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Purpose: Percutaneous trans-pedicle screws represent a surgical option frequently performed in patients affected
by thoracolumbar vertebral burst fractures (A3-A4). The aim of the study was to evaluate the early loss of
kyphosis correction and its clinical correlations in a cohort of patients affected by burst spinal fracture treated
with percutaneous trans-pedicle screws fixation.

Methods: The present investigation consists in a retrospective one center analysis. The primary outcome was the
evaluation of the early loss of correction. Secondary outcomes were the bi-segmental kyphosis change, the
clinical outcome and the correlation between clinical outcome and the loss of correction.

Results: Among 435 patients 97 were included in the study. A mean 3.3° of early loss of correction was observed
between postoperative and 1 month follow-up evaluations. The mean anterior vertebral body height change was
3.8 mm. No statistical differences were found in clinical and functional outcomes between patients with >2° or
<2° of kyphosis loss of correction.

Conclusion: No statistical differences were found between 1 e 6 months postoperative kyphosis loss of correction.
The amount of loss of correction seems not to influence clinical outcomes after percutaneous trans-pedicle screw

fixation in patients with vertebral burst fractures.

1. Introduction

Thoracolumbar burst fractures (TLBF) are nearly 60%' ° of all spinal
traumatic injuries affecting vertebral body anterior and middle col-
umns.* They occur mostly in young patients involved in motor vehicle or
fall accidents. These fractures are often associated with kyphotic
deformity and spinal canal encroachment.

The finest treatment for thoracolumbar type A fractures according to
Magerl Classification,” is still controversial. Many reviews and
meta-analyses on surgical approaches have been issued, however no
consensus exists in patients with incomplete (A3) and complete (A4)
TLBF.®” Given the lack of neurological deficit and instability, the liter-
ature suggests that vertebral fracture can be treated conservatively.
Although the latter approach has shown promising results, clinical

practice revealed that surgical treatment leads to a better fracture
reduction and long-term clinical outcomes.>®

Since the introduction of the Posterior Transpedicular Screw Fixation
(PTSF) system in the lasts decades, good radiologic and clinical out-
comes have been reported. This surgical technique includes pedicle
screw fixation one level proximal and one level caudal the fracture.
Previous studies proved that minimally invasive surgery (MIS) not only
reduces the iatrogenic tissue damage but also gives similar mechanical
stability achieved with an open procedure.” MIS consents also the
correction of kyphotic deformities, early painless mobilization, and in-
direct decompression of the spinal canal.'®'® However McLain et al.'*
sustained that the kyphotic deformity correction represents an hot topic
so that, even with a low degree of kyphosis some patients complained of
discomfort or showed functional loss. No study in the Literature

* Corresponding author. Fondazione Policlinico Universitario A. Gemelli IRCCS, Largo A. Gemelli, 8, 00168, Roma, Italy.

E-mail address: perna.andrea90@gmail.com (A. Perna).
1 These two authors contributed equally.
2 These two authors contributed equally.

https://doi.org/10.1016/j.jor.2021.02.029

Received 31 October 2020; Received in revised form 28 December 2020; Accepted 14 February 2021

Available online 21 February 2021

0972-978X/© 2021 Professor P K Surendran Memorial Education Foundation. Published by Elsevier B.V. All rights reserved.


mailto:perna.andrea90@gmail.com
www.sciencedirect.com/science/journal/0972978X
https://www.elsevier.com/locate/jor
https://doi.org/10.1016/j.jor.2021.02.029
https://doi.org/10.1016/j.jor.2021.02.029
https://doi.org/10.1016/j.jor.2021.02.029
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2021.02.029&domain=pdf

A. Perna et al.

evaluated the timing of kyphosis los of correction after percutaneous
PTSF. Therefore, the aim of the study was to evaluate the early loss of
kyphosis correction and its clinical correlations in a cohort of patients
affected by burst spinal fracture treated with percutaneous PTSF.

2. Materials and methods
2.1. Study design

The present investigation consists in a retrospective analysis on pa-
tients with burst vertebral fractures referred to the authors Emergency
Department from January 2010 to November 2019, and treated with
percutaneous pedicle screws fixation. The study respects national ethical
standards and the Helsinki Convention. This research has been approved
by the IRB of the authors’ affiliated institutions. Written informed
consent for scientific purposes and clinical data collection was obtained
according to institutional protocol.

2.2. Institutional database and data collection

Patients triaged for spinal injury at our Emergency Department were
managed with a standardized data collection system. Demographic,
clinical and radiographic data (age, sex, BMI, anamnestic records,
Frankel score,'® type of vertebral fracture according AO spine classifi-
cation,'® pain assessment) were registered for each patient. All patients
surgically treated were clinically and radiographically (standard AP and
lateral views X-Ray in standing position) evaluated postoperatively (2
days after surgery), 1 and 6 months after surgery, according to our
institutional protocol. In all radiographs stored on Picture archiving and
communication system (PACS) powered by Carestream Clinic Imaging
Solutions, were calculated: the vertebral wedge angle (VWA) and the
anterior vertebral body height (ABVH) of the fractured vertebra. The
bi-segmental kyphosis change on the treated level was also evaluated
through Cobb Angle (CA) measurement. Three experienced vertebral
surgeon (M.G., G.Z. and D.A.S.) performed the above mentioned mea-
surements. Clinical evaluation in all follow up visits was assessed by
Oswestry Disability Index (ODI) and Visual analogue scale (VAS).

2.3. Participants and eligibility criteria

Patients with a type A3 and A4 vertebral fracture with indication for
percutaneous PTSF treatment were potentially eligible for the study in a
period between January 2015 and November 2019.

Inclusion criteria were: (I) Fractured vertebral between T11 and L2;
(II) Bi-segmental dorsal stabilization; (III) Absence of neurological
impairment (Frankel grade E); (IV) time between trauma and surgery
minor than 7 days.

Exclusion criteria were: (I) Metastatic and/or primary vertebral le-
sions; (II) Previous spinal surgery; (III) Rheumatic diseases (e.g. anky-
losing spondylitis or diffuse idiopathic skeletal hyperostosis); (IV)
Postoperative spinal infections; (V) Osteoporotic fractures; (VI) Multi-
level fractures.

2.4. Surgical technique

All patients enrolled in the study were treated by a single surgical
team in prone position and in general anesthesia. Fracture reduction and
kyphosis correction were obtained due to hyperextension during patient
positioning and verified with lateral view radiograph before surgery.
Two minimal invasive system, Viper 2 (DePuy Synthes) and Precept
(Nuvasive, San Diego, CA, US) were used. Fluoroscopy guidance was
used to identify the correct entry point in the antero-posterior (AP) view.
Four small incisions were made. A guide wire was placed through the
pedicle under fluoroscopic guidance. A cannulated screw was inserted
then following the wire direction until reaching the medial edge of the
pedicle in the AP view. Consequently, the screw direction was verified
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using the lateral view. A further correction of the angular kyphosis at the
fracurated level was obtained pre-banding the rod and by in situ
compression and extension maneuvers during inners locking (Fig. 1).

2.5. Variables

The primary outcome was the evaluation of early loss of correction
(ELC, between postoperative and 1 month follow up standard X Ray) in
term of angular kyphosis measured by VWA and AVBH of the fractured
vertebra. Secondary outcomes were the bi-segmental kyphosis change
measured by CA (Fig. 2), the clinical and functional outcomes during
follow up visit and the correlation between clinical outcomes and the
loss of correction.

2.6. Statistical analysis

The Mann-Whitney U test for two independent ordinal variables.
The Wilcoxon Signed-Rank Test was used for two dependent ordinal
variables. The inter-rater reliability (IRR) between the three evaluators
was calculated using a Fleiss’ kappa statistic. The significance was
established for a value of p < 0.05. Dedicated software (GraphPad
Software - Prism 8 for Mac) was employed. Only one decimal digit was
reported, rounded up.

3. Results
3.1. Patients

Among all 435 patients treated only 97 were eligible for the study
according inclusion and exclusion criteria and had a complete radio-
graphic documentation. Mean age was 54.3 ( £16.3) years. The male/
female ratio was 1.1 (M:46; F:42). Within the 88 included patients, 30
(33.9%) were polytrauma. The injury mechanisms was traffic accident
in 57 patients (64.4%), high falling injury in 17 cases (19.2%) and other
causes in 14 patients (16.4%). Patient’s features were reported in
Table 1.

3.2. Surgical results

In our series no intraoperative complications were found. Viper 2
(DePuy Synthes, Raynham, MA, US) and in Precept (Nuvasive, San
Diego, CA, US) were used respectively in 43 (48.9%) and 45 cases
(51,1%). The mean time between the trauma and surgery was 7546 h.
The mean operative time was 69.3 ( £21.8) minutes. The mean x-ray
exposure was 67+13 s. The mean blood loss was 120 ( +71) ml. All
screw placed were poly-axial. We did not observe hardware mobiliza-
tion after the 6th month follow up. No patients needed additional
anterior stabilization.

3.3. Radiological outcomes

VWA of the 88 vertebral fractures changed from mean preoperative
value of 16.2 ( £4.6)° to 7.4 ( £3.1)° in the immediate postoperatively
(p =0.0041), to 10.7 ( £2.8)° 1 month after surgery (p = 0.0373). AVBH
changed from mean postoperatively value of 18.7( +4.2) mm to 24.2. (
+4.1) mm in the immediate postoperatively (p = 0.0029), to 20.4 (
+3.7) mm 1 month after surgery (p > 0.05). No statistical differences
were observed between 1 and 6 months. No statistical differences were
noticed between treated levels kyphosis in all measurements (Table 2).
All fractures were healed at 6 months follow up visit. The IRR was
calculated using the Fleiss’ kappa (0.769, 95% CIL: 0.663-0.887).

3.4. Clinical and functional outcomes

All treated patients were mobilized one day after surgery wearing a
three point Thoraco-Lumbo-Sacral Orthosis (TLSO). TLSO was used for 3
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Fig. 1. a, Lateral view spinal X-ray of a patient with L1 burst fracture and an angular Kyphosis of 17°. b. intraoperative images of percutaneous pedicle screws
fixation. c,d postoperative Lateral view and antero-posterior view spinal X-Ray images showing 12° kyphotic deformity improvement.

_

Fig. 2. Measurement of radiographic parameters on lateral views standard
spinal X-Ray in a patient with L1 burst fracture. CA: Cobb Angle, VWA:
Vertebral Wedge Angle, AVBH: Anterior Vertebral Body Height.

months. Mean hospital stay was 8,1 ( +-7.4) days. VAS score showed a
progressive decreasing trend from preoperative measurement (8.7+ 1.2)
to 6 months follow up (2.1+ 0.9) values (p = 0.002) (Table 2). The ODI
improved from a pre-operative score of 78.1 ( £16.7) to a postoperative
score of 56.2 ( £9.7) (p < 0.001), with a downward trend over all the
follow up visits (36.84+7.1 and 18.8+5.4 respectively 1 and 6 months
after surgery, p = 0.0132) (Table 2).

3.5. Subgroup analysis

Stratifying the treated patients based on the implanted instrumen-
tation (Viper and Precept), no statistical differences were found
regarding radiographical, clinical and functional evaluations.

The VWA increase was >2° within 1 and 6 months follow up X-Ray in
54 (61%) patients. However no statistical differences were observed in
VAS and ODI values between patients with and without VWA increase
>2°,

4. Discussion

Thoracolumbar junction fractures (TLJF) represents nowadays a
frequent condition. Gold standard for surgical management of TLJF
fracture site is still unclear. However for patients affected by TLJF with
loss of vertebral height >50% and/or an angular kyphosis superior to
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Table 1

Patients data.
Demographics
Age 54.3 ( £16.3)
Sex M:46; F:42
BMI 26.2, £0.9
Diabetes 11, 12,4%
Smokers 37, 41,8%
Other comorbidities 27, 30.5%
Type of fracture (AO classification)
A3 69, 77.9%
A4 19, 22.1%
Fractured Level
D11 8,9.2%
D12 50, 56.5%
L1 23,26.2%
L2 7,8.1%
Polytrauma patients 30, 33.9%
Associated lesions
Long bone fractures 21, 70%
Hepatic contusion 4,13.3%
Spleen rupture 3,10%
Pneumothorax 5, 16.6%
Head injuries 9, 30%
Traumatic mechanism
Traffic accident 57, 64.4%
High falling injury 17,19.2%
Other causes 14, 16.4%

15°, a surgical correction of segmental sagittal alignment could be
required.'” A conservative treatment could indeed lead to persistent
inability and back pain as showed by Willen et al.'® The use of a
percutaneous technique in emergency setting showed clear advantages
in surgical bleeding control, early mobilization, less postoperative pain
and scar formation. In one hand the segmental kyphosis correction after
percutaneous PTSF seems to be comparable to open pedicle screw
insertion technique,'® but in the other exposes the surgeon and the pa-
tient to a higher mean dose of radiation as showed by Kocis et al.?’

Phan et al.?! in a recent meta-analysis compared patients undergoing
open or percutaneous screw fixation after vertebral burst fractures and
observed in these last: minor hospital stay and shorter operative time. In
addition no differences were found in terms of postoperative kyphosis
CA, VWA and AVBH. Many factors could influence the kyphotic loss of
correction after percutaneous TPSF in patients with TLBF, including the
elastic mechanical properties of the bone, discs, muscles, and instru-
mentation itself %%,

Sasso et al. 2° sustained that the loss of correction may be produced
by the lack of anterior column reconstruction during posterior proced-
ures, which cause high bending loads on the pedicle screws. In our series
we observed an early mean VWA loss of 3.3° and a mean AVBH change
of 3.8 mm while we did not observe a delayed loss of correction or
structural failure due to the lack of bony fusion after 6 months.
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Table 2
Radiological and clinical outcomes.
Preoperative Post op) 1m 6 m P value
*** yalue compared
VWA 16.2( +4.6)°* 7.4 (£3.1)°%,** 10.7 ( £2.8)°** 10.2 (+)3.3° *p = 0.0041,**p = 0.0373
AVBH 18.7( +4.2) mm* 24.2. ( +4.1) mm* 20.4 ( £3.7) mm 19.7+2.9 mm *p = 0.0029
SK (CA) 11.4( £3.1)° 9.1 (£5.9)° 10.9( £7.1)° 10.9+3.6° p > 0.05
ODI 78.1 (£16.7)* 56.2 ( £9.7) 36.8+7.1 18.8 ( £5.4)* *p =0.0132
VAS 8.7 (£1.2)* 7.3 (%£2.2) 4.5( +1.4) 2.1(+0.9)* *p = 0.002

VWA: Vertebral Wedge Angle, AVBH: Anterior Vertebral Body Height SK: Segmental Kyphosi, CA.

Cobb Angle; ODI: Oswestry Disability Index, VAS: Visual Analogue Scale.

Nevertheless no statistical differences were found between patients with
>2° or <2° VWA loss of correction in clinical and functional outcomes.
In our opinion the widespread use of poly-axial screws in short construct
is the main reason for early loss of correction. In fact the construct
weakest link seems to be the screw-tulip junction (STJ) .

The stress resistance of the STJ has been thoroughly tested among
constructs manufacturers so much that a specific stress/failure value
was defined. Stanford et al. reported a variable load failure in their
experimental model showing great discrepancy in the structural failure
depending on the screws design 2*%°. Despite the great advantage of
poly-axial screw fixation in minimal invasive percutaneous surgery, we
believe that the STJ static load failure should be considered when
choosing an instrumentation for spinal trauma surgery.

4.1. Limitations

The present investigation had some limitations. In fact, we did not
conduct a comparative study between percutaneous fixed monoaxial
and poly-axial screws fixation systems. The present report was a retro-
spective monocentric study, therefore a observational multicenter study
should be performed to corroborate our hypothesis. Another limitation
could be the short follow up, but this condition is due to the study design
aimed at investigating the ELC.

5. Conclusion

Thoracolumbar burst fractures can be effectively managed by a
percutaneous fixation allowing early mobilization and faster recovery.
No statistical difference were found between 1 e 6 months postoperative
kyphosis loss of correction while the only statistical differences were
found between postoperative and 1 month radiological evaluation. The
observed loss of correction is in our opinion is not directly attributable to
a lack of arthrodesis, therefore the stress resistance of the STJ of the
chosen instrumentation should be carefully considered. The loss of VWA
correction seems not to influence clinical outcomes after percutaneous
PTFS in patients with vertebral burst fractures at 6 month follow up
visit.
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