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ABSTRACT

Whether the use of anti-rotation screw is controversial when a transtrochanteric Curved Varus Osteotomy (CVO) is performed 
fixed with Compression Hip Screw System (CHS) for the treatment of osteonecrosis of the femoral head. The Purpose of 
the study was to evaluate the role of anti-rotation screw in stress reduction of CHS after CVO fixation quantitively using a 
finite element method. CVO models with three configurations (15°, 20° and 25°) fixed by CHS with or without anti-rotation 
screw were established and simulated in initial post-operative stage and finish of bone-healing stage. The von Mises stress of 
implant was evaluated. High stress level and concentration of stress was present in non-antirotation screw models, and the 
significant reduction of stress was addressed in anti-rotation models in initial postoperative stage, especially for the large degree 
CVO model. Anti-rotation screw can reduce the stress level of implant effectively in initial postoperative stage of CVO. We 
recommended the anti-rotation screw should be a necessary when CVO above 20° is performed to avoid complications.
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INTRODUCTION 
Transtrochanteric Curved Varus Osteotomy (CVO) was developed 
by Nishio and Sugiooka [1], for the treatment of Osteotonecrosis of 
The Femoral Head (ONFH) in order to overcome the complications 
of the conventional wedge osteotomy [2]. From clinical perspective, 
although the good results were reported for CVO, however, the 
complications such as Nonunion, Metal failure, and Periprosthetic 
fracture were found after CVO surgery [3-5].

Moreover, the fixation of CVO is Dynamic Hip Screw System 
(DHS) or Compression Hip Screw System (CHS) in the market. 
However, whether the use of anti-rotation screw is controversial, 
because of extra expenses from patients. If not, the failure risk of 
fixation should be high and few studies have been discussed the 
role of anti-rotation screw in CVO from a biomechanical view.

The purpose of the study was to evaluate the role of anti-rotation 
screw in stress reduction of CHS after CVO fixation quantitively 
using a finite element method.

MATERIALS AND METHODS
The intact femur model was extracted from the CT data obtained 
from a healthy volunteer using a medical image processing 
software (Mimics16, Materialise Corp, Belgium), respectively, 
Reverse processing was performed for a solid femoral 3-D model 

with a computer assist design software (SolidWorks2016, Dassault 
Systemes, France) (Figure. 1A1 ). Then, CVO was created using 
the solid model, and the osteotomy method adopted from our 
previous report [6] (Figure. 1A2).

The fixation device of CHS system and anti-screw were provided 
by a company (KYOCERA, Tokyo, Japan) (Figure. 1a3), CHS was 
created consistent with the size of device in SolidWorks, however, 
the simulated implant was simplified compared to the device, 
which the lag screw and compression screw was created as one part 
without assembling later, and screws were not sculptured by the 
springs for the convergence.

CHS system and two parts of osteotomy were assembled and a 
low-risk cone necrosis with 60° was simulated in a computer assist 
engineering software (Abaqus2019, SIMULIA, USA). CHS system 
combined with and without anti-rotation screw were created with 
15°, 20° and 25° three osteotomy complex (Figure. 1A4).

Mesh type was C3D4 with an element size of 1 mm for the two 
osteotomy parts of femur before assigning an elastic isotropic 
heterogeneous material property based on CT images according to 
the equations (1) (2) (3) by using an in-house subroutine (Figure. 
1b) [7-9]

                      (1)
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                                   (2)

                                                                              (3)

Then, implant, anti-rotation screw and necrotic bone were assigned 
with elastic isotropic homogeneous properties [10,11] (Table 1).

For boundary and loading conditions (Figure. 1C), anti-rotation 
screw and bone, the tip of lag screw and bone, cortical screws and 
bone, were bonded, the middle part of lag screw and bone, the 
barrel and bone, were contact relationship, the distal part of lag 
screw was fixed in the barrel by the compression screw, defined as a 
bonding relationship with the barrel. The two osteotomy interfaces 
were created with non-friction and bonding for simulating initial 
post-operative stage and finish bone, the distal femoral was 
constrained fully, physiological loading condition of maximum 
value of walking was added (Table 2). 

RESULTS
The max von Mises stress was 345.8 MPa, 536.7 MPa, and 1073.0 
MPa without anti-rotation screw, 190.4 MPa, 244.6 MPa, and 
293.7 MPa with anti-rotation screw in initial postoperative stage 
with CVO of 15°, 20°, 25°. The max von Mises stress was 281.3 
MPa without anti-rotation screw, 247.8 MPa with anti-rotation 
screw in finish bone-healing stage with CVO of 25° (Figure. 2). 
The stress concentration was addressed located in the interface 
of osteotomy on the implant, especially, CVO 25° without anti-
rotation screw in initial post-operative stage, and the reduced stress 
distribution was present in anti-rotation screw models (Figure. 3). 
The stress distribution of CVO 25° was similar with or within anti-
rotation screw in finish bone-healing stage.

DISCUSSION 
CVO models fixed by CHS system with or without anti-rotation 
screw were simulated based on finite element method. The von 
Mises stress was used to evaluate the role of anti-rotation in stress 
reduction of implant with three CVO operations by simulating 

Figure 1. Reconstruction of CVO finite element model; A1): Intact femur 3D model; A2): Intertrochanteric curved varus osteotomy; A3): 
CHS system with anti-rotation screw; A4): CVO complex fixed with CHS system and anti-rotation screw; B): Femoral bone was assigned 
with isotropic elastic heterogeneous material properties; C): CVO finite element model with loading conditions.

Table 1. Summary of material property assignment.

Components
Young´s 
modulus 

Poisson’s ratio Material property

Bone 0.3
Isotropic 
Heterogeneous

Implant 110GPa 0.3
Isotropic 
Homogeneous

Antirotation 
screw

110 GPa 0.3
Isotropic 
Homogeneous

Table. 2. Loading conditions of CVO finite element models.

Force component Loading location
Coordinates (N)

X Y Z

Hip contact 
complex Abductor 

complex

P0 
P1

365.148 -268.126 -1807.51

-380.436 89.376 474.516

Vastus lateralis P2 5.292 108.78 -546.252

A body weight of 600 N was assumed for the present study.

the initial post-operative stage and finish bone-healing stage. The 
results were outstanding as expected that the anti-rotation screw 
can reduce the stress level of implant, especially, for large degree of 
CVO in initial post-operative stage.

The max von Mises stress suffered by the implant without anti-
rotation screw was significantly higher than those of models with 
anti-rotation screw after CVO immediately compared to finish 
bone-healing stage models (Figure. 2), the influence of anti-
rotation screw was obvious in large degree of CVO. Thus, we 
recommended that an anti-rotation screw should be an necessary 
to prevent complications when a large (above 20°) degree of CVO 
is performed. 

The distribution of von Mises stress of implant was different 
obviously with or without anti-rotation screw, that the higher stress 
could be seen in the interface on lag screw (Figure. 3), without 
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anti-rotation screw, the lag screw acted as the main mechanical 
support after CVO immediately, the motion was available in the 
interface, leading to concentration stress in this area, as a pivot of 
loading, which could be explained for the Periprosthetic fracture in 
the initial post-operative period. Because no strong compression or 
fixation in the interface for balancing the load added from upper 

body weight. With anti-rotation screw, the interface of osteotomy 
cannot slide easily and the load transfer path was unobstructed 
from upper body weight to lower, moreover, the main mechanical 
support was shared by anti-rotation screw with a relative low stress 
distribution of implant. Thus, the fracture risk of implant should 
be avoided effectively. 

Figure 2. The stress distribution of CHS system with different operations in initial postoperative stage of osteotomy.

Figure 3. The stress distribution of CHS system of 25° CVO in bone-healing stage of osteotomy.
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The vital step for the study was to assign the isotropic heterogeneous 
material property for the bone, which was mapped into mesh 
element in condition that the position of meshed bone must be 
the same as the original configuration, which was extracted from 
Mimics. The more complicated was the two parts of osteotomy 
could not be assigned at the same time. We needed to integrate the 
two materials property INP files of separated osteotomy parts into 
one INP file, manually, for displacing the material property of the 
two parts at the same time.

However, the limitation was not avoided. Firstly, the finite element 
analysis was a predictive method, in most cases, the validated 
experiment was necessary to confirm whether the predictive results 
was acceptable and useful for the research, in this study, the authors 
just managed the predictive results using finite element analysis to 
behave the bio-mechanical features of the model. So honestly, it 
was questioned for the accuracy to some parameters, for example, 
the max von Mises stress of the implant, were high, even exceeding 
the yield strength in the prediction of initial post-operative stage, 
generally, the real human body could bear such values, even 
more without destroy of bone quality. Secondly, the interaction 
relationship between components, the related importance was 
to simulate the function of compression screw in the barrel, for 
the present study, the authors just made the lag screw non-micro 
motion in the barrel, the further study needs to reach for a more 
accuracy of prediction. 

Finally, the conclusion was that anti-rotation screw can reduce the 
stress level of implant effectively in initial postoperative stage of 
CVO, especially, in situation of large degree of osteotomy. We 
recommended the anti-rotation screw should be a necessary when 
CVO above 20° is performed to avoid complications.
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