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A B S T R A C T   

Objective: Change of femoral neck ante-version angle postoperatively due to inadequate reduction 
could result in unsatisfying treatment outcome of intertrochanteric fracture. However, the in-
fluence of increased or decreased femoral neck ante-version on the biomechanical stability of the 
bone-implant complex has rarely been studied. 
Methods: A finite element model of a complete normal human femur with normal femoral neck 
ante-version as 13◦ was established accurately by scanning a 64 year old female femur. The 
models of 31-A1.1 intertrochanteric fractures with different femoral neck ante-version angles of 
3◦, 5.5◦, 8◦, 10.5◦, 13◦, 15.5◦, 18◦, 20.5◦, 23◦ were created. They were assembled with a proximal 
femoral nail anti-rotation (PFNA) device. The biomechanical differences with varying femoral 
neck ante-version angles were compared using finite element analysis method. 
Results: As the femoral neck ante-version angle gradually increased from 13◦ to 23◦with a 
gradient of 2.5◦, the peak von Mises stress was gradually increased from 137.82 MPa to 276.02 
MPa. Similarly, the peak von Mises stress was gradually increased from 137.82 MPa to 360.12 
MPa with the femoral neck ante-version angle decreased from 13◦ to 3◦. When decreased ante- 
version angle of 7.5◦ and increased ante-version angle of 10◦ will exceed the yield strength of 
femoral (240.32 MPa), the risk of femoral fracture will increase significantly. The maximum 
displacement of the femur was significantly reduced for increased ante-version models than for 
decreased ante-version models, whether the changes of ante-version angles were 2.5◦, 5◦, 7.5◦ or 
10◦. The maximum stress of PFNA was found in the intersection of main nail and helical blade, 
and became greater gradually as the ante-version angle increased or decreased with a gradient of 
2.5◦. The maximum stress of PFNA was presented in the model 5.5◦ with the maximum stress of 
724.42 MPa (near to the yield strength of titanium alloy of 700–1000 MPa), producing the 
breakage risk of PFNA. The maximum displacement of the PFNA was significantly reduced for 
increased ante-version models than for decreased ante-version models, whether the changes of 
ante-version angles were 2.5◦, 5◦, 7.5◦ or 10◦. 
Conclusion: Based on the results of present study, it was demonstrated that the anatomical 
reduction of femoral neck ante-version was vital to secure the optimal stability. Abnormal femoral 
ante-version could increase the potential risk of failure for intertrochanteric fracture after PFNA. 
The stability of increased femoral ante-version (less than 10◦) was superior to the stability of 
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decreased ante-version (less than 5◦) for the cases of difficulty to acquire anatomical reduction. 
The clinical implication of the finding was that increased femoral neck ante-version had an 
advantage of mechanical stability towards the decreased femoral neck ante-version for the cases 
of comminuted intertrochanteric fracture and failure of anatomical reduction.   

1. Introduction 

Femoral intertrochanteric fracture is a major healthcare problem, presenting a huge challenge and burden to patients, healthcare 
systems and society. According to a recent systemic review, more than half of all hip fractures in the world will occur in Asia by the year 
2050 with the advent of an old-aging population [1]. A recent study in Asia predicts that the number of hip fractures alone will increase 
from just over one million now to just over 2.5 million in 2050 [2]. The associated financial burden will increase from US$ 9.5 to US 
$15 billion, not including the cost of the social care needs of disabilities and the long-term nursing care [2,3]. For geriatric inter-
trochanteric fractures, the process of surgical treatment is firstly recommended for the reasons of getting patients off bed as early as 
possible. Published studies reported that early reduction and internal fixation for intertrochanteric fracture improved patient comfort, 
facilitated nursing care, and decreased the duration of hospitalization [4]. Satisfactory results of intertrochanteric fracture treated with 
proximal femoral nail anti-rotation (PFNA) have been reported [5,6]. In addition to accurate reduction, fracture type, bone quality, 
supply of blood and nutritional status of the patient also plays an important role in the stability of an intertrochanteric fracture after 
PFNA fixation [7–9]. 

Femoral neck ante-version (FNA) is the angle between the projections of two lines in the axial plane perpendicular to the femoral 
shaft. FNA affects the biomechanics of the hip, as moment arms and the line of action of muscles around the joint are altered. If the FNA 
alters, whether it is decreased or increased, it often means pathological changes, leading to the occurrence of early degenerative 
diseases. Eckhoff et al. [10] observed and investigated 110 femur specimens, and pointed out that the increase of knee osteoarthritis 
was related to the decreased femoral neck ante-version. Gokce et al. [11] reported that increased femoral ante-version could result in 
the lower-extremity functional problems and children with excessive femoral ante-version angle may be more vulnerable to injuries. 
Regarding femoroacetabular impingement (FAI), decreased femoral version has been reported as a predisposing factor in the path-
omechanics of impingement [12]. Femoral version was often variable in both dysplastic and non-dysplastic hips, but in general, higher 
than average femoral ante-version was expected in the setting of hip dysplasia [13]. It was very important to secure accurate reduction 
of femoral ante-version for postoperative hip function and gait. Nowadays, the treatment of intertrochanteric fractures has undergone 
favorable evolution and revolution during the past 20 years, as manifested by new technical concepts of tip apex distance (TAD), 
lateral wall, cortex support reduction, and the success of intramedullary nailing [8,14]. Due to the limitation of C-arm image intensifier 
during the process of operation, it was difficult to judge precisely for femoral ante-version reduction, thus leading to increased 
(Fig. 1A–D) or decreased (Fig. 2 A - D) femoral ante-version after PFNA operation using CT scanning. Abnormal femoral version was 
crucial in determining inherent impingement, range of motion and pathology of the hip joint. Published studies reported that abnormal 
femoral version have been associated with lower limb dysfunctions of patellar instability, abnormal gait mechanics, slipped capital 
femoral epiphysis, femoroacetabular impingement (FAI), hip dysplasia and OA of the knee and hip [10,15]. Many studies reported the 
influence of abnormal femoral version on the FAI, and hip arthroscopy [16,17], while little information was found for the changed 
femoral version after PFNA in the intertrochanteric fracture. We aimed to evaluate the effects of abnormal femoral neck ante-version 
on the biomechanical stability of bone-implant complex using the method of finite element analysis (FEA). 

2. Methods 

A healthy femur of a female (64-year-old) without pathological fracture, tumor, infection, malformations, or coxitis was identified 
for computed tomography (CT) scan at Zhujiang Hospital, Southern Medical University. Informed consent was obtained from the 
patient. This study was approved by the institutional ethics committee (2022-KY-164-02). The CT scan (General Electric Company, 
Fairfield, USA) (protocol: voltage 120 kV, pitch 0.984, standard reconstruction kernel) was collected with slice thickness of 1.25 mm 

Fig. 1. Case presentation 1: Inadequate reduction with increased femoral neck ante-version. An 86-y old female patient was presented with left 
intertrochanteric fracture of 31-AO 2.1. A:The radiographical film of pelvis (A-P position) before PFNA, B: Lateral position of the hip before PFNA, C: 
Anteroposterior position after PFNA, D: Lateral position after PFNA (increased femoral neck ante-version was identified using arrow). 
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and 512 × 512 pixels per image. The segmentation of femur from proximal to distal ends was acquired, and each image was recorded in 
the Digital Imaging and Communications in Medicine (DICOM) format. Then these images were transferred to the software of MIMICS 
Research 20.0 (Materialise Interactive Medical Image Control System; Materialise, Antwerp, Belgium). With the help of Geomagic 
Studio 10 software (Raindrop Inc., USA), the surface errors such as spike and intersection of the femur model were corrected. After the 
correction of the surface roughness of the model, a solid model of femur cortical bone was developed and then the model of femur 
trabecular bone was developed by using the offset command in the software of Geomagic Studio 10. Both of the models were then 
imported into SolidWorks program (Dassault Systemes SolidWorks Corp., Massachusetts, USA) to assemble to be a complete femur 
bone model. According to our measurement with SolidWorks program, the original ante-version angle of the femur bone was 13.34◦, 
and we took it for 13◦. 

We established an original model of intertrochanteric fracture corresponding to the Muller AO classification 31-A1.1 in the soft-
ware of SolidWorks. And we assumed that the fracture surface was flat. By rotating the proximal fracture fragments, the change of 
femoral ante-version angles were increased or decreased by 0◦, 2.5◦, 5◦, 7.5◦ and 10◦ respectively. Nine femoral models with ante- 
version angles of 3◦, 5.5◦, 8◦, 10.5◦, 13◦, 15.5◦, 18◦, 20.5◦ and 23◦ were created. The 3D model of PFNA (Synthes, Solothurn, 
Switzerland) with a length of 170 mm and a caput-collum-diaphysis (CCD) angle of 125◦ was established in SolidWorks program 
according to the data of the PFNA measured with vernier calipers in vitro. Assemblage of the PFNA and nine bone fracture models was 
accomplished using SolidWorks program in accordance with clinical practice. The Tip-Apex distance (TAD) was controlled the range of 
25~27 mm using the tool of measurement in the software of SolidWorks, which was known as the ideal position [18]. In total, nine 
fracture-implant models were generated and they were named as model 3◦, 5.5◦, 8◦, 10.5◦, 13◦, 15.5◦, 18◦, 20.5◦ and 23◦, respectively. 
The finite element fracture-implant models are shown in Fig. 3A. 

Nine fracture-implant models were imported into the software of ANSYS 17.0 (ANSYS Inc., Canonsburg, PA, USA). The conver-
gence of mesh refinement was checked with the “relevance” option in ANSYS Workbench with a value of − 100 indicating a very coarse 
mesh and 100 corresponding to an extremely fine mesh. A set of simulations showed that a value of 75 will result in convergence, and 
thus further increasing the relevance will not change the strain values by more than 1 % [19–21]. The mesh of the models was 
generated using the tetrahedrons element type of C3D4. The mesh size was 2 mm, which was suitable for finite element analysis after 
convergence study. 

The coordinate system for the femur adopted in this study was defined based on the definition by Bergmann et al. [22,23]. Fric-
tional contact interactions were assumed between the different parts of the models. The femur was fixed from the distal end as shown 
in Fig. 3B. Friction coefficient is 0.46 for bone interactions, 0.3 for bone-implant interactions, and 0.23 for implant-implant in-
teractions [24]. In particularly, the contact relationship between the front end of the helical blade and the femoral head is bonding. 
And the lock screw was closely connected with the femoral shaft and intramedullary nail [25]. Both the bone and the implant were 
assumed to be isotropic and linearly elastic. Bone was considered to be homogeneous material, and the femur bone was divided into 
four types of cortical bone of femur, cancellous bone of femoral head, cancellous bone of femoral neck and cancellous bone of femur 
shaft. The elastic modulus and Poisson’s ratio values were showed in Table 1 [26].The prosthesis of PFNA was considered to be made of 
medical titanium alloy (Ti–6Al–7Nb) with an elastic modulus of 110 GPa and a Poisson’s ratio of 0.33 [26]. Hip joints should meet the 
requirements of a wide range of activities required in physiological conditions, such as walking, sitting and squatting. Hip joint forces 
mostly led to higher joint forces than measured, especially for the second half of the stance phase [20,22]. Based on published paper, 
the models were loaded with a joint contact force and an abductor muscle force as shown in Fig. 3B. The vector force in the XYZ axis 
direction was listed concretely in Fig. 3B, to simulate the peak loads during the second stance phase of gait [20,22]. A resultant load 
vector of 1426.5 N corresponded to 238 % for a bodyweight of 60 kg was applied on the femoral head while the abductor force was 
exerted on the greater trochanter [27]. 

The maximum displacement of the femoral head and PFNA was often used to quantitatively evaluate the overall stability of the 
femoral internal fixation system, which can be divided into total displacement and partial displacement in all directions. The total 
displacement reflected the overall stability of the femoral head or PFNA in the finite element model. Published studies reported that the 
yield strength was 240.32 MPa for femoral cortical bone, and 700–1000 MPa for titanium alloy (Ti–6Al–7Nb) [28]. In present study, 

Fig. 2. Case presentation 2: Inadequate reduction with decreased femoral neck ante-version. An 81-y old female patient was presented with right 
intertrochanteric fracture of 31-AO 1.1. A: The radiographical film of pelvis before PFNA, B and C: Intraoperative fluoroscopy of the hip (decreased 
femoral neck ante-version was identified using arrow), D: Radiographical film of pelvis after PFNA. 
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the maximum displacement and the maximum stress were applied to explore the mechanical stability of intertrochanteric fracture 
treated with PFNA. 

3. Results 

3.1. Verification of finite element models 

One normal femur specimen was selected for biomechanical test (Fig. 4A and B), and same loading and boundary conditions were 
set. The biomechanical testing machine (BOSE Company, USA) was used to detect and record principle stains of 9 marker points 
(Table 2). Comparison with the results, our finite model was conformed to the biomechanical study, with correlation coefficient of 
0.861 (Fig. 4C and D) and the linear regression equation of y = − 11.01+ 0.91x. y was defined as the strain values of the biome-
chanical study, and x was defined as the strain values of finite element method. 

Our finite element model was further verified by the published data in the literature. The finite element model of medial wall defect 

Fig. 3. Nine finite element models with different femoral neck ante-version (3A) and Loading condition and boundary conditions applied to all of 
the finite element models (3B). 

Table 1 
Material mechanical properties.  

Material Elastic modulus(MPa) Poisson’s ratio 

Cancellous bone of femoral head 840 0.29 
Cancellous bone of femoral neck 620 0.29 
Cancellous bone of femoral shaft 620 0.29 
Cortical bone 16800 0.30  
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was established, and the data was compared with published paper from femur specimens [29]. The results were comparable between 
our finite element model and published femur specimen (Table 3). 

3.2. The distribution of von Mises stress and displacement of the femur 

The distribution plots of the von Mises stress of femurs of nine models were shown in Fig. 5A. The maximum stress of the femurs was 
mainly concentrated on the medial and lower medial segment of the femoral shaft. As the femoral neck ante-version angle gradually 
increased from 13◦ to 23◦with a gradient of 2.5◦, the peak von Mises stress was gradually increased from 137.82 MPa to 276.02 MPa. 
Similarly, the peak von Mises stress was gradually increased from 137.82 MPa to 360.12 MPa with the femoral neck ante-version angle 
decreased from 13◦ to 3◦. The yield strength was 240.32 MPa for femoral cortical bone [28], it was indicated that the decreased 
ante-version angle was less than 7.5◦ and increased ante-version angle was no more than 10◦ to avoid the further femoral fracture. The 
comparisons of the maximum displacement of the proximal femur head were shown in Fig. 5B. The maximum displacement was shown 
in the femoral head in all the nine femoral models. As the femoral neck ante-version increased or decreased, the maximum 
displacement showed a trend of gradual increase. It was indicated that the abnormal ante-version angle reduced the mechanical 
stability after PFNA fixation for intertrochanteric fracture. The maximum displacement was greater for model 3◦ (16.307 mm) than 
model 23◦ (15.267 mm). The comparison between increased and decreased ante-version angle was presented in Fig. 5C. Significant 
increased stress was found when the femoral ante-version angle was reduced from 5◦(158.8 MPa) to 7.5◦ (282.03 MPa) (Fig. 5C). The 
maximum displacement of the femur was significantly reduced for increased ante-version angles than for decreased ante-version 
angles, whether the changes of ante-version angles were 2.5◦, 5◦, 7.5◦ or 10◦ (Fig. 5C). It was indicated that the mechanical stabil-
ity of increased ante-version angle was superior to the decreased angle for the intertrochanteric fracture fixed with PFNA. The 
force-displacement curve of the femur was calculate and presented in Fig. 7A. 

3.3. The distribution of von Mises stress and displacement of PFNA 

The distribution maps of the von Mises stress of PFNA of nine models shown in Fig. 6A, the maximum von Mises stress was found 
around the intersection of main nail and helical blade. The stress of the intersection of main nail and helical blade became greater 
gradually as the ante-version angle increased or decreased with a gradient of 2.5◦. For the increased ante-version angle models, the 
maximum von Mises stress was shown in the model 23◦, and the minimum von Mises stress was in the model 13◦. For the decreased 
angle models, the maximum von Mises stress was presented in the model 5.5◦ with the maximum stress of 724.42 MPa. It was indicated 

Fig. 4. The validation of the finite element models. A: the biomechanical test; B: The stress-displacement curve of the biomechanical study; C: Finite 
element model: the position of 9 maker points for correlation analysis; D: The results of correlation analysis between biomechanical study and finite 
element method. 

Table 2 
The strain values of the biomechanical test and finite element analysis (10− 6).  

Make Points 1 2 3 4 5 6 7 8 9 

Finite element analysis 293.9 184.2 328.8 347.4 153.1 577.3 266.8 111.3 156.9 
Biomechanical study 269.4 153 316.9 387.9 104.1 479.9 135 68.4 179.1  

Table 3 
Comparison of the femoral surface strain between the medial femoral defect model and the in vitro specimen experiment (*10− 6).   

Our finite model Published data t value p-value 

Point a 215.98 ± 39.02 200.17 ± 67.24 0.906 0.416 
Point b 646.07 ± 46.47 639.00 ± 93.94 0.340 0.751 
Point c 453.07 ± 25.98 456.00 ± 164.06 − 0.252 0.813 
Point d 1380.38 ± 121.20 1464.17 ± 627.05 − 1.546 0.197  

S.-J. Li et al.                                                                                                                                                                                                            



Heliyon 10 (2024) e31480

6

that the possible breakage of PFNA maybe happen under the ante-version angle decreased 5◦ as the limit stress of titanium alloy 
(Ti–6Al–7Nb) of 700–1000 MPa. The comparisons of the maximum displacement of PFNA were shown in Fig. 6B. The maximum 
displacement was presented in the tip of the blade in all the nine implant models. For the increased ante-version angle models, the 
maximum displacement was presented in the model 20.5◦, and the minimum displacement was in the model 13◦. For the decreased 
angle models, the maximum displacement was presented in the model 5.5◦ with the maximum displacement of 14.896 mm. The 
comparison data of nine PFNA models was presented in Fig. 6C. The results of the maximum stress and displacement of PFNA was 
significantly greater for decreased ante-version angle models than increased ante-version angle models. Significant increased stress 
was found when the femoral ante-version angle was reduced from 2.5◦ (456.72 MPa) to 5◦ (724.42 MPa) (Fig. 6C). The maximum 
displacement of the PFNA was significantly reduced for increased ante-version angles than for decreased ante-version angles, whether 
the changes of ante-version angles were 2.5◦, 5◦, 7.5◦ or 10◦. The force-displacement curve of the PFNA was calculate and presented in 
Fig. 7B. 

Fig. 5. Distribution plots of the von Mises stress (A) and displacement (B) of femurs of nine models. The comparison of the maximum von Mises 
stress and the maximum displacement of femur were presented in Figure C. 

S.-J. Li et al.                                                                                                                                                                                                            



Heliyon 10 (2024) e31480

7

4. Discussion 

Normal femoral ante-version (FNA), which was the anatomic relationship between the femoral neck axis and the distal femoral 
condyles, typically ranges from 8∘to 20◦ in adults [30]. A change in FNA may affect the position of the trochanter and therefore the 
lever arms of the muscles action surrounding that region. From the point of biomechanical significance, the increased FNA results in a 
slightly shorter hip extension and abductor lever arm, a longer hip flexion and internal rotation moment arm, and higher hip contact 
forces during gait [31]. While reduced FNA results in higher shear forces on the junction of femoral neck and head, quantifiable as a 42 
% increase of 0◦ and 86 % of − 12.5◦ compared with the FNA of 12.5◦ [32]. In clinical practice, excessive femoral ante-version can be 
connected with hip instability, dislocation, and early degenerative arthritis [7,33,34]. While, decreased femoral version has also been 
identified as an important factor for femoroacetabular impingement (FAI) [31,35]. The inadequate reduction of femoral ante-version 
angles (increased femoral neck ante-version in Fig. 1 and decreased neck ante-version in Fig. 2) were found in the process of PFNA for 
intertrochanteric fracture. There has been little literature published regarding the effect of alterations of femoral neck ante-version 
angle on bone-implant stability after PFNA fixation for an intertrochanteric fracture. 

The effectiveness of finite element model was verified based on the published study [36]; same loading and boundary conditions 

Fig. 6. Distribution plots of the von Mises stress (A) and displacement (B) of PFNA of nine models. The comparison of the maximum von Mises stress 
and the maximum displacement of femur were presented in Figure C. 
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were applied for biomechanical test. The results showed that our finite model was conformed to the biomechanical study, with cor-
relation coefficient of 0.861 and the linear regression equation of y = − 11.1 + 0.91*x. Also, our finite element model was further 
verified by the published data in the literature. The finite element model of medial wall defect was established, and the data was 
compared with published paper from femur specimens [29]. The results were comparable between our finite element model and 
published femur specimen. Based on the verified model, we aimed to explore the effect of increased or decreased femoral neck 
ante-version on the mechanical stability of the bone-implant complex. According to the previous studies, the yield strength of cortical 
bone of human femoral shaft was 240.32 MPa [28]. According to our finite element analysis, when the femoral neck ante-version 
increased by 10◦(model 23◦), the peak von Mises stress of medial femoral shaft reached 276.02 MPa; When the femoral 
ante-version reduced 7.5◦ (model 5.5◦), the maximum von Mises stress of the femur was 282.03 MPa. Both of the two values exceed the 
yield strength (240.32 MPa) of femoral cortical bone. The results suggested that the decreased femoral ante-version angle should be 
less than 7.5◦ and increased femoral ante-version should be no more than 10◦ to avoid the potential risk of the fracture of femur. The 
ante-version of 10◦ was an important boundary data for surgical decision-making. Shu and Safran [37] revealed that variable femoral 
version (i.e., >10◦ normal range) can be independently associated with hip instability and degeneration, even in the absence of other 
conditions such as DDH. Also, Parker et al. [38] demonstrated that ante-version at least 1 standard deviation from the mean (i.e., >10◦

normal range) was associated with significantly greater Kellgrene Lawrence (KL) scores. The study of Ejnisman et al. [30] demon-
strated that hips with femoral version greater than 15◦ were 2.2 times more likely to have labral tears that extended beyond the 3 
o’clock position. In summary, the increased femoral ante-version angle of more than 10◦ may be associated with the stress concen-
tration of medial femoral shaft, and increase the risk of hip degeneration and labral tears. Moreover, it was worth noting that when the 
femoral neck ante-version decreased by 5◦ (model 8◦), the peak von Mises stress of 724.42 MPa was found in the intersection of 
intramedullary nail and helical blade. It was near to the yield strength of medical titanium alloy (700 MPa–1000 MPa) [39]. It was 
indicated that the decreased femoral neck ante-version should be less than 5◦ deviation from normal femoral neck ante-version angle 
for the cases of failure to anatomical reduction. Otherwise, there was potential risk for the breakage of intramedullary device. From the 
biomechanical viewpoint, if taking weight of patient into account, the potential risk of metal failure may be greater for those with 
obesity. Tomás-Hernández et al. [40] demonstrated that an insufficient reduction with varus and fracture gaps >5 mm can contribute 
to the development of delayed or nonunion with subsequent nail breakage. The retroversion of 5◦ was also an important boundary data 
in clinical decision-making. The study from Fabricant et al. [41] reported that the femoroacetabular impingement patients with 

Fig. 7. The force-displacement curve of the femur (A) and PFNA (B) was calculate and presented.  
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relative femoral retroversion (<5◦ ante-version) may experience less improvement after arthroscopic surgery than those with normal 
or increased femoral version in clinical outcomes. To sum up, in terms of stress distribution of femur and PFNA, the mechanical 
stability of the model 13◦with adequate reduction of femoral neck ante-version was optimal. This finding revealed that excessive 
ante-version reduction of femoral neck (more than 10◦) was incline to increase the risk of femoral shaft breakage, and inadequate 
ante-version reduction of femoral neck (more than 5◦) was tended to increase the risk of PFNA breakage. The difference of 
displacement with the same loading condition indicates the stability of fractured bone-implant construct [39]. Specifically, the 
maximum total bone deformation reflects the overall stability, while the maximum directional bone deformation along z axis in the 
coronal plane represents the ability of sustaining compressive pressure. Comparison of the displacement values for all nine models 
revealed that the mechanical stability of model 13◦was optimal on the whole. It was indicated that adequate reduction of femoral neck 
ante-version was the most important for the intertrochanteric fracture. Also, the total displacement of femur and PFNA was less in the 
increased femoral neck ante-version compared with the decreased femoral neck ante-version. It was supposed that the increased 
ante-version of femoral neck had mechanical stability over the decreased ante-version of femoral neck for intertrochanteric fracture 
after PFNA fixation. The important interpretation of the finding was that increased femoral neck ante-version had an advantage of 
mechanical stability towards the decreased femoral neck ante-version for the cases of comminuted intertrochanteric fracture and 
failure of anatomical reduction. 

The merit of present study was that the mechanical stability of inadequate reduction of an intertrochanteric fracture fixed with 
PFNA was systematically and innovatively studied. We proposed that the stability of femoral ante-version was superior to that of the 
femoral retroversion in the special range of value when the intertrochanteric fracture was fixed with PFNA. It was of great clinical 
significance to guide the decision-making for the comminuted intertrochanteric fracture and failure of anatomical reduction. This 
study had several limitations. Firstly, all materials involved in this analysis were deemed as isotropic, homogeneous and linear elastic, 
which is different from femurs in real life. Up to now, it has remained a problem for similar finite element experiments. However, the 
above models have been verified with small errors and are within the acceptable range. Secondly, a single healthy femur was selected 
as a representation of all patients, while in fact a large proportion of intertrochanteric fracture happened to the elderly [9,14]. Some 
researchers believed that osteoporotic bone could be simulated in finite element analysis software by changing the Young’s modulus of 
bone used in the simulation [42,43]. Lastly, our study was conducted in static conditions to simulate the peak loads during the stance 
phase of gait. Published studies also reported that the reliability of 238 % body weight (BW) load to the femoral head and an abductor 
muscle force of 104 % BW, representing the peak loads during the stance phase of a level walking gait [21,23]. A more in-depth 
investigation would also take into consideration of the relationship between femur version and other more demanding load such as 
stair climbing and stumbling in future. Also, this study may open the future work to correlation with patient reported outcome 
measures at different levels of ante-version. 

5. Conclusion 

Based on the results of present study, it was vital to obtain anatomical reduction of femoral neck ante-version. Abnormal femoral 
ante-version could increase the potential risk of failure for intertrochanteric fracture after PFNA. It was seemed that increased femoral 
ante-version (less than 10◦) was superior to the decreased ante-version (less than 5◦) for the cases of comminuted intertrochanteric 
fracture and failure of anatomical reduction. 
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