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Background: Reconstructing pelvic type II + III defect caused by bone tumors is challenging. The purpose of this
study was to explore the in vitro biomechanical properties of a reconstructed pelvis after periacetabular resection
using three-dimensional (3D) printed sacroiliac joint (S1J) fixed modular hemipelvic endoprosthesis.

Methods: Type II/II + III pelvic resection was simulated on an artificial pelvic model. The bilateral acetabulum
and pubis were constrained, and the pelvis was maintained in a human physiological standing position. A
vertically continuous linear load was applied on the upper face of S1 until obvious unloading or fixed failure
occurred. A noncontact optical 3D strain measuring system was used to measure the strains and displacements at
the selected area.

Findings: The strain at the points of interest did not obviously differ between the intact and reconstructed pelvis
models. The difference in the displacement on the reconstructed side was 0.237 mm, and that on the con-
tralateral side was 0.245 mm. The maximum differences in the displacement at the acetabulum were 0.209 mm
(vertical) and 0.324 mm (horizontal). A crack at the superior rim of the contralateral acetabulum occurred, and
failure loading of 7.126 kN.

Interpretation: The prosthesis in this study showed satisfactory mechanical properties and structural stability.
According to the mechanical evaluations, the 3D printed sacroiliac-stabilized hemipelvic endoprosthesis can be
used to reconstruct a stable acetabular structure, and there was little influence on the mechanical properties of
the surrounding bone structures. The prosthesis design is reasonable, and the mechanical distribution on the
reconstructed side was similar to that on the contralateral side.

1. Introduction

The pelvis is one of the most important support structures in the
human body. The pelvis helps stabilize and protect the organs. Unlike
long bones (the femur and tibia), which have thick cortical bone and
canal structure because they endure large axial loads, the pelvis consists
mainly of low-density cancellous bone, and the pelvis is only covered by
a thin layer of cortical bone. A previous study found that the force
experienced by the pelvis of an individual during walking was 3 times
larger than his or her body weight (Bergmann et al., 2001).

Pelvic tumors constitute a severe orthopedic disease, and it is par-
ticularly challenging for orthopedists to perform resection and re-
construction after removing pelvic tumors. Some metastatic deposits
are associated with an instability of the acetabulum due to bony in-
vaded by tumor tissue, which may cause severe pain and functional
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disability. The focus of treatments should be to relieve pain and restore
function for as long as possible (Harrington, 1981). Many reconstruc-
tion methods are available for pelvic structures (Aboulafia et al., 1995).
The saddle, custom-made prostheses, modular prostheses, and the
Schoellner pedestal cup are used most often (Aljassir et al., 2005;
Enneking and Dunham, 1978; Falkinstein et al., 2008; Guo et al., 2007;
Natarajan et al., 2001). Pelvic prostheses still lack well-established
design principals. Some pelvic prostheses are unstable and prone to
loosening after implanted for a couple of years (Cottias et al., 2001;
Hillmann et al., 2003; Uchida et al., 1996; Windhager et al., 1996). A
3D-printed hemipelvic endoprosthesis has been reported to be used
after type II/II + III resections. Its design evolved from that of a pre-
vious hemipelvic prosthesis (Ji et al., 2013). A 3D-printed modular
hemipelvic endoprosthesis of a size was selected intraoperatively to fit
the defect after the tumor was removed. Before definitive fixation, the
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Fig. 1. a Postoperative radiograph.

Fig. 2. (a) The artificial pelvis model; (b) an II + III area defect that was made on the model and restructured with a hemipelvic endoprosthesis; (c) the mentioned

hemipelvic endoprosthesis.

antervesion and inclination of the acetabular cup was adjusted, and
three cancellous screws were introduced through the screw holes across
the sacroiliac joint into the vertebral body of S1 or S2. Another two
more cortical screws were used to strengthen the fixation. High
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viscosity bone cement containing gentamicin was used to augment the
prosthesis, and the hip joint was restored, as in a total hip arthroplasty.
It has been shown that the prosthesis can yield good limb salvage
outcomes in clinical practice, as shown in Fig. 1.
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Although 3D-printed modular hemipelvic endoprostheses can mimic
the pelvis in its physiological structure, we still need to evaluate the
mechanical performance of the prosthesis. Few research studies on the
mechanical performance of prostheses have been conducted with the
use of in vitro experiments. It is difficult to comprehensively evaluate
the effectiveness of a pelvic prosthesis using traditional methods due to
the complex geometry of the pelvic bones. The mechanical properties of
cadaveric pelvises are heterogeneous. Therefore, it is less rigorous to
assess the effectiveness of a pelvic prosthesis under a uniform, standard
test. Recently, with the advancements in artificial pelvic models and
digital image measurement technology, the test method has been im-
proved sufficiently to allow researchers to evaluate the performance of
pelvic prostheses in a mechanical laboratory (Xu et al., 2018).

The aim of this study was to evaluate the mechanical performance
of a 3D-printed modular hemipelvic endoprosthesis that was implanted
in a standard, artificial pelvic model. The entire pelvic ring, including
the reconstructed part and contralateral side, was considered the focus
area in this study. The strains and displacements at particular points on
the pelvic ring were used as the indices to evaluate the mechanical
properties and stability of the pelvic prosthesis.

2. Methods
2.1. Specimens

An artificial composite pelvic model with standard mechanical
properties was used in this research (#3415 Sawbones USA). A porous
material, similar to cancellous bone, was used inside the pelvic model,
and a dense material, similar to cortical bone, was used on the surface
of the model (Fig. 2a). Anisotropic materials were used in the pelvic
model to simulate the normal physiological pelvis. To simulate type II/
II + III resections, an osteotomy and implant fixation was performed by
the senior author (JT); the reconstructed pelvis is shown in Fig. 2b. A
three-dimensional (3D)-printed standard hemipelvic endoprosthesis
(AK Medical Co., Beijing, China) was used to reconstruct the pelvic ring
(Fig. 2c). This hemipelvic prosthesis was manufactured by a 3D-
printing technology that is widely known as EBM. The prosthesis con-
tained three components: an acetabular cup, ilium fixation part, and
screws. The iliac fixation part had an anatomical matched shape that
was identical to the lateral cotrex of ilium, which can better fit the
surface of the iliac bone after the osteotomy and provide initial stabi-
lity. In addition, a 3D-printed porous structure was used as the os-
seointegration surface at the bone-implant interface which providing
bone ingrowth microstructure and initial postoperative stability was
provided by the screws (Xiu et al., 2016).

2.2. Application of load

The pelvic model was mounted on a steel structure to simulate the
individual in a standing position. The pelvic model was set on the fix-
ture with the prosthetic femoral stem fixed in all directions. The ante-
rior part of the pubis was also hooked by a fixed hook to prevent sagittal
rotation of the pelvic model. It was ensured that the pelvis was in a
standing position by adjusting the length of the hook. A load was ap-
plied through a bone cement block on the upper face of S1 by a me-
chanical testing machine (Instron USA). The vertical load was increased
linear incrementally from O N to 600 N (with 50-N intervals). The load
was first applied on the intact pelvis, and the mechanical performance
was compared with that of the cadaveric pelvis, which was placed
under the same load in a previous study (Hao and Zhixiu, 2011) to
verify the effectiveness of using an artificial pelvic model (Fig. 3). After
the test with the artificial pelvic model was performed, a unilateral
osteotomy and reconstruction with the hemipelvic endoprosthesis were
performed, and the same load condition was applied on the re-
constructed pelvis. To test the maximum bearing capacity of the pelvic
ring structure after the implantation of the prosthesis, a gradually

89

Clinical Biomechanics 74 (2020) 87-95

increasing vertical load was applied until structural failure.

The strains around the contralateral acetabulum on the intact and
reconstructed pelvic model were measured to study the effects of im-
planting the prosthesis on the contralateral side. To assess the influence
of the implant on the reconstructed area, the strain in the iliac os-
teotomy plane on the reconstructed side and that in the same area on
the contralateral side were compared. By comparing the displacements
of the left and right acetabulum under the vertical direction, the sta-
bility of the hemipelvic endoprosthesis was evaluated. The stability of
the pelvis after reconstruction was assessed via the displacements of the
bilateral acetabulum.

2.3. Measurement method

The strain and displacement of the pelvic model were recorded by a
noncontact optical 3D strain measuring system using digital image
correlation (DIC) technology with an ARAMIS 6 M 75 mm (GOM,
Germany). Image recognition was performed by two digital cameras to
analyze and compare the digital images and form a 3D image (Fig. 4a).
By tracing a randomly applied high-contrast speckle pattern using blue
light, the strain and displacement within the specimen were calculated
from these images (Fig. 4b). The initial imaging process was used to
define unique areas identified by a large number of pixels (15 to 30),
which are known as macroimage facets. Each facet was considered a
measurement point (Xu et al,, 2018). These measured facets were
tracked in each successive image, and the strain on the pelvis was
calculated by comparing the digital images at different vertical loads.
To maximize the number of successive facets and minimize the number
of missing measurements in this test, the frequency of exposure was set
at 3 Hz, and the resolution of these images was 2448 x 2050 pixels.
The test images were processed by GOM Correlate software (GOM
Correlate 2017, Germany).

2.4. Statistical analysis

Statistical analyses were performed with SPSS software (version
16.0, Chicago, IL, USA). The data of the intact and reconstructed pelvis
were compared. The difference between the two groups of data was
calculated and analyzed as a new group of data, and the average value
and standard deviation (SD) of the new data were analyzed to reflect
the difference before and after reconstruction. The smaller the average
value and standard deviation, the closer the mechanical response was
between the intact and reconstructed pelvis.

3. Results
3.1. Model validation

According to the physiological structure of the intact pelvis, the load
was transmitted down to the acetabulum along the pelvic ring and is-
chial notch. The strain along the entire pelvic ring and ischial notch is
shown in Fig. 5a and Fig. 5b. The arrow shows the direction of the main
strain. It was obvious that the direction of strain was the same as the
load transfer path of the pelvis. In Fig. 5b, the strain traveled along the
pelvic ring, indicating that the mechanical characteristics of the artifi-
cial pelvis mimic those of a human pelvis. The pelvic bone was a
sandwich structure, which means that the load in the pelvic bone was
transferred through the cortical shell (Dalstra and Huiskes, 1995). Some
previous studies have established accurate pelvic models (Anderson
et al., 2005). In these studies, the stress levels at the acetabulum, ilio-
pectineal line, and sciatic notch of the pelvis were higher when the
individual was static than when he or she was walking.

The strain values at particular points on this artificial pelvis model
were compared with those on the cadaveric pelvis under the same
loading condition (550 N). Six points on the surface of the pelvis were
chosen as the measuring points on the basis of previous research: (1) the
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obtain strain values at the measurement points (Hao and Zhixiu, 2011).

(a)
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(b)

Fig. 3. (a) The artificial pelvis was fixed to the machine in a standing position using a special component; (b) the in vitro experiment of the pelvis was performed to

(b)

Fig. 4. (a) The 3D structured light emitted by the DIC system is evenly scattered on the surface of the measured object; (b) a randomly distributed high-contrast

speckle pattern was sprayed on the pelvic model.

midpoint of the iliopectineal line; (2) the central point of the acetabular
inner plate; (3) the point on the sacral 1st vertebrae near the sacroiliac
joint; (4) the point on the ilium of the sacroiliac joint as high as the sacral
1st vertebrae; (5) the iliac fossa; and (6) the highest point of the ischial
notch (Hao and Zhixiu, 2011). The results are shown in Table 1. Al-
though the artificial pelvis model has a similar mechanical distribution to
the physiological pelvis, there are still differences in the material prop-
erties between the artificial material and natural bone tissue (Girardi
et al., 2016). According to the strains shown in Table 1, the strain value
at each point varies greatly. To better demonstrate the trend in the
variation of the strain among the points and to compare the mechanical
properties between the artificial pelvic model and physiological pelvis,
the strain values were normalized by the researchers. The minimum
strain was taken as the benchmark, and strains were normalized, as
shown in Fig. 6. The normalized strains at some points were smaller than
those in the cadaveric pelvis (Hao and Zhixiu, 2011), indicating that the
artificial pelvic model has a lower stiffness than cadaveric pelvis at points
3, 4 and 6. This result suggests that the cadaveric pelvis has a stronger
sacroiliac joint and ischial notch structure than the artificial pelvic
model. However, the overall trends of the normalized strain were similar
between the artificial pelvic model and the cadaveric pelvis. According to
the normalized strain values, the mechanical conduction path is the sa-
croiliac joint, the iliopectineal line, and the ischial notch, the acet-
abulum. The mechanical performance of the artificial pelvic model was
the same as that of the physiological pelvis.
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3.2. Strain distribution

In the DIC measurement results, the mean strain in the supra-acet-
abular area was selected as the strain at 3 mm above the acetabulum.
The strain at 3 mm above the acetabulum on the contralateral side was
compared between the intact and reconstructed pelvis under the same
loading condition (Fig. 7). Obviously, with an increase in the load, the
trend and magnitude of the strain above the acetabulum were similar
before and after reconstruction. The strains at 3 mm above the acet-
abulum on the intact and reconstructed pelvic models were 2.17e-4
(0.509) and 2.03e-4 (0.340), respectively, at 600 N. The average value
(SD) of the difference between the two groups of data was 1.408e-4
(1.329e-3), which was narrow illustrating that the difference in the
strain on the contralateral side before and after reconstruction was not
significant.

Similarly, we also compared the strain at 3 mm above the bone
osteotomy plane between the reconstructed side and contralateral side
(Fig. 8). Regarding the differences between the two sets of data, the
average value (SD) of the difference between the two groups of data
was 1.344e-3 (1.772e-3). The strain of the bone structure near the re-
constructed region was similar to that of the contralateral side. This
result indicated that the prosthesis recovered the pelvis with rational
loading restoration.
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Fig. 5. The principal direction of strain when the pelvic model is under pressure. The arrow shows the direction of the main strain. a, the arcuate line; b, the greater
sciatic notch.

Table 1
The strains at six points on the pelvis.
Measuring points Cadaveric pelvis (Hao and Zhixiu, 2011) Artificial pelvis
1 The midpoint of the iliopectineal line 5.60e — 04 1.10e—04
2 The central point of the acetabular inner plate 3.35e—04 0.80e — 04
3 The point on the sacral 1st vertebrae near the sacroiliac joint 1.81e—03 1.18e—03
4 The point on the ilium of the sacroiliac joint as high as the sacral 1st vertebrae 5.62e —04 4.50e —04
5 The iliac fossa 4.17e—04 0.70e—04
6 The highest point of the ischial notch 2.50e - 04 3.50e—04
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Points on the pelvis

Fig. 6. The minimum strain was taken as the benchmark; the strains at six
points were normalized by this value. Points: (1) the midpoint of the ilio-
pectineal line; (2) the central point of the acetabular inner plate; (3) the point
on the sacral 1st vertebrae near the sacroiliac joint; (4) the point on the ilium of
the sacroiliac joint as high as the sacral 1st vertebrae; (5) the iliac fossa; and (6)
the highest point of the ischial notch.
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Fig. 7. The strain was 3 mm above the acetabulum.

3.3. Stabilization

The stability of the pelvis after reconstruction was assessed via the
displacements of the left and right acetabulum. The vertical displace-
ments are shown in Fig. 9. As the load increased, the displacement of
both sides increased gradually, and the displacement on the contralateral
side was slightly larger than that on the reconstructed side. The max-
imum displacement difference between the two sides was 0.209 mm. The
average value (SD) of the difference between the two groups of data was
5.169e-2 (5.987e-2), and it was a clinically acceptable result.

The horizontal displacements were also investigated in this study.
The axis perpendicular to the coronal plane was defined as the Z-di-
rection. Considering the pubic symphysis plate loosens (Eastman et al.,
2016), the prosthesis used in this study did not include the pubic
symphysis plate. Thus, the displacements in the Z-direction of the left
and right acetabula were different under the vertical load (Fig. 10). In
the whole loading process, the maximum difference in the displacement
in the Z-direction between the two acetabula was 0.324 mm. The dis-
placement at 3 mm above the acetabulum was measured by the DIC
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Fig. 8. The strain was 3 mm above the bone cutting plane on the reconstructed
side and contralateral side.
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Fig. 9. The vertical displacements on the acetabulum after reconstruction.
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Fig. 10. The displacements in the Z-direction of the reconstructed and con-
tralateral acetabula under the vertical load.
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Fig. 11. The displacement was 3 mm above the acetabulum.

system; the result is shown in Fig. 11. The maximum difference on the
contralateral side was 0.237 mm, and the maximum difference on the
reconstructed side was 0.245 mm.

3.4. Failure load

In this study, the maximum load that the reconstructed pelvis can
withstand was also measured. Using the mechanical testing machine,
we continued to increase the vertical load until failure occurred. The
failure load was 7.126 kN, which is 10 times the normal body weight
(BW = 70 kg). A crack appeared at the superior of the intact acet-
abulum rather the reconstructed side (Fig. 12).

Fig. 12. The form of failure under ultimate load; the arrow indicates the lo-
cation of the crack.
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4. Discussion

The biomechanical properties of implant materials are important
factors influencing the performance of implants (Dickinson et al.,
2012). To accurately analyze the biomechanical properties of implants
and reconstructive results in an artificial composite pelvic model, the
mechanical conduction path in the artificial pelvis should be consistent
with that of an in vivo pelvis. The mechanical conduction path in this
artificial pelvic model traveled along the iliopectineal line and ischial
notch. Moreover, the strains at the six points of measurement showed
the same trend between the artificial pelvic model and the cadaveric
pelvis. We found in our results that the composite pelvic model can
effectively mimic the human pelvis, whereas in previous studies, the
stiffness of the composite pelvis was significantly higher than that in
cadaveric specimens (composite K = 1448 =+ 54 N/m, cadaver
K = 832 = 62 N/m) (Girardi et al., 2016). Although the stiffness of
the artificial pelvis is higher at some points, there are no significant
differences in the strain trend at the selected points between the arti-
ficial and cadaveric pelvis. The results suggested that the use of an
artificial pelvis in place of a cadaveric pelvis for mechanical experi-
ments is effective and feasible.

In previous similar studies, a finite element simulation model was
built by researchers to analyze the biomechanical performance of
prostheses. However, finite element simulations have some unavoidable
problems. Some simplified geometric features exist in finite element
models that prevent the model from mimicking real mechanical prop-
erties. There is no standard method of selecting material parameters.
The standard artificial bone models and DIC technique used in this
study can be used to solve these problems. The displacement and strain
of the whole field can be measured in experiments.

The complex spatial structure and important physiological functions
of the pelvis present challenges for reconstruction. If the prosthesis used
in this study can restore the mechanical properties of the pelvis, then
patients with acetabular metastases who undergo reconstruction of the
pelvic ring structure will have a good quality of life after surgery.
Reconstruction of the acetabulum is a major surgical procedure, and it
frequently results in multiple complications (Wunder et al., 2003). In
previous studies on type II/II + III pelvic tumors, modular hemipelvic
endoprostheses had satisfactory early clinical results (Guo et al., 2007).
In our study, this prosthesis could be used to restore the physiological
function of the pelvis. Comparing the strains before and after the os-
teotomy, it was found that the prosthesis had little effect on the con-
tralateral side. By analyzing the strain at 3 mm on the horizontal plane
of the osteotomy, we found that the strain level on the contralateral and
reconstructed sides had high consistency under wide range of load. The
reason for this result might be that the iliac bone supported by the
modular hemipelvic endoprosthesis did not completely cover the bone
cutting face. In this case, the force of the acetabulum prosthesis was not
evenly distributed on the cross-section of the ilium. In addition, we kept
increasing the load to meet the limit load of the pelvic model after the
osteotomy. The failure load was 7.126 kN, and the crack was located in
the superior of the acetabulum. In this failure load condition, the
prosthesis system was intact without mechanical failure. This result
suggest that the reconstruction of the SIJ fixed modular hemipelvic
endoprosthesis is stable.

In this study, the pelvic prosthesis was not reconstructed on the
pubic symphysis. In a previous study, researchers found that the pubic
symphysis plate was prone to occur early postoperative breakage or
loosening (Moed et al., 2012). The lack of a pubic symphysis plate
might be the reason for the difference in the corresponding positions of
the healthy and osteotomy sides. The displacement of the bilateral
acetabulum indicated pelvic stability after the osteotomy. In the ver-
tical direction, the displacement on both sides increased with the load.
The small difference in the displacement between the two sides showed
that the stability of this pelvic prosthesis was satisfying. Without the
pubic symphysis plate, the displacements in the horizontal direction
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Fig. 13. The range of the osteotomy: from the distal rad line (horizontal) to the
proximal rad line (oblique).

were in the opposite direction. However, the largest difference was
acceptable, it had an insignificant influence on the stability of the pelvic
structure. This result may be caused by the high stiffness of the artificial
pelvic model. If the stiffness of the artificial pelvic model is more si-
milar to that of the human body, it will more accurately reflect the
prosthesis's physical performance.

Moreover, the mechanical experiment conducted in this study did
not mimic the long-term use of implants. It is well known that os-
teointegration of the prosthesis is vital for longevity. The osseointe-
gration surface of the prosthesis was made to be a 3D-printed porous
structure to simulate bone trabeculae. Some studies have reported that
the porous structure has a significant effect on bone ingrowth. Large
pores (500 pm) are favorable for cell proliferation due to a better supply
of oxygen and nutrients that enhance the survival and maintenance of
biological activities. On the other hand, small pores (200 um) are fa-
vorable for differentiation (Mygind et al., 2007). The size of the pores of
the prosthesis used in this study was designed for bone ingrowth and
manufactured by the E-beam technique, which has been proven to have
sufficient accuracy to produce a porous structure with high quality bone
ingrowth (Biemond et al., 2011).

The aim of reconstruction for type II/II + III resections has always
been the restoration of a functionally stable hip joint. Although biolo-
gical reconstruction, including iliofemoral arthrodesis, ischiofemoral
arthrodesis, pseudarthrosis and a flail hip, has all been reported to yield
good function, the occurrence of some drawbacks, such as prolonged
immobilization, a leg length discrepancy and limited movement of the
hip, warrant the development of improved surgical techniques. The
reimplantation of devitalized autografts with THA also showed ex-
cellent functional outcomes but could not be used in patients with large
tumors. Prosthetic reconstruction is therefore a reasonable treatment
choice after type II/II + III resections (Liang et al., 2017).

It must be noted that due to the cost of this experiment, it was
impossible to use multiple artificial pelvic bones for a large number of
repeated tests. Although the prosthesis used in this study was manu-
factured with 3D-printing technology, it was a standard product with
multiple sizes rather than a customized product. Therefore, the results
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of pelvic reconstruction using the prosthesis that were shown in this
study were similar to those in clinical practice. In this study, the arti-
ficial pelvic bone was made of an industrial product that has a similar
mechanical property as a human pelvis, so the stability and repeat-
ability of the results in this experiment were guaranteed. Based on the
above conditions, we believe that the results of this experiment are
important for reference of implant design and pelvic reconstruction
clinically.

The osteotomy line is divided by the line through the posterior in-
ferior iliac spine point and anterior superior iliac spine point. When the
tumor area is below this line, the osteotomy line can be maintained
horizontally, and a modular prosthesis of a size that matches the os-
teotomy height can be selected. When the tumor area progresses be-
yond the line, the surgeon can perform an oblique osteotomy and form
a flat surface with an autologous bone graft from the femoral head
(Fig. 13). The long screw that is attached the cup to the iliac fixation
part can be passed through the autologous bone graft. This fixed
method ensures the stability of the longitudinal structure.

It should be pointed out that the number of tests performed in this
study was limited by the number of samples. According to clinical ex-
perience, in patients with a variety of bone tumors, the maximum angle
of oblique osteotomy (a) is approximately 60 degrees. The effects of
different a angles on the mechanical properties of the prosthesis were
not studied in this paper. However, the mechanical structure around the
prosthesis can be optimized by a horizontal osteotomy or oblique os-
teotomy with an autologous bone graft. Within the range of indications,
the mechanical environment of the prosthesis is not significantly dif-
ferent. Moreover, the artificial pelvis used in this study was a stan-
dardized manufactured model that had mechanical properties that were
consistent across the different samples. Therefore, the osteotomy type
and loading conditions used in this study are representative, and the
experimental results can be used to evaluate the performance of the
prosthesis.

The experimental process showed that it is convenient to use non-
contact, optical, 3D strain-measuring technology in mechanical ex-
periments. To evaluate the performance of the SIJ fixed modular
hemipelvic endoprosthesis in a pelvic structure, it is important to
measure the strains and displacements at the points of interest. When
used for this purpose, the DIC system is simple and easy to use.

In summary, the results of the mechanical study showed that this
kind of prosthesis has good performance, but there is still room for
improvement. In future implant designs, it is possible that the bearing
area of the pelvic prosthesis on the osteotomy surface of the iliac bone
can be expanded to achieve better loading patterns and reduce the
negative effects of the unreconstructed pubic symphysis caused by a
lower stability.
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