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ABSTRACT

Objectives: The incidence of femoral neck fractures in younger-age people increases due to high-energy trauma. 
To avoid complications, stable internal fixation is essential. The most commonly used implants for vertically 
oriented femoral neck fractures are the cannulated and dynamic hip screws. In our study, we compared differently 
oriented cannulated screw configurations and a standard DHS for fixation of femoral neck fracture.

Materials and Methods: A finite element-based collum femoris fracture was created and was fixed using four 
differently oriented triangular screw configurations and a dynamic hip screw. The loads were applied using a 
commercially available software package.

Results: Centrally oriented cannulated screw configuration had the most compression and compression stress on 
the fracture side, and it had the highest stress values on the implant.

Conclusion: We recommend the use of centrally oriented triangular cannulated screws for femoral neck fracture 
fixation. With this construct, more compression and compression pressure can be obtained, which can result in 
the early healing of the fracture. However, it must be kept in mind that this construct exerts more stress on the 
implant, which could be a reason for implant failure.
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VİDA KOnFİGüRASyOnu FeMuR BOyun KıRıKlARının STABİlİzASyOnunA eTKİ eDİyOR Mu:  
ÇOKlu eleMAn AnAlİzİ

ÖzeT

Amaç: Yüksek enerjili travma insidansındaki artış ile genç yaşlarda görülen femur boyun kırığı sayısında belirgin 
bir artma olmuştur. Komplikasyonlardan korunmak için, tedavide stabil internal fiksasyon ön koşuldur. Femur 
boyun kırıklarının cerrahi tedavisinde en sık kanule vidalar ve dinamik kalça çivileri kullanılmaktadır. Biz çalış-
mamızda değişik konfigurasyondaki kanule vida uygulamalarının ve dinamik kalça çivisinin stabilizasyonunu 
karşılaştırdık.

Hastalar ve yöntemler :  Çoklu eleman yazılımı ile femur boyun kırığı modellemesi yaratıldı. Ve kırık dört ayrı 
kanüle vida konfigirasyonu ya da dinamik kalça çivisi kullanılarak tespit edildi. Aksiyel yükleme yapılarak direnç 
ve dayanıklılık testleri uygulandı.

Bulgular: Santral oryante kanüle vida konfigirasyonunun kırık hattında en iyi kompresyon sağlayan ve aksiyel 
yüklenme stresine en dayanıklı model olduğu ortaya kondu.

Sonuç: Femur boyun kırıkları için santral konfigirasyonlu kanüle vida ile tespit yapılmasını önermekteyiz. Bu şe-
kilde kırık hattında maksimum kompresyon sağlanarak, erken iyileşmeye de olanak sağlanmaktadır.

Anahtar sözcükler: Femur boyun kırığı, kanüle vida, dinamik kalça çivisi, vida pozisyonu, çoklu eleman analizi
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Although femoral neck fracture is one of the com-
mon fractures frequently seen in elderly people, 
the incidence of femoral neck fracture in younger-

age people increases due to high-energy trauma (1). The 
recommended treatment for young patients with femoral 
neck fractures is through internal fixation (2). The major 
pattern of these fractures in this population is the vertical 
shear fracture type, which corresponds to Pauwels type 3 
vertical femoral fracture (3). Due to the vertical orienta-
tion of these fractures, strong varus shear moments can 
lead to displacement, nonunion, and osteonecrosis (4).

To avoid complications, stable internal fixation is essential. 
The optimal fixation device is controversial. Cannulated 
screws, dynamic hip screws (DHSs), anatomic locking 
plates, and proximal femoral nails can be used for the 
treatment of these fractures. Several biomechanical and 
finite element (FE) studies have compared these fixation 
devices, but none of the studies gave a clear recommen-
dation on which of the devices should be used (5-10).

The most commonly used implants for vertically oriented 
femoral neck fractures are cannulated screws and DHSs. 
Some studies have evaluated the biomechanical proper-
ties of these two fixation devices on synthetic and cadav-
eric bones, and they found different results (11-13).

In a biomechanical study by Selvan et al., they compared 
different cannulated screw configurations, and they found 
that the triangular screw configuration was the stronger 
construct for femoral neck fracture fixation (14). However, 
the position of the screws at the femoral head in a triangu-
lar fashion was ambiguous.

FE analysis can provide a theoretical basis for the optimal 
treatment method. Some studies have investigated the 
femoral neck fractures through FE analysis. They conclud-
ed that screw modeling through FE analysis offered a re-
alistic simulation of osteosynthesis with screws (10, 15). 
In our study we aim to shoe that centrally oriented screw 
configuration can achieve the strongest compression ef-
fect in femoral neck fracture.

 In this FE analysis study, we compared differently orient-
ed cannulated screw configurations and a standard DHS 
for fixation of femoral neck fracture.

Materials and methods
The FE model, which was created using a FE software 
(Siemens NX Nastran), had an 80-kg heavy and 170-cm tall 

male subject as its parameter. Hexahedral elements were 
assigned for all components in the created model (dis-
cretization). In the created finite element model 326876 
numerical network element and 574712 nodes were used.

The bone consisted of cortical and cancellous sections and 
the implants were made of Ti-6Al-4V alloy. All materials 
were considered as homogeneous, isotropic and elastic. 

The femoral neck fracture was performed with a 70-de-
gree vertical orientation to simulate a Pauwels type 3 ver-
tical femoral fracture. To assess the compression on the 
fracture side, a 0.5-mm gap was created. Compression 
was calculated as the decreased gap measurement on the 
fracture side.

Four differently oriented triangular cannulated screw con-
figurations and a dynamic hip screw were applied to the 
femoral neck fracture model (Figure 1).

One construct [centrally oriented screws (CS)] was created 
using three 6.5 mm cannulated screw without washers, 
which were inserted parallel into the femoral neck in a 

Figure 1. FE Model Geometry (a) Anterior screw (AS), (b) Divergent screw 
(DS), (c) centrally oriented screws (CS), (d) Posterior screw (PS),  
(e) Dynamic hip screw (DHS)
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reversed triangle fashion. The triangle was oriented at the 
center of the femoral head. The inferior screw was posi-
tioned 5 mm superior to the inferior margin of the femo-
ral neck, and the two superior screws were inserted 5 mm 
anterior and posterior cortices of the femoral neck. The 
screws were 5 mm under the subchondral bone.

Anterior screw (AS) and posterior screw (PS) constructs 
were created in the same manner mentioned above, but 
the screws were oriented 15 degrees anterior and 15 de-
grees posterior to the femoral head, respectively. 

Divergent screw (DS) construct was created with a cen-
trally oriented inferior screw and two superior screws, 
which were oriented 15 degrees anterior and posterior to 
the femoral head.

Dynamic hip screw (DHS) construct was created with a 
135-degree, 12.5-mm lag screw oriented in the center of 
the femoral head. 

Static analysis was performed on the created finite ele-
ment model, and the loading types and values are shown 
in Table 1. The loading data, which was derived from an-
other previous biomechanical study, and the forces act-
ing on the femur during gait were considered (16). The 
forces acting on the femur through P0, P1 and P2 points 
and the middle part of the femur were assumed as fixed 
(Figure 2). The loads were applied using a commercially 
available software package. The loading data were the 
walking loading values that were obtained from Anybody 
kinematics analysis software (AnyBodys; AnyBody Tech, 
Aalborg, Denmark). 

Friction between the surfaces was neglected and the 
screws were modeled as smooth cylinders. (Threads are 
not modeled). Connections between the bone and the 
bone screws were defined with gluing link formulation. 
On the fracture line in formed bone, between two surfac-
es facing each other contact link formulation was used.

Results
The compression on the fracture side was 0.446 mm in 
centrally oriented cannulated screw configuration, 0.268 
mm in DHS, 0.238 mm in divergently oriented cannulat-
ed screw configuration, 0.223 mm in posteriorly oriented 
cannulated screw configuration, and 0.007 mm in anteri-
orly oriented cannulated screw configuration. The maxi-
mum compression on fracture side is shown in Table 2.

The maximum compression stress on the fracture side 
was correlated with decreasing gap measurement at the 
fracture side. Centrally oriented cannulated screw config-
uration had the most compression stress, which was mea-
sured as 31.615 N/mm2, whereas the posteriorly oriented 

Table 1. Forces Acting on Femur

Point Forces (N) X Y Z

P0 Joint contact force -433,8 -263,8 -1841,3

P1 Abductor 465,9 34.5 695

P1 Tensor Fascia lata, proximal part 57,8 93,2 106

P1 Tensor Fascia lata, distal part -4 -5,6 -152,6

P2 Vastus Lateralis -7,2 148,6 -746,3

Table 2. Compression values at the fracture side and maximum stress 
values on fracture side and implant

Screw Type
Compression 

(mm)
Max. Stress on 

Fracture Side (MPa)
Max. Stress on 
Implant (MPa)

Centrally oriented 0.446 31.615 303.7

Posteriorly oriented 0.00743 1.71 151.85

DHS 0.238 18.97 162.2

Divergently oriented 0.238 17.2 164.5

Anteriorly oriented 0.223 15.81 16.45

Figure 2. Loading points on femur
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cannulated screw configuration had the least compres-
sion stress. The maximum compression stress on fracture 
side for the five models is given in Table 2 (Figure 3A).

The stress on the implant for centrally oriented cannulat-
ed screw was 303.7 N/mm2, 151.85 N/mm2 for posteriorly 
oriented cannulated screw, 79.68 N/mm2 for DHS, 69.8 N/
mm2 for divergently cannulated screw, and 16.45 N/mm2 

for anteriorly oriented cannulated screw. The values of 
stress on the implant are shown in Table 2.

Discussion
The goal of the treatment of collum femoris fracture in 
younger patients is the obtainment of union without 
complications. It was reported that after obtaining ana-
tomical reduction, implant choice and positioning of the 
implant was mandatory for satisfactory results. The au-
thors agreed that the parallel inverted triangle cannulat-
ed screw was the best choice for the treatment of collum 
femoris fractures (17), but there was no report about the 
position of the inverted triangle cannulated screw in the 
femoral head on lateral plane. 

Our model simulated a Pauwels type 3 collum femoris 
fracture wherein strong varus shear forces were present-
ed. We found that centrally oriented cannulated screw 
configuration had more compression effect and more 
compression pressure on the fracture side. For this reason, 
screwing must not be parallel to each other. However, this 
construct had the maximum stress on the screws. 

 In an FE analysis, Mei et al. investigated the cannulated 
screw placement and drilling frequency on femoral neck 
fractures, and they found that the best screw configuration 
for femoral neck fracture fixation was the inverted isosceles 
triangle configuration and screw position, Pauwels angle 

and drilling frequency can affect the mechanical strength 
of femoral neck fixation (10). In line with this study, our re-
sults have shown that implant choice and screw position 
affect the fixation stability of femoral neck fractures. 

A number of studies assessed the fixation of femoral neck 
fractures (18-21), but the accepted screw configuration 
for these fractures was the parallel screws in triangu-
lar configuration. In a biomechanical study on synthet-
ic bones by Selvan et al., they tested six different screw 
configurations, and they found that the triangular screw 
placement had a higher peak load, lesser displacement, 
and more energy absorption before failure than linear 
configurations (14)

The compression effect and compression stress on the 
fracture side were calculated. Centrally oriented triangular 
screw configuration had the most compression on fracture 
side, which is almost two times the compression from other 
screw configurations. DHS construct had the second most 
compression effect and compression stress on the fracture 
side. It is thought that this result was due to centrally orient-
ed screw of DHS like the centrally oriented triangular screw 
configuration. Comparable with our results, Swiontkowski 
et al. found that the three cannulated screws had superior 
biomechanical results than DHS (22).

The stress on the implant was calculated. The centrally ori-
ented cannulated screw had the most stress on fracture 
side. It was associated with the more compression effect 
and compression pressure of the centrally configured 
screws. In a biomechanical study by Aminian et al., they 
analyzed four different types of constructs for collum fem-
oris fracture and reported that cannulated screws failed 
in lower loads than the other constructs (23). According 
to our results, this can be explained as centrally oriented 
cannulated screws had more stress than the other con-
structs. However, the most important result that should 
be reached clinically in femoral neck fracture was fracture 
healing. So, the priority was the best screw configuration 
that provided highest compression strength.

This study has several limitations. This is an FE analysis 
study and not an in vivo study. Studies using large cohorts 
of patients treated with differently oriented cannulated 
screws and DHS are needed. Also, these results should be 
validated with other biomechanical studies. We studied 
the orientation of screws and DHS on femoral neck, but 
it is often difficult to obtain such orientation in an actu-
al operation. The use of a surgical navigation could be 

Figure 3. Compression stress on fracture side
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a solution for this orientation problem. In this study the 
screw threads were not modeled. In clinical practice, the 
threaded screws are used to achieve maximum compres-
sion and this is another limitation. 

Conclusion
We recommend the use of centrally oriented triangular 
cannulated screws for more compression which can result 
in the early healing of the fracture. 
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