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Abstract: The intramedullary nails fixation system is widely used to cure intertrochanteric hip fracture. However, 
the traditional PFNA (Proximal Femoral Nail Antirotation) fixation system still exists some disadvantages in clinical 
applications. In this research, we designed an improved PFNA fixation system and evaluated its effect on inter-
trochanteric hip fracture with finite element analysis. A three-dimensional model was made by using computed 
tomography images based on the data collected from a healthy volunteer. The fixation systems were constructed 
and registered with CAD. Two types of fixation system were defined (PFNA fixation system and improved PFNA 
fixation system). By using finite element analysis software, the boundary-constrained and load conditions were ap-
plied. Also the results (stress distribution and displacement) were analyzed. The average von mises stress distribu-
tions for femur decreased slightly (P>0.05) in improved PFNA group (7.33±1.77 MPa) compared with PFNA group 
(8.63±2.26 MPa), while the average displacement for femur decreased significantly (P<0.05) from 4.70±0.28 mm 
to 3.45±0.20 mm. The average von mises stress distributions for main nail increased slightly (P>0.05) in improved 
PFNA group (100.77±13.44 MPa) compared with PFNA group (99.26±12.96 MPa), while the average displacement 
for main nail decreased significantly (P<0.05) in improved PFNA group (2.78±0.97 mm) compared with PFNA group 
(3.82±1.34 mm). The maximum shearing strength on the tip of main nails also decreased from 10.3 MPa to 7.13 
MPa. Therefore, we believe that the improved PFNA fixation system shows advantages for intertrochanteric hip 
fracture than PFNA fixation system.
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Introduction

With the speeding up of population aging, inter-
trochanteric hip fracture in the elderly is 
increasing [1, 2]. Surgical treatment is becom-
ing a prior option, for instance, the using of 
intramedullary nails attains good effects. PFNA 
(proximal femoral nail antirotation) has shown 
some advantages in treating intertrochanteric 
fractures. The PFNA decreases reverse dis-
placement rates of the proximal screw and 
proximal femur [3, 4]. However, the varus angle 
of the proximal femur can not be completely 
eliminated by using PFNA. DHS (dynamic hip 
screw) can also be used for the treatment of 
intertrochanteric fractures but this method is 
not always successful, especially in unstable 
fractures [5]. Meanwhile, it was reported that 

34% of secondary fracture displacement [6] 
occurred due to varus malunion or lag screw 
cutout. Subcapital femoral fracture, lag screw 
cutout and femoral shaft fractures were report-
ed reaching a ratio 6%~19% [7] in DHS. Kaufer 
[8] reported that five independent variables 
effected the mechanical effectiveness of inter-
nal fixation after surgical treatment to intertro-
chanteric hip fracture, which were bone quality, 
fragment geometry, reduction, implant, and 
implant placement. Implant placement in the 
biomechanically ideal position was considered 
to be the most important of the 5 variables. So 
choosing the implant placement in the biome-
chanically ideal position seems crucial on the 
operative treatment of intertrochanteric hip 
fracture.
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Since finite-element-analysis (FEA) was first 
proposed by Brekelmans in orthopaedic biome-
chanics in 1972, FEA has been used to esti-
mate the effects of operations and substitu-
tions, and to predict behaviour under extreme 
conditions for forty-five years. Recently, FEA is 
widely used to estimate the effects of internal 
fixation for intertrochanteric hip fractures. Oken 
[9] et al used FEA to evaluate an modified ana-
tomic plate (MAP) performs as well as the ana-
tomic plate (AP), dynamic hip screw (DHS) and 
proximal femoral nail (PFNA) in trochanteric 
fracture, drawing a conclusion that the biome-
chanical features of the MAP were similar to 
those of the PFNA. Chen [10] studied the total 
hip arthroplasty following failed fixation of fem-
oral intertrochanteric fractures by using a finite 

research was obtained from an 60-year-old 
male volunteer (body weight, 60 kg; height, 170 
cm) who was performed an CT scan based on 
relevant regulations of medical ethics under 
the supervision of the ethics committee. Before 
the research, an consent was obtained from 
the volunteer and the risks were reduced mini-
mally. In a word, we promise that the research 
has no any ethical issues. In this study, the left 
leg of the volunteer was scaned by using a du- 
al-source 64-slice spiral computed tomography 
to obtain a image. The slice thickness was 
0.625 mm and the image matrix size was 
512×512. After that, the image was processed 
with a online work station to obtain a digital 
imaging and communications (DICOM) format 
data file. The femur and the fixation devices 
were constructed by using a mimics 14.0 soft-
ware. Next, the Evans-II type intertrochanteric 
hip fracture model was exported in “STL” for-
mat file. Two types of intertrochanteric hip frac-
ture fixation models (PFNA fixation and im- 
proved PFNA fixation) were build using the FEA, 
as shown in Figure 1A and 1B. The improved 
PFNA fixation is modified on the basis of the 

Table 1. Material property of different parts 
of the model

Material Young’s Modulus 
(MPa)

Poisson’s 
ratio

Cortical bone 16800 0.30
Trabecular bone 840 0.20
Ti-6Al-7Nb 110000 0.33

Figure 1. CAD models of intertrochanteric hip fracture with two types of fixa-
tion groups. (A, B) PFNA fixation group, (C, D) improved PFNA fixation group.

element analysis, concluding 
that an increase in the origi-
nal stem length equal to the 
diameter of the femoral isth-
mus, or a distance between 
the most distal residual scr- 
ew hole and the end of the 
femoral prosthesis, provide 
improved stress distribution. 

In this study, we use the FEA 
method to build a new trian-
gle fixation (improved PFNA) 
model aiming to cure Evans-II 
type intertrochanteric hip fra- 
cture. Also we evaluate the 
effect compared with the 
PFNA method.

Patient and methods

According with the national 
statement on ethical conduct 
in research involving humans, 
the research is authorized  
by the First Affiliated Hospital 
of Guangzhou University of 
Traditional Chinese Medicine. 
The femur involved in this 
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PFNA fixation where the angel between neck 
nail and main nail is 145°. The angle between 
hollow nail and main nail is 110° according 
with the direction of weighted bone trabeculas 
which are used to resist compressive stress 
and tensile stress, respectively. The purpose of 
this method is also to rebuild the damaged 
bone trabeculas, and to remain the mechanical 
stability.

Mesh

The femur is consisted of cortical bone and 
cancellous bone. The material properties can 
be obtained from previous research data. The 

dimensional models are ploted with 3-D 4-Node 
tetrahedral structural solid elements.

Boundary conditions and loading

To simulate the stance of giat, four load config-
uration are investigated as shown in Figure 2. 
Table 2 lists the value of four load cases [14].

Statistical analysis

The one-way ANOVA method followed by post-
hoc LSD multiple comparison is used to anal-
yse the average Von Mises stress by using a 
SPSS 13.0 software. The P<0.05 is considered 
statistically significant.

Figure 2. Boundary and load conditions of the two models. (A) PFNA fixation group, (B) improved PFNA fixation group.

Table 2. Values of four load cases

Load case 
number

Applied vectorial  
forces/kN Resultant

x y z
PFNA  and Improved PFNA 1 0.616 -2.800 0.171 2.872

2 -0.430 1.160 0 1.237
3 0 -1.200 0 1.200
4 -0.078 0.525 -0.560 0.771

nails are assumed to be 
made of Ti-6Al-7Nb alloy 
[11-13] (elastic module 
1.1×105 MPa) The poisson 
ratio is 0.33 as shown in 
Table 1. The materials are 
supposed as isotropic elas-
tic metal materials with 
homogeneous microstruc-
ture. In addition, the three-
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Result

Figure 3 shows the average Von Mises stress 
distributions of two types of fixation system. 
The average Von Mises stress distributions on 
femur for PFNA and improved PFNA fixation sys-
tem are 8.63±2.26 MPa and 7.33±1.77 MPa, 

that the stress is largely applied on a point or a 
line. Hélin [19] reported that 6.7% assembly 
failures occured in 45 unstable fracture pat-
tern patients who used PFNA fixation system. Li 
and co-authors [20] believed that “wedge-
open” effect between head-neck and shaft by 
insertion of the cephalomedullary nail may be 

Figure 3. Von MisesStress distributions on femur in two types of fixation 
groups. (A) PFNA fixation group, (B) improved PFNA fixation group.

Figure 4. Von MisesStress distributions on nails in two types of fixation 
groups. (A) PFNA fixation group, (B) improved PFNA fixation group.

respectively. The average  
Von Mises stress distribu-
tions on nails are shown in 
Figure 4. The average Von 
Mises stress distributions on 
main nails for PFNA and 
improved PFNA fixation sys-
tem are 99.26±12.96 MPa 
and 100.77±13.44 MPa, res- 
pectively. It can be seen that 
the main nail in improved 
PFNA group bears more str- 
ess which leads to a decreas-
ing stress on femur.

The average femur displace-
ment of PFNA fixation group 
and improved PFNA fixation 
group are 4.70±0.28 mm and 
3.45±0.20 mm as shown in 
Figure 5. For main nails, the 
two values are 3.82±1.34 
mm and 2.78±0.97 mm as 
shown in Figure 6. Both the 
displacements on femur and 
main nail decrease signifi-
cantly in improved PFNA com-
pared with PFNA group (P< 
0.05).

In addition, we calculated the 
maximum shearing strength 
on the tip of main nails, the 
results were 10.3 MPa and 
7.13 MPa for PFNA and 
improved PFNA fixation sys-
tem, respectively. 

Discussion

Currently, there are many fixa-
tion methods for intertrochan-
teric hip fracture, for example, 
the traditional PFNA fixation 
system [15-18]. However, the 
PFNA fixation system can not 
completely eliminate stress 
concentration due to the fact 
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the paramount reasons of early fracture impac-
tion and blade cut-out. The purpose of this 
study was to evaluate the effect of an improved 
PFNA fixation system on intertrochanteric hip 
fracture, under the hypothesis that the femur is 
loaded. By building a triangular structure, the 
stress distribution transfers to a surface from a 

prevent the shift and rotation of femur head, 
thus avoiding a early failure. However, this study 
was not considerate due to the neglect of soft 
tissue in the model. However, the materials and 
the tissues were hypothesized as homoge-
neous, continuous, and isotropic elastic, to 
some extent, the results can not reflect the true 

Figure 5. Displacement distributions on femur in two types of fixation groups. 
(A) PFNA fixation group, (B) improved PFNA fixation group.

Figure 6. Displacement distributions on nails in two types of fixation groups. 
(A) PFNA fixation group, (B) improved PFNA fixation group.

point and a line. Based on the 
large numbers of CT results 
we have done, we design a 
additional nail which has a 
110 with the main nail. The 
nails are used to reconstru- 
ct the damaged trabecular 
bone. Through the improve-
ment for intramedullary nails, 
the improved PFNA fixation 
system could obtain a more 
mechanical stability effect. 
The related results showed 
that the improved PFNA fixa-
tion system made the femur 
bear lesser stress, decreas-
ing from 8.63 MPa to 7.33 
MpPa. Meanwhile, the stress 
on main nails increased from 
99.26 MPa to 100.77 MPa, 
indicating a favourable fixa-
tion effect. Besides that, the 
maximum shearing strength 
also decerased from 10.3 
MPa to 7.13 MPa which indi-
cated that the improved PFNA 
fixation system colud reduce 
local stress concentration. 
The improved PFNA fixation 
system decreased femur dis-
placements and main nail dis-
placements significantly. By 
this way, stress distribution 
transfers to nails from femur 
which could decrease some 
complications caused by sh- 
earing strength. The resules 
demonstrated that the im- 
proved PFNA fixation devices 
had good function. From the 
results we can know that the 
additional nail plays a posi-
tive role on keeping femur 
head stability by forming a 
new stress distribution area. 
This maneuver can produce a 
stable trigonal path and then 
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conditions. All the loads were applied in static 
conditions so the results can not describe the 
mechanical situation in dynamic conditions. 
Frankly speaking, these simulated results were 
obtained in vitro and the further effect in vivo 
still need to be tested in clinical.

Conclusion

The improved PFNA fixation devices gain better 
effect by using a finite element analysis reflect-
ed in decrease stress on femur and displace-
ment in nails compared with the traditional 
PFNA fixation devices. 

Acknowledgements

The authors would like to acknowledge the 
financial support from Technological Projects of 
Guangdong Province (No. 2014A030310379) 
and Technological Projects of Guangzhou (No. 
1563000664).

Disclosure of conflict of interest

None.

Address correspondence to: Xiaohui Zheng and 
Feng Huang, Department of Orthopaedics, First 
Affiliated Hospital of Guangzhou University of Tra- 
ditional Chinese Medicine, 16 #, Jichang Road, 
Guangzhou 510405, China. Tel: +86013602863- 
511; Fax: +8602036591317; E-mail: 13602863- 
511@139.com (XHZ); Tel: +86013602730355; Fax: 
+8602036591317; E-mail: 13602730355@139.
com (FH)

References

[1] Maalouf G, Bachour F, Hlais S, Maalouf NM, 
Yazbeck P, Yaghi Y, Yaghi K, El Hage R and Issa 
M. Epidemiology of hip fractures in Lebanon: a 
nationwide survey. Orthop Traumatol Surg Res 
2013; 99: 675-680.

[2] Wilk R, Skrzypek M, Kowalska M, Kusz D, Wiel-
gorecki A, Horyniecki M, Sliwiak J, Piejczyk S 
and Pluskiewicz W. Standardized incidence 
and trend of osteoporotic hip fracture in Polish 
women and men: a nine year observation. Ma-
turitas 2014; 77: 59-63.

[3] Seyhan M, Turkmen I, Unay K and Ozkut AT.  
Do PFNA devices and Intertan nails both have 
the same effects in the treatment of trochan-
teric fractures? A prospective clinical study. J 
Orthop Sci 2015; 20: 1053-1061.

[4] Pavic R. PFNA for unstable proximal femoral 
fractures. Injury 2010; 41: 974-975.

[5] Karampinas PK, Kollias G, Vlamis J, Papadelis 
EA and Pneumaticos SG. Salvage of failed hip 
osteosynthesis for fractures with modular hip 
prosthesis. Eur J Orthop Surg Traumatol 2015; 
25: 1039-1045.

[6] Madsen JE, Naess L, Aune AK, Alho A, Ekeland 
A and Stromsoe K. Dynamic hip screw with tro-
chanteric stabilizing plate in the treatment of 
unstable proximal femoral fractures: a com-
parative study with the gamma nail and com-
pression hip screw. J Orthop Trauma 1998; 12: 
241-248.

[7] Adams CI, Robinson CM, Court-Brown CM and 
McQueen MM. Prospective randomized con-
trolled trial of an intramedullary nail versus 
dynamic screw and plate for intertrochanteric 
fractures of the femur. J Orthop Trauma 2001; 
15: 394-400.

[8] Kaufer H. Mechanics of the treatment of hip 
injuries. Clin Orthop Relat Res 1980; 53-61.

[9] Oken OF, Soydan Z, Yildirim AO, Gulcek M, Ozlu 
K and Ucaner A. Performance of modified ana-
tomic plates is comparable to proximal femoral 
nail, dynamic hip screw and anatomic plates: 
finite element and biomechanical testing. In-
jury 2011; 42: 1077-1083.

[10] Chen DW, Lin CL, Hu CC, Tsai MF and Lee MS. 
Biomechanical consideration of total hip ar-
throplasty following failed fixation of femoral 
intertrochanteric fractures-A finite element 
analysis. Med Eng Phys 2013; 35: 569-575.

[11] Audu ML and Davy DT. The influence of muscle 
model complexity in musculoskeletal motion 
modeling. J Biomech Eng 1985; 107: 147-157.

[12] Tada S, Stegaroiu R, Kitamura E, Miyakawa O 
and Kusakari H. Influence of implant design 
and bone quality on stress/strain distribution 
in bone around implants: a 3-dimensional fi-
nite element analysis. Int J Oral Maxillofac Im-
plants 2003; 18: 357-368.

[13] Kobayashi E, Wang TJ, Doi H, Yoneyama T and 
Hamanaka H. Mechanical properties and cor-
rosion resistance of Ti-6Al-7Nb alloy dental 
castings. J Mater Sci Mater Med 1998; 9: 567-
574.

[14] Taylor ME, Tanner KE, Freeman MA and 
Yettram AL. Stress and strain distribution with-
in the intact femur: compression or bending? 
Med Eng Phys 1996; 18: 122-131.

[15] Sawaguchi T, Sakagoshi D, Shima Y, Ito T and 
Goldhahn S. Do design adaptations of a tro-
chanteric nail make sense for Asian patients? 
Results of a multicenter study of the PFNA-II in 
Japan. Injury 2014; 45: 1624-1631.

[16] Aguado-Maestro I, Escudero-Marcos R, García- 
García JM, Alonso-García N, Pérez-Bermejo D, 
Aguado-Hernández HJ, Nistal-Rodríguez J and 
García-Alonso M. Results and complications of 
pertrochanteric hip fractures using an intrame-

mailto:13602863511@139.com
mailto:13602863511@139.com
mailto:13602730355@139.com
mailto:13602730355@139.com


An improved PFNA fixation devices

14894 Int J Clin Exp Med 2017;10(10):14888-14894

dullary nail with a helical blade (proximal femo-
ral nail antirotation) in 200 patients. Rev Esp 
Cir Ortop Traumatol 2013; 57: 201-207.

[17] Soucanye de Landevoisin E, Bertani A, Cando-
ni P, Charpail C and Demortiere E. Proximal fe-
moral nail antirotation (PFN-ATM) fixation of 
extra-capsular proximal femoral fractures in 
the elderly: retrospective study in 102 pa-
tients. Orthop Traumatol Surg Res 2012; 98: 
288-295.

[18] Fensky F, Nüchtern JV, Kolb JP, Huber S, Rup-
precht M, Jauch SY, Sellenschloh K, Püschel K, 
Morlock MM, Rueger JM and Lehmann W. Ce-
ment augmentation of the proximal femoral 
nail antirotation for the treatment of osteopo-
rotic pertrochanteric fractures-A biomechani-
cal cadaver study. Injury 2013; 44: 802-807.

[19] Hélin M, Pelissier A, Boyer P, Delory T, Estellat 
C and Massin P. Does the PFNATM nail limit im-
paction in unstable intertrochanteric femoral 
fracture? A 115 case-control series. Orthop 
Traumatol Surg Res 2015; 101: 45-49.

[20] Li S, Yao XZ and Chang SM. Comments on: 
does the PFNATM nail limit impaction in unsta-
ble intertrochanteric femoral fracture? A 115 
case-control series, published by M Hélin, A 
Pelissier, P Boyer, T Delory, C Estellat, P Massin 
in orthopaedics & amp; Traumatology: surgery 
& amp; Research 2015; 101(1): 45-49. Orthop 
Traumatol Surg Res 2016; 102: 533-534.


