries. The incidence in 
Germany is estimated to be 6/100,000 per year. Especially, 
in Germany, most of these fractures are treated surgically 
aiming to restore the spinal sagittal balance, preventing 
neurological deficits, and maintaining function and qual-
ity of life. Surgical treatment options for this fracture entity 
include posterior-only stabilization (PO), combined poste-
rior stabilization and anterior fusion (PA), and anterior-only 
fusion (AO) [1–3].

Posterior bisegmental (short segment) stabilization for 
Magerl A3.1.1 fractures is widely used, technically easy, and 

Abstract 
Purpose  If surgery for thoracolumbar incomplete cranial 
burst fractures (Magerl A3.1.1) is necessary, the ideal stabi-
lization strategy still remains undetermined. To justify poste-
rior–anterior stabilization, which generates higher costs and 
potentially higher morbidity vs. posterior-only stabilization, 
clinical trials with sufficient power and adequate method-
ology are required. This prospective randomized single-
centre pilot trial was designed to enable sufficient sample-
size calculation for a randomized multicentre clinical trial 
(RASPUTHINE).
Methods  Patients with a traumatic thoracolumbar (Th11–
L2) incomplete burst fracture (Magerl A3.1.1) were ran-
domly assigned either to the interventional group (posterior–
anterior) or to the control group (posterior-only). Primary 
endpoint of the study was the clinical outcome measured 
using the Oswestry Disability Index (ODI) at 24 months. 
Radiological outcome was assessed as secondary endpoint 
by evaluation of mono- and bisegmental kyphotic angulation 
and monosegmental fusion.
Results  21 patients were randomly assigned to interven-
tional group (n = 9) or control group (n = 12). One posterior-
only treated patient showed a severe initial loss of correction 
resulting in a crossover to additional anterior bisegmental 
fusion. The ODI measures at the primary study endpoint 
showed less but insignificant (p = 0.67) disability for the 
interventional group over the control group (13.3 vs. 19.3%). 
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associated with a low access-related morbidity [4, 5]. PO 
may lead to loosening of the instrumented construct, since 
the anterior column contributes 80% to the spinal stability 
[6–8]. Therefore, the rate of additional anterior stabilization 
has increased in Germany from 29% in 2000 [9] to 44% in 
2009 [10] leading on the other hand to increased periop-
erative morbidity and treatment costs [11, 12]. However, 
according to Schnake et al., additional anterior fusion with 
modern implants can be a safe procedure leading to a sat-
isfactory long-term radiological and clinical outcome [13].

So far, only five clinical observational studies [5, 9, 
14–16] have compared the clinical and radiological out-
comes after PA or PO for burst fractures (Magerl A3) within 
the thoracolumbar junction (T11–L2). Theses results were 
reviewed and summarized by Oprel et al. who concluded 
that a better radiographic correction and maintenance of 
fracture-related kyphotic angulation can be achieved with 
PA [17]. However, a clinical difference for PA in comparison 
with PO was not detectable. Reviewing the up to date evi-
dence, the ideal strategy for stabilization of thoracolumbar 
burst fractures still remains undetermined [18], particularly 
if the clinical outcome is the parameter of main importance. 
Furthermore, there are no clinical studies available analysing 
especially the subgroup of incomplete cranial burst fractures 
(Magerl A3.1.1), while all available studies do not differenti-
ate between incomplete burst fractures (A3.1.1), burst–split 
fractures (A3.2), or complete burst fractures (A3.3).

To justify the increasing rate of PA with given higher 
costs and potentially higher perioperative morbidity, a proof 
of clinical benefit for PA over PO by a randomized con-
trolled trial with an adequate number of patients is neces-
sary. Furthermore, due to the lack of clinical data for Magerl 
A3.1 fractures comparing both treatment strategies, this ran-
domized monocentric pilot study was determined to analyse 
clinical and radiological differences between both treatment 
strategies (PO vs. PA) to perform sample-size calculation for 
a planned large multicentre trial. Due to increased segmental 

stability with reduced loss of correction after additional 
anterior fusion, a better clinical and radiological outcome 
for interventional group (additional anterior monosegmental 
fusion) was hypothesized.

Methods

Patient population

The pilot study received approval by the local ethics com-
mittee. Between January 2010 and December 2011, all 
patients between 18 and 65 years with a singular traumatic 
thoracolumbar (Th11–L2) incomplete cranial burst fracture 
(A3.1.1) without neurological deficit were screened for trial 
participation after primary posterior fixation. Primary opera-
tion was performed by open short segment (bisegmental, 4 
screw) stabilization, using a monoaxial Schanz-screw-based 
stabilization system (USS Fracture, Synthes GmbH, Swit-
zerland) without fracture-level screw insertion. In addition, 
a monosegmental fusion was performed by decortication of 
the fracture-level facet joint and applying 2.5 cc of demin-
eralized bone matrix (DBM, Synthes GmbH, Switzerland). 
Trial screening was performed 2 or 3 days after the primary 
posterior operation according to the study inclusion and 
exclusion criteria (Table 1). Minor accompanying injuries 
other than the spine (e.g., mild head injury and limb bruise) 
did not interfere with trial participation. If a patient meets 
the study criteria, an informed consent was obtained and the 
patient was enrolled according to the trial protocol (Fig. 1). 
Patients were randomized by a sealed envelope system 
either to the intervention group (additional anterior fusion) 
or to the control group (no additional anterior fusion). All 
patients from the interventional group received an endo-
scopic assisted mini-thoracotomy to perform a standardized 
anterior monosegmental fusion [19]. Anterior stabilization/
fusion was achieved by the use of an autologous tricortical 

Table 1   Inclusion and exclusion criteria for trial participation

Inclusion criteria Exclusion criteria

Patients between 18 and 65 years of age
Diagnosis of singular fracture Magerl-type A3.1.1 on a CT scan without 

suspected PLC injury from Th11 to L2
Posterior bisegmental stabilization within 15 days after trauma
Ability to understand the content of the patient information/informed 

consent
Signed and dated written informed consent

Any neurological deficit associated with the fracture
Multiple trauma or ISS > 16
Head injuries causing inability to cooperate during hospital admission
Multilevel spinal fractures
Spontaneous fractures due to pathologic processes or neoplasia
Osteoporosis (T Score < − 2.5)
Pre-existing serious spinal column deformity
Prior thoracal/lumbal spinal surgeries
Co-morbidities precluding the patient to be considered for anterior 

surgery
Any severe systemic medical disease
Existence of a serious language barrier
Expected lack of compliance
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iliac crest bone graft and an angle-stable plate with four 
screws (MACS, Aesculap Inc., Tuttlingen, Germany).

Patients from both groups were informed about the 
necessity of posterior implant removal after confirmation 
of anterior bony healing to release the temporarily stabi-
lized uninjured caudal motion segment. To minimize per-
formance bias, only experienced surgeons (minimum of 20 
posterior–anterior stabilizations/year) were eligible to oper-
ate study patients anteriorly.

Randomization

Thirty patients were planned to be included for pilot trial 
participation. Hence, a 1:1 randomization table for 30 
patients was prepared using the RANDList software (DatInf 
GmbH, Tübingen, Germany). To blind the surgeon regard-
ing the potential patient allocation while obtaining informed 

consent for trial participation, only the study nurse was 
allowed to assess the randomization table.

Clinical outcome

An internationally accepted and validated spinal trauma spe-
cific score is still missing. Thus, an adapted German version 
of the Oswestry Disability Index (ODI) [20] was used as 
spine specific primary outcome criteria to detect spinal func-
tion and pain. ODI scores were obtained at 3 and 12 months 
after primary operation and at study closure after 24 months. 
Baseline ODI value was obtained at the timepoint of rand-
omization. As secondary outcome criteria length of inpatient 
stay, complications and Odom’s criteria were analysed in 
a descriptive fashion. To minimize measurement bias, an 
independent evaluation of patients’ questionnaire forms with 
pseudonymized data was performed.

Fig. 1   Schematic overview of the study design



3019Eur Spine J (2018) 27:3016–3024	

1 3

Radiological outcome

Mono-, bisegmental kyphotic angulation, and bisegmen-
tal scoliosis angulation using the validated Cobb angle 
method [21, 22] were preoperatively routinely obtained 
on sagittal computed tomography (supine position), and 
within postoperative FU (post surgery, after 3, 12, and 
24 months after randomization) using a–p and lateral 
X-rays in upright position (Fig. 2a–c). Prior to implant 
removal computed tomography analysis and X-ray in 
upright position was routinely used in each patient, to 
determine anterior bony fusion (intervention group) or 
fracture consolidation (control group).

Statistical analysis

Only patients who completed the 24-month FU were 
included for confirmatory analysis of the primary effi-
cacy endpoint. Following the intention-to-treat principle, 
patients were analysed according to their primary group 
randomization. The confirmatory test for treatment group 
difference with respect to the primary endpoint was per-
formed by Mann–Whitney U test or fisher exact test using 
SPSS 20.0 for Mac (SPSS Inc., Chicago, IL, USA). The 
two-sided type I error rate was set to 5%. Descriptive 
methods were used for all secondary efficacy and safety 
variables, using statistical methods that suit the empirical 
distribution of data. The homogeneity of treatment groups 
was described by comparison of the demographic data 
and baseline values.

Results

Patient population

Twenty-one patients fulfilled inclusion criteria (Table 1) 
and gave informed consent for study participation. These 
patients were randomly assigned either to the intervention 
group (n = 9) or to the control group (n = 12). Both groups 
were comparable regarding baseline demographic, clinical, 
and radiological data (Table 2). At 24 months, seven patients 
from interventional group and ten patients from control 
group were available for the final FU (FU rate 81%).

Surgical‑related findings

Primary posterior fixation was performed by mean of 4 days 
(range 0–15 days) after trauma. In case of randomization to 
the interventional group, additional anterior monosegmental 
fusion was performed 9 days after primary posterior stabi-
lization in average (range 5–13 days). Due to the additional 
anterior procedure, patients of the control group (21 days; 
range 8–34 days) had a shorter hospitalization time in com-
parison with patients of the interventional group (31 days; 
range 18–40 days). One delayed wound healing without 
indication for revision was recorded in the posterior-only 
group. One patient from control group showed a severe loss 
of correction after mobilization with a crossover need to an 
additional anterior bisegmental fusion. No serious adverse 
events were recorded after additional anterior fusion proce-
dure. There was no evidence of vascular or neurologic com-
plications in both groups. None of the interventional patients 
and none of the control patients needed a blood transfusion 
during surgery and within the postoperative course.

Fig. 2   Case example showing a Magerl A3.1.1 fracture of Th12. a 
Radiographic evaluation: A bisegmental scoliosis angulation, B mon-
osegmental kyphotic angulation and C bisegmental kyphotic angula-

tion. b X-ray 3 months after posterior bisegmental fixation and ante-
rior monosegmental fusion. c X-ray after posterior implant removal at 
final FU
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Clinical results

Analysing the ODI as primary outcome criteria, a high 
impairment was evident post-trauma. Comparing both 
groups within further FU, no significant difference was 
detectable until 12 months after the primary operation. 
After implant removal, posterior-only group showed a 
slight worsening of ODI, while a further improvement 
was detectable for interventional group (Fig. 3). At the 
primary endpoint of the study (24-month FU), a lower 
but insignificant ODI score (p = 0.67) for interventional 
group (13.3 ± 10.6%) in comparison with the control 
group (19.3 ± 15.9%) was detectable. Calculating the 
general improvement from preoperative timepoint until 
the endpoint of the study, interventional group showed an 

overall ODI improvement of 67.7%, whereas an overall 
ODI improvement of 54.4% was detectable in the control 
group.

According to the postoperative obtained ODOM’s 
criteria, no differences between the both groups were 
noticeable with mainly excellent/good results prior pos-
terior implant removal. At the final FU, all patients of the 
interventional group were comfortable with the result. In 
contrast, two patients of the control group showed only 
fair results. Comparing the ODOM’s criteria at the final 
FU with the 3-month FU timepoint, only one patient in the 
posterior–anterior group stated worsened results (excellent 
→ good) compared to three patients in the posterior-only 
group (excellent/good → fair).

Table 2   Preoperative baseline 
patient data

Control group (poste-
rior-only)
n = 10

Intervention group (poste-
rior–anterior)
n = 7

p values

Median age (years) 48.9 42.7 0.46
Age range (years) 22–64 25–61
Male 5 4
Female 4 3
Fracture level
 Th12 2 5
 L1 8 2

ODI score (%) 73.7 ± 15.1 81.0 ± 24.0 0.36
Bisegmental kyphosis (°) 10.7 ± 6.4 11.0 ± 9.5 0.85
Monosegmental kyphosis (°) 14.3 ± 6.8 15.3 ± 7.9 0.78
Bisegmental scoliosis (°) 2.7 ± 2.3 2.4 ± 2.3 0.86

Fig. 3   Oswestry Disability 
Index (ODI) post-trauma and 
during follow-up (%). *p = 0.67 
at 24-month FU



3021Eur Spine J (2018) 27:3016–3024	

1 3

Radiological results

Comparing baseline kyphotic and scoliotic alignment 
(Table 2), no relevant differences were detectable between 
control and interventional groups. After primary posterior 
bisegmental stabilization, bisegmental kyphosis (Fig. 4) 
was reduced to 4.9° ± 7.8° (control group) and 6.4° ± 9.1° 
(interventional group). After additional monosegmental 
anterior fusion, a further reduction of bisegmental kyphosis 
to 3.6° ± 8.5° was achievable in the interventional group. In 
both groups, a loss of correction was detectable within fur-
ther FU. Comparing baseline bisegmental kyphotic angula-
tion in supine position with kyphotic angulation in standing 
position at the study endpoint, posterior-only group showed 
a worsening (10.7° ± 6.4° → 15.6 ± 5.9°) in contrast to 
the interventional group, which showed an improvement of 

kyphotic misalignment (11.0° ± 8.6° → 8.3° ± 9.5°). Ana-
lysing the overall loss of bisegmental correction (kyphosis 
after posterior stabilization vs. 24-month FU), a higher loss 
of correction in the posterior-only group (10.9°) was detect-
able in comparison with the interventional group (1.9°). 
This leads to a significantly better restoration of the sagittal 
profile (kyphosis) for the interventional group in compari-
son with the control group (p = 0.04). Analysing monoseg-
mental kyphotic angulation (Fig. 5), similar findings were 
detectable for the control group. Analysing monosegmen-
tal kyphotic angulation of interventional group before and 
after implant removal, monosegmental kyphotic angulation 
remained stable until final FU (Fig. 5).

Comparing the correction of bisegmental scoliotic 
deformity between control and interventional group 
showed no relevant differences at preoperative timepoint 

Fig. 4   Monosegmental 
kyphotic angulation post-trauma 
and during follow-up (°). 
*p < 0.05 at 24-month FU

Fig. 5   Bisegmental kyphotic 
angulation post-trauma and dur-
ing follow-up (°). *p < 0.05 at 
24-month FU
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(2.7° ± 2.3° vs. 2.7° ± 2.2°) and the endpoint at 24-month 
FU (1.8° ± 2.3° vs. 2.0° ± 1.8°).

Sample‑size calculation

Sample-size calculation for the planned large multicentre 
trial was performed using the given means and standard 
deviation of ODI measures at 24 months. Effect size of ODI 
at 24-month FU was calculated with d = 0.44. To detect a 
significant clinical difference with a significance level of 
5% and a power of 95%, a total of 222 patients are required 
when applying a t test (this holds also true for an analysis 
of variance), and loss of FU rate in this study was assumed 
to be 20%. This is accounted by total randomizing of 266 
(133/133) patients.

Discussion

The aim of this randomized controlled trial was primary to 
evaluate the clinical benefit and secondarily the radiologi-
cal advantages of an additional monosegmental fusion after 
bisegmental posterior reduction and fixation for thoracolum-
bar incomplete cranial burst fractures (Magerl A3.1.1). Due 
to the lack of clinical data comparing treatment strategies 
for Magerl A3.1.1 fractures, this study was designed as a 
feasibility study to perform sample size and power calcula-
tion for a planned multicentre study. A better clinical and 
radiological outcome of the interventional group (additional 
anterior monosegmental fusion) due to increased segmen-
tal stability with reduced loss of correction after additional 
anterior fusion was hypothesized.

Analysing burst fractures (Magerl A3) within the thora-
columbar junction, incomplete cranial burst fractures 
(Magerl A3.1.1) are the most common fracture type. These 
fractures might be treated conservatively if no severe insta-
bility is detected [23]. However, there is evidence support-
ing the idea of surgical treatment in case of unstable burst 
fractures based on a RCT from Siebenga et al. [24]. Espe-
cially, in German speaking countries, A3.1.1 fractures are 
predominantly operated to restore the spinal sagittal balance, 
preventing patients from neurological deficits, and to restore 
function and quality of life. A prospective multicentre obser-
vational study (MCS II) conducted by the spine section of 
the German Trauma Society, evaluated treatment of thora-
columbar burst fractures (Magerl A3) in 588 patients. 63% 
(373) of these fractures were classified as Magerl-type A3.1 
fractures. 91.5% (341) of these Magerl A3.1 fractures were 
treated operatively, while 8.5% (32) were treated conserva-
tively [10].

Systematic literature reviews show that the choice of 
treatment is predominantly based on surgeons or institutional 
preferences [1–3]. Comparing given data from observational 

multicentre study I (MCS I) of the spine section of the Ger-
man Trauma Society [9] and MCS II [10], an increasing rate 
of combined posterior–anterior fusion procedures from 25% 
(MCS I) to 41% (MCS II) and a decreasing rate from 67 to 
51% for posterior-only procedures are evident.

So far, only a small number of observational studies have 
compared posterior–anterior vs. posterior-only stabilization 
of burst fractures within the thoracolumbar junction. Danisa 
et al. [14] evaluated in a retrospective case control study 49 
patients with a singular unstable thoracolumbar burst frac-
ture treated anterior-only (16), posterior-only (27), and pos-
terior–anterior (6). Due to clinical similarity for all strategies 
but higher complications and costs for anterior or combined 
treatment, the authors concluded that posterior-only surgery 
should be preferred. Been and Bouma [5] were able to show 
in a retrospective analysis of 46 patients a similar clinical 
outcome but a significantly higher loss of correction on 
X-rays in case of posterior-only treatment. Briem et al. [15] 
compared in a retrospective matched pair analysis ten vs. ten 
patients with thoracolumbar burst fractures. Although the 
patients with posterior-only stabilization showed a signifi-
cantly higher radiographic loss of correction during follow-
up, quality of live parameters evaluated by SF-36 did not dif-
fer between the groups. Due to similarity of clinical results, 
both authors advocated to use posterior-only treatment.

Beside the fact that these three observational studies did 
not especially analyse the subgroup of incomplete cranial 
burst fractures, our present randomized study confirmed the 
radiological results of Been and Bouma [5] and Briem et al. 
[15] describing an insufficient capability to maintain post-
operative correction by posterior-only stabilization. Particu-
larly, posterior-only group demonstrated an increasing loss 
of correction from 3-month FU until final FU at 24 months. 
At study endpoint, bisegmental/monosegmental kyphotic 
angulation of posterior-only group was worse compared 
to the preoperative baseline data due to insufficient ante-
rior column support. Contrary, a significantly better overall 
reduction was achieved and in the interventional group with 
an improved bisegmental/monosegmental kyphotic angula-
tion at the final FU. The additional anterior procedure led 
to a stable fusion of the injured segment proved by constant 
values of treatment group monosegmental kyphosis before 
and after implant removal. Hence, the detected treatment 
group bisegmental loss of correction after implant removal 
occurred only in the inferior healthy motion segment. This 
finding might be explained by a temporary overcorrection 
of the inferior motion segment due to the primary biseg-
mental stabilization and normalisation to segmental physi-
ological values after implant removal and “inferior segment 
liberation”.

Highest evidence for comparison of PO vs. PA treatment 
strategy was provided by Korovessis et al. [12] analysing 
40 patients with lumbar burst fractures in a prospective 
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randomized controlled trial. Beside the fact that this study 
addressed only the lumbar spine, clinical results analysed by 
VAS–Pain measurement were insignificantly better in the 
posterior-only group. However, due to the inability to main-
tain the restoration of sagittal alignment, the authors recom-
mended not to use posterior-only stabilization. Radiological 
results of Korovessis et al. [12] are similar to the results of 
our present study. However, contrary to the data presented by 
Korovessis et al. [12] and recently published reviews from 
Scheer et al. [25] and Zhu et al. [18], our results tend to a 
better clinical outcome for PA over PO. Potential explana-
tions may arise from a better comparability of patient cohort 
by focusing to a subgroup of burst fractures, as well as the 
use of a disability score (ODI) as primary outcome crite-
ria, even though the used ODI score is not ideal to analyse 
trauma patients. However, ODI has already proven its ability 
to detect outcome differences in several studies evaluating 
trauma patients, and therefore, its use is widely accepted.

Most concerns regarding combined posterior–anterior 
treatment for thoracolumbar fractures are based on an 
increased rate of complications, longer OR time, and higher 
cost without proof of clinical benefit [17]. In a recent pub-
lished review about the operative management of thora-
columbar burst fractures, Scheer et al. stated a lower com-
plication rate for posterior-only approach in comparison with 
anterior or combined approaches [25]. In contrast to the data 
presented by Scheer et al., we only observed one delayed 
wound healing in the posterior group, but no deep wound 
infection nor any vascular or neurologic complications 
occurred in either group. No complications were detected 
in the interventional group. Of course, a two-staged opera-
tion results in a longer overall operation time and poten-
tially in a higher loss of blood as Danisa et al. [14] and 
Wood et al. [26] have stated. However, none of the interven-
tional patients needed an additional transfusion after study 
intervention.

Limitations

This randomized pilot study has methodical strengths and 
weaknesses. The analysed fractures were highly comparable 
as only incomplete cranial burst fractures (Magerl A3.1.1) 
were included. Individuals in both groups were comparable 
due to insignificant difference comparing baseline demo-
graphic, clinical, and radiological parameters. However, 
the week point of this single center feasibility study was 
the limited number of patients and a significant loss of FU. 
Hence, only seven patients from interventional group and ten 
patients from control group were available for the final FU.

Furthermore, postoperative radiographic analysis in 
spinal fractures is difficult to compare, because the trauma 
X-ray normally is done in a horizontal supine position. The 
follow-up X-rays are performed in an upright position. It 

can be assumed that the overall values for reduction might 
be better than measured in this study. Yet, comparability of 
results is not affected, because the situation was similar for 
both groups.

The short-term FU is an additional limitation of the pre-
sent study. At study endpoint, most of the patients did well, 
even with a significant thoracolumbar kyphotic misalign-
ment. Especially, young patients have the ability to use cra-
nial and caudal compensation, e.g., pelvic retroversion, lum-
bar hyperlordosis, to maintain sagittal balance. However, if 
patients are getting older, they might loose the ability to use 
these compensatory mechanisms. In these circumstances, 
the patient reported outcome might become worse, due to 
spinal imbalance. Hence, a longer FU might potentially 
detect an increase of disability in the posterior-only group, 
while worse radiological results were already obvious at 24 
months.

Conclusion

This feasibility pilot study was designed to allow a sample-
size calculation for a multicentre trial (RASPUTHINE). 
Analysing the given 24-month FU data, our results showed 
slightly less disability for the posterior–anterior group linked 
with a significant better restoration of the sagittal profile 
in comparison with the posterior-only group. However, the 
results of this randomized feasibility study should be con-
firmed by a large multicentre trial with sufficient amount of 
patients. To detect a clinical significant difference by calcu-
lation of ODI means and standard deviation including 20% 
loss of FU rate, a total of 266 patients will be needed. If the 
planned multicentre study is able to demonstrate a clini-
cal superiority in addition to an already proven radiological 
superiority, the trend towards a combined posterior–anterior 
intervention for Magerl A3.1.1 fractures could be justified.
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