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ABSTRACT

Obijective: This study aims to numerically evaluate the surgical treatment of thoracolumbar fractures, comparing the strengths between
the long and short fixations using the pedicle of the fractured vertebra, taking into account the supraspinous, intertransverse, and anterior
longitudinal ligaments. Methods: A numerical analysis of the techniques of long and short fixation of a thoracolumbar spine fracture was
performed using computed tomography images that were converted into three-dimensional models and analyzed through the ANSYS
program. The two types of treatments were analyzed considering the tensions generated in the immediate postoperative period, when
the fracture has not yet been consolidated. The anterior, posterior, supraspinal and intertransverse longitudinal ligaments were added, in
addition to considering different vertebral geometries. Results: Taking into account that the maximum tensile stress of the material used in
the metal implant, in the case of titanium, was 960 MPa, the highest tension found in the analysis of the short instrumentation was 346.83
MPa, reaching only 36.13% of the load the material supports, being, therefore, within a safety limit. The analysis performed in the spine
with long instrumentation showed the highest tension value of 229.22 MPa. Conclusions: Considering the values found and the resistance
of the synthesis material used, the short and long fixation can be considered in the treatment of thoracolumbar fractures with similarity and
a good safety coefficient. Level of Evidence Ill; Case-Control.
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RESUMO

Objetivo. Este trabalho tem como objetivo avaliar numericamente o tratamento cirdrgico das fraturas toracolombares, comparando a
resisténcias entre as fixacoes longas e curtas usando o pediculo da vértebra fraturada, levando-se em conta os ligamentos supra-espinhal,
intertransversal e longitudinal anterior. Métodos: Foi realizada uma analise numérica das técnicas de fixacao longa e curta deumafratura
da coluna toracolombar, utilizando-se imagens de tomografia computadorizada que foram convertidas em modelos tridimensionais e
analisados através do programa ANSYS. Os dois tipos de tratamentos foram analisados considerando-se as tensées geradas no periodo
pés operatdrio imediato, quando a fratura ainda néo esta consolidada. Foram adicionados os ligamentos longitudinal anterior, posterior,
supra-espinhal e intertransversal, além de se considerar diferentes geometrias vertebrais. Resultados: Levando em consideragéao que a
tenséo maxima de ruptura do material utilizado no implante metalico, no caso o titanio, ser de 960 MPa, a maior tensao encontrada na
analise da instrumentagdo curta foi de 346,83 MPa, atingindo apenas 36,13% da carga que o material suporta, estando, portanto, dentro
de um limite de seguranca. A analise realizada na coluna com instrumentacao longa verificou o valor de tensao mais elevado de 229,22
MPa. Conclusé&o: Considerando os valores encontrados e a resisténcia do material de sintese utilizado, a utilizagédo da fixagdo curta e longa
podem ser consideradas no tratamento das fraturas toracolombares apresentando similaridade e um bom coeficiente de seguranca. Nivel
de Evidéncia Ill; Caso-Controle.

Descritores: Cirurgia/Coluna Vertebral; Fraturas; Analise Elementos Finitos; Procedimentos Cirdrgicos Operatdrios.

RESUMEN

Objetivo: Este trabajo tiene como objetivo evaluar numéricamente el tratamiento quirdrgico de las fracturas toracolumbares, compa-
rando las resistencias entre las fijaciones largas y cortas usando el pediculo de la vértebra fracturada, teniendo en cuenta los ligamentos
supraespinal, intertransverso y longitudinal anterior. Métodos: Se realizé un analisis numérico de las técnicas de fijacion larga y corta de una
fractura de la columna toracolumbar, utilizando imagenes de tomografia computarizada que se convirtieron en modelos tridimensionales
y fueron analizadas con el programa ANSYS. Los dos tipos de tratamiento fueron analizados considerando las tensiones generadas en el
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periodo postoperatorio inmediato, cuando la fractura atin no esta consolidada. Se afadieron los ligamentos longitudinal anterior, posterior,
supraespinal e intertransverso, ademas de considerar diferentes geometrias vertebrales. Resultados. Teniendo en cuenta que la tension
maxima de ruptura del material utilizado en el implante metalico, en el caso el titanio, fue de 960 MPa, la mayor tension encontrada en el
andlisis de la instrumentacion corta fue de 346,83 MPa, alcanzando apenas el 36,13% de la carga que el material soporta, estando, por lo
tanto, dentro de un limite de seguridad. El analisis realizado en la columna con instrumentacion larga mostré el valor de tensién mas elevado
de 229,22 MPa. Conclusiones: Teniendo en cuenta los valores encontrados y la resistencia del material de sintesis utilizado, la utilizacion de
la fijacion corta y larga puede ser considerada en el tratamiento de las fracturas toracolumbares presentando similitud y un buen coeficiente

de seguridad. Nivel de Evidencia Ill, Caso-Controle.

Descriptores: Cirugia/Columna Vertebral, Fracturas, Analisis de Elementos Finitos; Procedimientos Quirdrgicos Operativos.

INTRODUCTION

Thoracolumbar fractures have a variable distribution, however,
most of these injuries affect the T12 and L1 vertebrae, up to 20% of
which are burst type fractures.” There is a bimodal division related
to the age of individuals with thoracolumbar fractures, whereby in
young people there is a prevalence of fractures from high-energy
traumas such as car accidents and falls from great heights, while
the elderly are affected by low-energy traumas such as falls from
one's own height.>* The annual incidence of these fractures is about
13 out of every 100,000 inhabitants and is 2 times more prevalent
in male than in female patients.®

There is no consensus around treatment of fractures in the thora-
columbar region. Some authors defend only posterior fixation, others
only anterior access to the injured segment, while a combination of
both anterior and posterior approaches has been indicated based
on biomechanical studies.®® The long assembly fixation method,
involving the fixation of 2 to 3 levels above and below the fractured
vertebra is the most classic technique used.'”%'° However, fixation
of the fracture including the pedicles of the fractured vertebra and
only one level above and below it has been shown to be a good
alternative, economizing surgical time, causing less damage to the
adjacent tissues, and generating less cost.

The objective of this study is to numerically evaluate the surgical
treatment of thoracolumbar fractures, comparing the resistance of
long and short fixations using the pedicle of the fractured vertebra
to thus be able to show that using the short fixation technique is
viable and without risk of material failure.

METHODS

This study was approved by the Institutional Review Board of
the Universidade de Passo Fundo. A model of the thoracolumbar
spine was obtained from a male patient (80kg and 1.80m, without

spine disease) from computed tomography images stored as Digital
Imaging and Communications in Medicine (DICOM) files. In order for
the geometric model to resemble reality, it was necessary to make a
series of conversions and modelings in different software programs.
The numeric simulation was performed using ANSYS (ANSYS, INC).
Vertebrae T11-L3 were considered for long fixation and vertebrae
T12-L2 for short fixation. The modeling of three spinal ligaments
was performed using Pro-Engineer (PTC, Inc.) three-dimensional
modeling software. The modeled ligaments were the supraspinous
ligament, the longitudinal anterior and posterior ligaments, and the
intertransverse ligaments.

After modeling the ligaments of the spines obtained, several PTC
software commands were used to generate new three-dimensional
models, with dimensions 10% and 20% larger and 10% and 20%
smaller than the initially modeled spine. The three-dimensional models
were imported into the ANSYS software and a force of 1000N was
applied to the upper vertebra of each set as surrounding conditions.

RESULTS

The analysis conducted on the spine with short arthrodesis and
normal size presented the highest Von Mises theory stress value,
346.83 MPa, as can be seen in Figure 1.

In the spine with short arthrodesis and the three-dimensional
model amplified 10% from the normal size, we confirmed that the
highest Von Mises theory stress value was 333.96 MPa, as can be
seen in Figure 2.

In the tests conducted on the spine with short instrumentation and
the three-dimensional model reduced by 10% the highest Von Mises
theory stress value was confirmed as 346.44 MPa, as seen in Figure 3.

In the 20% larger than normal size short instrumentation model
the highest Von Mises theory stress value was confirmed at 263
MPa, as can be seen in Figure 4.
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Figure 1. Analysis of the short instrumentation model and the point of maximum tension.
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Figure 2. Analysis of the 10% larger short instrumentation model and point of maximum stress.
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Figure 3. Analysis of the 10% smaller short instrumentation model and point of

maximum stress.
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Figure 4. Analysis of the 20% larger short instrumentation model and the point of maximum stress.
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In the 20% smaller than normal size three-dimensional model with
the short fixation technique we confirmed that the highest Von Mises
theory stress value was 330.77 MPa, as can be seen in Figure 5.

In the normal size model of the spine with long arthrodesis,
the highest Von Mises theory stress value was 210.28 MPa, as
seen in Figure 6.

The analysis conducted of the 10% larger three-dimensional mo-
del if the spine with long instrumentation presented a maximum Von
Mises theory stress value of 220.2 MPa, as can be seen in Figure 7.

The analysis conducted of the 10% smaller three-dimensional
spinal model with long instrumentation presented a maximum Von
Mises theory stress value of 229.22 MPa, as per Figure 8.

In the 20% larger three-dimensional model with long instrumen-
tation the highest Von Mises stress value was 180.96 MPa, as can
be seen in Figure 9.

The last analysis was conducted on the 20% smaller three-dimen-
sional spinal model with long instrumentation in which the highest Von
Mises stress value was 181.29 MPa, as can be seen in Figure 10.

Table 1 presents a summary of the maximum stress values en-
countered, their location, and the relationship of the stress found to
the limit of the material.

DISCUSSION

In this study, the surgical treatment of thoracolumbar fractures
was numerically evaluated by the Von Mises theory, comparing long
and short fixations in which the pedicle of the vertebral fracture was
used. Several authors have presented numerical analyses of surgical
thoracolumbar fracture fixation techniques, but none has studied the
specific treatments approached in this study.

Hubner et al.’ conducted a study in which two types of surgical
treatments (long and short fixation) were clinically and radiogra-
phically evaluated and the authors concluded that there was no
significant difference between the techniques used. Biomechanical
studies suggest that performing fixation involving the pedicles of the
fractured vertebra increase biomechanical stability." 1

For degenerative diseases, several studies of anterior and pos-
terior approach treatments were considered.'® ¢ Liet et al. used nu-
merical methods to evaluate short fixation both with and without the
bilateral use of the pedicles of the fractured vertebra and concluded
that the inclusion of the bilateral pedicles increased the resistance to
stresses and reduced the stress in the fixation systems, in addition to
optimizing the internal fixation, decreasing the incidence of synthesis
failure.' 8 Sun et al. evaluated surgical treatment of thoracolumbar
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Figure 5. Analysis of the 20% smaller short instrumentation model and the poin

t of maximum stress.
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Figure 6. Analysis of the long instrumentation model and the point of maximum stress.
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Figure 7. Analysis of the 10% larger long instrumentation model and the point of maximum stress.
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Figure 8. Analysis of the 10% smaller long instrumentation model and the point of maximum stress.
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Figure 9. Analysis of the 20% larger long instrumentation model and the point of maximum stress.
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Figure 10. Analysis of the 20% smaller long instrumentation model and the point of maximum stress.

Table 1. Maximum stress, location, and percentage of force in relation to the
resistance of the titanium observed in the analyses.

. . Percentage of
. Location of point .
Analysis Maximum of maximum force analyzed in
v Stress (MPa) relation to titanium
stress .
resistance
Short Normal 346.83 Rod 36.13%
Short 10% Larger 333.96 Rod 34.79%
Short 10% Smaller 346.44 Rod 36.09%
Short 20% Larger 263 Screw 27.40%
Short 20% Smaller 334.77 Rod 34.87%
Long Normal 210.28 Rod 21.90%
Long 10% Larger 220.2 Rod 22.94%
Long 10% Smaller 229.22 Screw 23.88%
Long 20% Larger 180.96 Rod 18.85%
Long 20% Smaller 181.29 Rod 18.88%

fractures with short fixation, including bilateral and unilateral pedicle
screws in the fractured vertebrae, and observed similar clinical and
radiographical results in the two groups.' Ouellet et al. conducted
a biomechanical study comparing the resistance of instrumentation
with divergent screws and with parallel screws using finite particles,
synthetic models, and human cadavers and did not observe greater
resistance in the assembly with divergent screws. 2 Other authors
conducted biomechanical studies using numerical analysis of finite
elements with different types of techniques, but none conducted a
study comparing specifically long and short fixation including the
pedicles of the fractured vertebra '

Hubner et al.” studied the analysis of force applied to the metal
in spinal instrumentation implants for the treatment of thoracolumbar
fractures, analyzing long and short fixation techniques, but observed
no considerable differences in the stress suffered by the synthesis
in the two techniques. However, in their study they did not consider
variations in the size of the patients or the soft parts such as the liga-
ments that are components of the structures that stabilize the spine.

In our study, we noted that in four of the five analyses of short
instrumentation the highest stress is localized in the upper part of
the rod. Only in the three-dimensional 20% larger model was the
maximum stress localized on the screw. We also observed that,
regardless of the size of the three-dimensional model analyzed, the
highest stress was localized in the upper part of the metal implant.
However, the location of maximum stress can change depending
on geometry. The mean value of the maximum stress observed in
the short analyses was 325 MPa.

Coluna/Columna. 2019;18(2):144-50

On the other hand, the analyses of the long arthrodeses behaved
differently. In two of the analyses conducted, the point of maximum
stress was in the lower part of the rod. In another analysis, the point
of maximum stress was located at a screw in the lower section,
while in the two other analyses the point of maximum stress was
found in the upper part of the rod. In the case of long arthrodesis,
if we changed the size of the three-dimensional model, the points
of maximum stress changed more easily than in the short models.
This shows that short instrumentation may be more stable than
long instrumentation, even though it has higher stress values. The
mean value of the maximum stress found in the analyses with long
instrumentations was 204.39 MPa.

Given that the maximum breakage stress of the material used
in the metal implant is 960 MPa, in the case of titanium, and that
the highest stress found in the normal short analysis was 346.83
MPa, reaching only 36.13% of what the material can support, this
technique offers a good safety factor.

In this study, we used a three-dimensional model of the spine
taking different sizes and some of the ligaments responsible for spi-
ne stability into account, but neither the musculature nor the various
anatomical variations inherent to some patients were considered.
The model used was of a normal vertebra with no underlying patho-
logy, such as osteoporosis, such that perhaps a study addressing
this is necessary to determine whether this technique can be safely
used in elderly patients and those with osteoporosis. The maximum
stress on the synthesis material did not even reach 50% of the
resistance of the material, therefore variations such as bone with
osteoporotic disease or increased force resulting from anatomical
variations may not be sufficient to reach synthesis material limits.
There is still room for new, more in-depth studies that address the
theme in more detail.

CONCLUSION

Following the implementation of the longitudinal anterior, longi-
tudinal posterior, supraspinous, and intertransverse ligaments and
adding an analysis considering variations in the size of the model
studied, no considerable change was observed between the stres-
ses applied to the synthesis with the short and long techniques.
We conclude that long and short fixation can be used safely in the
treatment of thoracolumbar fractures.

All authors declare no potential conflict of interest related to
this article.




1

50

CONTRIBUTION OF THE AUTHORS: Each author made significant individual contributions to this manuscript. DMR (0000-0003-2301-7924) was the
main contributor to the writing of the manuscript. ARH (0000-0002-3374-5864), ED (0000-0001-6843-0988), DG (0000-0002-7224-8676), CLI (0000-0001-
9422-2824), and LFS (0000-0001-8125-7104) evaluated the entire numerical analysis of the thoracolumbar fractures. DMR, ARH, and LFS performed the
biographical research, reviewed the manuscript, and contributed to the intellectual concept of the study. DMR, DG, and ED evaluated the numerical studies
of the diagnosis by tomography images. *ORCID (Open Researcher and Contributor ID).

REFERENCES

1.

Hibner AR, Azevedo VG, Martins M, Suarez ADH, Carneiro MF, Ribeiro M, et al. Compara-
tive analysis of techniques for fixing fractures of the thoracolumbar spine. Coluna/Columna.
2011;10(4):275-8.

Kanis JA, Johnell O, Oden A, Sembo |, Redlund-Johnell |, Dawson A, et al. Long term risk of
osteporotic fracture in Malmo. Osteoporos Int. 2000;11(8):669-74.

Kannus P, Niemi S, Parkkari J. (2000) Continuously increasing number and incidence off
all-induced, fracture-associated, spinal cord injuries in elderly persons. Arch Intern Med.
2000;160(14):2145-9.

Robertsson A, Branfoot T, Barlow F, Giannoudis P. Spinal injury pattern resulting from car and
motorcycle accidents. Spine (Phila Pa 1976). 2002;27(24):2825-30.

Jansson KA, Blomaqvist P, Svedmark P, Granath F, Buskens E, Larsson M, et al. Thoracolum-
bar vertebral fractures in Sweden: ananalysis of 13,496 patients admitted to hospital. Eur J
Epidemiol. 2010;25(6):431-7.

Verlaan JJ, Diekerhof CH, Buskens E, van der Tweel |, Verbout AJ, Dhert WJA, et al. Surgical
Treatment of Traumatic Fractures of the Thoracic and Lumbar Spine: A Systematic Re-
view of the Literature on Techniques, Complications, and Outcome. Spine (Phila Pa 1976).
2004;29(7):803-14.

Hiibner AR, Gasparin D, de Meira Junior AD, Israel CL, Dambrés JM, Ribeiro M, et
al. Numerical analysis of multi-level versus short instrumentation for the treatment
of thoracolumbar fractures. Eur J Orthop Surg Traumatol. 2015;28 Suppl 1):5213-7.
Daubs MD ,Bess RS. (2011). Surgical Treatment of Thoracolumbar and Lumbar Fractures.
In: Bridwell KH, DeWald RL (eds). The text book of spinal surgery. Philadelphia: Lippincott
Williams & Wilkins; 2011. p. 1424-38.

Seth K. Williams (2011). Thoracic and Lumbar Spinal Injures. In: Rothman-Simeone. The
Spine 6th ed. New York: Elsevier;2011. p. 1363-88.

. Denis F, Armstrong GW, Searls K, Matta L. Acute thoracolumbar burst fractures in the ab-
sence of neurologic deficit: a comparison between operative and nonoperative treatment.
Clin Orthop Relat Res. 1984:(189):142-9.

1. Mahar A, Kim C, Wedemeyer M, Mitsunaga L, Odell T, Johnson B, et al. Short segment fixa-

tion of lumbar burst fractures using pedicle fixation at the level of the fracture. Spine (Phila

Pa 1976). 2007;32(14):1503-7.

12. Anekstein Y, Brosh T, Mirovsky Y. Intermediate screws in short segment pedicular fixation for

thoracicand lumbar fractures: a biomechanical study. J Spinal Disord Tech. 2007;20(1):72-7.

20.

21.

22.

23.

. Baaj AA, Reyes PM, Yaqoobi AS, Uribe JS, Vale FL. Biomechanical advantage of the in-

dex-level pedicle screw in unstable thoracolumbar junction fractures. J Neurosurg Spine.
2011;14(2):192-7.

. Wang H, Li C, Liu T, Zhao WD, Zhou Y. Biomechanical efficacy of monoaxial or polyaxial

pedicle screw and additional screw insertion at the level of fracture, in lumbar burst fracture:
an experimental study. Indian J Orthop. 2012;46(4):395-401.

. Tang S, Rebholz BJ. Does anterior lumbar interbody fusion promote adjacent degeneration

in degenerative disc disease? A finite element study. J OrthopSci. 2011;16(2):221-8.

.Gong Z, Chen Z, Feng Z, Cao Y, Jiang C, Jiang X. Finite element analysis of 3

posterior fixation techniques in the lumbar spine. Orthopedics. 2014;37 5):e441-8.

.Li C, Zhou Y, Wang H, Liu J, Xiang L. Treatment of unstable thoracolumbar fractures

through short segment pedicle screw fixation techniques using pedicle fixation at the
level of the fracture: a finite element analysis. PLoSOne. 2014;9 6):e99156.

.Li QL, Li XZ, Liu Y, Zhang HS, Shang P, Chu ZM, et al. Treatment of thoracolumbar

fracture with pedicle screws at injury level: a biomechanical study based on three-di-
mensional finite elemento analysis. Eur J Orthop Surg Traumatol. 2013;23 7):775-80.

.Sun C, Liu X, Tian J, Guan G, Zhang H. Comparison of unilateral versus bilateral

pedicle screw fixation at the level of fracture using posterior short-segment pedicle
instrumentation in the treatment of severe thoracolumbar burst fractures. Int J Surg.
2017;41:50-5.

Ouellet JA, Richards C, Sardar ZM, Giannitsios D, Noiseux N, Strydom WS, et al.
Finite element analysis and biomechanical comparison of short posterior spinal ins-
trumentation with divergent bridge construct versus parallel tension band construct
for thoracolumbar spine fractures. Glob Spine J. 2013;3 2):85-94.

Xu G, Fu X, Du C, Ma J, Li Z, Tian P, et al. Biomechanical comparison of mono-seg-
ment transpedicular fixation with short-segment fixation for treatment of thoracolum-
bar fractures: a finite element analysis. Proc Inst Mech Eng H. 2014;228 10):1005-13.
Park WM, Park YS, Kim K, Kim YH. Biomechanical comparisonofinstrumentationtech-
niques in treatmentofthoracolumbarburstfractures: a finiteelementanalysis. J Orthop Sci.
2009;14:443-9.

Alizadeh M, Kadir MR, Fadhli MM, Fallahiarezoodar A, Azmi B, Murali MR, et al. The
use of X-shapedcross-link in posterior spinalconstructs improves stability in thoraco-
lumbarburstfracture: a finiteelementanalysis. J Orthop Res. 2013;31 9):1447-54.,

Coluna/Columna. 2019;18(2):144-50



