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ARTICLE INTFO ABSTRACT
Article history: Objective: To evaluate, through biomechanical testing, the resistance to and energy required
Received 30 November 2016 for the occurrence of proximal femoral fracture in synthetic bone after removal of a proximal
Accepted 26 January 2017 femoral nail model (PFN), comparing the results obtained with a reinforcement technique
Available online 3 September 2017 using polymethylmethacrylate (PMMA).

Methods: Fifteen synthetic bones were used: five units for the control group (CG), five for the
Keywords: test group without reinforcement (TGNR), and five for the test group with reinforcement
Hip (TGR). The biomechanical analysis was performed simulating a fall on the trochanter using
Hip fractures a servo-hydraulic machine. In the GC, the assay was performed with the PFN intact. In the
Osteoporosis TGNR and TGR groups, a model of PEN was introduced and the tests were performed in the
Polymethylmethacrylate TGNR, after simple removal of the synthesis material, and in the TGR, after removal of the

same PFN model and filling of the cavity in the femoral neck with PMMA.
Results: All groups presented a basicervical fracture. The CG presented a mean of
1427.39 Newtons (N) of maximum load and 10.14Joules (J) of energy for the occurrence of
the fracture. The TGNR and TGR presented 892.14N and 1477.80N of maximum load, and
6.71] and 11.99] of energy, respectively. According to the Kruskal-Wallis ANOVA, there was
a significant difference in the maximum load (p =0.009) and energy (p =0.007) between these
groups.
Conclusion: The simple removal of a PFN in synthetic bone showed a significant reduction
of the maximum load and energy for the occurrence of fracture, which were re-established
with a reinforcement technique using PMMA.
© 2017 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Palavras-chave:

Ensaio estatico de flexao apds retirada de haste do fémur proximal (PFN)
- Analise in vitro

RESUMO

Objetivo: Avaliar, por meio de ensaio biomecanico, a resisténcia e a energia necessdria para
ocorréncia de fratura do fémur proximal em osso sintético apds retirada de um modelo de
haste de fémur proximal (PFN) e comparar os resultados obtidos com técnica de reforgo com

Meétodos: Foram usados 15 ossos sintéticos: cinco unidades para o grupo controle (GC), cinco
para o grupo teste sem refor¢o (GTS) e cinco para grupo teste com reforco (GTC). A andlise
biomecénica foi feita e simulou queda sobre o trocdnter com maquina servo-hidraulica. No
GC, o ensaio foi feito com sua integridade intacta. Nos grupos GTS e GTC, foi introduzido
um modelo de PFN e os ensaios foram feitos no GTS, apds simples retirada do material de
sintese, e no GTC, apés retirada do mesmo modelo de haste e preenchimento do pertuito

Resultado: Todos os grupos apresentaram fratura basocervical. O grupo GC apresentou média
1.427,39 Newtons (N) de carga maxima e 10,14 Joules (J) de energia para a ocorréncia da
fratura. Os grupos GTS e GTC apresentaram 892,14 N e 1.477,80N de carga maxima e 6,71]
e 11,99] de energia, respectivamente. Segundo a Anova de Kruskal-Wallis, existe diferenca
significativa na carga maxima (p =0,009) e na energia (p=0,007) entre esses grupos.

Conclusdo: A simples retirada de um PFN em osso sintético apresentou reducao significativa
da carga maxima e da energia para a ocorréncia de fratura, que foram reestabelecidas com

© 2017 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este é um artigo Open Access sob uma licenca CC BY-NC-ND (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Considering the trend to use intramedullary nails in the
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no colo com PMMA.

uma técnica de refor¢o com PMMA.
Introduction

Proximal femoral fractures are one of the most common prob-
lems among the elderly, representing an important cause
of morbidity and mortality in this age group. Due to the
increase in life expectancy, they will become increasingly
more frequent.n?

The goal in treating such fractures is to allow the patient to
return to normal activities as soon as possible by using fixa-
tion of the fracture either through rods, plates and/or screws,
or arthroplasty of the hip, to reduce the possibility of compli-
cations associated to patient immobility.?

Synthesis implant removal is indicated in cases of per-
sistent pain in the gluteal and thigh region caused by
the prominence of the synthetic material, implant failure,
or infection.”® After proximal femur fractures are healed,
removing the implants can cause complications such as
possible fractures of the femoral neck or intertrochanteric
region.’

In unstable transtrochanteric fractures, there is a tendency
to use intramedullary osteosynthesis, especially in poor qual-
ity bone, due to its better biomechanical and clinical results.*

In elderly patients with reduced bone mineral density,
the removal of intramedullary implants from the proximal
femur should be carefully assessed. Considering the need for
physical activities and the presence of comorbidities, implant
removal used to be reserved for younger patients. However,
nowadays, due to prolonged life expectancy and the practice
of sports activities among the elderly, the need for removal
will become a growing trend.>®

treatment of unstable transtrochanteric fractures and the
elderly population growth expected over the next 20 years,
describing the results of a static flexion test simulating a
fall onto the trochanter in synthetic femurs after proximal
femoral nail (PFN) removal with the presence and absence of
an augmentation technique may provide results that guide
the development of clinical trials to more carefully establish
indications for PFN removal.

Material and methods

Fifteen Brazilian-made synthetic femurs with a 12-mm
medullary canal from the same batch and of the same model
were divided into three groups, each consisting of five units
(Fig. 1). The control group (CG) consisted of synthetic femurs
with intact external and internal integrity.

In the test group without reinforcement (TGNR) and in
the test group with reinforcement (TGR), a PFN with a slid-
ing screw of 12mm in diameter, without previous fractures,
was implanted and removed soon thereafter.

In the TGNR, the biomechanical assay was performed
shortly after removal of the implant, and no reinforcement
technique was used.

In the TGR, after the implant was removed, the samples
were reinforced with polymethylmethacrylate (PMMA) in the
cavity of the sliding screw, introduced anterogradely with the
aid of a syringe (Fig. 2).
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Fig. 1 - Test specimens before assays.

Fig. 2 - Radiographs of a synthetic model after PMMA
reinforcement.

All samples were sent to the biomechanical assay labo-
ratory, which were performed statically in flexion using the
servohydraulic test machine MTS model 810 — FlexTest 40 —
with a capacity of 100 kN.

The femur was fixated to the test device with 150mm
of its proximal length outside the device and toward the
hydraulic piston. The proximal femur was placed at the
base of the testing machine at 10° horizontal inclination
and 15° internal rotation measured by a digital goniome-
ter. The greater trochanter was supported by a silicon disk
of 8x2cm diameter (Fig. 3A). A 40N preload was applied
at a speed of 2mm/s; subsequently, load was applied on
the femoral head until fracture (Fig. 3B). The values of
maximum load were recorded in N and maximum energy
in].

Descriptive analysis was used to present the observed
data, expressed by median and interquartile range (Q1-Q3)
according to the experiment group, in tables and illus-
trative graphs. The inferential analysis was made using

Fig. 3 - (A) Femur fixated to the device during the test prior
to the occurrence of the fracture. (B) Fractured femur after
the test.

Kruskal-Wallis ANOVA and Dunn’s multiple comparisons
test. The adopted criterion for significance level was 5%.
Statistical analysis was performed using SPSS version 20.0
software.
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Table 1 - Maximum load values, energy, and p-value for fracture.

Variable Group Median IQR p-Value? Significant =P
Maximum Control 1337 1243 - 1657 0.009 Control # uncemented,;
load (N) cemented # uncemented
Cemented 1346 1224 - 1798
Uncemented 928 780 - 986
Energy for Control 10.8 8.9 = 11.0 0.007 Control # uncemented;
fracture (J) cemented # uncemented
Cemented 12.4 9.2 — 14.6
Uncemented 6.6 6.2 - 7.3
IQR, interquartile range (Q1-Q3).
@ Kruskal-Wallis ANOVA.
® Dunn’s multiple comparison test, at 5%.
Discussion

Fig. 4 - Test specimens from the CG, TGNR, and TGR,
showing the fracture pattern (basicervical fracture).

Results

All the specimens tested presented basicervical fracture
(Fig. 4).

Table 1 presents the median and interquartile range
(Q1-Q3) of maximum load-to-fracture (N) and energy-to-
fracture (J) in the CG, TGNR, and TGR, with the corresponding
descriptive level (p-value).

In the inferential analysis, Kruskal-Wallis ANOVA was used
to assess whether there was a significant difference between
the groups, and Dunn’s multiple comparison test to identify
which groups differed significantly at the 5% level.

In the ANOVA Kruskal-Wallis test, a significant difference
was observed in maximum load-to-fracture (p=0.009) and
maximum energy-to-fracture (p =0.007) between the groups.

In the Dunn test, it was observed that, at the 5% level, the
CG and the TGR presented a significantly higher maximum
load- and energy-to-fracture than the TGNR. No statistically
significant difference at the level of 5% was observed between
the CG and the TGR.

The removal of considerably large implants such as PFNs after
fracture healing has relatively high rates of complications,
such as femoral neck fracture; removal is recommended only
in cases of deep and chronic infection.®

The literature presents experimental results in the use
of PMMA bone reinforcement after implant removal; there
is concern regarding the volume used, due to local thermal
reaction.”®

The mechanism of trauma adopted in the present study
(fall on the great trochanter), was chosen because this is the
most common injury of the proximal femur in elderly patients.

The choice of synthetic bones was adopted to ensure
comparable biomechanical properties between groups
and eliminate further variables. Thus, possible alter-
ations inherent in human bones that, would hinder the
methodological to their
characteristics (bone density, length, and diameter) were
eliminated.’

Although the absolute values were not comparable to those
observed in experimental studies with cadaver bones due
to the structural and biomechanical differences of cadaveric
and synthetic bones, the results were compatible regarding
the increase in strength when PMMA reinforcement was
used.’1? The presence of the same fracture pattern in
groups, especially in the TGR, demonstrates that the reinforce-
ment acted specifically on the load increase, and that there
was no biomechanical pattern change for the occurrence of
fracture.

evaluation due non-uniform

Conclusion

The results presented herein may serve as a motivation for
the development of clinical trials that improve the level of evi-
dence of the biomechanical benefits of bone reinforcement in
the removal of implants such as PFNs in elderly patients.
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