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Abstract

This study investigated the biomechanical micro-motion associated with the application of acetabular reinforcement ring with hook
(Ganz ring) for the correction of segmental acetabular rim defects, by finite element analysis. The objective was to determine whether the
Gangz ring is suitable for correcting segmental acetabular rim defects at different regions during total hip arthroplasty revision as well as the
number of screws required to fix the Ganz ring. A finite element model of the hip joint was generated to simulate and evaluate the insertion
and fixation of the Ganz ring and acetabular cup in the context of segmental rim defects in the anterior column, superior portion, and
posterior column. Micro-motion was the greatest in the posterior column defect and the least in the anterior column defect. However, the
peak stress distribution on the remaining portion of the acetabular rim was the highest in the superior portion defect, following the pos-
terior column defect and anterior column defect. Increasing the number of fixations of the Ganz ring did not decrease the micro-motion.
We found that the Ganz ring effectively provided biomechanical stability during the reconstruction of the segmental rim defect as long as

the screws fixed the Ganz ring well to the host bone.
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1 Introduction

The reconstruction of bone defects of the acetabu-
lum during total hip arthroplasty and total hip arthro-
plasty revision is challenging for orthopedic sur-

1-3
geons!

] Many methods have been described for the
restoration of the natural rotational center of the
acetabulum, with variable success ratesl" ', Ganz de-
veloped a device called the Ganz ring to ensure the ini-
tial stability of the cup in the anatomical position during
bone grafting!""). Further, Gill and Ganz recommend the
use of 3 —4 cancellous screws to fix the Ganz ring to the
host bone!®. Thereafter, several reports on the use of the
Ganz ring have indicated good outcomes with low rates

9-12]

of biomechanical failure” . However, failure still

occurs in some cases, mostly due to aseptic loosen-
ing!"*"*!, which may be attributed to the poor initial
stability of the cup provided by the Ganz ring.

Despite many reports on the use of the Ganz ring
for acetabular reconstruction during total hip arthro-

plasty, no studies thus far have investigated the biome-
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chanical changes in the segmental rim defects following
the application of the Ganz ring in total hip arthroplasty
revision. Finite element analysis method has been
widely used for biomechanical studies in orthopedics,
particularly in relation to total hip arthroplasty and re-
vision"*"®. In our previous biomechanical study using
the finite element method, we found that the number of
the screws required was different for different types of
bone defects, as classified by Crowe in patients with
Developmental Dysplasia of the Hip (DDH)[19]. This
implied that the position of the screws in the ring affects
the initial stability of the cup.

Amirouche et al.*” investigated the biomechanical
properties of the cup component in minor type I seg-
mental defects, classified according to the American
Academy of Orthopedics Surgeons (AAOS) system.
However, the defect of the rim in their study was too
small, which would have significantly influenced the
component when the cup was inserted into the acetabu-
lum, without any additional bone graft or instruments.

Further, in clinical practice, such small segmental rim
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defects are rare. Therefore, we increased the volume of
the segmental rim defect and considered the segmental
rim defects as occurring in one of three equal parts of the
half superior portion of the acetabulum in current study.
Therefore, in the present study, we aimed to employ
the finite element analysis method to answer the fol-
lowing questions: (1) What are the biomechanical
changes associated with the use of the Ganz ring during
total hip arthroplasty? (2) Does the use of the Ganz ring
prevent biomechanical failure of the cup? (3) How many
screws are required to ensure the stability of the cup?

2 Methods

The finite element models of the hip joint used in
the current study were planned in such a way that they
accounted for the differences in the natures of the cor-
tical and cancellous bone and also the irregularities at the
points of contact between the Ganz ring and bone. The
post-grafting bone models were designed on the basis of
the typical pelvic model, incorporating the segmental
acetabular rim defects commonly observed in actual
practice. The model construction and finite element
analysis were performed using MSC.Marc/Men-
tat2005r3 (MSC Software Corp., Santa Ana, CA) soft-
ware.

2.1 Construction of models for acetabular-segmental

rim defect secondary to bone grafting

The data on the hip dimensions employed for the
construction of the three-dimensional (3D) finite ele-
ment models were based on the computed tomography
scans of the left pelvic bone acquired with a slice
thickness of 0.6 mm at Sawbones (Pacific Research
Laboratories, Inc., Vashon, WA) using Mimics 17.0
(Materialise, Leuven, Belgium). The dimensions of the
cortical bone and the border between the cortical and the
trabecular bone were determined using the threshold
technique and inspection, if required. Using the above-
mentioned data, a typical 3D model of the left pelvic
bone was constructed, with 667,372 elements and
131,473 nodes (Fig. 1). The tetrahedron was used as the
3D element form for the construction of the cortical and
cancellous bones. The material property values of each
element were determined according to the data available
from previous study!'**"! (Table 1).

T
Y

Fig. 1 Model of total hip arthroplasty revision. The model shows
the femoral head, acetabular cup, cement, Ganz ring, and
acetabulum arranged in a concentric manner at the acetabulum.
Numbers 1 and 2 indicate the points for the measurement of
relative micromotion between the screw-fixed Ganz ring and the
pelvic bone following load application.

Table 1 Element types and material properties''*"

Materials Element Young’s modulus Poisson’s
type (E: MPa) ratio (v)
Cortical bone Solid 17000 0.3
Trabecular bone Solid 100 0.2
Bone cement .
(type PMMA) Solid 2100 0.4
ARRH Solid 110000 0.3
Screw Solid 110000 0.3
Liner (UHMWPE) Solid 1000 0.46
Prosthetic head .
(CoCrMo) Solid 230000 0.3
Bone graft Solid 150 0.2
Surface Contact Friction coefficient 0.88

Using the finite element method, in this study, we
considered the segmental rim defects as occurring in one
of three equal parts of the half superior portion of the
acetabulum: the anterior column, superior aspect, and
posterior column (Fig. 2).

The model for the supporting Ganz ring was con-
sistent with the measurements of the acetabular rein-
forcement ring with a hook (diameter of the Ganz ring,
50 mm)'"”. The Ganz ring was attached to the acetabu-
lum by latching its hook onto the obturator foramen and
immobilized in the normal anatomical position with the
use of cancellous screws with 6.5 mm threads. The sur-
face of contact between the Ganz ring and the pelvic
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bone was considered to behave as a nonlinear contact
surface, with friction set at 0.88, as described previ-
ously"™. The acetabular cup (outer/inner diameter:
48 mm/26 mm; Hip Joint Prosthesis, AK Medical Inc,
Beijing, China) was placed on the Ganz ring with lateral
and anterior opening angles of 45 degree and 15 degree,
respectively, and fixed by 1-mm-thick cement. The
femoral head was assumed to be a hemisphere that at-

tached to the acetabular cup (Fig. 1).

2.2 Number and positions of screws

As described above, 3, 4, or 5 cancellous screws
were employed to hold the Ganz ring in position. For the
3-screw model, three 30-mm cancellous screws were
advanced through the appropriate openings on the ring
such that they penetrated the site of bone grafting to
form a triangle with the apex placed superiorly (Fig. 3a).
For the 4-screw model, two cancellous screws of the
same kind used in the previous model were introduced
into the two central openings that formed the base of the
triangle in the 3-screw arrangement, with the addition of
one screw each in the anterior and posterior directions
(Fig. 3b). For the 5-screw model, three screws were
placed in the same triangular arrangement used for the
3-screw model, along with two screws placed in the two
additional openings applied in the 4-screw arrangement
(Fig. 3c). The interfaces between the screws and the
bone and ring were considered to be bonded.

2.3 Materials used for bone graft

According previous study, Young’s modulus of
morcellized bone graft for acetabular dysplasia models
has been reported as 42 MPa — 150 MPa, so we chose the
biggest Young’s modulus, 150 MPa, for morcellized
bone graft in models of acetabular defect, which we used

during operation[lg].

The same value of Young’s
modulus was applied to the morcellized graft material
that was assumed to be used for the correction of the

acetabular defects in this study.

2.4 Boundary and loading conditions

The loading conditions applied in this study were
the same as those applied by Bergmann et al. in their
study®. The magnitude and direction of force were
normalized to 100% with respect to the normal gait of

Anterior column rim

Superior portion

Posterior column rim

Fig. 2 Illustration of the segmental acetabular rim defect. The
defects were considered to occur in the superior half portion of the
acetabulum, which was divided into three equal parts, namely, the
anterior column rim, superior portion, and posterior column rim.
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Fig. 3 The positions of the cancellous screws for the Ganz ring in
the three tested screw arrangements. (a) 3-screw fixation: 30 mm
screw X 3; (b) 4-screw fixation: 30 mm screw X 4; (c) 5-screw
fixation: 30 mm screw x 5.

individuals who undergo total hip arthroplasty; then, in
each model, the center of the head was considered to be
subjected to peak load (1948 N). Further, areas repre-
senting the sacroiliac joint and pubic symphysis were
considered as being under complete restraint. To per-
form nonlinear analysis, force control was employed in
the numerical procedure, and the Newton—Raphson
method was applied in the iterative method, with the
load applied in 20 incremental steps. The fixation
strength of the Ganz ring for each model was assessed on
the basis of the relative micromotion observed at the
points of interaction between the ring and the pelvic
bone as a result of the applied load.

3 Results and discussion

The stability of the acetabular cup mounted using
the Ganz ring was evaluated in terms of relative mi-
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cromotion, which was defined as the distance between
the ring and pelvic bone at the interface and measured at
two different points around the ring (Fig. 1). In this study,
we investigated the biomechanical properties of the
Ganz ring used in the correction of segmental acetabular
rim defects during total hip arthroplasty revision and
found that the Ganz ring was an effective tool for the
reconstruction of the acetabulum. According to the re-
sults, the micromotion was greater at point 2 compared
with point 1 of the cup. The values of maximum relative
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micromotion were 9.9 um, 20.6 um, and 32.8 um for the
anterior column defect, superior portion defect, and
posterior column defect, respectively, in the three-screw
fixation model at a load of 1948 N with morcellized
bone graft Young’s modulus was 150 Mpa (Fig. 4). We
also evaluated three combinations (screw-3, screw-4,
and screw-5) of screws for the fixation of the Ganz ring
and found that these combinations were indeed useful in
fixing the Ganz ring and that they did not differ in terms
of the initial stability of the component. According to the
results, for the anterior column defect, the values of
micromotion for the three screw combinations were
similar at 9.9 pm, 7.7 pm, and 7.5 pm, respectively; for
the superior portion defect, the values of micromotion
for the three screw combinations were similar at 20.1 um,
10 pm, and 10.9 pm, respectively; and for the posterior
column defect, the values of micromotion for the three
screw combinations were similar at 32.8 um, 35.8 um,
and 34.4 um, respectively (Fig. 4). Further, we found
that the micromotion was higher in the posterior region
and in posterior column defects, but lower in the anterior
portion defect of the cup, implying that the maximum
peak stress was located in the posterior or supe-
rio-posterior region of the acetabular rim. This is con-
sistent with the peak stress distribution noted in our
results: the superior portion defect had the maximum
peak stress of 57.8 Mpa at the posterior region of the
cortical acetabular rim, followed by the posterior col-
umn defect (maximum peak stress, 30.5 Mpa), at the
superio-posterior region of the cortical acetabular rim.
The maximum peak stress was the least in the anterior
column defect (21.1 Mpa), which was also located on the
superio-posterior region of the cortical acetabular rim,
which confirms and validates our findings regarding
micro-motion and peak stress (Fig. 5).

Fig. 4 Relative micro-motion of the Ganz ring in three types of
bone defects. Anterior and posterior represent the relative mi-
cromotion at points 1 and 2, respectively.

From their finite element analysis, Amirouche et al.
showed that the minor segmental superior or inferior rim
defects had a minimal effect on cup fixation, while a
defect in the columns created cup instability and in-
creased the stress at the site of the defect; this implies
that column defects require additional methods for
complete reconstruction of the acetabulum'®”. Generally,
segmental rim defects are larger than the defect consid-
ered in their study, and therefore, using the press-fit
method without any additional method would lead to
initial instability and stress concentration, resulting in
early failure. Therefore, in the current study, we sought
to emphasize the importance of ensuring good biome-
chanical stability by using the Ganz ring to reconstruct
the acetabulum for the correction of segmental rim
acetabular defects
(Figs. 4 and 5).

Previous biomechanical studies based on finite

during total hip arthroplasty

element analysis have shown that the Ganz ring is useful
in preventing the collapse of bulk bone grafts applied to
load-bearing defects® and providing initial stability!*.
Further, follow-up studies have also shown that the Ganz
ring yields good outcomes in the correction of acetabular
bone defects in actual clinical practice!'""'***, However,
aseptic loosening and mechanical failure has still been
reported to occur in 9% of the cases, as reported by
Siebenrock e al.'*. With the present acetabular bone
defect hip models, the values of relative micromotion
reached the highest levels at 36.8 pum; although this is
less than 40 pum'**!, the amount observed in this study

may also affect bone growth at the interface between the
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Fig. 5 Peak stress distribution (MPa) under a load of 1948 N, which simulates one leg stance. (a) Peak stress of the anterior column rim
defect and the maximum peak stress located on the superior-posterior of the acetabulum; (b) peak stress of the superior portion defect and
the maximum peak stress located on the posterior rim of the acetabulum; (c) peak stress of the posterior column rim defect and the
maximum peak stress located on the superior-posterior rim of the acetabulum.

Ganz ring and host bone, leading to the possibility of
aseptic loosening in the case of large posterior column
defects. Therefore, we should be careful when recon-
structing posterior column defects.

Our previous findings suggest that in DDH patients,
the relative micromotion tends to decrease with an in-
crease in the number of screws used for fixation!".
Many other screw combinations have been used by

B-1112] However, in the present study,

various surgeons
we found that for the correction of segmental rim defects
stability was achieved irrespective of the screw combi-
nations used (Fig. 4), as long as the screws were inserted
into the host bone.

Nevertheless, this study has a few limitations.
Firstly, we did not account for the effect of the biological
differences between individuals, bone density, and dy-
namic biomechanical properties. Secondly, finite ele-
ment analysis only allows for a mechanical assessment,
which may vary with the true conditions observed in an
individual during surgery. Lastly, the current study only
focused on segmental rim bone defects, and it will be
necessary to investigate other more complicated

acetabular bone defects in the future.
4 Conclusion

This study provided insight into the biomechanical
changes associated with the application of the Ganz ring
for the stability of acetabular cup during total hip ar-
throplasty revision for the correction of segmental
acetabular rim bone defects. Our findings provide a
guide for Ganz ring reconstruction of a segment
acetabular rim bone defect during total hip arthroplasty
revision and highlight the importance of the posterior
column for the stability of the cup component during
total hip arthroplasty and revision. We suggest that spe-

cial attention should be paid to the correction of poste-
rior column rim defects.
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