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What is the appropriate axial position i
in cannulated screw fixation for femoral neck
fractures? A finite element analysis

Dae-Kyung Kwak'", Yeji Lee?", Sung-Jae Lee?, Seunghun Lee' and Je-Hyun Yoo'

Abstract

Background Cannulated screw fixation is a common surgical treatment for femoral neck fractures; however, there
is limited information on the optimal axial position of the screws. Herein, we aimed to investigate the impact of axial
screw position on surgical stability in femoral neck fracture models fixed with three cannulated screws.

Methods Eighteen finite element models (FEMs) replicating Pauwels type Il femoral neck fractures were constructed
and tested using nine normal and nine osteoporotic bone models. Each FEM simulated combinations of three
different screw positions (anterior, central, and posterior) in the axial view and three models (type 1: 8% angles, 10 mm
inter-screw interval; type 2: 6° angles, 10 mm inter-screw interval; type 3: 8° angles, 6 mm inter-screw interval),
assuming anatomical reduction. Stress concentrations on the screws and bone were investigated, with measurements
of peak von Mises stress (PVMS) and mean stress.

Results Stress concentration on the cannulated screws was consistently observed at the inferior screw near the
fracture site in all FEMs. Stress concentrations on the bone around the screws were noted around the head and tip of
the inferior screw in each FEM. All PYMS on the screw and surrounding bone decreased as the screw position moved
from posterior to anterior in the axial view. Additionally, these stresses decreased as the screw tilt angle increased
and the inter-screw interval was maximized. The mean stresses over the region of interest in all FEMs showed similar
patterns to those of the PVMSs.

Conclusion To enhance fixation stability and reduce stress concentrations at the fracture site and lateral cortex in
femoral neck fractures fixed with three canulated screws, positioning the screws anterior to the center in the axial
view and maximizing the inter-screw interval, tailored to the patient’s femur geometry, are recommended.
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Background

Femoral neck fractures are commonly precipitated by
osteoporosis in the elderly and by high-energy trauma in
young adults [1]. In young patients, femoral neck frac-
tures, and non-displaced fractures in elderly patients,
typically require hip-conserving surgeries [2, 3]. The
aim of surgical treatment is to achieve union through
anatomical reduction and stable fixation without com-
plications. Various devices, such as multiple cannulated
screws or dynamic hip screws, are widely used for this
purpose [4, 5]. Additionally, recent advancements have
introduced various internal fixation techniques such as
the Femoral Neck System (Depuy Synthes, Switzerland),
additional parallel four-screw fixation, alpha fixation, and
buttress plating, all aimed at reducing fixation failure and
other complications [6—8]. Despite these advancements,
fixation failures still occur (11 to 32%), and the optimal
fixation method remains controversial [9-12].

Cannulated screws continue to be favored for their
minimal invasiveness, ease of handling, and ability to
induce dynamic compression [2]. Several authors advo-
cate for placing the screws in an inverted triangle config-
uration, as wide as possible, to enhance stability [10, 13].
Even with anatomical reduction and correct screw place-
ment, fixation failure or femoral neck shortening can fre-
quently occur [14].

Femoral neck collapse after cannulated screw fixation
can occur not only in the coronal plane but also in the
axial plane [15]. Zhang et al. reported that inferior fully
threaded screws can decrease varus deformity in the
coronal plane and reduce fixation failure after using three
cannulated screws [16]. Similarly, Shin et al. suggested
that positioning a fully threaded screw posteriorly can
prevent posterior neck collapse [15]. A recent biome-
chanical study reported that posterior neck comminution
and posterior tilt of the femoral neck after cannulated
screw fixation are frequently encountered problems and
the reasons for loss of reduction, further femoral neck
collapse, and nonunion [17]. As such, various cannu-
lated screw fixation techniques and positions have been
explored to enhance fixation stability in the anteropos-
terior (AP) view of femoral neck fractures [6, 18, 19].
Nonetheless, information on the optimal axial position of
screws for increasing fixation stability during three-screw
fixation of femoral neck fractures remains scarce. There-
fore, we conducted this finite element analysis (FEA)
study to mechanically investigate the effect of the axial
screw position in femoral neck fracture models fixed by
three cannulated screws. Our hypothesis in this FEA
study is that a more anterior screw position increases the
bone-screw construct’s resistance to posterior bending
forces, thereby enhancing fixation stability.
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Methods
Finite element model
In this study, we utilized a three-dimensional finite ele-
ment model using a combination of medical imaging
methods (computed tomography; CT), computer aided
design and Mimics software [20-22]. The left femur
underwent CT scanning at 1-mm intervals. The three-
dimensional geometry of the femur and medullary canal
surfaces was then accurately reconstructed from the CT
images of a healthy male using Mimics software (version
23.0, Materialise, Leuven, Belgium). It was then stacked
in three dimensions to obtain the line and surface of the
entire femoral shape. Next, an intact femoral shape with
a 125° neck-shaft angle was obtained from the geomet-
ric data. This shape was further processed for volume
meshing using isotropic tetrahedral element types. To
verify the developed finite element model, the strain was
measured from a total of 20 points on the anterior, pos-
terior, medial, and lateral sides of the model by attaching
strain gauges, and the results were compared with data
from previous studies [21]. The osteoporotic bone model
was produced by following a previously validated method
based on cortical thickness index [23]. Cortical thickness
index serves as an important indicator that can define the
shape of the femur and predict the degree of osteoporo-
sis. According to Kose et al. [23], cortical thickness index
can predict the degree of bone mineral density reduction
based on the cortical thickness of the femur. This enables
a more accurate reflection of the mechanical proper-
ties of the bone in osteoporotic conditions. As the cor-
tical thickness index decreases, the density and strength
of the cancellous bone also decrease, which weakens the
structural integrity of the bone and significantly impacts
its mechanical properties in osteoporotic patients. These
changes were reflected in the finite element model by
adjusting the material properties of the cancellous bone,
allowing the effects of osteoporosis to be assessed. Pau-
wels type II femoral neck fractures with a 50° angle
between the fracture line and femoral shaft axis were
reproduced using the automatic solid and mesh genera-
tion program (ABAQUS) (version 6.14; Dassault Systems,
Paris, France). To examine biomechanically significant
changes in each model, the fracture gap was set to 2 mm.
In this study, 6.5-mm cannulated screws (Stryker, Mah-
wah, NJ, USA) were used. The geometries of all screw
configurations were constructed within the femoral head
of each model using ABAQUS. Three cannulated screws
were inserted into the lateral cortex just above the lower
margin of the lesser trochanter and parallel to the femo-
ral neck axis at an angle of 125° from the femoral shaft
in the AP view. Three cannulated screws were inserted in
parallel into an inverted triangular pattern to ensure opti-
mal stability [24—26]. All screws were positioned within
5 mm of the subchondral bone of the femoral head.
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Fig. 1 Position of the cannulated screw in anteroposterior (a) and axial (b) view

Table 1 Material properties applied for the finite element model

analysis
Elastic Modulus(E) Pois-
(MPa) son'’s
ratio(v)
Cortical bone 17,000 03
Cancellous bone  Normal bone 920 0.2
Osteoporotic 574 0.2
bone
Screw (TI6AI4V) 113,800 0.342

Anatomical reduction was assumed in all the models
while maintaining the fracture gap (Fig. 1).

Material properties

The FEA assumes that the bone structure has homoge-
neous and isotropic linear properties. To create a femoral
model with cancellous bone properties, the elastic modu-
lus (E) was calculated based on an average CT Hounsfield
unit value of 120.8 [27]. The relationship between Houn-
sfield unit and elastic modulus was analyzed [28, 29]:

@A = 131,000+ 1067 HU

E = 6850 wA "’

where p is the apparent density (g/cm®) and the unit of
E is MPa. The material properties of the femoral cortical
bone and screw were investigated based on earlier publi-
cations (Table 1) [30]. Based on young adult patients with
an average age of less than sixty, material properties were
assigned according to the cortical and cancellous regions
[31, 32]. Additionally, osteoporotic properties were

considered to assess their impact on elderly patients with
osteoporosis [33, 34]. For cancellous bone, we assumed
the elastic modulus is proportional to the squared appar-
ent density [35]. Typically, individuals experience an 8%
loss of bone mass per decade starting at age 40, accom-
panied by a 66% reduction in elastic modulus [36]. There-
fore, the elastic modulus of cancellous bone was reduced
by 66% from the value used for the normal femoral bone
[34]. For the purpose of the analysis, titanium alloy
(TI6Al4V) was used for the cannulated screws (Young’s
modulus, 113800 MPa; Poisson ratio, 0.3). Different
material properties were assigned to different femoral
regions.

Boundary and loading conditions

Assuming normal ambulation in the one-leg stance, hip
joint reaction forces (2100 N, 300% of the body weight)
were loaded onto the femoral head, and an abductor mus-
cle force (700 N, 100% of the body weight) was applied to
the lateral surface of the greater trochanter [37, 38]. Each
force was applied at an angle of 20° from the vertical line
in the frontal plane. The loading conditions are shown in
Fig. 2 and specific magnitude of applied forces for loading
conditions are shown in Table 2. A “tie” contact condi-
tion was applied in this study, assuming full constraints
between bone-to-bone and bone-to-screw interfaces.
A general contact condition was applied using a friction
coefficient of 0.42 to allow optimal movement between
the screw and bone [39].
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Fig. 2 Loading condition of the analysis model; Hip joint force, 2100 N (body weight X 300%); Abductor muscle force, 700 N (body weight X 100%)

Table 2 Magnitude of applied forces for normal walking loading
conditions [1]

FN) F(N  FN)
Normal walking  Hip contact reaction force  -432  -1833.6 -2624
Abductor muscles 464 692 344

1. Taylor M: Finite element analysis of the resurfaced femoral head. Proc Inst
Mech Eng H 2006, 220(2):289-297

Finite element model analysis

Nine models were analyzed using combinations of three
different screw positions (anterior, central, and poste-
rior) in the axial view and three different models (type 1:
8° angles, 10 mm inter-screw interval; type 2: 6° angles,
10 mm inter-screw interval; type 3: 8° angles, 6 mm inter-
screw interval) in normal and osteoporotic bone models
(Fig. 3).

Stability refers to the reduction of stress concentra-
tion at the bone-screw construct and the minimization
of micromotion, both of which are critical factors for
enhancing fixation longevity and osseointegration [40,
41]. Therefore, we investigate stress concentration on the
screws and bone as well as interfragmentary displace-
ment. The peak von Mises stresses (PVMSs) and mean
stress over a region of interest (ROI) were measured
in each model and compared with the yield strength of
the cannulated screw and bone. The regions exhibiting
PVMSs on the screw and femoral bone were designated

as ROIs for each model. To investigate the stress con-
centration around the cannulated screw, the PVMS and
mean stress were measured at the screw and lateral cor-
tex of the femoral bone around the screw and around
the screw tip within the femoral head for each model.
The obtained measurements were then compared with
the yield strength of the screw and femoral bone. The
yield strength of the screw-bone construct was obtained
from previous studies (TI6A14V, 880 MPa; cortical bone,
118 MPa; and cancellous bone, 22 MPa) [42]. Moreover,
each interfragmentary displacement component (axial,
anterior-posterior shear, or superior-inferior shear)
was measured to evaluate the interfragmentary stability
(Fig. 4).

Results

Stress distribution at the cannulated screws

Stress concentration on the cannulated screws was
observed at the inferior screw around the fracture site in
all models, regardless of the screw position. Therefore,
the inferior screw around the fracture site was designated
as the ROI for the cannulated screws in each model.
In the axial view, all PVMSs on the screw increased
as the screw position moved from anterior to poste-
rior within the femoral head. Meanwhile, these PVMSs
decreased as the tilting angle of the screws increased or
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Center Posterior

Fig. 3 The figure of nine group models. (type 1: 8° angles, 10 mm inter-screw interval; type 2: 6° angles, 10 mm inter-screw interval; type 3: 8° angles,

6 mm inter-screw interval)

the inter-screw interval widened as much as possible. All
PVMSs in each type 3 finite element model were greater
than those observed in type 2. The mean stresses on the
screw in all models showed patterns similar to those of
the PVMSs (Fig. 5).

In osteoporotic bone models, the stress concentration
on the cannulated screw showed a pattern similar to that
observed in normal bone models. However, all figures in
each model were greater than those observed in the nor-
mal bone models. Consequently, the PVMS was high-
est in the finite element model with a 6 mm inter-screw
interval and a cannulated screw positioned 8° posteriorly
(type 3) in the osteoporotic bone models. The PVMS of
the finite element model in type 3 was close to the yield
strength (841 MPa, 95.6% of the yield strength) (Sup-
plementary Fig. 1). All the mean stresses of the screw
in each model were lower than the yield strength of the
screw (TI6A14V, 880 MPa). Table 3 presents the mean
stresses and increase rates of all models compared with
type 1, which had an anteriorly positioned screw in the
normal bone model.

Stress distribution on the femoral bone

Stress concentration on the femoral bone was observed
around the inferior screw hole in the lateral cortex and
around the inferior screw tip within the femoral head in
all models. Therefore, we designated these two points as
the ROIs for the femoral bone in each model. The stress
concentration on the femoral bone around the screw
exhibited a pattern similar to that observed in the can-
nulated screw. All PVMSs on the bone around the screw
tended to increase as the screw position moved from
anterior to posterior in the axial view. Meanwhile, these
PVMSs decreased as the tilting angle of the screws
increased or the inter-screw interval widened as much as
possible.

The mean stresses in all models showed similar pat-
terns to those of the PVMSs. All mean stresses in the
models of cortical and cancellous bones were lower than
the yield strength of the femoral bone (cortical bone,
118 MPa; cancellous bone, 22 MPa). However, all PVMSs
at the lateral cortex in all models with posteriorly posi-
tioned screws were either comparable to or greater than
the yield strength. Furthermore, in osteoporotic models,
all PVMSs at the lateral cortex were greater than the yield
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Fig. 4 Local coordinate system considered at fracture plane which shows the direction of shear and axial displacements
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Fig.5 Result of the mean stress over a region of interest on the screw in each finite element model

strength, except for the PVMS in the type 1 finite element
model with an anteriorly positioned screw. Detailed fig-
ures of the PVMS for all models are provided in Table 4.

Interfragmentary displacement at the fracture site

The maximal values of the interfragmentary displace-
ment component (axial, anterior-posterior shear, or
superior-inferior shear) showed no significant difference
or pattern. The values of the displacement for each direc-
tion were consistently similar in all models. Although the

absolute displacement values slightly differed between
each direction, all values showed below 5-mm displace-
ment in each direction regardless of the finite element
model and screw positions. Detailed figures of the inter-
fragmentary displacement for all models are provided in
supplementary Table 1.
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Table 3 Results of mean stress over a region of interest of the
cannulated screw in finite element models
Mean stress  In-

(MPa) crease
rate
(%)
Normal bone Type 1 Anterior 206
Center 226 97
Posterior 263 277
Type 2 Anterior 229 1.2
Center 256 243
Posterior 286 388
Type 3 Anterior 250 214
Center 299 451
Posterior 321 558
Osteoporotic  Type 1 Anterior 223 83
bone Center 257 248
Posterior 291 413
Type 2 Anterior 254 233
Center 280 359
Posterior 307 490
Type 3 Anterior 290 40.8
Center 325 578
Posterior 385 86.9

The increase rate of mean stress over a region of interest compared to type 1
with an anteriorly positioned screw in normal bone model

Type 1: 8° angles, 10 mm inter-screw distance, Type 2: 6° angles, 10 mm inter-
screw distance; Type 3: 8° angles, 6 mm inter-screw distance

Table 4 Results of peak von mises stress of the lateral cortex and
femoral head in finite element models (MPa)
Cortical bone/ Can-

cellous
bone?

Normal Type 1 Anterior 102 104
bone Center 113 118
Posterior 117 124
Type 2 Anterior 110 1.7
Center 115 133
Posterior 127% 157
Type 3 Anterior 17 12.8
Center 122* 146
Posterior 123% 166
Osteopo- Type 1 Anterior 110 129
rotic bone Center 121% 14.0
Posterior 130* 169
Type 2 Anterior 118* 133
Center 124* 16.0
Posterior 136* 185
Type 3 Anterior 127* 135
Center 139% 173

Posterior 170* 22.5%

* Higher than the yield strength (MPa): cortical bone 118; cancellous bone 22

Type 1: 8° angles, 10 mm inter-screw distance, Type 2: 6° angles, 10 mm inter-
screw distance; Type 3: 8° angles, 6 mm inter-screw distance

[: Measured at the lateral cortex around the inferior screw head

1: Measured at the inferior screw tip within the femoral head
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Discussion

This FEA study was conducted to investigate the stress
concentration at the screw-bone construct and subse-
quent fixation stability according to the axial screw posi-
tion in femoral neck fracture models fixed with three
cannulated screws. The present study showed that the
anterior screw position in the axial plane reduces stress
concentration and enhances fixation stability of the
screw-bone construct after three cannulated screws fixa-
tion under the assumption that the inter-screw interval is
as wide as possible in femoral neck fractures.

As well known, three cannulated screws should be
inserted as wide as possible to enhance the fixation sta-
bility for these fractures [10, 13]. Some studies sug-
gest inserting the additional fourth screw in a diamond
configuration or augmenting the fixation system with a
buttress plate [6, 43]. Despite these efforts, a definitive
conclusion has not yet been reached. Although numer-
ous studies have attempted to change the fixation direc-
tion and employ new devices in the coronal plane, there
is a notable lack of research focusing on the axial plane.
Recently, biomechanical and clinical studies demon-
strated the posterior, fully threaded positioning screw
increases fixation stability in the axial plane for femoral
neck fractures fixed with three cannulated screws [15,
17]. However, the existing literature lacks evidence on the
enhanced fixation stability associated with the axial posi-
tion of the cannulated screw. Therefore, we conducted
this FEA study to evaluate the optimal axial position of
screws to obtain more stable fixation in cannulated screw
fixation for femoral neck fractures.

In the current study, the PVMS and mean stress on the
screw-bone construct increased as the axial screw posi-
tion moved from anterior to posterior, and the inter-
screw interval was narrow in femoral neck fracture
models fixed with three cannulated screws. Our results
align with the well-known principle that a greater spread
of screws leads to increased stability [10, 13]. Addition-
ally, the stress concentration increased as the screw posi-
tion moved from anterior to posterior in the axial view
in this study. We believe that the fixation with the ante-
rior screw position was more resistant to posterior bend-
ing forces under axial loading compared to the different
screw positions, leading to great resistance to the dorsal
slipping of the femoral head.

Posterior tilt of the femoral head is often a concern due
to trauma mechanism and hip anatomy [44]. The femo-
ral neck exhibits an anatomical characteristic of antever-
sion ranging from 10° to 15°. Consequently, when axial
loading occurs during walking, the femoral neck is sub-
jected to a posterior bending force [45-47]. For this rea-
son, valgus impaction and posterior tilt were frequently
observed in femoral neck fractures. The risk of fixation
failure may remain due to postoperative posterior tilt
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Fig. 6 64-year-old female patient fixed with three cannulated screws for femoral neck fracture in anteroposterior (a) and axial (b) view

because this bending force continues even after fixation
with three cannulated screws. A previous biomechanical
study showed that the proximal fragment tilts posteri-
orly, called retroversion, after applying the axial loading
[48]. Therefore, we propose inserting the screws as ante-
riorly as possible to be more resistant to posterior bend-
ing force in cannulated screw fixation for femoral neck
fractures (Fig. 6). However, cannulated screw fixation for
femoral neck fracture in elderly patients should be per-
formed with more caution under limited conditions, con-
sidering our findings that more stress concentration was
observed at osteoporotic bone in types 2 and 3.

However, determining a numerically tolerable range for
the anterior position of the screws is difficult because the
maximum tilt angle of screws, considering their safety,
can be changeable according to each patient’s femoral
geometry and size. Too eccentric screw insertion within
the femoral head makes the screw length excessively
short, leading to uneven stress distribution, and may
subsequently increase the risk of fixation failure. In the
finite element model simulated in this study, the 8-degree
tilt of screw position within the femoral head was the
maximum angle maintaining the screw length as long as
possible compared to when inserting the screw into the
center of the femoral head. Hence, based on our results,
we believe that cannulated screws should not be inserted
posteriorly and should be placed slightly anteriorly
within about 8 degrees in this model. We set an inter-
screw interval of 10 mm as wide as possible to increase
fixation stability depending on the size and geometry of
this model. Consequently, we reproduced an inter-screw
interval of 10 mm and a tilt angle of 8 degrees at maxi-
mum. When we set the tilt angle within 5 degrees, there

were no differences among finite element model. Besides,
when we set the inter-screw interval less than 6 mm,
the screw head overlap occurred at the lateral cortex.
Accordingly, a 6-degree tilt model (type 2) and a 6-mm
interval model (type 3) were reproduced as comparison
groups to investigate the difference in stress concentra-
tion according to the changes in the inter-screw inter-
val and tilt angle. When comparing the increase rates
of stress concentration at identical screw positions, the
increase rate between type 1 and 3 was much higher than
between type 1 and 2. We believe that the inter-screw
interval is a more important factor than the screw tilt
angle for a more stable screw-bone construct. Therefore,
we should strive to insert the cannulated screws as ante-
riorly as possible while keeping the inter-screw interval
as wide as possible for a more stable screw-bone con-
struct in femoral neck fractures.

Interfragmentary movement can influence the pro-
cess of fracture healing and serve as a crucial indicator
for assessing fixation stability [49]. Samsami et al. [50]
reported that cannulated screw fixation showed higher
interfragmentary movement and least stable fixation
than dynamic hip screw with derotational screw in ver-
tical femoral neck fractures. Consequently, cannulated
screw fixation is unable to provide appropriate fixation
for bone healing. On the contrary, in this study, the inter-
fragmentary displacement of the finite element model in
each direction did not show a difference or pattern. And
all values measured in this experiment were very small,
less than 5 mm, regardless of the model and screw posi-
tions. In other words, this can be seen as meaning that all
the models we represented with Pauwels type II femoral
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neck fractures with cannulated fixation had adequate fix-
ation stability for fracture healing.

This study has some limitations. First, the complex
physiological force components around the proximal
femur during normal ambulation were simplified, though
physiologic loading is more complex, and real-life situ-
ations can involve greater loading. However, only axial
loading used to simulate the forces of a one-legged stance
was considered appropriate for this FEA because pro-
tected weight-bearing with walking aids after surgery is
advised until bony union is achieved. Second, instead of
modeling the actual screw insertion process, ‘Boolean
operations’ were used to simplify the screw insertion
state. Boolean operations define the geometric relation-
ship between the screw and the insertion site represent-
ing the inserted state of the screw without considering
physical interactions or pressure distribution. While this
approach increases computational efficiency and simpli-
fies complex physical processes, it does not account for
fine physical deformations, frictional forces, displace-
ment between screw and bone, or pressure distributions
resulting from screw insertion. As a result, there may
be limitations in predicting pull-out strength of screws
[51]. Third, this study was conducted solely under lin-
ear static conditions. Therefore, we focused on the risk
of fixation failure or refracture during the early postop-
erative period until bony union was achieved and could
not consider fatigue fracture requiring long-term cyclic
loading. Fourth, the friction coefficient used in this study
may not be consistent across all implants, as it can vary
depending on the type of implant, surface treatment, and
coating technology. In particular, advancements in coat-
ing technologies can alter the friction coefficient, which
should be considered an important limitation [52]. Such
technological advancements can influence the stability of
implants, and future studies should account for the vari-
ability of the friction coefficient by incorporating differ-
ent surface treatments and coating technologies into the
modeling process. Fifth, the exact interactions between
the screw and bone, as well as the proximal and distal
fragments, could be not determined. Although friction
coefficients in the current study were applied under the
assumption of general contact conditions at the contact
interfaces, it was difficult to accept these values for per-
fect reproducibility, as it was challenging to determine
the precise interactions at each interface. Finally, it is
yet difficult to clinically validate our results, as this is an
experimental study using FEA. We conducted this exper-
imental study using a simplified finite element model. Of
course, femoral neck fractures have various types. How-
ever, the aim of this study is to discuss the differences
based on screw position by simplifying the fracture line
to a single type. Moreover, we do not consider the val-
ues in this study to be numerically precise or definitive.
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Nevertheless, we believe that this study indicates that
anterior screw position on the axial plane is more appro-
priate to reduce stress concentration at the screw-bone
construct and enhance the fixation stability during three
cannulated screw fixations in femoral neck fractures.

Despite the aforementioned limitations, to the best of
our knowledge, this is the first FEA to investigate stress
concentration at the screw-bone construct according to
different screw positions in the axial plane within the
femoral head in femoral neck fractures fixed with three
cannulated screws in young patients as well as the elderly
with osteoporosis and to suggest more appropriate axial
screw positions in these fractures. However, further large
multi-center clinical studies are required to substanti-
ate our results and verify the importance of the anterior
position of cannulated screws in the axial plane.

Conclusions

Our FEA study revealed that the stress concentration on
the screw-bone constructs increases as the screw posi-
tion within the femoral head moves from anterior to
posterior in the axial view in femoral neck fracture mod-
els fixed with three cannulated screws. Considering the
stress concentrations at the screws and the femoral bone
around the screws in femoral neck fracture models fixed
with three cannulated screws, the screws should be posi-
tioned anterior to the center on the axial view, and the
inter-screw interval should be maximized as much as
possible depending on the patient’s femur geometry to
increase the fixation stability of the screw-bone construct
when femoral neck fractures are treated with three can-
nulated screws.
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