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Abstract Objective: This is a retrospective cohort study to analyze the long-term outcomes of
thoracolumbar spine fracture patients who underwent minimally invasive percutane-
ous fixation.
Methods: The cases of 17 patients with thoracolumbar spine fractures who had
percutaneous fixation between 2009 and 2011 were the subject of a retrospective
analysis. Clinical and radiographic variables were collected. For the clinical evaluation
the questionnaires SF-36 and Oswestry were used. Radiographic parameters were
evaluated using fracture’s classification based on Magerls’s criteria, the fractured
vertebra’s wedging angle, and the affected segment’s segmental Cobb angle. The
measures were made at different stages: before surgery, immediately after surgery,
one year later, and at a late follow-up (5 years later). Trauma associated injuries, post-
surgical and implant related complications were among the additional information
taken into account.
Results: The SF-36 questionnaire showed averages above 63,5% in all domains in the
late postoperative data (from 5 years after the surgery). Oswestry questionnaire
answers showed minimal or no physical limitations in 80% of the patients with a mean
score of 10,8%� 10,5. The average preoperative Cobb angle value was 5,53°� 13,80°
of kyphosis, the immediate postoperative 2,18°�13,38° of kyphosis, one year
postoperative 5,26� 13,95° of kyphosis, and the late follow-up 8,78°� 15,06° of
kyphosis. The mean correction was 3,35°, and mean loss of correction was 6,6°. There
were no complications observed, no case of neurological deficit, infection or implant
failure occurred.

� Work developed at Faculdade de Medicina de Ribeirão Preto da
Universidade de São Paulo, Ribeirão Preto, SP, Brasil.

received
June 30, 2023
accepted after revision
November 6, 2023

DOI https://doi.org/
10.1055/s-0044-1779701.
ISSN 0102-3616.

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution 4.0 International License, permitting copying

and reproduction so long as the original work is given appropriate credit

(https://creativecommons.org/licenses/by/4.0/).

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

THIEME

Original Article 101

Article published online: 2024-03-21

https://orcid.org/0009-0007-4431-1758
mailto:mvrf99@hotmail.com
https://doi.org/10.1055/s-0044-1779701
https://doi.org/10.1055/s-0044-1779701


Introduction

Spine fractures and the associated injuries are related to
high-energy trauma and determine low return-to-work rates
compared to injuries to other organs and systems.1 It may be
associated with chronic pain,2 function limitation of corre-
lated systems such as the respiratory, sequelae deformities,
permanent mobility loss, fatigue, and neurological injuries.3

When located in the thoracic and lumbar spines, neurologi-
cal injuries occur in up to 30% of cases and constitute an
important cause of limitations and disabilities.2

Traumatic spine fractures often affect the thoracolumbar
transition, a transition area between the rigid thoracic and
flexible lumbar segments, becoming the most significant
biomechanical stress area.4 North American data show ap-
proximately 160.000 cases of these fractures annually.4

Treatment options include the non-surgical approach
with rest and use of orthosis; and the surgical approach
that promotes immediate stabilization, potential decom-
pression, and deformity correction.5 The conservative treat-
ment presents a potential complication of neurological
deficit associated with the immobility required in this treat-
ment in up to 20% of cases.6 Conventional open surgery has
potential complications such as blood loss, infections, post-
operative pain, and paravertebral muscle atrophy.6–8

Surgical treatment of thoracic and lumbar spine fractures
is necessary in cases of biomechanical instability, compres-
sion related neurological deficit, lesions that contraindicate
non-surgical treatment.9 Nevertheless, treatment algo-
rithms and criteria for instability, fragmentation of the
vertebral body, and the need for arthrodesis associated
with fixation are targets of controversy in the
literature.8,10,11

The percutaneous surgical approach emerged as an option
and an attempt to reduce complications associated with
open surgery and decrease surgical time and hospital stay
length.6,12 Therefore, questions such as the exposure to
radiation, graft placement, and consolidation evolution, in
addition to the absence of direct neurological decompres-
sion, remain unknown.2,12 Thus, the objective of the present
study is to evaluate the late results of percutaneous fixation
surgery in patients with thoracolumbar spine fractures.

Materials and Methods

This study was approved by the Ethics Committee on Human
Research under the number of the Certificate of Release
(CAAE- 42660015.9.0000.5440).

A retrospective cohort study of database was conducted,
patients diagnosed with thoracolumbar fractures submitted

Conclusion: Thoracolumbar vertebrae fractures can be surgically treated with posi-
tive late clinical and radiological outcomes and low complication rates using a
minimally invasive percutaneous method.

Resumo Objetivo: Este é um estudo de coorte retrospectivo para analisar os desfechos em
longo prazo de pacientes com fratura da coluna toracolombar submetidos à fixação
percutânea minimamente invasiva.
Métodos: Os casos de 17 pacientes com fraturas da coluna toracolombar submetidos
à fixação percutânea entre 2009 e 2011 foram objeto de análise retrospectiva. Variáveis
clínicas e radiográficas foram coletadas. A avaliação clínica foi baseada nos questio-
nários SF-36 e Oswestry. Os parâmetros radiográficos foram avaliados de acordo com a
classificação de fratura baseada nos critérios deMagerls, o ângulo de cunha da vértebra
fraturada e o ângulo de Cobb do segmento acometido. As medidas foram feitas em
diferentes momentos: antes da cirurgia, imediatamente após a cirurgia, um ano depois
e no acompanhamento tardio (cinco anos depois). Lesões associadas a traumas,
complicações pós-cirúrgicas e relacionadas a implantes também foram consideradas.
Resultados: O questionário SF-36 apresentou médias acima de 63,5% em todos os
domínios no período pós-operatório tardio (a partir de cinco anos após a cirurgia). As
respostas do questionário Oswestry mostraram limitações físicas mínimas ou nulas em
80% dos pacientes, com pontuação média de 10,8%�10,5%. O valor médio do ângulo
de Cobb foi de 5,53°�13,80° de cifose no período pré-operatório, 2,18°�13,38° de
cifose no pós-operatório imediato, 5,26�13,95° de cifose no pós-operatório de um
ano e de 8,78°�15,06° de cifose no período pós-operatório tardio. A correção média
foi de 3,35° e a perda média de correção foi de 6,6°. Não foram observadas
complicações, casos de déficit neurológico, infecções ou falhas do implante.
Conclusão: As fraturas das vértebras toracolombares podem ser tratadas cirurgica-
mente com desfechos clínicos e radiológicos tardios positivos e baixas taxas de
complicações usando um método percutâneo minimamente invasivo.
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to surgical treatment using a minimally invasive percutane-
ous fixation method were evaluated. These procedures were
conducted at a Spine Surgery reference service between
2009 and 2011. Cases of tumoral pathological fractures,
osteometabolic and infectious diseases were excluded
from the selection.

The patients included in the study were operated on by
the same surgeon, with Sextant® system implants (Med-
tronic Sofamor Danek USA, Inc. Memphis, TN, USA) using
technique described in the preliminary results of this study.8

Patient mobilizationwas allowed according to postoperative
pain and limitation due to associated injuries.

Clinical and radiographic data were collected. The clinical
data of interest were age, sex, trauma mechanism and
presence of associated injuries, postoperative complications,
and late follow-up of the quality of life and functional
capacity SF-3613 and Oswestry Disability Score -ODI.14

The radiographic data obtained was classified by the
following parameters: Magerl et al.15 criteria, measurement
of the fractured vertebra wedging angles, segmental Cobb
angle,16 and radiographic documentation of complications
such as implants related (loosening or breakages). These
criteria were availed at different stages, preoperative period,
immediate postoperative period, one-year postoperative
period, and late postoperative (more than five years after
surgery). All parameters were measured by a spine surgeon
with more than ten years of experience, using the same
software (Osirix) and the same computer.

The data obtained were organized in spreadsheets, and
data analysis was performed using the Excel® program, with
the results presented as a percentage.

Results

Sixteen men (94.12%) and one woman (5.88%) were enrolled
in the study. Age at the time of trauma ranged between 16
and 60 years old (29.1�12.28). Sixteen patients (94.12%)
were treated by fixing one vertebra above and one below the
fractured level. One patient (5.88%) with concomitant T11

and T12 fractures underwent fixation of the affected verte-
brae. One patient (5.88%) underwent an additional anterior
approach for decompression and arthrodesis.

Regarding the trauma mechanism, motorcycle accidents
accounted for 11 cases (64.70%), while falls from height
accounted for 6 cases (35.30%). Regarding the affected level,
12 patients (70.6%) had thoracolumbar transition (T11 to L2)
affected and 5 (29.40%) the lumbar region (L3 to L5). Type A
(subdivision 2 and 3) fractures were diagnosed eight times
(35.29%), type B five (29.41%), and type C was diagnosed in
other six fractures (35.29%), according to Magerl et al.15

classification. Associated injuries were present in 9 patients
(52.94%). Only one patient had a neurological deficit (Magerl
A.3) in the preoperative period and underwent a different
approach via the anterior approach with complete recovery
after surgery. No infection was identified, and there was no
need for reoperation.

The postoperative follow-up of the patients occurred
between 5 and 9 years. There was a sample loss of 7 patients,
six did not respond to the call, and one death occurred
unrelated to the fracture treatment. In the analysis of the
SF-3613 questionnaires, a variation of 50% to 100%
(0.89�0.19%) was observed for social aspects, between
45% and 100% (0.80�0.19%) for functional capacity, 42% to
95% (0.64�0.20) for the assessment of general health, 45% to
100% (0.80�0.19) for functional limitations, from48% to 88%
(0.72�0.14) for mental health and between 30% and 95%
(0.69�0.20) for vitality (►Table 1).

Oswestry questionnaire14 results evidenced a mean score
of 10.8%�10.5 associated to low back pain, while eight
patients (80%) reported minimal disability or absence of
disability (►Figs. 1 and 2).

Radiographic parameters revealed a vertebral wedging
that ranged from 0° to 29° of kyphosis (mean of
13.06°�7.55°) in preoperative period. The preoperative
Cobb angle ranged from 28° of kyphosis to 22° of lordosis
(5.53°�13.80° of kyphosis), immediate postoperative from
27° of kyphosis to 20° of lordosis (2.18°�13, 38° of kypho-
sis), one-year postoperative period from 30° of kyphosis to

Table 1 Score of patients on the SF-36 Questionnaire

Patient Functional
capacity

Physical
Limitation

Pain General
Health Status

Vitality Social
aspects

Emotional
Limitations

Mental
health

1 100% 100% 100% 80% 80% 100% 100% 88%

2 95% 75% 72% 72% 80% 100% 100% 88%

3 100% 100% 100% 75% 65% 100% 100% 68%

4 80% 100% 62% 47% 80% 100% 100% 68%

5 85% 100% 72% 95% 95% 100% 100% 72%

6 85% 100% 90% 80% 80% 100% 100% 88%

7 45% 0% 62% 42% 60% 50% 0% 52%

8 55% 0% 41% 52% 40% 75% 100% 64%

9 95% 60% 71% 59% 75% 100% 100% 80%

10 60% 0% 20% 42% 30% 63% 100% 48%
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24° of lordosis (5.26°�13.95° of kyphosis) and late follow-
up (from 5 years) from 37° of kyphosis to 12°, 7° of lordosis
(8.78°�15.06° of kyphosis) (►Fig. 3).

The mean correction was 3.35°, using preoperative and
immediate postoperative data. Between the immediate post-
operative and late follow-up the mean correction loss was
6.6°. Despite the degree loss of correction, no signs of implant

loosening or failure were observed in late follow-up as
osteolysis (►Figs. 4 and 5).

Discussion

Although there has yet to be a consensus in the literature on
the best approaches for treating thoracolumbar fractures of
the spine,11 alternatives for reducing complications related
to each method are discussed. Nonsurgical treatment may
require prolonged physical restriction, which often impacts
work and financial life, and may lead to the need for bed
restriction and its complications, such as neurological dete-
rioration. Other challenges involved are the intricate control
of consequent deformities and the patient’s lack of under-
standing and cooperation.17,18

Fig. 1 Patientńs scores on the Oswestry Questionnaire.

Fig. 2 Data interpretation.

Fig. 3 Mean Cobb angles per period.

Fig. 4 Immediate post-operative radiograph of a patient undergoing
minimally invasive percutaneous fixation in anteroposterior (A) and
lateral (P) views.
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The minimally invasive approach to the treatment of
thoracolumbar fractures of the spine emerges as an alterna-
tive surgical treatment with a lower degree of aggression and
denervation of the paravertebral muscles, in addition to
other complications of conventional open surgery, such as
increased intramuscular pressure, ischemia, bleeding and
greater risk of infection.11,19–21

Previous studies managed to show lower rates of compli-
cations in this modality.19,22,23 Objectively, reduction in
postoperative pain, intraoperative blood loss, surgery time,
hospital stay, and drainage of the surgical site have already
been described.6 However, the minimally invasive approach
presents questions, for example, regarding radiation expo-
sure, the lower possibility of graft placement and consequent
risks in the evolution of consolidation, in addition to the
possibility of direct neurological decompression2,6 that re-
quire direct decompression of fragments in the medullary
canal.2 These particularities can always be resolved by
completing a minimally invasive open decompression.12

In the present study, no form of fixation was sufficient to
maintain the correction of kyphosis obtained during the
initial surgical procedure over the long term, a frequent
finding in other studies that address postoperative follow-
up.16,22,24–27 On average, the return of kyphosis to baseline
values was found one year after the procedure. The use of
polyaxial pedicle screws can explain this finding.19 Studies
comparing polyaxial and monoaxial screws (with no move-
ment at the body-head interface and promoting more sub-
stantial leverage) have shown less loss of correction in
individuals treated for thoracolumbar fractures with mono-
axial screw systems.28 Nevertheless, we considered the
minimum loss of correction associated to the 9 years of
follow up and no clinical symptoms an explanation for the
consolidation assurance.

Other questions about the loss of kyphosis correction relate
to the probable lower rate of arthrodesis consolidation in
patients treatedwithpercutaneousfixation.Nevertheless, other
studies have already evaluated the use of arthrodesis in the
fixation of thoracolumbar fractures, concluding that there is no
significant difference in clinical and radiological aspects.10

Regarding the improvement in quality of life, studies that
used the Visual Analog Pain Scale and ODI in the minimally
invasive treatment of spinal fractures showed better results
from this modality compared to conventional open surgery.29

Kumar et al.30 (2015) applied the ODI in patients under-
going conservative treatment, minimally invasive surgery,
and open surgery. A mean score of 32 (with a range between
12 and 46) was found in those treated with conservative and
14 (with a range between 4 and 26) in those treated with
open surgery, contrasting with 4 (ranging between 0 and 10)
for minimally invasive surgery at the 18-month and 30-
month follow-up. Then, a significant difference favored the
less invasive approach 18. In the present study, similar data
were found, confirmed by the improvement of the ODI and
SF-36 indices in the studied patients. When present at late
follow-up, disability was reported to be moderate in about
20% of patients.

Although the data in the literature used for comparison in
the late follow-up refer to ODI questionnaires applied within
30 months after the chosen treatment.30 This study had the
analysis carried out more than five years after the operation.
A much lower score was observed in the minimally invasive
approach, which can result from a much less aggressive
procedure and does not imply absence from activities for
as long a time as in a conservative approach.

As a limitation, this study maintained late follow-up up
to a maximum of 9 years. In addition, it brings results from
a small and specific sample of patients affected by fractures,
young adults affected by higher-energy trauma, failing to
obtain data with the other extreme, elderly patients with
bone thinning and susceptible to fractures even with lower-
energy trauma. On the other hand, the absence of postop-
erative complications and the performance of the proce-
dures by the same surgeon allow for good reliability in the
analysis of the results obtained. Besides, we believe that the
percutaneous vertebral fixation is a straightforward tech-
nique once the spine surgeon follows the technical descrip-
tion correctly.

Conclusion

The minimally invasive percutaneous fixation can be used as
an option for the treatment of thoracolumbar fractures. It
showed satisfactory outcomes, including clinical and radio-
graphic parameters, with low complication rates in the
studied sample.
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Fig. 5 Late follow-up radiograph of the same patient in ►Fig. 4.
Performed 6 years after the procedure, in anteroposterior (A) and
lateral (P) views.
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