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ABSTRACT

Objective: To date, the literature lacks consensus on the most
efficient method to measure the range of motion of an in vitro
prosthetic system. In this study, we propose the use of a relatively
low-cost online software to measure the range of motion of hip
prosthetic implants manufactured in Brazil and compare its
results with the current technical standards for hip arthroplasty.
Methods: Three different diameters of femoral heads were evalu-
ated (28 mm, 32 mm, and 36 mm). The mean values of the
angular displacement of the prosthesis in each motion axis
were obtained by computer simulations. Results: The range of
motion with each femoral head was 28mm (extension/flexion:
148°, internal/external rotation: 179°, adduction/abduction: 107°),
32 mm (152°/185°/114°), and 36 mm (158°/193°/120°). Conclu-
sion: The computational method showed that the larger the
femoral head, the greater the range of motion of the hip joint
prosthetic system. Additional clinical studies are necessary to
compare the physical results obtained with the values found in
this study by computational modeling. Level of evidence V,
Experimental study.
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RESUMO

Objetivo: A maneira mais eficiente de se aferir a amplitude de movi-
mento de um sistema protético in vitro ainda nao é bem estabelecido
na literatura. Assim, o presente estudo propde a utilizagdo de um
software online de custo relativamente baixo para mensuragao da
amplitude de movimento de um conjunto protético nacional de quadril
e comparar os resultados obtidos com a norma técnica vigente para
as artroplastias de quadril. Métodos: A avaliagdo foi realizada com
trés diferentes diametros de cabegas femorais (28 mm, 32 mm e
36 mm); os valores médios do deslocamento angular da protese
em cada eixo de movimento foram obtidos por meio de simulacées
computacionais no programa Autodesk Inventor. Resultados: as
amplitudes de movimento obtidas foram: cabeca 28mm (extensao/
flexdo: 148° rotagéo interna/externa: 179°, adugéo/abducgdo: 107°),
cabeca 32° (152°/185114°), cabega 36° (158°/193°120°). Concluséo:
O método computacional utilizado no presente estudo possibilitou
concluir que quanto maior a cabega femoral, maior sera a amplitude
de movimento do sistema protético para articulagdo de quadril.
Novos estudos clinicos, tanto pré quanto pds-operatorios, devem ser
realizados para comparar os resultados fisicos obtidos com os valores
encontrados nesta avaliagdo por meio de modelo computacional.
Nivel de Evidéncia V, Estudo experimental.

Descritores: Amplitude de Movimento Articular. Artroplastia Total
de Quadril. Prétese de Quadril.
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INTRODUCTION

Prosthetic instability is one of the main indications for hip revision
surgery, representing approximately 21% of revision surgical proce-
dures.' In addition, acetabular malposition is recognized as the main
factor for prosthetic dislocation. However, dislocation episodes occur
even when hip arthroplasties are placed in the Lewinnek safe zone.?
The impingement between the femoral and acetabulum components
is an important mechanism causing dislocation in supposedly

well-positioned prostheses. Marchetti et al. demonstrated in a
clinical study of prostheses that underwent revision that 80% of the
prostheses removed due to instability had macroscopic signs of
impingement between the prosthetic elements.® Contact between
components is also related to wear, loosening, and early failure
of arthroplasty.* Thus, the construction of a prosthetic hip without
impact between its components is essential for the long-term
success of the surgery.
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To obtain an impingement-free arthroplasty, besides the good
positioning of the components, an increase in the range of motion
of the prosthetic system must be sought. This is most commonly
achieved by increasing the diameter of the prosthetic femoral
head (> 28 mm).5 However, the most efficient way to measure
the range of motion of a prosthetic system is not well established
in the literature.58

In this study, we propose the use of a simple and relatively low-cost
online software to measure the range of motion of a hip prosthetic
manufactured in Brazil and compare the results obtained with the
values established by the regulations for hip prosthetic implants.®

MATERIALS AND METHODS

The evaluation was performed with Taper femoral prosthesis and
Phenom Poly Il acetabulum (Vincula, Brazil) with three different femoral
head diameters (28mm, 32mm, and 36mm); the mean values of the
angular displacement of the prosthesis in each axis of movement
(flexion/extension, abduction/adduction, and internal/external rotation)
(Figures 1, 2, and 3) were obtained through computer simulations in the
Autodesk Inventor® software. All evaluation parameters were based
on the normative document “ISO 21535:2007 Non-active surgical
implants — Joint replacement implants — Specific requirements for
hip-joint replacement implants”.® We limited the movements to simulate
the collision between the components. We analyzed the overlaps
using the software solver called Contact Set, making sure that all
components were within the limits pre-established by the technical
standard for prosthetic implants.

Figure 1. Flexion/Extension Movement.

Figure 2. Abduction/Adduction Movement.
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Figure 3. Internal/External Rotation Movement.

We simulated the components under the “worst-case” scenario,
in which the smallest ranges of motion are recorded. The criterion
for choosing the prosthetic was based on a geometric evaluation
of the system,; different sizes of femoral heads were included and
combined with a polyethylene acetabular insert with a 10° edge,
as this insert has the shortest impingement-free angular path.
The implants were positioned according to the Lewinnek safe
zone,'? described as follows:
* The acetabulum is positioned at 45° to the sagittal plane and
15° to the frontal plane;
* The femoral component performed the simulations in the 3
planes of motion.
Following ISO 21535, of 2008, the values that define adequate
prosthetic functioning must be greater than or equal to the follow-
ing total arc of motions: 100° for flexion/extension movements;
60° for abduction/adduction movements, and 90° for internal/
external rotation.

RESULTS

The different diameters of the femoral heads observed in the range
of motion assessment tests for the Brazilian prosthetic system for the
hip joint were: head 28 mm (extension/flexion: 148°, internal/external
rotation: 179°, adduction/abduction: 107°), head 32° (extension/
flexion: 152°, internal/external rotation: 185°, adduction/abduction:
114°), head 36° (extension/flexion: 158° internal/external rotation:
193°, adduction/ abduction: 120°) (Table 1).

Table 1. Comparison of the different diameters of the femoral heads
observed in the hip prostheses ranges of motion assessment tests and
normative values.

Movements R:l‘;rir:::::ts 28" mmhead | 32" mmhead | 36° mm head
quireme p=0023 | p=0020= | p=0018n
(degrees’)=
Flexion 100's 148's 152's 168's
Extension &
Abduction/ . . . .
Adduction = 60°= 107°= 114°n 120’z
Internal/
External 90°n 179°n 185°n 193°n
Rotation =
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We found a statistically significant difference in the range of motion
of the prosthesis with a 28 mm head compared to the set with a 32
mm head (p = 0.011), in the analysis of 28 x 36 mm (p = 0.004)
and 32 x 36 mm (p = 0.004).

Paired values were compared using Student’s t-test, considering
a 5% significance level.

DISCUSSION

The results obtained through computational analysis in the Autodesk
Inventor® software are compatible with other evaluation methods of
the prosthetic range of motion described in the literature. In addition,
the angulation values were higher when compared to the range of
motion values established by the normative instruction “ISO/ABNT
21535:2018” (extension/flexion: 100°, internal/external rotation: 90°,
adduction/abduction: 60°). Thus, the use of a simple and relatively
low-cost online tool can be applied in clinical practice in patients
in the postoperative period of total hip arthroplasty for a range of
hip movements, as well as in the preoperative period to find the
best positioning of the prosthesis for each patient.

In 2008, Kiguchi et al.’? evaluated the dislocation of a prosthetic
system using a hip movement simulator with 26, 32, and 40 mm
heads and concluded that uncoupling occurred earlier with 26
mm heads. However, this experimental study performed only a
descriptive analysis of the angle values.'

Bunn, Colwell Jr and D’Lima'® in 2014 developed a computer
model based on tomographic images to assess the influence of
the diameter of the prosthetic femoral head on the risk of post-
operative dislocation and concluded that the risk of impingement
and dislocation was lower for larger heads. The disadvantage
of the method is the need to expose the patient to radiation to
capture the images.”®

McCarthy et al." in 2016 analyzed 10 patients in flexion positions
considered to be at risk for posterior hip dislocation (standing
from a low chair, and squatting and picking up an object on the
ground). Movement markers were placed in the anterosuperior iliac

spine and sacrum and the movement of the femur in relation to
the pelvis was recorded (flexion-extension, adduction-abduction,
and medial and lateral rotation). The results were extrapolated for
computational biomechanical analysis and all components were
within the prosthetic Lewinnek’s safe zone. During the squat, 8 out
of 10 prosthetic hips had impingement, and impingement occurred
in 9 of the 10 prostheses when picking up an object on the ground.
All patients had a 36 mm femoral head. Thus, the study concluded
that even with a larger diameter femoral head and the prosthesis
in a safe zone, extreme amplitude activities can lead to prosthetic
impact and increase the dislocation risk.'

Gu et.al.®® in 2019 developed an impact analytical model to establish
the ideal specific positioning of the prosthesis for each patient
during the preoperative period. The model was created through
mathematical calculations and associated computer simulation
and allows to demonstrate the impact-free areas (green) and the
risk areas (red) with an accuracy of = 1.4°'5 Despite being very
promising, its clinical applicability is not feasible due to its high
cost and lack of access to this system in Brazil.

A major limitation of this study is its experimental nature, and the be-
havior of the prosthetic set in vivo may result in angular values different
from those found, due to each patient’s specific capsule-ligament
anatomy. However, the use of simple low-cost software was consistent
with other models in the literature and with the established technical
standards, opening up the possibility of improving preoperative
planning, making it more suitable for each patient, and improving
the assessment of patients with prosthetic instability.

CONCLUSION

The computational method used in this study allowed us to conclude
that the larger the femoral head, the greater the range of motion
of the prosthetic system for the hip joint, with values within the
technical standards recommended in Brazil. New clinical studies
are required to compare the physical results obtained with the
results found in this computational model.
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