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Abstract

We retrospectively evaluated single-level compression fractures (T12-L3) scheduled for a
short-segment POS (posterior-only stabilization) using polyaxial screws. Patients averaged
55.7 years (range, 19-65). Patients received either POS or, concomitantly, BK (balloon
kyphoplasty) of the fractured vertebrae as well. Primary endpoint was the radiological out-
come at the last radiographic follow-up prior to implant removal. POS together with BK of
the fractured vertebrae resulted in a significant improvement of the local kyphosis angle and
vertebral body compression rates immediately post-OP. During the further course of FU, a
considerable loss of correction was observed post-OP in both groups. (Local KA: pre-OP/
post-OP/ FU: 12.6+4.8/ 3.35+4.8/ 11.6+6.0; anterior vertebral body compression%: pre-OP/
post-OP/ FU: 71.94+12.3/ 94.78+19.95/ 78.17+14.74). VAS was significantly improved from
7.2+1.3 pre-OP t0 2.7+1.3 (P<0.001) at FU. We found a significant restoration of the verte-
bral body height by BK. Nevertheless, follow-up revealed a noticeable loss of reduction.
Given the fact that BK used together with polyaxial screws did not maintain intra-operative
reduction, our data do not support this additional maneuver when used together with bi-seg-
mental polyaxial pedicle screw fixation.

Introduction

Type A compression fractures of the TL (thoracolumbar) spine are frequent but the fracture
morphology is heterogeneous, and so are recent classifications and consecutive treatment rec-
ommendations [1-3]. Moreover, treatment recommendations for type A fractures depend on
various factors such as patients bone quality, co-morbidities as well as surgeons’ preference
and experience. With respect to fracture morphology as well as pre-existing spinal deformity,
the load-bearing capacity of the anterior column might be altered, which ultimately puts the
patients sagittal balance at risk.
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Stand-alone BK (balloon kyphoplasty) was found to be a feasible therapy of vertebral com-
pression fractures, allowing for satisfactory intra-operative anterior column restoration. Yet
various studies have revealed its limited capacity of withstanding axial load forces, resulting in
secondary loss of correction [4]. Since then BK alone is only used for a very select group of
patients.

POS (posterior-only stabilization) is a well-established and relatively safe procedure for
treating vertebral compression fractures, especially since MIS (minimal invasive surgery) min-
imized approach-related morbidity [5]. While studies comparing POS and BK revealed supe-
rior results for POS [6], loss of reduction remains a relevant limitation observed in both
procedures. In particular, it is well known that POS of burst fractures without sufficient sup-
port of the anterior column leads to loss of reduction after implant removal [7-9].

In an effort to establish a technique that assures long-term reduction, the use of BK as addi-
tional augmentation of the fractured vertebrae together with posterior instrumentation was
promoted.

Satisfactory anterior column support and a concomitant reduction of additional anterior
procedures have been reported upon using this approach [10, 11]. However, several limitations
in that respect are inherent in existing reports. The fact that the number of spinal levels
included in the instrumentation as well as fracture types and levels are heterogeneous [12-14],
and that sample sizes are small and lack control groups represents a relevant disadvantage in
these studies [11, 15, 16].

But burst fractures are frequent, which makes the lack of consensus even more clinically rel-
evant. Especially in young, non-osteoporotic patients it is of utmost importance to reconstruct
the pre-injury anatomy as well as the individual pre-injury sagittal profile, as recently empha-
sized by the Spine Section of the German Society for Orthopedics and Trauma [17].

Particularly in those young (<65a), non-osteoporotic patients, one would expect an ade-
quate bone healing response. Therefore, we speculated that a combination of POS and BK;
might maintain intra-operative reduction. We hypothesize that the use of additional BK
increases the support of the anterior column and would therefore overcome the biomechanical
limitations of polyaxial screws in the context of fracture fixation. This could ultimately com-
bine the advantages of polyaxial screws causing as little surgical trauma as possible together
with adequate restoration of the anterior column by the use of additional BK.

We therefore reached out to assess if BK, using calcium phosphate cement, together with
bisegmental POS, using polyaxial screws, could compensate for the weaknesses of POS alone
and provide for superior results at follow-up in regards to radiographical as well as clinical
outcomes.

Materials and methods

We performed a retrospective cohort study including all consecutive patients who sustained a
single-level vertebral compression fracture of the TL spine (T12—L3) (Type A fractures,
according to the new AOSpine Classification [2]) and were scheduled for a short-segment pos-
terior-only pedicle screw instrumentation (one level cephalad and caudad to the fractured ver-
tebra). In order to ensure a homogenous collective, we imposed strict inclusion and exclusion
criteria that are listed in Table 1.

Doing so, a total of 42 consecutive patients were included in the study. Table 2 illustrates
the respective fracture morphology and distribution between the study groups.

All patients were treated at the Medical University of Vienna, Department of Orthopedics
and Trauma Surgery, which is a level-one trauma center, from January 2014 to March 2017.
Patients were divided into two groups based on their surgical procedure. In particular, 12
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
Patients between 18 and 65 years of age Absence of a traumatic event
Fractures of vertebrae Th12- L3 Long-segment fixation

Single level vertebral compression fracture (A1, A2 and A3) | Use of intermediate screws

Posterior bi-segmental stabilization within 14 days after Posterior ligamentous complex injuries
trauma

Osteoporosis
Cement augmented screws due to osteoporosis

Patients who were initially considered for a 360°
fusion

Revision surgery

Preoperative neurologic deficit
History of spinal infection

History of malignant neoplasm
Metal allergies

Any contraindications to CT or MRI

Pre-existing serious spinal column deformity

https://doi.org/10.1371/journal.pone.0233240.t001

patients received posterior stabilization alone (6 males, 6 females). They will be referred to as
the control group. A total of 30 patients (22 males, 8 females) underwent posterior stabilization
and additionally received bipedicular percutaneous BK of the fractured vertebrae. They there-
fore comprised the study group.

The study was approved by the Institutional Review Board (IRB) (Ethics Committee of the
Medical University of Vienna 1011/2020) and conducted in accordance to the declaration of
Helsinki. Due to the retrospective nature of the cohort study no informed consent was
required by the IRB. After radiographic measurements and prior to statistical work-up patients
records were anonymized.

Surgical procedure

All patients underwent bisegmental POS in prone position under general anesthesia. Surgery
was performed by or under the supervision of an experienced spine surgeon. Using a typical
minimal invasive approach, four polyaxial pedicle screws (Longitude, Medtronic, Memphis,
TN, USA) were implanted under fluoroscopic guidance. Indirect reduction of the fractured
vertebra via ligamentotaxis was performed.

In the study group direct reduction was performed by percutaneous bipedicular BK of the
fractured vertebra. The balloon (Kyphon®), Medtronic, Memphis, TN, USA) was slowly
inflated and endplate reduction performed under X-ray control. The balloon was then

Table 2. Fracture pattern amongst groups.

Control Group Fractured Vertebra Study Group
3,3,3,3,3; Th12 2,3,3,3;
3,3; L1 1,2,2,3,3,3,3,3,3,3,3,3;
1,3; L2 1,1,2,2,3,3,3,3,3,3,3;
3,3,3; L3 2,3;

Stem and leaf plot illustrates the distribution of fracture pattern between the two groups according to ,,Type A”of the

AOQ fracture classification [2].

https://doi.org/10.1371/journal.pone.0233240.t1002
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removed and bone cement was applied corresponding to the volume of the vertebra as well as
to the degree of destruction. The volume of injected calcium phosphate cement averaged 5,5
ml (range, 3-6 ml) per vertebra. Decision for the use of additional kyphoplasty was based on
the surgeon’s preference.

Postoperative procedure

Patients were fully mobilized on the first day after surgery under the close supervision of phys-
iotherapists, according to a standardized rehabilitation program.

Assessment of the patients

Preoperative radiographic assessment included plain X-rays in supine position (a-p and lateral
view) as well as a CT scan. Prior to surgery all patients underwent an MRI scan to evaluate
PLC (posterior ligamentous complex) injuries and detect occult fractures of adjacent verte-
brae. All postoperative plain X-rays evaluated position of implants, fracture reduction, and res-
toration of lumbar lordosis.

Three independent observers evaluated all CT and MRI scans for accurate fracture classifi-
cation according to the AOSpine Classification [2] as well as plain radiographs to assess
kyphotic deformity using Cobb measurement. This included the monosegmental Cobb angle,
measured between superior and inferior endplate of the fractured vertebrae, and measuring
the local kyphosis angle (KA)(") [1, 18]. Further, the bisegmental Cobb angle, measured
between the superior endplate of the intact vertebra cephalad to the fracture and between the
inferior endplate of the vertebra caudad to the fracture.

We measured anterior VB height (AVH) and posterior VB height (PVH) in lateral spine
radiographs or mid-sagittal CT images of the fractured and adjacent VB.

Two methods for calculating VBHL (VB height loss) were used: The VBCR (VB compres-
sion rate), i.e., the ratio of AVH to PVH with the formula VBCR = AVH/PVH. The VBCR is
recommended to assess the structural integrity of the fractured VB, specifically, that of the
anterior and middle columns of the injured vertebra (Fig 1, from [19]).

We further calculated the AVBC % (Anterior VB Compression Percentage), as recom-
mended by the Spine Trauma Study Group to assess VBHL. The AVBC % consists of the per-
centage of anterior VB compression with respect to the average height of the anterior vertebral
bodies immediately cephalad and caudad to the injury level (formula: V2/[(V1+V3)/2]*100%)
[20] (Fig 1).

Kyphotic deformity was defined as negative [16], and lordotic deformity as positive (+).

Clinical outcomes were evaluated using a visual analog scale (VAS) for pain.

Follow-up criteria

FU visits were scheduled 3 months post-OP as well as prior to implant removal at least 9
months after index surgery. Analysis of radiographic and CT images was performed pre- and
post-OP, at 3 months after the index surgery and prior to implant removal. Due to the acute
nature of the injury the radiological assessment (radiographs as well as CT-images) at the day
of the injury as well as post-OP was usually performed in prone position. At 3 months post-OP
as well as at FU prior to implant removal the patients were fully mobile. Accordingly, conven-
tional radiographs were taken having the patient in a standing position.

Of note, the measurement in 2 different positions of the patient (prone at the time of
injury/post-OP vs. standing at 3 months FU/FU prior to implant removal) represents a poten-
tial confounder. Regarding the radiographic evaluation we were confident that the effect of

PLOS ONE | https://doi.org/10.1371/journal.pone.0233240 May 18, 2020 4/13


https://doi.org/10.1371/journal.pone.0233240

PLOS ONE

Additional kyphoplasty in thoracolumbar fractures of the spine

V1

\

V3

Fig 1. Radiographic measurements. Measurement of VBCR (VB compression rate) = AVH/PVH, AVH anterior vertebral height, PVH posterior vertebral height;
Measurement of AVBC% (Anterior VB compression percentage) = V2/[(V1+V3)/2]x100% [19].

https://doi.org/10.1371/journal.pone.0233240.9001

Table 3. Patient characteristics.

positioning (prone vs. standing) should be subtle expecting the fracture to be healed at 3
months FU and FU prior to implant removal.

Statistical analysis

Statistical analysis was performed using SPSS 25.0 software (SPSS Inc, Chicago, IL). Compari-
sons between independent groups of continuous variables were performed by nonparametric

Control Group N =12 Study Group N = 30

Sex, number (%)

Males 6 (50) 22 (73)

Females 6 (50) 8 (27)
Age, years” 44.6 £15 529 +11.1
Body mass index* 18.94+3.3 21.3+5.8
Injury mechanism (number (%))
<Fall from (number (%)) Low height (<1m) 4(33.3) 16 (53.3)

High height (>1m) 5(41.6) 5(16.7)
Road Traffic Crash 1(8.4) 5(16.7)
Other 2(16.7) 4(13.3)
FU prior to implant removal (months) 232+ 144 39.9 +33.1

*Mean plus/minus SD.

https://doi.org/10.1371/journal.pone.0233240.t003
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Mann-Whitney U-test. For comparison of radiographic findings between different time
point’s non-parametric Wilcoxon-test for paired samples was used. The statistical significance
level was set to P<0.05.

Results

There were no significant differences between the two groups with regard to their preoperative
indices (Table 3).

The mean preoperative local KA, measured at the level of the fracture, was 12.6° in the
study group and 10° in the control group, which was not found to be of significant difference.

Mean local KA was significantly corrected in both groups (3,4° in the study group
(P =0.001) and 4,6 in the control group (P = 0.003) respectively). A striking loss of correction
was observed post-OP: local KA decreased to 10.5° in the study group (P>0.005) (Fig 2).

Similarly, the control group sustained a decrease of local KA to baseline level, which was
found to be significant (P = 0.05). Details are shown in Table 4.

After surgery a subtle improvement of segmental KA was observed from pre-OP 9° to post-
Op 7,5° (n.s.) in the control group. We found a significant loss of correction upon final FU. SK
decreased to 11.3° at last follow-up in the control group, which was found to be significant
(P =0.028) (Fig 3). Similar observations were made in the study group, although changes were
subtler and were not found to be of significance.

The VBCR significantly improved by additional BK from 0.77° to 0.97°, which was found
to be significant (P = 0.001). This is in contrast to postoperative results found in the control
group, where reduction was subtler from 0.82° to 0.93° (Fig 4). We identified a significant loss
of reduction upon follow-up in both groups.

The AVBC revealed a significant endplate reduction in both groups. Within the control
group the VB was reduced to approximately 92% of the estimated pre-injury VB height (Fig
5). Results in the study group were even more pronounced: Additional BK resulted in an end-
plate reduction from approximately 72% pre-OP to almost 95% of the estimated pre-injury VB
height. Nevertheless, this striking reduction was not sustained until follow-up, where AVBC
converged towards pre-OP measurements.

The patients’ pain levels improved significantly after the operation, since the preoperative
VAS averaged 7.2+2.4 and improved to 2.7+1.3 (P<0.001) until FU.

Complications

Posterior cement leakage was observed in one patient who remained asymptomatic. We
observed cement leakage into the vertebral disk space in four patients. There was no worsening
of the neurological condition of any of the patients post-OP. In this study we did not observe
screw loosening or cut-outs, nor adjacent level fractures that would have made revision sur-
gery necessary. Further, no surgery-related complications, e.g., spine or soft-tissue infections
were observed.

None of these patients required a secondary anterior reconstruction.

Discussion

While results as to the effectiveness of POS alone and stand-alone BK in treating A-type com-
pression fractures of the spine have been controversial, most of the reported studies indicate
only limited benefits of the individual procedures [21, 22]. Within this study we aimed to eval-
uate if an additional BK together with POS using polyaxial screws could retain the intraopera-
tive reduction in a homogenous cohort of 42 young patients (<65a), so as to overcome the
limitations of previous reports. While intra-operative reduction was found to be significant in
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Fig 2. Local kyphosis angle. Comparison of local kyphosis angle (Cobb) between patients who received posterior instrumentation only (control group) and patients
who received balloon kyphoplasty of the fractured vertebrae in addition to posterior instrumentation (study group). Values are reflected as mean and standard error of
the mean.

https://doi.org/10.1371/journal.pone.0233240.9002

patients with and without BK, we did observe a loss in reduction regardless of the concomitant
use of BK in our sample. However, in terms of VAS scale, clinical results appeared to be satis-
factory upon implant removal, as most of the patients remained pain-free and no additional
surgical intervention was necessary in any of them.

To this end, the combination of both procedures has been repeatedly suggested to poten-
tially improve long term results of A3-type burst fractures [10, 11, 15, 23]. It should be men-
tioned that these case study series were based on sample sizes of <20 patients without relevant
control groups. Despite promising results, these reports do not ultimately provide evidence
regarding the significance of concomitant BK.

PLOS ONE | https://doi.org/10.1371/journal.pone.0233240 May 18, 2020 7/13


https://doi.org/10.1371/journal.pone.0233240.g002
https://doi.org/10.1371/journal.pone.0233240

PLOS ONE

Additional kyphoplasty in thoracolumbar fractures of the spine

Table 4. Results of radiographic measurements.

Local KA (°) Segmental KA (°) VBCR AVBC %
Control Group | Study Group | Control Group | Study Group | Control Group | Study Group | Control Group | Study Group
Pre-OP 9.9546.59 12.6+4,81 9+8.1 6.85+5.76 0.82+0.2 0.77+0.17 75.6+£19.13 71.94+12.3
Post-OP 4.65+2.15 3.35+4.79 7.45+6 6.4+5.84 0.93+0.14 0.97+0.12 92.13+£9.7 94.78+19.95
3mo FU 9.15+4.91 10.5+5 7.5%8.44 11.1+6.84 0.83+0.15 0.76+0.13 78.49+17.44 74.71£10.1
FU prior to implant removal 9.2.45+6.1 11.6+6.03 11.3+9.2 10.6+8.65 0.8+0.18 0.83+0.14 76.92+18.98 78.17+£14.74

Mean + SD demonstrating the differences in Local Kyphosis Angle (KA), Segmental KA, VBCR (Vertebral body compression rate) and ABVC % (Anterior VB
compression percentage) pre-OP, post-OP at 3 months follow-up (FU), and at 1 year FU. P-Values are included in the Figures.

https://doi.org/10.1371/journal.pone.0233240.1004
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Fig 3. Segmental kyphosis angle. Pre- and postoperative segmental kyphosis angle. Values are reflected as mean and standard error of the mean.
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https://doi.org/10.1371/journal.pone.0233240.9003
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Fig 4. Vertebral body compression rate (VBCR). Pre- and postoperative VBCR in control and study group. Values are reflected as mean and standard error of the
mean.

https://doi.org/10.1371/journal.pone.0233240.9004

While bone cement is widely used in trauma surgery, potential complications range from
mild, e.g., cement leakage into the disc space to neurological deficits or even death, and should
therefore be taken into account [24, 25]. Due to the rarity of serious events, we observed no
fatal complications in our cohort. Nevertheless, the significance of cement augmentation in A-
type compression fractures has to be critically evaluated in view of potential hazards. Recently,
Piazzolla et al. questioned the significance of additional bone cement application for burst frac-
tures. In so doing, the authors reported satisfactory VB height restoration by POS in conjunc-
tion with kyphoplasty without applying bone cement, thus avoiding cement-associated risks
[14].
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Fig 5. Anterior vertebral body compression percentage. Pre- and postoperative AVBC. Values are reflected as mean and standard error of the mean.

https://doi.org/10.1371/journal.pone.0233240.9005

Nevertheless, despite excellent intra-operative results, we observed a significant post-opera-
tive loss of reduction in both study groups. The impact of screw design, especially polyaxial
screws, might be crucial, and has to be taken into account. Polyaxial screws are commonly
used in stabilization of thoracolumbar fractures as screw positioning and rod insertion is easy
through small incisions. Moreover, polyaxial screws are meant to become truly monoaxial as
soon as they are locked. Despite this assumption, a more critical picture is shown by mechani-
cal tests, reporting polyaxial screw failure during dynamic testing due to screw-head slippage
before the screw or rod experience plastic bending [26, 27]. This limitation is emphasized in
biomechanical testing by Kobusch et al. who report inferiority of polyaxial implants regarding
the lowest number of cycles to fail [28].
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Accordingly, greater stiffness is probably desirable and increased effort must be made to
develop polyaxial screws that are truly monoaxial as soon as they are locked. Nevertheless,
there is a thin line between desired plasticity and the concomitant risk of loss of reduction. On
the contrary, instrumentation using monoaxial screws produces increased stiffness and tends
to fail due to breakage or screw pull-out in biomechanical testing as well as in daily routine
[28].

The anchorage of screws and the stability of the posterior instrumentation per se depend
upon various factors as, for instance, bone density, the insertion depth of the screw, the inser-
tion angle and reinsertion. Besides screw design these factors significantly impact pull-out
strength of the pedicle screw [29]. Primary augmentation of pedicle screws is reported to be a
feasible method to enhance pull-out strength and reduces the risk of loosening in biomechani-
cal testing [30, 31].

While primary screw augmentation would be truly desirable, several disadvantages of bone
cement (e.g., cement embolism, tissue damage due to polymerization temperature <70°C), as
mentioned above, hinder us to use cement augmentation in every patient. Therefore, this tech-
nique is retained for select patients such as osteoporotic patients, multi-level procedures, and
revision surgeries.

In an effort to assess technical alternatives for the augmentation of pedicle screws, which
potentially overcome cement-associated risks Wegmann et al. identified the IlluminOss™ sys-
tem [32]. IlluminOss™ is a radiolucent monomer already in clinical use for various indications
such as fixation of radius fractures. I[lluminOss™ was tested in an experimental cadaveric setup
revealing significantly higher failure loads for augmented pedicle screws compared to native
screws. While in vivo data are still missing, it is very likely that pull-out failure or loosening
could be reduced by the use of IlluminOss™ in spine surgery.

While our study adds to the cumulative evidence on this topic the relatively small sample
size as well as the retrospective study design have to be acknowledged as limitations of the
study. Moreover, the significance of different fracture patterns seen in A-type fractures should
be stressed. This has to be considered when reading our report as most patients presented with
A3-type fracture. Due to the over-representation of A3-type fractures our findings might be
especially true for this subgroup of patients and further investigations will have to document if
our findings also apply to other A-type fractures. Taken together, the most appropriate way to
treat Type A compression fractures still remains the subject of controversial discussions.
Large, randomized clinical trials will be needed to resolve the still largely contradictory find-
ings of recent studies.

Supporting information

S1 Data.
(XLSX)

Author Contributions

Conceptualization: Julia Starlinger, Kambiz Sarahrudi.

Data curation: Julia Starlinger, Greta Lorenz, Alexandra Fochtmann-Frana.
Formal analysis: Julia Starlinger, Greta Lorenz.

Investigation: Greta Lorenz.

Methodology: Julia Starlinger, Kambiz Sarahrudi.

Supervision: Kambiz Sarahrudi.

PLOS ONE | https://doi.org/10.1371/journal.pone.0233240 May 18, 2020 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233240.s001
https://doi.org/10.1371/journal.pone.0233240

PLOS ONE

Additional kyphoplasty in thoracolumbar fractures of the spine

Validation: Kambiz Sarahrudi.

Writing - original draft: Julia Starlinger.

Writing - review & editing: Greta Lorenz, Alexandra Fochtmann-Frana, Kambiz Sarahrudi.

References

1.

10.

11.

12

13.

14.

15.

16.

Reinhold M, Knop C, Beisse R, et al. Operative treatment of 733 patients with acute thoracolumbar spi-
nal injuries: comprehensive results from the second, prospective, Internet-based multicenter study of
the Spine Study Group of the German Association of Trauma Surgery. European spine journal: official
publication of the European Spine Society, the European Spinal Deformity Society, and the European
Section of the Cervical Spine Research Society. 2010; 19:1657-76.

Schnake KJ, Schroeder GD, Vaccaro AR, et al. AOSpine Classification Systems (Subaxial, Thoraco-
lumbar). J Orthop Trauma. 2017; 31 Suppl 4:S14—-s23.

Joaquim AF, Patel AA, Schroeder GD, et al. A simplified treatment algorithm for treating thoracic and
lumbar spine trauma. J Spinal Cord Med. 2018;1-11.

Hartmann F, Gercek E, Leiner L, et al. Kyphoplasty as an alternative treatment of traumatic thoracolum-
bar burst fractures Magerl type A3. Injury. 2012; 43:409-15. https://doi.org/10.1016/j.injury.2010.03.
025 PMID: 20417512

Korovessis P, Repantis T, Petsinis G, et al. Direct reduction of thoracolumbar burst fractures by means
of balloon kyphoplasty with calcium phosphate and stabilization with pedicle-screw instrumentation and
fusion. Spine. 2008; 33:E100-8. https://doi.org/10.1097/BRS.0b013e3181646b07 PMID: 18277858

Zhang L, Zou J, Gan M, et al. Treatment of thoracolumbar burst fractures: short-segment pedicle instru-
mentation versus kyphoplasty. Acta orthopaedica Belgica. 2013; 79:718-25. PMID: 24563980

Yang H, Shi JH, Ebraheim M, et al. Outcome of thoracolumbar burst fractures treated with indirect
reduction and fixation without fusion. European spine journal: official publication of the European Spine
Society, the European Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society. 2011; 20:380-6.

Andress HJ, Braun H, Helmberger T, et al. Long-term results after posterior fixation of thoraco-lumbar
burst fractures. Injury. 2002; 33:357—65. https://doi.org/10.1016/s0020-1383(02)00030-x PMID:
12091034

Walchli B, Heini P, Berlemann U. [Loss of correction after dorsal stabilization of burst fractures of the
thoracolumbar junction. The role of transpedicular spongiosa plasty]. Der Unfallchirurg. 2001; 104:742—
7. https://doi.org/10.1007/s001130170076 PMID: 11569156

Acosta FL Jr., Aryan HE, Taylor WR, et al. Kyphoplasty-augmented short-segment pedicle screw fixa-
tion of traumatic lumbar burst fractures: initial clinical experience and literature review. Neurosurg
Focus. 2005; 18:e9.

Korovessis P, Hadjipavlou A, Repantis T. Minimal invasive short posterior instrumentation plus balloon
kyphoplasty with calcium phosphate for burst and severe compression lumbar fractures. Spine. 2008;
33:658-67. https://doi.org/10.1097/BRS.0b013e318166e0bb PMID: 18344860

Verlaan JJ, Somers |, Dhert WJ, et al. Clinical and radiological results 6 years after treatment of trau-
matic thoracolumbar burst fractures with pedicle screw instrumentation and balloon assisted endplate
reduction. Spine J. 2015; 15:1172-8. https://doi.org/10.1016/j.spinee.2013.11.044 PMID: 24321130

Zairi F, Court C, Tropiano P, et al. Minimally invasive management of thoraco-lumbar fractures: com-
bined percutaneous fixation and balloon kyphoplasty. Orthop Traumatol Surg Res. 2012; 98:S105-11.
https://doi.org/10.1016/j.0tsr.2012.06.004 PMID: 22901522

Piazzolla A, Solarino G, Bizzoca D, et al. The pedicle instrumentation and percutaneous elevation (Pi.
Pe): a new cementless surgical technique in type A post-traumatic vertebral fractures. European spine
journal: official publication of the European Spine Society, the European Spinal Deformity Society, and
the European Section of the Cervical Spine Research Society. 2018; 27:182-9.

Fuentes S, Blondel B, Metellus P, et al. Percutaneous kyphoplasty and pedicle screw fixation for the
management of thoraco-lumbar burst fractures. European spine journal: official publication of the Euro-
pean Spine Society, the European Spinal Deformity Society, and the European Section of the Cervical
Spine Research Society. 2010; 19:1281-7.

Blondel B, Fuentes S, Pech-Gourg G, et al. Percutaneous management of thoracolumbar burst frac-
tures: Evolution of techniques and strategy. Orthop Traumatol Surg Res. 2011; 97:527-32. https://doi.
org/10.1016/j.0tsr.2011.03.020 PMID: 21763230

PLOS ONE | https://doi.org/10.1371/journal.pone.0233240 May 18, 2020 12/13


https://doi.org/10.1016/j.injury.2010.03.025
https://doi.org/10.1016/j.injury.2010.03.025
http://www.ncbi.nlm.nih.gov/pubmed/20417512
https://doi.org/10.1097/BRS.0b013e3181646b07
http://www.ncbi.nlm.nih.gov/pubmed/18277858
http://www.ncbi.nlm.nih.gov/pubmed/24563980
https://doi.org/10.1016/s0020-1383(02)00030-x
http://www.ncbi.nlm.nih.gov/pubmed/12091034
https://doi.org/10.1007/s001130170076
http://www.ncbi.nlm.nih.gov/pubmed/11569156
https://doi.org/10.1097/BRS.0b013e318166e0bb
http://www.ncbi.nlm.nih.gov/pubmed/18344860
https://doi.org/10.1016/j.spinee.2013.11.044
http://www.ncbi.nlm.nih.gov/pubmed/24321130
https://doi.org/10.1016/j.otsr.2012.06.004
http://www.ncbi.nlm.nih.gov/pubmed/22901522
https://doi.org/10.1016/j.otsr.2011.03.020
https://doi.org/10.1016/j.otsr.2011.03.020
http://www.ncbi.nlm.nih.gov/pubmed/21763230
https://doi.org/10.1371/journal.pone.0233240

PLOS ONE

Additional kyphoplasty in thoracolumbar fractures of the spine

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Blattert TR, Schnake KJ, Gonschorek O, et al. Nonsurgical and Surgical Management of Osteoporotic
Vertebral Body Fractures: Recommendations of the Spine Section of the German Society for Orthopae-
dics and Trauma (DGOU). Global Spine J. 2018; 8:50s-5s. https://doi.org/10.1177/2192568217745823
PMID: 30210962

Ulmar B, Brunner A, Guhring M, et al. Inter- and intraobserver reliability of the vertebral, local and seg-
mental kyphosis in 120 traumatic lumbar and thoracic burst fractures: evaluation in lateral X-rays and
sagittal computed tomographies. European spine journal: official publication of the European Spine
Society, the European Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society. 2010; 19:558—-66.

Sadiqi S, Verlaan JJ, Lehr AM, et al. Measurement of kyphosis and vertebral body height loss in trau-
matic spine fractures: an international study. European spine journal: official publication of the European
Spine Society, the European Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society. 2017; 26:1483-91.

Keynan O, Fisher CG, Vaccaro A, et al. Radiographic measurement parameters in thoracolumbar frac-
tures: a systematic review and consensus statement of the spine trauma study group. Spine. 2006; 31:
E156-65. https://doi.org/10.1097/01.brs.0000201261.94907.0d PMID: 16508540

Verlaan JJ, Diekerhof CH, Buskens E, et al. Surgical treatment of traumatic fractures of the thoracic and
lumbar spine: a systematic review of the literature on techniques, complications, and outcome. Spine.
2004; 29:803-14. https://doi.org/10.1097/01.brs.0000116990.31984.29 PMID: 15087804

Mehraj M, Malik FH. Early Clinical Results of Short Same-Segment Posterior Fixation in Thoracolumbar
Burst Fractures. Ortopedia, traumatologia, rehabilitacja. 2018; 20:211-7. hitps://doi.org/10.5604/01.
3001.0012.2129 PMID: 30152769

Kao FC, Hsieh MK, Yu CW, et al. Additional vertebral augmentation with posterior instrumentation for
unstable thoracolumbar burst fractures. Injury. 2017; 48:1806—12. https://doi.org/10.1016/j.injury.2017.
06.015 PMID: 28662833

Choe DH, Marom EM, Ahrar K, et al. Pulmonary embolism of polymethyl methacrylate during percuta-
neous vertebroplasty and kyphoplasty. AJR Am J Roentgenol. 2004; 183:1097—102. https://doi.org/10.
2214/ajr.183.4.1831097 PMID: 15385313

Cosar M, Sasani M, Oktenoglu T, et al. The major complications of transpedicular vertebroplasty. J
Neurosurg Spine. 2009; 11:607—13. https://doi.org/10.3171/2009.4.SPINE08466 PMID: 19929366

Stanford RE, Loefler AH, Stanford PM, et al. Multiaxial pedicle screw designs: static and dynamic
mechanical testing. Spine. 2004; 29:367-75. https://doi.org/10.1097/01.brs.0000092369.50397.85
PMID: 15094532

Schroerlucke SR, Steklov N, Mundis GM Jr., et al. How does a novel monoplanar pedicle screw perform
biomechanically relative to monoaxial and polyaxial designs? Clin Orthop Relat Res. 2014; 472:2826—
32. https://doi.org/10.1007/s11999-014-3711-x PMID: 24920048

Kubosch D, Kubosch EJ, Gueorguiev B, et al. Biomechanical investigation of a minimally invasive pos-
terior spine stabilization system in comparison to the Universal Spinal System (USS). BMC Musculos-
kelet Disord. 2016; 17:134. https://doi.org/10.1186/s12891-016-0983-1 PMID: 27005301

Varghese V, Ramu P, Krishnan V, et al. Pull out strength calculator for pedicle screws using a surrogate
ensemble approach. Computer methods and programs in biomedicine. 2016; 137:11-22. https://doi.
org/10.1016/j.cmpb.2016.08.023 PMID: 28110717

Lorenz A, Leichtle Cl, Frantz S, et al. Pull out Strength of Dual Outer Diameter Pedicle Screws Com-
pared to Uncemented and Cemented Standard Pedicle Screws: A Biomechanical in vitro Study. Ortho-
paedic surgery. 2017; 9:229-36. https://doi.org/10.1111/0s.12322 PMID: 28547867

Becker S, Chavanne A, Spitaler R, et al. Assessment of different screw augmentation techniques and
screw designs in osteoporotic spines. European spine journal: official publication of the European Spine
Society, the European Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society. 2008; 17:1462-9.

Wegmann K, Gick S, Heidemann C, et al. Biomechanical evaluation of the primary stability of pedicle
screws after augmentation with an innovative bone stabilizing system. Archives of orthopaedic and
trauma surgery. 2013; 133:1493-9. https://doi.org/10.1007/s00402-013-1842-2 PMID: 23995549

PLOS ONE | https://doi.org/10.1371/journal.pone.0233240 May 18, 2020 13/13


https://doi.org/10.1177/2192568217745823
http://www.ncbi.nlm.nih.gov/pubmed/30210962
https://doi.org/10.1097/01.brs.0000201261.94907.0d
http://www.ncbi.nlm.nih.gov/pubmed/16508540
https://doi.org/10.1097/01.brs.0000116990.31984.a9
http://www.ncbi.nlm.nih.gov/pubmed/15087804
https://doi.org/10.5604/01.3001.0012.2129
https://doi.org/10.5604/01.3001.0012.2129
http://www.ncbi.nlm.nih.gov/pubmed/30152769
https://doi.org/10.1016/j.injury.2017.06.015
https://doi.org/10.1016/j.injury.2017.06.015
http://www.ncbi.nlm.nih.gov/pubmed/28662833
https://doi.org/10.2214/ajr.183.4.1831097
https://doi.org/10.2214/ajr.183.4.1831097
http://www.ncbi.nlm.nih.gov/pubmed/15385313
https://doi.org/10.3171/2009.4.SPINE08466
http://www.ncbi.nlm.nih.gov/pubmed/19929366
https://doi.org/10.1097/01.brs.0000092369.50397.85
http://www.ncbi.nlm.nih.gov/pubmed/15094532
https://doi.org/10.1007/s11999-014-3711-x
http://www.ncbi.nlm.nih.gov/pubmed/24920048
https://doi.org/10.1186/s12891-016-0983-1
http://www.ncbi.nlm.nih.gov/pubmed/27005301
https://doi.org/10.1016/j.cmpb.2016.08.023
https://doi.org/10.1016/j.cmpb.2016.08.023
http://www.ncbi.nlm.nih.gov/pubmed/28110717
https://doi.org/10.1111/os.12322
http://www.ncbi.nlm.nih.gov/pubmed/28547867
https://doi.org/10.1007/s00402-013-1842-2
http://www.ncbi.nlm.nih.gov/pubmed/23995549
https://doi.org/10.1371/journal.pone.0233240

