301/ Acta Chir Orthop Traumatol Cech. 90, 2023, No. 5, p. 301-313
DOI: 10.55095/ACHOT2023/036

ORIGINAL PAPER
PUVODNI PRACE

Biomechanical Comparison of the Roof Step Cut
Technique with the Bulk Bone Graft Technique
During Total Hip Arthroplasty for Hip Dysplasia:
a Finite Element Analysis

Biomechanické porovnani techniky plastiky acetabula pomoci schodovité
opracovaného stépu s technikou masivniho kostniho stépu u TP kycle po dysplazii:
analyza kone¢nych prvku

L. ZHANG', R. ALKENTAR?, S. MANO?, J. SZABO', T. MANKOVITS?, Z. CSERNATONY?

! Department of Orthopedic Surgery, Faculty of Medicine, University of Debrecen, Hungary

2 Doctoral School of Informatics, Faculty of Informatics, University of Debrecen, Hungary

3 Laboratory of Biomechanics, Department of Orthopedic Surgery, Faculty of Medicine, University of Debrecen, Hungary
4 Department of Mechanical Engineering, Faculty of Engineering, University of Debrecen, Hungary

ABSTRACT

PURPOSE OF THE STUDY

Different techniques have been reported to reconstruct the deficient acetabulum during total hip arthroplasty (THA). The
purpose of this study was to compare the biomechanical features of the bulk bone graft (BBG) technique (Harris acetabular
plasty) and the Roof Step Cut (RSC) technique using finite element analysis.

MATERIAL AND METHODS

Based on a female patient's dysplastic hip CT scan, 3D models were assembled according to the two techniques. For the
Harris technique, an irregular BBG was sculpted from a solid sphere, while for the RSC technique, the graft was sculpted into
a step-cut shape with a similar size. Each graft was fixed with two compression screws at two different angles (0° and 45°).
Four finite element models were used to compare the von Mises stress distribution and total deformation of the grafts and
the screws. The pressure and sliding distances of the contacts between the bone graft, metal cup and acetabular host bone
were also analyzed.

RESULTS

For both of the bone grafts and the screws, compared to the Harris models, the maximum stress of the RSC models was
significantly lower (16.56 MPa, 25.50 MPa vs 97.13 MPa, 112.72 MPa) and the total deformation was significantly smaller
(0.0096 mm, 0.0089 mm vs 0.022mm, 0.018 mm). 45° inserted screws generated higher stress at the end of the screws and
on the outside of the bone graft. In case of 0° inserted screws, the maximum value was mainly located in the middle of the
screws, inside the screw channel as well as at the contact area between the graft and the host bone. At all analyzed contacts,
the RSC technique shows significantly lower pressure and sliding distances, irrelevant to the screw’s insertion angle. In com-
parison, the model of BBG with 45° screws showed a significant sliding effect and higher contact pressure.

CONCLUSIONS

Compared with the BBG technique, the step-shaped graft of the RSC technique could significantly reduce the maximum
stress and deformation of the graft and the screws, and decrease the pressure and sliding distance between the bone graft,
metal cup and the acetabular host bone. The angle of screw placement affects the location of stress and deformation.

Key words: developmental dysplasia of the hip, total hip arthroplasty, acetabular reconstruction, bone graft, finite element
analysis

INTRODUCTION shallower and has a triangle-shaped hiatus in the inner
superolateral aspect, extra augmentation is usually

Total hip arthroplasty (THA) is still the leading so- needed. As for the rotational center, on the one hand,

lution for secondary osteoarthritis caused by develop-
mental dysplasia of the hip (DDH). The goal and also
the challenge is to achieve proper bone coverage and
restore the rotational center of the hip. It is reported
that the lateral part of the acetabular roof is essential
for load transfer and the coverage rate should be more
than 70% (13, 19). Since the dysplastic acetabulum is

Pauwels‘ and Marinko‘s theory proved that cranial and
lateral shift of the femoral head could both increase the
compressive force on the acetabulum (4, 17). On the
other hand, the primary rotational center has distinct
advantages over other cup positions in some respects,
such as parallel rotational axis, decreased adductor
muscle tension, more bone stock, etc. (23). These fac-
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tors are all crucial to reestablish the biomechanics of
the hip joint.

Compared to augmentation material like titanium or
tantalum, the autologous graft sculpted from the femoral
head is mostly used to reconstruct the dysplastic acetabu-
lum, depending on the surgeon‘s view and the budget. In
1977, Harris firstly reported the acetabular plasty tech-
nique, the femoral head was used as a bone graft, attach-
ing it to the acetabular wall to provide bone stock for re-
construction (6). Since then, this method has been
constantly developed and evolved into a wide range of
different techniques, for example, the iliac sliding graft
technique, intraosseous structural graft technique, vascu-
larized pedicle iliac crest graft technique and so on (7, 20,
21). The Roof Step Cut (RSC) technique was developed
by our department and has been applied in hip dysplasia
cases for more than ten years. The general concept is
sculpting the femoral head into an step-shaped graft
while preparing the host bone on the contact area into the
shape similar to the staircase steps. Two compression
screws at a 45-degree angle are used to fix the graft.
A short and mid-term follow-up study has proved that
this technique could provide enough coverage for the cup
and assure proper primary stability (2).

Finite element analysis (FEA) has been widely used
to solve many engineering problems related to struc-
tural analysis. Its applications in the orthopedic field
include implant properties, bone-implant interface anal-
ysis, augmented material biomechanical study and so
on (3, 12). However, a comparative study focusing on
the bone graft shapes and the screws® insertion angles
for THA of DDH cases is still missing. Therefore, this
current study aims to establish an FEA model of THA
surgery for hip dysplasia, in which acetabular roof was
reconstructed by the Harris method or by the RSC

Fig. 1. The surgical procedure of the RSC technique; (a) ac-
etabulum reaming; (b) making the step-shaped spongiotic
host bone surface; (c) fixing the graft with compression screws
at 45°; (d) inserting the uncemented cup in a press-fit way.
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method. The grafts were fixed by two screws in 0° and
45° direction separately. The stability and stress distri-
bution of bone graft and the screws, the contacts’ pres-
sure and the sliding distances were analyzed.

MATERIAL AND METHODS

Introduction of the RSC technique

Details of the procedure can be found in previous
publication (2). In brief, a standard anterolateral ap-
proach is used for the surgery. After checking the pri-
mary acetabulum, the achievable reaming is usually
performed with the smallest diameter reamer (Fig. 1a).
A horizontal cut is made at the cranial wall of the ace-
tabulum, which is supplemented by a vertical cortical
refreshing cut at the lateral aspect of the ilium, resulting
in a rectangular spongiotic host surface. Then the femo-
ral head is sculpted to achieve a right-angled profile
graft with a possibly preserved external cortical and
spongiotic surface (Fig. 1b). After the graft is fitted onto
the intra- and supra-acetabular bed, it is fixed temporar-
ily by a Kirschner wire. The final fixation is carried out
by inserting two compression screws with a 45° angle.
By undermining the overhanging graft, a reliable con-
tact is achieved with the cranial aspect of the cup
(Fig. 1c). After rechecking with trial cups, an unce-
mented cup is finally inserted in a press-fit way (Fig. 1d).

Reconstruction of THA models based on two
techniques

Based on the CT scan of a DDH patient (female, 47
yrs) from our department, the 3D model of the pelvis
was restored using Mimics Research 21.0 (Materialise,
Leuven, Belgium). After smoothing, polishing and oth-
er basic surface processing in 3-Matic (Materialise,
Leuven, Belgium) 3D modeling software, a suitable
hemipelvis 3D surface model (*STL) was exported.
The patient had signed an informed consent for this re-
search purpose. The study was conducted in accordance
with the principle of the Declaration of Helsinki.

According to the actual size of the solid hip model,
THA components were assembled using Ansys Space-
Claim software (2022 R2 version, Canonsburg, USA).
The diameter of the acetabular cup was 44 mm. The cup
inclination is 40° and the anteversion is 20°. A 22 mm
ceramic femoral head and liner were “implanted”. In
this study, two types of surgical techniques were com-
pared: (1) BBG technique originated from Harris ace-
tabular plasty; (2) RSC technique. In order to analyze
the effect of the compression screws, for each tech-
nique, two screws of 40 mm length and 6.5 mm diame-
ter were inserted at two different angles (0° and 45°) to
fix the graft bone. Therefore, four models (abbreviated
as HarrisO, Harris45, RSCO and RSC45) were recon-
structed for the FEA analysis (Fig. 2).

The shape of the grafted bones is irregular. They were
sculpted from a solid sphere, simulating the femoral head
in real-life surgery. For the purpose of minimizing the
error caused by the size, the size of the two kinds of grafts
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Fig. 2. FEA models of THA with loading conditions and components, (a) Harris BBG with two 0° inserted screws (abbreviated

as Harris0); (b) Harris BBG with two 45° inserted screws (Harris45), (c) RSC step-shaped graft with two 0° inserted screws
(RSCO0); (d) RSC step-shaped graft with two 45° inserted screws (RSC45). The red areas indicate the fixed constraints of FEA

models and the arrowheads indicate the force direction.

was kept almost consistent. The height, width and depth
of the BBG were 11-19, 30 and 6—10mm, respectively;
those of the step-shaped bone graft were 15, 30 and
15 mm, respectively. The host bone area calculated by the
software was 674.1 mm? for the BBG technique and
937.2 mm? for the RSC technique.

FEA analysis

The FEA simulation was performed using ANSYS
Workbench software (2022 R2 version, Canonsburg,
USA). Material properties applied to all parts of the
model were set into ANSYS materials, as shown in
Table 1 (3).

Table 1. Materials properties

Materil modulus (Wpa) | rato
Cortical bone 17300 0.265
Cancellous bone 400 0.200
Titanium 110600 0.326
Ceramic linear/femoral head 350000 0.220

The solid model was exported to Ansys Workbench
where all geometries were identified and set to their
matching materials. Mesh generation was executed
with a general size of 3mm and a fined mesh size of
0.8 mm on the areas of contacts. The element type was
set to automatic (Solid 187), where a total number of
365738 elements and 626052 nodes were generated.
Bonded contact type was chosen for all interconnec-
tions between most of the parts. Frictional contact with

a friction coefficient of 0.2 was selected for any contact
with a screw and with a coefficient of 0.1 between the
femoral head and the socket. The analysis was set to be
performed based on the highest load which takes place
in the jogging mode and reaches an equivalent of 3000
N (1). The force was applied in a perpendicular direc-
tion to the bottom surface of the femur. Loads related to
muscles around the hip joint were neglected in the
study. The model was constrained as fixed at the sacro-
iliac joint and pubic symphysis.

h |

Fig. 3. Contact surfaces for the pressure and sliding distance
analysis; (1) surface between the bone grafi and the host
bone; (2) surface between the bone graft and the metal cup,
(3) surface between the metal cup and the acetabular host
bone.
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The main analysis was the stress distribution and to-
tal deformation of bone graft and screws, as well as the
pressure and sliding distances at three contact surfaces:
(1) between the bone graft and the host bone; (2) be-
tween the bone graft and the metal cup; (3) between the
metal cup and the acetabular host bone (Fig. 3).

RESULTS

Stress distribution and deformation of the
bone graft

Fig. 4 shows the von Mises stress distribution and
total deformation of the grafts from the front and back
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view. The stress of the RSC models is significantly low-
er than the Harris model‘s. The maximum values of the
Harris0O, Harris45, RSCO0, and RSC45 models are 97.13
MPa, 112.72 MPa, 16.56 MPa, and 25.50 MPa, respec-
tively. The same trend can also be seen in the total de-
formation. The maximum values are 0.022mm,
0.018 mm, 0.0096mm, and 0.0089 mm, respectively.
The same graft shows higher stress and smaller defor-
mation with 45° inserted screws.

When the screws were inserted at 45°, the maximum
stress and deformation was mainly located on the out-
side of the bone graft, above the entrance of the screws.
For the models with 0° inserted screws, the maximum

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
97.132 Max
89.038
80.944
72.85
64.756
56.662
48.568
40474
32.38
24.286
16.192
8.0982
0.0042284 Min

von Mises Stress

Type: Total Deformation

Unit: mm

Time: 1
0.022 Max
0.019855
0.01771
0.015565
0.01342
0.011274
0.0091291
0.0069839
0.0048386
0.0026934
0.00054821 Min

Total Deformation

HarrisO

52.037
43.367
34.698
26.029

Type: Equivalent (von-Mises) Stress
17.359
8.6898

Unit: MPa
Time: 1 .
0.020446 Min |
Type: Total Deformation
Unit: mm
Time: 1
0.01821 Max
0.016545
0.014879
0.013213

112.72 Max
104.05
95.383
86.714
78.045
69.375
60.706
0.011548
0.0098822
0.0082165
0.0065509
0.0048852
0.0032196
0.0015539 Min

Harris45

Fig. 4. von Mises stress distribution and total deformation of the grafts from the front (I and 3" row) and back (2" and 4" row)
view. Each column from left to right represents the model of HarrisO (BBG with 0° screws), Harris45 (BBG with 45° screws),
RSCO (step-shaped bone graft with 0° screws), RSC45 (step-shaped bone graft with 45° screws).
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value is mainly located inside the screw channel as well
as at the contact area with the host bone. However, the
value of the RSC0O model is significantly lower than the
HarrisO model.

Stress distribution and deformation of the
screws

According to the result of FEA analysis, the maxi-
mum von Mises stress distribution of the screws in RSC
models is significantly lower than the Harris models
(16.56,25.50 MPa vs 97.13, 112.72 MPa), and the max-
imum total deformation shows the same change as the
bone graft. HarrisO model has the highest stress value
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and deformation. For bone grafts of the same shape, 45°
inserted screws generated higher stress at the outer 1/3
area. For the horizontally inserted screws, the maxi-
mum stress value mainly locates at the middle of the
screw (Fig. 5).

The pressure and sliding distance at different
contact surfaces

The pressure and sliding distance were analyzed at
three contacts: between the graft and the host bone, the
graft and the metal cup, and the metal cup and the ace-
tabular host bone. Fig. 6 and Fig. 7 show the differences
between both indicators in the four models.

14.193
13.011
11.828
10.645
9.4623
8.2795
7.0967
5.9139
4.7311

Type: Equivalent (von-Mises) Stress
3.5484
2.3656

Unit: MPa
1.1828 -

Time: 1
3.3191e-18 Min

16.559 Max

15.376
RSCO

Type: Total Deformation
Unit: mm
Time: 1

0.0096055 Max
0.0089194
0.0082333
0.0075471
0.006861
0.0061749
0.0054888
0.0048027
0.0041166
0.0034305
0.0027444
0.0020583
0.0013722
0.0006861
0 Min

25.502 Max
23.681
21.859
20.037
18.216
~ 16.394
14.573
12.751
10.929
9.1079
7.2863

Type: Equivalent (von-Mises) Stress
5.4647
3.6432

Unit: MPa
1.8216 ‘ I

Time; 1
3.0386e-18 Min

Type: Total Deformation
Unit: mm
Time: 1

0.0089114 Max
0.0082749
0.0076383
| 0.0070018
0.0063653
. 0.0057287

0.0050922
0.0044557
0.0038192
0.0031826
0.0025461
0.0019096
0.0012731
0.00063653
0 Min

RSC45
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Generally, from HarrisO to RSC45, the pressure and
sliding distance are decreasing. However, the Harris45
model shows a significant sliding effect between the
metal cup and the acetabular host bone and the pressure
at the contact between the graft bone and the metal cup
is also the highest (Fig. 8). For the pressure and the slid-
ing distance, the maximum value of the BBG is mainly
located in the center of the contact area. In contrast, for
the RSC model, it is primarily close to the edge.

DISCUSSION

This study aims to investigate for DDH cases during
THA when an autologous bone graft is used to recon-
struct the acetabulum whether the shape of the graft and
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the screws inserted direction could cause different bio-
mechanical effects. Four models were established based
on two techniques: the step-shaped bone graft and the
BBG with 0° or 45° inserted compression screws. Us-
ing FEA analysis, the results showed that the step-
shaped graft in the RSC technique could significantly
reduce the stress and deformation of the graft and the
screws. Also, it could significantly decrease the pres-
sure and sliding distance on relevant contact surfaces.
The reason why THA surgery for DDH cases is
more challenging is because of the specific anatomical
and pathological characteristics of the acetabulum.
Augmentation materials are usually needed to achieve
better acetabular cup coverage, which is vital for the
stability of the cup. Among all clinically available

Type: Equivalent (von-Mises) Stress

Type: Total Deformation
Unit: mm

Time: 1

0.022 Max

1 0019855
0.01771
0.015565
001342
0011274
0.0091291
0.0069839
0.0048386
0.0026934
0.00054821 Min

Total deform‘ation

HarrisO

Type: Equivalent (von-Mises) Stress

Unit: MPa Unit: MPa
Time: 1 Time: 1
o 112.72 Max
175) 97.132 Max i
EI._) 89.038 s
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72.85 ks
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D 69.375
D 56.662 60706
— 48.568 52037
= M s04n o
— 3238 34.698
(@) 24,286 26.029
= 16.192 17.359
8.0982 8.6898
0.0042284 Min 0.020446 Min

Type: Total Deformation
Unit: mm
Time; 1
0.01821 Max
0.016545
0.014879
L 0013213
0.011548
0.0098822
0.0082165
0.0065509
0.0048852
0.0032196
0.0015539 Min

Harris45

Fig. 5. von Mises stress distribution and total deformation of the screws. Each column from left to right represents the model of
HarrisO (BBG with 0° screws), Harris45 (BBG with 45° screws), RSCO (step-shaped bone graft with 0° screws), RSC45 (step-

shaped bone graft with 45° screws).
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grafts, autologous bone is still considered as the golden
standard because from the perspective of bone regen-
eration, it has all the necessary properties in osteocon-
duction, osteoinduction and osteogenesis (14). As more
and more DDH patients choose surgery at a relatively
young age, taking into account future revision, proper
bone stock restoration is obligatory. There are three
main aspects to keep in mind. Firstly, the primary rota-
tional center is superior to other cup positions. Second-
ly, cementless implant theoretically has better survivor-
ship than cemented ones because it is very difficult to
avoid cement being squeezed into the gap between the
graft bone and the host bone, which will hamper bony
ingrowth. Furthermore, cemented implant will increase
the difficulty of future surgery. Thirdly, the consolida-
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tion of the bone graft should be achieved by new bone
formation after partial resorption (5).

Bulk bone autografts have been used in DDH for
a long time. Because of differences in patients* selec-
tion, the severity of dysplasia, bone quality and tech-
nique of application, the published results are quite var-
ied. Cup loosening associated with failed bone
incorporation is one of the leading causes of revision
surgery (11). Young et al. reported that the key to suc-
cess in acetabular bone graft is to establish a good fit of
the graft into the host bone and good fixation. Clinical
prognosis is irrespective of the size of the graft (22).
Other studies also declared that graft stability and bone-
graft contact are the main factors affecting graft incor-
poration (5). Therefore, the graft volume should be kept

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

16.559 Max
15.376
14.193

. 13.011

| 11.828
10.645
9.4623
8.2795
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3.5484
2.3656
1.1828
3.3191e-18 Min

Type: Total Deformation

Unit; mm

Time: 1
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0.0089194
0.0082333
0.0075471
0.006861
0.0061749
0.0054888
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0.0041166
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Type: Total Deformation
Unit: mm
Time; 1
0.0089114 Max
0.0082749
0.0076383
0.0070018
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0.0050922
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at a sufficient level, and primary stability and direct
cancellous-cancellous bone contact should be achieved.
With similar width and height, compared to the bulk
bone, the step-shaped graft in the RSC technique has
a much larger cancellous bone contact area (937.2 mm?
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Stress and micromotion could significantly affect
the bone regeneration process. By animal model, Kim
et al. found that the application of proper compression
at an early consolidation stage induced faster and dens-
er bone regeneration (10). In an analysis of fracture
healing, it was reported that under high octahedral shear

Type: Pressure
Unit: MPa
Time: 1
203.13 Max
180.56
157.99
13542
112.85
90.281
67.71
4514
2257
0 Min
Type: Pressure

Unit: MPa
Time: 1

153.02 Max
H 13085

108.68

vs 674.1 mm?).

= 86518

I 64.351
42184
20017
-2.1498
24317
-46.484 Min

Type: Pressure

Unit: MPa

Time: 1
21281 Max
-1.6526

| -24.586

-47.52
10454
93387
-11632
-139.25
-162.19
-185.12 Min

HarrisO

Type: Pressure
Unit: MPa
Time: 1

35.048 Max
' 31.154
27.26
23.365
19471
15.577
11683
7.7884
38942
0 Min

Type: Pressure

Unit: MPa

Time: 1
276.2 Max
237.76
199.32
160.88
12244
84.004
45.565
1121
-31312
-69.75 Min

Type: Pressure
Unit: MPa
Time: 1

18.118 Max
16.105
14.092
12.079
10.065
8.0524
6.0393
40262
20131
0 Min

Harris45

Fig. 6. Pressure distribution of all the models at three contacts: contact between the graft and the host bone (I*' row), contact
between the graft and the metal cup (2" row), contact between the metal cup and the acetabular host bone (> row).
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stress or maximum principal strain, both chondrogene-
sis and osteogenesis were inhibited, instead, the forma-
tion of fibrous connective tissue or fibrocartilage oc-
curred (16). As for the micromotion, previous studies
showed that a micromotion of > 150 pum leads to fibrous
tissue formation, while adequate osseous contact and
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fixation minimizes micromotion and prevents fibrous
ingrowth; micromotion between 30 and 150 um leads to
bone and fibrous tissue formation; and micromotion <
28 pm results in predominant bone formation (8, 18). In
this study, compared to BBG model, the RSC technique
could significantly reduce the maximum stress and

Type: Pressure
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Time: 1
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0.055377
(.18465
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Time: 1
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5.5628
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maximum total deformation of the graft and screws.
The sliding distances at the contacts between the graft,
the metal cup and the acetabular host bone are all less
than 28 pm. For these reasons, the RSC technique is
more beneficial for the incorporation of bone graft and
host bone.

We hypothesized that the screw direction could af-
fect the biological healing process of the graft. The re-
sults showed that in the BBG models, both 0° and 45°
inserted screws presented with higher stress and larger
deformation, especially the 0° inserted ones showed the
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highest values in the middle of the screws and also at
the graft-host bone contact surface, both are critical ar-
eas for osseointegration and stability. Interestingly, with
BBG and 45° screws, there was a significant sliding ef-
fect between the metal cup and the acetabular host
bone, causing significantly higher pressure between the
bone graft and the metal cup. The reason could be that
the graft slightly moved upward along the screws dur-
ing loading. However, in the RSC technique, because of
the step-cut surface, it can block such movements. In
the RSC step-shaped graft models, 45° inserted screws

Type: Sliding Distance
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Time: 1
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Fig. 7. Sliding distance analysis of all the models at three contacts contact between the graft and the host bone (I* row), contact
between the graft and the metal cup (2" row), contact between the metal cup and the acetabular host bone (3" row).
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showed higher stress and smaller deformation in com-
parison to the 0° inserted model, but the differences are
not that significant. 45° inserted screws are still favored
because for 0° inserted screws, the stress is mainly lo-
cated in the middle region, which is the most fragile
area and easy to break, while for 45° inserted screws,
the stress is mainly located at the end of the screws,
where in reality there is a pressing and locking effect
between the screw head and the cortical bone (15), this
way it can hold more strength and is better to maintain
the stability. This is also the reason why it is recom-
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mended that when sculpting the graft from the femoral
head, the outer cortical bone should be preserved.

The strength of this study is that the whole hip model
is built, which the loading and constraint is as much as
possible consistent with normal hip kinematics. Unlike
other studies that designed and used regular-shaped bone
grafts (9), the bone grafts in this study were sculpted
from a solid sphere, which is closer to the actual surgical
operation. The width and height of the two kinds of grafts
were kept basically the same, to avoid the influence of
graft bone size. Except for bone graft and screws, the
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0 Min
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Pressure(MPa)
300
250
200
150
100
50
0 =
HarrisO Harris45 RSCO RSC45
—graft-host bone —graft-metalcup —metal cup-host bone
Sliding distance(mm)
0.15
0.10
0.05
0.00
Harris0 Harris45 RSCO RSC45
—graft-host bone  —graft-metal cup —metal cup-host bone

Fig. 8. Maximum pressure and sliding distance at the three contacts (between the graft and the host bone, the graft and the
metal cup, and the metal cup and the acetabular host bone) in all models.

positions and parameter settings of other components are
all the same, which also avoids the influence of interfer-
ing factors on the results. However, there are some limi-
tations. This study established the ideal FEA models to
analyze the biomechanical effect of the bone graft and
screws, which can not completely mimic the actual surgi-
cal environment and real-life results. Stresses perpen-
dicular to the contact surface are more favorable for graft
integration than shear stresses, the differences in the ef-
fects of these stresses may require further study. In addi-
tion, due to the subchondral cyst in the femoral head or
its serious deformation, the autogenous bone may be in

limited supply and cannot be sculpted into the desired
shape. Therefore, preoperative assessment is essential
and our results proved that in the future, maybe it is nec-
essary to have this ,,step-shaped* augment implant in the
market to meet the surgical needs of patients who have
too little or poor quality autologous bone.

CONCLUSIONS

Compared with the BBG technique, for the DDH
cases during THA, the step-shaped graft of the RSC
technique could significantly reduce the stress and de-
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formation of the graft and the screws, decrease the pres-
sure and sliding distance between the bone graft, metal
cup and the acetabular host bone. The angle of screw
placement affects the location of stress and deforma-
tion.
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