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Abstract
Introduction  Surgical treatment of unstable burst fractures of the thoracolumbar spine in the elderly population is highly 
variable with combined posterior and anterior stabilization (CPAS) and posterior augmented stabilization with cementation 
of the vertebral body (hybrid) being two commonly used techniques. The aim of this study was to compare the clinical and 
radiographic outcomes of CPAS versus hybrid stabilization for the treatment of unstable burst fractures of the thoracolumbar 
spine in patients aged between 60 and 70 years.
Materials and methods  A retrospective analysis was performed of all thoracolumbar burst fractures treated surgically in a 
single level I trauma center between June 2013 and February 2015. Two commonly used strategies of surgical stabilization 
were compared; the first consisted of initial posterior reduction and bisegmental stabilization, followed by additional anterior 
spondylodesis (CPAS); the second method comprised a hybrid technique with a posterior cement augmented bisegmental 
minimally invasive stabilization and kyphoplasty of the fractured vertebral body. Patients were evaluated clinically after a 
minimum follow-up of 18 months. The primary endpoint was the Oswestry Disability Index (ODI) at the latest follow-up. 
Secondary parameters of interest were length of in-hospital stay (LIHS), duration of surgery (DS), surgical revisions (SR), 
pain level (P-VAS), satisfaction level and the SF-36 score (PSC, MSC), the bisegmental postoperative Cobb angle, the reduc-
tion loss (RL), and all alignment parameters (pelvic tilt, pelvic incidence, sacral slope, lumbar lordosis, C7 plumb line).
Results  A total of 29 patients were included (17 females, 12 males, mean age 65.6 years ± 3.4 years). The following ver-
tebral bodies were fractured: thoracic level (T) 12: n = 6; lumbar (L) 1: n = 14; L 2: n = 6; L 3: n = 3. CPAS was performed 
in 10 patients (34%), whereas the hybrid was carried out in 19 patients (66%). There were no statistical significant differ-
ences between both study groups regarding age, gender, trauma energy, fracture level, and fracture morphology. The latest 
follow-up was performed after a mean of 27 months (range 18–53 months). The LIHS between the treatment methods was 
statistically significant (p < 0.01); CPAS—mean 24 days versus hybrid—mean 12 days. DS was also significantly longer in 
patients treated with CPAS, 254 versus 95 min for the hybrid group (p < 0.01). No SR were necessary in either group. No 
significant differences were found regarding the clinical and radiological outcomes between the groups. The mean ODI score 
was 13.6 in the CPAS patients compared to 10.8 in the hybrid patients without significant differences between the groups. 
The majority of patients had no (80%) or minor (13%) limitations according to the ODI score. The P-VAS was 2.8 in CPAS 
and 2.9 in the hybrid group. RL was 7.1° in CPAS and 4.2° in the hybrid group.
Conclusions  CPAS and hybrid stabilization provide safe and promising short- and middle-term results in patients between 
60 and 70 years of age. The majority of patients demonstrated no disability or minimal limitations with either technique. 
CPAS resulted in prolonged inpatient hospital stays, longer duration of surgery compared to hybrid stabilization without 
significant differences in clinical and radiological outcome.
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Introduction

Operative reduction and stabilization is indicated in unstable 
vertebral body fractures of the thoracolumbar spine [1, 2]. 
Several strategies have been reported ranging from poste-
rior-only stabilization to combined posterior and anterior 
stabilization (CPAS) [2–5]. CPAS with or without fusion 
is typically recommended in those fractures with relative 
destruction of the anterior column [6]. This is largely due 
to a study by McCormack et al. [1] in which a high num-
ber of implant failures were reported in patients with ver-
tebral body fractures with significant comminution, severe 
kyphotic deformity, and/or a high degree of vertebral body 
involvement with posterior stabilization alone. One explana-
tion for this is the presence of a concomitant intervertebral 
disc lesion, which are often associated with these fractures 
and disrupt osseous healing in many cases.

However, it should be considered that intervertebral disc 
lesions are mainly seen in young and adult patients [7]. In 
contrast, these lesions are uncommon in older patients, 
which is believed to be as a result of two main reasons; a 
greater intervertebral disc sclerosis and a reduced fracture 
threshold based on the impaired bone quality [8, 9]. As such, 
it is possible that intraosseous stabilization might be suf-
ficient to maintain anterior column stability in the absence 
of disc pathology [10]. Therefore, performing a true CPAS, 
including discectomy, partial corpectomy, and anterior 
fusion in an elderly population may constitute overtreatment, 
particularly considering the potential-associated complica-
tions [3]. And perhaps, a less-invasive method of hybrid 
stabilization, consisting of cement augmentation of the frac-
tured vertebral body in combination with short-segmental 
posterior stabilization might offer a solution with decreased 
morbidity in this patient group.

Therefore, the aim of this study was to compare the 
clinical and radiographic outcomes of CPAS versus hybrid 
strategy for the treatment of unstable burst fractures of the 
thoracolumbar spine in patients aged between 60 and 70 
years. The hypothesis was that CPAS was more debilitating 
compared to hybrid stabilization but offered superior clini-
cal and radiographic outcomes in the short to medium term.

Materials and methods

This retrospective study was performed at a single level I 
trauma center. The study was approved by the regional ethic 
committee. All patients admitted with spinal injury between 
June 2013 and February 2015were examined clinically and 
received conventional radiographs.

Computer tomography (CT) was carried out in all 
patients. In addition, magnetic resonance imaging (MRI) 
of the whole spine was performed in those patients without 
MRI contraindications.

Spinal stability was assessed using the new AO spine 
classification and the McCormack classification [1, 11]. All 
patients underwent a thorough neurological examination in 
accordance with the ASIA protocol. Patients with any neu-
rologic deficit were excluded. Stable fractures were treated 
conservatively by adequate analgesia based on WHO [12] 
and physiotherapy-supervised mobilization without a corset 
or brace. Conventional radiographs were performed prior to 
and following mobilization and after 1 week in the standing 
position. Unstable fractures were treated by CPAS or the 
hybrid method. Instability was determined in all patients 
with type B-fractures as well as type A3 and A4 fractures 
with an associated load-share index of five and higher and in 
those patients with relevant reduction loss after mobilization 
[1, 11]. Inclusion and exclusion criteria are listed in Table 1.

Surgical techniques

The decision making regarding the method of treatment 
was carried out by the heads of the department (CEH, CJ) 
or in cases of immediate surgery by the spine surgeon on 
duty. CPAS consisted of posterior stabilization by an open 
approach using mainly monoaxial implants (USS II less 
common Viper, DepuySynthes) with cement augmentation 
of the pedicle screws. Anterior fusion was done by a mini-
mally invasive thoracoscopic approach or by mini-lumbot-
omy using extandable titanium cages (Obelisc, Fa. Ulrich) 
(Fig. 1). Hybrid stabilization was performed by minimally 
invasive techniques using posterior cement augmented, 
bisegmental instrumentation (Matrix, DepuySynthes), and 

Table 1   Inclusion and exclusion 
criteria

Inclusion criteria Exclusion criteria

Age: 60–70 years Prior or subsequent fractures of the verte-
bral spine caused by another trauma

Unstable fracture or failed conservative treatment Inability or unwillingness to join the study
Location: thoracic level 11 to lumbar level 3 Neurologic impairment
Trauma history Pathologic vertebral body fractures
Hybrid stabilization or combined posterior–anterior spondy-

lodesis
Type C fractures
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bilateral transpedicular kyphoplasty of the fractured verte-
bral body (Fig. 2).

Postoperative managemen

Postoperatively, all patients received conventional radio-
graphs while standing. An additional CT scan was taken in 
cases of uncertainty of correct screw placement or anatomic 
reduction or in symptomatic patients. No brace or corset was 
used. Physiotherapy was initiated on the day after surgery 
to improve mobility and muscle strength. Clinical and con-
ventional radiological assessment was performed at 2 and 6 
weeks, and 3 and 12 months, and at the latest follow-up of at 
least 18 months postoperatively. A CT scan was performed 
in cases of moderate to high pain levels and uncertainty 
regarding bony fusion or on suspicion of screw loosening.

Outcome parameters

All patients were followed up for a minimum of 18 months 
after primary surgery. Initially the patients were contacted 
and asked if they were willing to participate. Scores were 

mailed to those patients who were willing to participate but 
did not wish further radiographs or did not want to visit the 
clinic. A total of three patients (12%) were not seen clini-
cally and sent back their scores per mail. The others were 
evaluated clinically and radiologically and filled out the 
scores. An anterior-posterior X-ray centered on the injured 
vertebral body and lateral 36 in. views while standing were 
performed.

Outcome measures

The primary parameter of interest was the Oswestry Disability 
Index (ODI) at the most recent follow-up. Further outcome 
measures were length of in-hospital stay (LIHS: sum of in-
hospital stays if there were more than one stay), duration of 
surgery (DS: sum of durations of all surgeries if there were 
more than one surgery), surgical revisions (SR), level of pain 
(P-VAS) (VAS 0–10 scale; 0: no pain, 10: maximal pain), level 
of satisfaction (S-VAS) (VAS 0–10 scale; 0: lowest satisfac-
tion, 10: highest), and SF-36 score [physical summary com-
ponent (PSC) and mental summary component (MSC)]. In 
addition, radiological parameters were measured in each case, 

Fig. 1   69-year-old male patient who suffered from a bursting frac-
ture of the second lumbar vertebral body type A 4 (McCormack 6) 
after falling from a ladder (a, b). Initially, a dorsal short-segmental 
cemented stabilization was performed (c, d). An anterior spondy-

lodesis was performed afterward (e, f). At the latest follow-up after 
26 months the patient was satisfied with low pain level (VAS: 2), low 
limitations (ODI: 10), and correct sagittal alignment (g)
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which included postoperative and latest bisegmental sagittal 
Cobb angles, loss of reduction (LR), pelvic tilt, pelvic inci-
dence, sacral slope, lumbar lordosis, thoracic kyphosis, C7 
plumb line, and any signs of hardware loosening.

Statistical analysis

Statistical analysis was performed using standardized SPSS 
software 17.0 (SPSS®, Inc. Chicago, USA). Descriptive sta-
tistics were used. Two-sample Wilcoxon signed-rank tests 
were employed to compare outcomes parameters compar-
ing differences between CPAS and hybrid. Fisher’s exact 
test was used to evaluate any associations between clinical 
outcome parameters and radiological outcome parameters as 
well as between regional radiological outcome parameters 
and alignment parameters. A significance level of 0.05 was 
used.

Results

A total of 29 patients met all inclusion criteria. The average 
age was 65.6 years (range 60–70 years) and the majority 
of patients were males (59%). Eight patients suffered from 

moderate- to high-energy traumas; 13 patients each had a 
history of low energy trauma. Most fractures were located 
at L 1 (n = 14) and T 12 (n = 6), less commonly at L 2 (n = 6) 
and L3 (n = 3). Most fractures were incomplete burst frac-
tures A3 (n = 18). In addition, seven patients had A4 frac-
tures, three patients A2 fractures with persistent pain or 
reduction loss during the first week after conservative treat-
ment, and one patient suffered from a B-type lesion [11].

A total of ten patients (34%) were treated by CPAS. The 
other 19 patients were treated by hybrid stabilization. No 
significant differences were seen between both study groups 
(Table 2). The mean follow-up period was 27 months (range 
18–53 months). The total loss of follow-up was 13.8% (n = 4; 
CPAS: 10.0%; hybrid: 15.8%; Table 3). In addition, three 
patients (12.0%: CPAS-group: 1; hybrid group: 2) were not 
willing to come to a clinical re-evaluation but filled out all 
clinical scores (ODI, SF 36, VAS) and sent it by mail.

Primary outcome

The ODI scores between both study groups are presented in 
Fig. 3. The vast majority of patients had no (CPAS: 55.6%; 
hybrid: 87.5%) or mild limitations (CPAS: 44.4%; hybrid: 

Fig. 2   68-year-old male patient 
who suffered incomplete burst 
split fracture of the second 
lumbar vertebral body type A 
4 (McCormack 5) after falling 
from a ladder (a, b). A hybrid 
stabilization with additional 
kyphoplasty of the second 
lumbar vertebral body was per-
formed 3 days after the accident 
(c, d). At the latest follow-up 
after 3 years the patient was 
happy without any pain (VAS: 
0), low limitations (ODI: 10), 
and correct coronal and sagittal 
alignment (e, f)
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6.3%). Moderate limitations were seen in one patient after 
hybrid stabilization (5.3%).

Secondary outcomes

Table 4 displays the results of the clinical outcome param-
eters. The pain situation was low to moderate in both study 
groups with mean pain scores, which were almost identical 
between both study groups. Similarly, the PSC and MSC 
of the SF 36 score were very similar in both study groups 
(PSC: 39.1 after CPAS and 37.3 after hybrid; MSC: 49.8 
after CPAS and 47.7 after hybrid). The patient satisfaction 
was high in both study groups with a mean score of 8.0 after 
CPAS and 7.2 after hybrid without significant differences 
between both study groups. DS was significantly longer in 
patients treated by CPAS. Similarly, LIHS was significantly 
longer after CPAS. No significant differences were seen in 
loss of reduction between the study groups. All relevant radi-
ologic outcome parameters are presented in Table 5. Pelvic 
tilt was significant higher in patients treated by CPAS. No 
further significant differences were seen between both study 

Table 2   Comparison between 
both study groups

Fracture Level: 1: Th11; 2: Th 12; 3: L1; 4: L2; 5: L3
Classification: A1: 1; A2: 2; A3: 3; A4: 4; B: 5
CPAS combined posterior and anterior stabilization, Hybrid hybrid stabilization, SD standard deviation; 
follow-up in months, Surgery time sum of the duration of all operative procedures in minutes, Hospital stay 
sum of all admissions in days

CPAS Hybrid p value

Mean Range SD Mean Range SD

Age 64.0 60–70 3.6 66.4 60–69 3.1 0.11
Follow-up 25.2 18–33 4.7 28.0 20–53 9.3 0.44
Fracture level 3.2 2–5 0.9 3.1 2–5 0.9 0.98
Classification 3.4 2–5 0.8 3.1 2–4 0.6 0.33
Surgery time 254 196–375 50 95 50–215 44 < 0.01
Hospital stay 24.4 18–31 5.2 11.6 6–22 4.3 < 0.01

Table 3   Patients lost of follow-up

Last follow-up last examination in our clinic after surgery in months; 
VAS pain pain situation during the latest follow-up; Reason reason for 
not participating any longer; Hybrid hybrid stabilization; CPAS com-
bined posterior and anterior stabilization

Patient Age Group Reason Last follow-
up (months)

VAS pain

1 68 Hybrid No contact infor-
mation

3 4

2 69 Hybrid Died 10 1
3 61 Hybrid No contact infor-

mation
15 0

4 69 CPAS No interest to 
participate

12 2

Fig. 3   Box plot comparing the ODI scores between combined pos-
terior and anterior stabilization (CPAS) and hybrid stabilization 
(hybrid) at the final follow-up examination after a mean of 2 years. 
Thereby, patient number 18 was an outlier suffering from permanent 
limitations (ODI 43)

Table 4   Clinical outcome parameter

CPAS combined posterior and anterior stabilization; Hybrid hybrid 
stabilization; ODI Oswestry disability index; SF 36—PSC short form 
36—physical summary component; SF 36—MSC short form 36—
mental summary component

CPAS Hybrid p value

Mean SD Mean SD

ODI 13.6 13.1 10.8 11.5 0.71
SF 36—PSC 39.1 10.1 37.3 12.8 0.72
SF 36—MSC 49.8 11.0 47.7 12.4 0.61
VAS—pain 2.8 1.7 2.9 2.4 1.00
VAS—satisfaction 8.0 1.5 7.2 2.5 0.60
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groups without any sagittal dysbalance. Altogether, there 
were no significant correlations between loss of reduction 
and clinical outcome scores as well as loss of reduction and 
all alignment parameters.

Discussion

The main finding of this study was that there were no sta-
tistically significant mid-term clinical differences between 
CPAS and hybrid stabilization for the treatment of unstable 
burst vertebral fractures of the thoracolumbar junction in 
a cohort of patients aged between 60 and 70 years. Most 
notably, CPAS was associated with a significantly longer 
inpatient stay and operative time. In general, the clinical 
outcomes were good or excellent in each treatment group 
with only moderate reduction loss and compensated align-
ment. The pain levels were low to moderate in both treat-
ment groups with a mean pain level below three based on 
the VAS. In accordance to that, both the PSC and the MSC 
were only slightly lower compared to a norm collective of 
the same age group [13].

Two key considerations in the selection of the appropriate 
stabilization strategy in an elderly population with unstable 
burst vertebral fractures of the thoracolumbar spine are to 
maintain long-term structural stability while also endeavor-
ing to limit the morbidity of invasive surgery. A combined 
posterior and minimal invasive thoracoscopic anterior sta-
bilization has been found to provide excellent structural 
stability but, unfortunately, this comes at the cost of pro-
longed inpatient stays and an increased rate of complica-
tion [14]. It has since been shown that the stabilization of 
the anterior column in patients without intervertebral disc 
pathology with minimally invasive techniques and with 
intraosseous cement augmentation of the fractured verte-
bral body is capable of providing sufficient anterior support 
[10]. This is supported by Uchida et al. [5] who found no 
statistical differences in loss of reduction after anterior stabi-
lization and hybrid stabilization in patients with osteoporo-
tic thoracolumbar fractures. The key advantage of hybrid 

stabilization is that this can be performed in combination 
with the posterior stabilization through a posterior approach, 
which potentially carries less risk to the patient [10]. One 
of the potential additional risks of this technique is the pos-
sibility of clinical relevant cement embolism [15]. The find-
ings of the current study would support the argument that 
hybrid stabilization provides equivalent structural support 
at short-term follow-up of 2 years. In addition, the surgery 
was consistently less time consuming that the CPAS surgery 
and resulted in a shorter hospital stay. Also, there were no 
reports of clinically relevant cement embolisms in the cohort 
examined.

Interestingly, patients treated with CPAS had a statisti-
cally significant higher pelvic tilt at the latest follow-up com-
pared to patients treated with hybrid. A more pronounced 
pelvic tilt indicates increased pelvic retroversion [16], which 
might be compensation mechanism to avoid sagittal imbal-
ance. Unfortunately, no lateral 36 in. views were done ini-
tially. Thus, it is unknown, if this difference is trauma related 
or a consequence of CPAS. No further statistically signifi-
cant differences of any global and regional radiological 
parameters could be seen between both study groups. Par-
ticularly no higher reduction loss after CPAS was observed. 
Thus, a negative effect of CPAS on the sagittal balance is 
unlikely. In general, no effect on the clinical outcome was 
visible. It will be interesting follow the further course to 
evaluate any consequences in the long run.

It is important to recognize the technical differences 
between both study groups. There was a contrast between the 
invasiveness of each approach; patients treated with hybrid 
stabilization underwent a minimally invasive approach using 
polyaxial implants, whereas an open midline approach was 
utilized in all patients treated by CPAS using mainly mono-
axial implants. The extent of soft tissue violation in the latter 
approach is likely to influence outcome. This is supported 
by a recent meta-analysis which demonstrated better clini-
cal outcomes following minimally invasive dorsal stabiliza-
tion [17] as a result of less tissue damage. Interestingly, the 
authors reported a better surgical reduction using an open 
approach but higher reduction loss afterwards. The authors 
argued that impaired functional control of posterior mus-
culature in the postoperative period may be responsible for 
this. However, several of the included studies used a pol-
yaxial screw-rod construct after both percutaneous and open 
approaches, which could explain these high rates of reduc-
tion loss [18].

Although structural stability is critical in spinal stabili-
zation, the fate of the intervertebral disc is of paramount 
importance also. One of the arguments against the use of 
hybrid stabilization is that it fails to address the possibility 
of traumatic disc breakdown leading to persistent pain and 
regional kyphosis at a later stage. Sanders et al. [19] reported 
a 70% chance of development of severe intervertebral disc 

Table 5   Radiologic outcome parameters

CPAS combined posterior and anterior stabilization; Hybrid hybrid 
stabilization; Postop Cobb Angle postoperative Cobb angle

CPAS Hybrid p value

Mean SD Mean SD

Postop Cobb angle 3.5 12.2 2.6 11.4 0.74
Reduction loss 7.1 5.9 4.2 6.5 0.11
Pelvic tilt 31.0 11.5 18.7 6.4 0.03
Pelvic incidence 67.9 18.9 52.6 9.5 0.08
Sacral slope 37.6 8.5 37.3 6.4 0.87
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lesions during the first year after trauma despite healthy 
posttraumatic intervertebral disc morphology. The find-
ings of the current study would conflict with these results as 
none of the patients within the hybrid stabilization group had 
clinical or radiological signs of relevant intervertebral disc 
pathology at the latest follow-up. It is possible that interver-
tebral disc lesions deteriorate; however, there were no signs 
for it on the conventional radiographs. These results are per-
haps due to the age group contained within the cohort stud-
ied and the pathophysiological response of the intervertebral 
disc which occurs with aging. It would be very interesting 
to evaluate the accompanied intervertebral disc after hybrid 
stabilization by an additional MRI at the latest follow-up in 
further studies.

The indication for surgery in this patient cohort is of criti-
cal importance. There has been longstanding debate between 
operative and non-operative intervention in patients with 
thoracolumbar vertebral fractures [20–22]. Studies have 
demonstrated comparable clinical outcomes without sur-
gery albeit with inferior radiological results, and therefore 
this must be considered on a case-by-case basis [2, 21]. In 
the current study, the indications for surgery were strictly 
adhered to and based on the likelihood of thoracolumbar 
spinal instability. Surgery was indicated in patients with 
unstable vertebral fracture and relevant destruction of the 
anterior column defined by McCormack scores 5 and higher 
according to the literature or those with relevant reduction 
loss during the first week of non-operative therapy including 
physiotherapeutic mobilization [23].

The authors acknowledge this study has limitation. This 
is a retrospective study and, therefore, it lacks randomization 
raising the possibility of selection bias. Patients treated with 
by CPAS might have been the more severely injured patients 
or more demanding patients leading to the indication of a 
more complex treatment strategy. Besides, the technical dif-
ferences of surgery between both study groups regarding 
the invasiveness of approach and the chosen implants have 
to be mentioned, which can influence the clinical and radio-
logical outcome. Next, the small patient number needs to 
be taken into account. In addition, this study deals with a 
short-term follow-up of 2 years. It is possible that the clini-
cal outcome may deteriorate in the long run; however, longer 
follow-up periods are often associated with lower follow-up 
rates, particularly in an older patient cohort. In contrast, this  
study was able to achieve a high follow-up rate.

Conclusion

CPAS and hybrid stabilization provide safe and promising 
short- and middle-term results in patients between 60 and 
70 years of age suffering from unstable thoracolumbar ver-
tebral fractures. The majority of the ODI scores showed no 

or minimal limitations. Thereby, CPAS compared to hybrid 
stabilization gives rise to prolonged inpatient hospital stays, 
longer duration of surgery without significant differences in 
clinical and radiological outcomes. Thus, randomized stud-
ies are needed to rule out any relevant clinical differences 
between both therapy strategies for specific fracture types.
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