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Abstract

Purpose This study aimed to compare the clinical outcomes and differences in biomechanical characteristics
between the femoral neck system (FNS) and cannulated cancellous screws (CCSs) in the treatment of femoral neck
fractures.

Methods This study retrospectively analysed a cohort of 38 registered cases of femoral neck fractures treated
surgically with either the FNS (n=17) or CCSs (n=21) between January 2020 and December 2023. Indicators such as
fluoroscopy frequency, length of hospital stay, and fracture healing time were compared between the two groups.
Functional status was evaluated via the Harris hip score (HHS) and visual analogue scale (VAS), whereas prognosis
was assessed based on changes in the neck shaft angle and femoral neck shortening. Additionally, six sets of femoral
neck fracture models were developed based on Pauwels angles of 30°, 40°, 50°, 60°, 70°, and 80°. Two experimental
groups, FNS and CCS, were established, and a joint reaction force of 1800 N was applied to the proximal femur. The
displacement, stress, and stiffness of the components of interest in the different models were tested and compared.

Results The distributions of all the baseline characteristics were similar between the two groups (p>0.05). The

FNS group presented significantly shorter fluoroscopy frequency, length of hospital stay, and fracture healing time
(p <0.05). Harris and VAS scores were higher in the FNS group than in the CCS group (p < 0.05). Postoperative changes
in the neck shaft angle and femoral neck shortening were significantly lower in the FNS group than in the CCS group
(p <0.05). The results of the finite element analysis indicated that the maximum stress on the femoral head and varus
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angle were generally lower in the FNS group than in the CCS group and that the maximum displacement of the
femoral head and FNS was generally lower in the FNS group than in the CCS group. However, the superiority of FNS
over CCS decreased with increasing Pauwels angle. Additionally, the effectiveness of FNS in limiting displacement of
the femoral neck upper wall was not as favourable as that of CCS.

Conclusions The treatment of femoral neck fractures with FNS is superior and contributes to improved hip joint
function. Biomechanical research has confirmed its structural stability and advantages in resisting femoral head varus.
However, challenges to its fixation efficacy persist, particularly at higher Pauwels angles.

Keywords Femoral neck fracture, Femoral neck system, FNS, Cannulated cancellous screws, Finite element analysis

Introduction

Femoral neck fracture is a common orthopaedic condi-
tion that accounts for approximately 57% of hip frac-
tures [1]. It often occurs in elderly individuals as a result
of low-energy falls. With advances in medical technol-
ogy, the treatment outcomes of femoral neck fractures
have significantly improved [2]. However, elderly indi-
viduals with hip fractures still face many risks, including
decreased quality of life, increased care demands, sec-
ondary osteoporosis, and mortality [3]. Once a fracture
occurs, the mortality rate within one year can increase
from 14 to 36% [4]. How to treat these femoral neck frac-
ture patients quickly and effectively is a problem that
clinical doctors must address.

There are various methods of internal fixation for
femoral neck fractures, with commonly used options
including dynamic hip screws (DHSs) and multiple can-
nulated screws. Currently, the most widely used method
is fixation with three cannulated cancellous screws
(CCSs). However, there is no correlation among the three
screws, and their positioning is susceptible to subjective
and objective factors related to the surgeon. As a result,
their resistance to vertical shear and torsion is relatively
poor, which may lead to loosening and displacement of
the fracture ends, avascular necrosis and nonunion of
the femoral head, and shortening of the femoral neck
[5]. There is still an early complication rate of 10-30%,
including nonunion and internal fixation failure [6].

According to Pauwels, femoral neck fractures are clas-
sified into three types based on the the angle between the
fracture line in the coronal plane and the superior mar-
gin of the acetabulum: Pauwels type I when the angle
is less than 30°, type II when it ranges between 30° and
50°, and type III when the angle exceeds 50°. The greater
the Pauwels angle is, the closer the fracture line is to the
vertical direction, leading to increased shear forces at
the fracture site and greater instability, which are often
associated with a greater incidence of fixation failure and
nonunion [7]. Studies report nonunion rates of 16-59%
and avascular necrosis rates of 11-86% for unstable
Pauwels type III femoral neck fractures [8]. The femo-
ral neck system (FNS) was developed in 2017 by Stof-
fel et al. [9]. Combining the advantages of minimally

invasive and angle-stable internal fixation systems offers
a new option for femoral neck fracture treatment. The
ENS comprises fixation plates, antirotation screws, ten-
sion screws, multifunctional targeting frames, and guide
wire correctors, promoting treatment efficacy through
comprehensive mechanical properties such as compres-
sion, antirotation, and shear resistance [10]. Biomechani-
cal testing and finite element analysis have shown that
the FNS integrates the advantages of minimally invasive
cannulated screws while preserving more blood supply
to the femoral head and maintaining stability and sliding
compression, similar to dynamic hip screws (DHSs) [11,
12]. However, there is limited scholarly research on the
sensitivity of the femoral neck system (FNS) and cannu-
lated cancellous screws (CCSs) with respect to the Pau-
wels angle.

We conducted a retrospective statistical analysis of
clinical data from January 2020 to December 2023, com-
prising 38 cases of internal fixation surgery for femoral
neck fractures at our institution. We compared the short-
term clinical efficacy of the femoral neck system (FNS)
with that of cannulated cancellous screws (CCSs) in the
treatment of femoral neck fractures. Furthermore, we
explored the biomechanical differences between the two
internal fixation methods for treating femoral neck frac-
tures with different Pauwels angles. While the results of
simulation experiments may not necessarily reflect real-
ity, they can indicate the mechanical trends of different
experimental subjects. Huang et al. [13] compared the
mechanical differences between FNS and CCSs at Pau-
wels angles of 55°, 65°, and 75° and reported that FNS
exhibited superior anti-displacement stability to CCS at
55° and 65°. We hypothesized that the superior mechani-
cal performance of FNS may be related to variations in
the Pauwels angle. Clarifying this mechanical feature may
help increase our understanding of the value of FNS in
terms of structural stability and anti-hip varus. These
findings provide compelling evidence for objectively eval-
uating the role of FNS in treating femoral neck fractures.
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Materials and methods

All methods in this study were conducted in accordance
with relevant guidelines and regulations. All experimen-
tal protocols were approved by the Institutional Ethical
Review Board of Zhangjiagang Fifth People’s Hospital
(L2024004).

Clinical research

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) normal hip joint
function on the injured side prior to injury; (2) fresh fem-
oral neck fracture within 3 weeks; (3) age at injury<75
years; (4) willing to undergo FNS or CCS treatment; and
(5) complete follow-up data.

The exclusion criteria were as follows: (1) concurrent
severe medical conditions; (2) open fractures or patho-
logical femoral neck fractures; (3) concurrent significant
vascular, nerve, or organ injuries; (4) preexisting abnor-
mal hip joint function; and (5) incomplete follow-up data.

Patient baseline data

A retrospective analysis of the clinical data of patients
with femoral neck fractures treated in our hospital from
January 2020 to December 2023 was conducted, with a
total of 38 patients meeting the aforementioned criteria
included in the study. Seventeen patients were treated
with FNS fixation based on the results of doctor-patient
communication, and 21 patients were treated with CCS
fixation. The general preoperative data of the two groups
of patients are shown in Table 1. There were no statisti-
cally significant differences in age, sex, body mass index

Table 1 Patient’s demographics distribution and fracture
characteristics

Variable FNS CCs pvalue
Cases 17 21

Agel(years) 53.8+108 59.7£120 0.124
Sex(female/male) 9/8 12/9 0.796
B!\/H(kg/mz) 232+16 220+14 0.728
Mechanism of injury 0.133
Fall from height 9 16

Motor vehicle collision 8 5

Involved side (left/right) 11/6 11/10 0.444
Garden classification 0212
| 0 0

Il 0 0

1l 4 9

[\ 13 12

Pauwels classification 0483
| 0 1

I 9 8

1l 8 12

Follow-up time (month) 58+5.0 6.7+55 0628

p<0.05 was used as cut off for bold significance
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(BMI), cause of injury, side, Garden classification, or Pau-
wels classification between the two groups (2>0.05).

Surgical methods

After general anaesthesia combined with sciatic nerve
block anaesthesia, the patient lay supine on the traction
bed. Closed reduction is attempted under fluoroscopy,
and if unsuccessful after three attempts, Kocher’s needle
is used for percutaneous leverage reduction, followed by
open reduction through a small incision. Once satisfac-
tory reduction is achieved under fluoroscopy, the traction
bed maintains the reduction, and surgical procedures are
performed.

ENS Group: Starting from the centre of the lesser tro-
chanter plane, a 4-cm lateral longitudinal incision was
made to expose the lateral aspect of the femur. A guide
pin was inserted at an angle of 130° between the cen-
tre plane of the lesser trochanter and the femoral shaft,
ensuring under fluoroscopy that the guide pin was cen-
trally located in the femoral head and 5 mm below the
cartilage. After depth measurement, a cannulated drill
was used to create a medullary canal pathway, and a
dynamic rod was inserted along the pathway to a depth
of 5 mm below the cartilage, followed by removal of the
central guide pin. A lateral sleeve plate was then inserted
and snugly fit against the femoral shaft, with locking
screws inserted along the plate. Using an anti-rotation
guide, holes were drilled, and anti-rotation screws were
inserted. If there was any detachment at the fracture ends
under fluoroscopy, traction was released, and the black
nut was rotated counterclockwise for intraoperative com-
pression. If there was no detachment, the handle was slid
downward, the wound was irrigated, and layered closure
was performed.

CCS Group: Approximately 2 cm below the greater
trochanter on the lateral cortex, a percutaneous incision
was made parallel to the long axis of the femoral neck for
the insertion of the first guide pin. Under fluoroscopy, the
anteroposterior view shows the image close to the supe-
rior aspect of the femoral cortex, and the lateral view
aligns with the midpoint of the femoral neck. The pin
was advanced to 5 mm below the cartilage. Using a paral-
lel guide, the second and third guide pins were inserted,
closely following the anterior and posterior walls of the
femoral neck and creating a triangular arrangement with
the three guide pins. Hollow drills were used along the
guide pins to create holes, and three hollow screws were
inserted along the guide pins. Once fluoroscopy con-
firmed satisfactory screw positions, the guide pins were
removed, the wound was irrigated, and layered closure
was performed.
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Perioperative management

Postoperatively, antibiotics were administered for pro-
phylaxis for 24 h. Low-molecular-weight heparin sodium
anticoagulation therapy was initiated 12 h postopera-
tively. On the second postoperative day, intravenous
pumps were used to prevent thrombosis formation, and
muscle contraction exercises of the affected limb were
initiated along with passive knee and hip joint move-
ments. Gradual sitting in bed was started within two
weeks postoperatively, and non-weight-bearing activities
were recommended for the first three months. The tim-
ing for abandoning crutches and walking without sup-
port was determined on the basis of imaging assessment
of fracture healing within 3 months postoperatively.

Establishment of finite element models

General information

The orthopaedic clinic recruited a 50-year-old male vol-
unteer with a height of 170 centimetres and a weight of
72 kg. The volunteer had no history of systemic disease,
and there was no history of hip joint injury or surgery.
Physical examinations and radiological assessments ruled
out acute or chronic hip joint diseases. The volunteer
provided informed consent for participation in this study
and signed the informed consent form.

Establishment of the proximal femoral model and fracture

model

The volunteers were positioned in a supine neutral pos-
ture, with both lower limbs relaxed and the pelvis leveled.
The left hip joint was scanned via a 64-row CT scanner
(GE Healthcare, USA). The CT images were stored in
DICOM format and imported into the reverse modelling
software Mimics 19.0 (Materialise, Belgium). Appropri-
ate grayscale values were selected to distinguish bone
and surrounding soft tissues. Commands such as region
growing and mask editing from the tool panel were
utilized to generate a three-dimensional model of the
proximal femur. The model was saved as an STL file and
imported into Geomagic Wrap 2017 (Geomagic, USA)
software for smoothing, mesh division, and surface fit-
ting. The skeletal solid model was constructed and saved
as an IGS file. Next, the IGS femoral component was
loaded into Pro/E 5.0 software (PTC, USA). A reference
horizontal plane was established through the centre of
the femoral head, and secondary reference planes were
created at 30°, 40°, 50°, 60°, 70°, and 80° angles relative to
the horizontal plane. The proximal femur model was then
segmented via the secondary reference planes at vari-
ous angles to simulate Pauwels type II-III femoral neck
fractures.
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Internal fixation model establishment and simulated
surgery

The product manuals of the femoral neck system (FNS)
provided by the American company Synthes and the can-
nulated cancellous screws (CCSs) offered by China Kan-
gli Orthopaedic Instrument Co., Ltd., were referenced.
Using Pro/E 5.0 software, models of both FNS and CCSs
were separately created. The femoral neck system con-
sists of four components: a plate, a bolt, an antirotation,
and a locking nail. The locking plate serves as a 130° angle
stabilizing device, and the locking nail has a diameter
of 5 mm. The bolt has a length of 90 mm, a diameter of
8 mm, and a round head and is threadless. The anti-rota-
tion component has a diameter of 6 mm, and after bolt
tightening, it enhances the rotational resistance, improv-
ing the stability of the device. Each cannulated cancellous
screw has a total length of 84 mm, a diameter of 4.2 mm,
and a thread length of 22 mm. The established models
of the two internal fixation systems and fracture models
with different Pauwels angles were loaded into the assem-
bly system of Pro/E 5.0 software for Boolean operations.
After the overlapping geometric entities were removed,
various types of fracture-internal fixation models were
obtained. The assembly models were saved as Parasolid
files separately (Fig. 1).

Mesh division and material properties

The Hypermesh 2014 software (Altair, USA) was used to
open the fracture-internal fixation assembly file in Para-
solid format. After completing geometric cleaning, tetra-
hedral elements are employed to mesh and discretize the
assembly model. Typical four-node tetrahedral elements
(T4) are used for meshing. Each part within the models is
exported in INP format and saved, and mesh models for
different assemblies are obtained.

The parts in the INP format are imported into Abaqus
6.14 software (Dassault, France) for material assignment.
In this work, the internal fixation metal components are
simplified as isotropic linear elastic materials. Due to
the uneven distribution of material in the femur, refer-
ring to the results of previous studies, material assign-
ment for each element is performed individually on the
basis of the grayscale value formula. The apparent den-
sity [p (Kg/m?)] and Young’s modulus [E(MPa)] of the
bone are calculated from the HU values of the CT scans
(with water density as the reference for zero calibration)
according to the following formula [14]:

p (Kg/m?) =131+ 1.067 x GV (HU) (1)
E (MPa)=0.004 x p2"(Kg/m?) (2)

The material details of each component are shown in
Table 2.
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Fig. 1 Finite element model after assembly of two kinds of internal fixation and different fracture angles of femoral neck fracture. FNS stands for femoral

neck system. CCS stands for cancellous screws

Table 2 Material properties

Components Material Elastic modulus (MPa)  Pois-
son’s
ratio

Proximal femur Bone Based on CT greyscale 0.3

Femoral neck system  TigAl,V 110,000 0.34

Cancellous screws TigAl,V 110,000 0.34

Load and boundary condition settings

In research conducted by Freitas et al. [15], a load equiv-
alent to the force exerted while standing on a single leg
was applied to the corresponding cartilage surface of the
femoral head, producing a joint reaction force of 1800 N,
a=69° and =7° (Fig. 2). To prevent femoral motion dur-
ing the analysis process, the distal end of the femur was
constrained in all directions of freedom [16]. Frictional
contact conditions were established, with a friction coef-
ficient of 0.46 between the fracture ends, 0.42 between
the bone and the implant, and 0.2 between the implants
[17].

Convergence test

In this study, we conducted convergence tests using tetra-
hedral meshes with three resolutions. The results indicate
that the equivalent stress values calculated with Mesh2
are close to those obtained with Mesh1. Accordingly, the
femur and internal fixation meshes were further subdi-
vided into sizes ranging from 0.5 to 1.0 mm to generate
meshes and elements. The element and node counts for
the three finite element models are presented in Table 3.

_—= Hip joint force

ALAAAA
Fixed support

Fig. 2 Boundary conditions and load setting pattern diagram

Observation indicators

Clinical indicators Postoperatively, we conducted fol-
low-ups on patients for 12+ 6 months. Records were made
and compared between the two groups of patients for
surgical time (from the start of surgery to skin closure),
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Fig. 3 (See legend on next page.)
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(See figure on previous page.)

Fig. 3 A 54-year-old woman in the FNS group experienced left hip pain and limited mobility after being hit by a motor vehicle. (a) Preoperative radio-
graphs showed a left femoral neck fracture (Garden IV, Pauwels Ill). (b) Postoperative anteroposterior and lateral X-rays demonstrated satisfactory fracture
reduction and an acceptable position of the internal implant. (¢, d) Anteroposterior X-rays at 3 and 12 months postoperatively revealed fracture healing.
Another 50-year-old male in the FNS group developed left hip pain and restricted movement following a fall. (e) Preoperative radiographs indicated a left
femoral neck fracture (Garden Ill, Pauwels I1). (f) Postoperative anteroposterior and lateral X-rays showed satisfactory fracture reduction and an acceptable
position of the internal implant. (g, h) Anteroposterior X-rays at 3 and 20 months postoperatively displayed fracture healing. In the CCS group, a 52-year-
old male experienced right hip pain and restricted movement after being struck by a heavy object. (i) Preoperative radiographs revealed a right femoral
neck fracture (Garden IV, Pauwels Il). (j) Postoperative anteroposterior and lateral X-rays demonstrated satisfactory fracture reduction and an acceptable
position of the internal implant. (k, I) Anteroposterior X-rays at 3 and 17 months postoperatively showed fracture healing. Another 63-year-old female in
the CCS group developed left hip pain and restricted movement after a fall. (m) Preoperative radiographs indicated a left femoral neck fracture (Garden IV,
Pauwels Il). (n) Postoperative anteroposterior and lateral X-rays showed satisfactory fracture reduction and an acceptable position of the internal implant.

(0, p) Anteroposterior X-rays at 3 and 12 months postoperatively displayed fracture healing

blood loss, incision length, intraoperative fluoroscopy
frequency, length of hospital stay, time to fracture heal-
ing, Harris hip function score at the last follow-up, pain-
related VAS score, changes in the hip internal rotation
angle, and femoral neck shortening length (the difference
in femoral head position between immediate postopera-
tive and last follow-up radiographs) [18]. Routine postop-
erative radiographs were used to assess fracture reduction
quality (Grade I: AP 160°, Lateral 180°; Grade II: AP 155°,
Lateral 180°; Grade III: AP<155° or Lateral>180°; Grade
IV: AP<150°, Lateral >180°; among these, Grades III and
IV are considered to indicate poor reduction quality [19]),
healing status, and internal fixation position. The compli-
cations considered included incisional infection, loosen-
ing or failure of internal fixation, nonunion of fractures
(defined by the U.S. Food and Drug Administration as
no significant change in the fracture gap after 9 months
postfracture or 3 consecutive months), and femoral head
necrosis.

FEA indicators Comparisons were made between two
types of internal fixation in different femoral fracture
models, including maximum stress on the proximal fem-
oral fracture fragment (predicting the risk of secondary
fractures), maximum displacement, and internal rotation
angle (spatial indicators predictive of prognosis), maxi-
mum relative displacement at the fracture site (assessing
the risk of nonunion, this practical approach has been used
in our study of fracture surface distance measurements
[20]), maximum stress on internal fixation (assessing the
risk of failure), stiffness, and maximum displacement of
internal fixation (assessing stability). Additionally, observ-
ing femoral displacement clouds, displacement, and stress
clouds via the two internal fixation methods can clarify
the displacement and stress distributions.

Statistical analysis

Continuous variables are presented as the means+stan-
dard deviations (SDs). The normality test uses the Sha-
piro-Wilk test to determine whether the data meet the
application conditions of the Student’s t test. If the data
do not conform to a normal distribution, consideration is

given to using a nonparametric alternative method. The
data were assessed via Student’s t test. Categorical vari-
ables were analysed via the chi-square test. The Mann-
Whitney U test was employed for ranked data. All the
statistical analyses were conducted via SPSS 26.0 (SPSS
Inc., Chicago, IL, USA). A significance level of p<0.05
was considered statistically significant.

Results

Clinical outcomes of the two surgical procedures

In total, 38 patients under the age of 75 years were
enrolled, with surgeries performed via the FNS method
in 17 patients and the CCS method in 21 patients. The
follow-up duration ranged from 3 to 22 months (mean
6.315.2 months). The analysis results are as follows
(Table 4).

The operative time, blood loss, incision length, and
incidence of complications were not significantly differ-
ent between the two groups (p>0.05). However, patients
receiving FNS treatment had a lower fluoroscopy fre-
quency (15.1£3.5 vs. 18.6£5.0, p=0.019) and shorter
hospital stays (12.5%£3.3 vs. 164+54 mL, p=0.014).
The fracture healing time in the FNS group was 3.8+0.8
months, which was significantly shorter than that in the
CCS group (5.4%3.9 months; p=0.002).

The HHS of the FNS group was significantly greater
than that of the CCS group (89.2+4.0 vs. 83.614.7,
p<0.001), whereas the VAS pain score at the last follow-
up was lower in the former group than in the latter group
(0.9£1.1vs.2.0+1.4, p=0.014).

The change in NSA was lower in the FNS group than
in the CCS group (1.5£1.7 vs. 2.9+£1.9°, p=0.021). Both
groups experienced femoral neck shortening postop-
eratively. Femoral neck shortening was significantly
less common in the FNS group than in the CCS group
(14+1.4 mmvs. 4.2+£2.7 mm, p<0.001).

Comparison of the maximum stress in the proximal
fracture fragment

The maximum stress measurements of the proximal
femoral fractures in the different models are shown in
Fig. 4a. The maximum stress of the proximal fracture in
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Table 3 Element and node numbers for three different mesh
resolutions
Element size (mm)

Element number Node number

Mesh 1 0.1-05 1,696,891 303,002
Mesh2  05-1.0 270,747 71,530
Mesh3  1.0-1.5 148,672 27,002

Table 4 Surgery and postoperative follow-up information of

patients

Variable FNS ccs pvalue
Operation time (min) 102.1+£19.5 96.0+41.0 0.579
Intraoperative blood loss (ml) 653+409 729+616 0.667
Incision length (cm) 58+12 6.1£15 0.556
Fluoroscopy frequency(times) 15.1+£35 186+5.0 0.019
Hospital Length of Stay (days) 125433 164+54 0014
Fracture healing (months) 38408 54439 0.002
Harris Hip Scores (HHS) Harris 89.2+40 83.6+47 <0.001
VAS Scores VAS 09+1.1 20+14 0014
NSA change(®) 15+1.7 29+19 0.021
Femoral neck shortening(mm) 14+14 42427 <0.001
Fracture reduction quality 0.643
I level 14 16

Il level 3 5

lllor IV level 0

Internal fixation position 0.878
Excellent 16 20

Poor 1 1

Complications 0.327
Incision infection 0 0

Loose or invalid internal fixation 0 1

Fracture nonunion 0 1

Avascular necrosis of femoral head 1 3

p<0.05 was used as cut off for bold significance

the CCS group was always greater than that in the FNS
group. From the perspective of the changing trend, the
maximum stress of the former decreased with increas-
ing PauWels angle, rebounded to the maximum value
after 60°, and then decreased. The CCS group achieved
the maximum value of 242.4 MPA when the Pauwels
angle was 70°, whereas the maximum stress of the latter
increased slowly with increasing PauWels angle, and the
maximum value of 127.0 MPa was obtained at 70°. The
risk of fatigue fracture of the proximal femur in the ENS
group was lower than that in the CCS group.

Comparison of the maximum displacement and
displacement distribution of the proximal fracture
fragment

The maximum displacement of the proximal femoral
fragment of the two internal fixation methods in the dif-
ferent fracture models gradually increased as the Pauwels
angle increased, as shown in Fig. 4b. The displacement of
the proximal femoral fracture fragment in the ENS group
only exceeded that in the CCS group at 60° and 70°. The
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numerical difference between the FNS group and the
CCS group was the largest at 30°, with values of 2.6 and
2.9 mm, respectively, whereas the difference between
the two groups was 80°. The minimum values were both
4.8 mm. The displacement cloud diagram shows that
when the angle in the FNS group was between 30° and
60°, the transition of the equivalent displacement cloud
diagram between the femoral head and the diaphysis
was still gentle, indicating that the displacements of the
femoral head and the diaphysis were generally coordi-
nated, whereas during the period of 70° to 80°, the tran-
sition of the equivalent displacement cloud between the
femoral head and the diaphysis was smooth. There was
an obvious interruption in the diaphyseal displacement
cloud map, indicating that the magnitude of femoral head
displacement increased. The change trend of the femo-
ral head displacement nephogram in the CCS group was
similar to that in the ENS group, but the degree of femo-
ral head displacement did not increase significantly until
80° was reached (Fig. 5). These findings indicate that the
stability of FNS fixation of the proximal femur is slightly
better than that of CCS fixation.

Femoral head varus angle comparison

Figure 4c illustrates the changing trends of the femoral
head varus angle in different fracture models with two
types of internal fixation. As the Pauwels angle increased,
both the FNS and CCS groups presented an increase
in the femoral head varus angle, reaching their respec-
tive maximum values at 80°, which were 4.2° and 4.5°,
respectively. The smallest difference in varus angle val-
ues between the two groups occurred at 70°, with values
of 3.7° and 3.7°, respectively. These findings suggest that
ENS is more effective than CCS in resisting femoral head
varus.

Comparison of the maximum relative displacement of the
fracture surface

We examined the maximum relative displacement
between the fracture sections for the two internal fixation
methods, as shown in Fig. 4d. In contrast to the results of
the comparison of the femoral head varus angle, although
the relative maximum displacement of the fracture sec-
tions in both the FNS and CCS groups increased with
increasing Pauwel angle, the FNS group exhibited more
significant activity here. The values in the ENS group sur-
passed those in the CCS group, with the difference peak-
ing at 68.9% at 60°. This reflects that ENS is less effective
than CCS in stabilizing the fracture ends.

Comparison of the maximum stress and stress
distributions of the two types of internal fixation

The results of the maximum stress tests for the two
internal fixation methods are shown in Fig. 4e. As the
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Pauwels angle increases, both internal fixation methods
show an increasing trend in maximum stress. In the dif-
ferent fracture models, the maximum stress in the FNS
group’s internal fixation exceeds that in the CCS group,
with the difference peaking at 101.3% at 70°. Figure 6 dis-
plays stress contour maps for both internal fixation meth-
ods, revealing that high-stress regions for both methods
appear near the fracture section. However, the FNS high-
stress region is significantly more extensive than the CCS

region. This suggests that the risk of failure associated
with the ENS is greater than that with the CCSs.

Comparison of the maximum displacement, stiffness and
displacement distributions of the two internal fixations
Figure 4f shows that under the action of the load, the
trends of the maximum displacement changes for the two
internal fixation methods are similar to the trends in the
stress changes. The maximum displacement of the FNS
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was only slightly greater than that of the CCS group by  has good structural stability (Fig. 7). The stress contour
0.3% at 70°, whereas in the other models, it maintained  maps illustrate the displacement distribution for the two
lower values. In the comparison of stiffness, the interme-  internal fixations (Fig. 8), and with reference to the femo-
diate value of ENS stiffness was 572.5 N/mm, exceeding ral head displacement contour map shown in Fig. 5, the
that of CCS, which was 530.2 N/mm, indicating that FNS
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maximum displacement occurred in the proximal region
associated with the activity of the femoral head.

Discussion

In this study, we investigated the short-term efficacy of
the ENS and CCSs in treating femoral neck fractures and
conducted clinical follow-ups to assess joint function
and radiographic data. Moreover, we explored the differ-
ences in the mechanical performance of the two internal
fixation methods in treating femoral neck fractures with
different Pauwels angles through finite element analy-
sis. Our study is organized as follows. First, compared
with those in the CCS group, patients in the FNS group
had higher postoperative hip joint scores and less radio-
graphic evidence of reduction loss. Second, employing
finite element analysis, in addition to confirming that
ENS offers better stability than CCS, we also observed
that as the Pauwels angle increases, the advantages of the
ENS over CCSs in terms of stability and anti-hip varus
tend to diminish.

Due to the unique anatomical structure of the femoral
neck, blood vessels are highly vulnerable to damage when
fractures occur [21]. The success of surgery requires not
only anatomical reduction but also strong internal fixa-
tion, protecting the fragile blood supply and providing
a stable environment for bone remodelling, which can
reduce the incidence of femoral head necrosis and non-
union [22]. There is still controversy regarding the choice
of internal fixation for femoral neck fractures. Traditional
internal fixation devices such as dynamic hip screws
and hollow pressure screws have a relatively high rate of
complications, affecting patient prognosis and quality of
life. To meet clinical needs, new internal fixation devices
must inherit the advantages of traditional devices and
improve upon their shortcomings. The FNS, as a plate-
screw system, provides effective angular and rotational
stability through the design of antirotation and lock-
ing screws [9], thus achieving stronger fixation. In clini-
cal studies, the FNS has been shown to be an effective
treatment for Pauwels III fractures, with faster recovery
rates and fewer complications [23]. With the introduc-
tion of the concept of rapid recovery, an increasing num-
ber of hip fracture patients are recommended for early
weight-bearing exercises. Evidence from cellular, animal,
computer model, and clinical studies has shown that
mechanical loading from weight-bearing aids in acceler-
ating fracture healing [24, 25]. Early weight-bearing can
reduce hospital stay, postoperative pain, and mortality
rates while improving joint function [26, 27]. However,
due to concerns about the fixation strength and reli-
ability of internal fixation devices, many conservative
doctors still recommend prolonged bed rest. Recently,
Kenmegne et al. [28] conducted a series of clinical stud-
ies and reported that the fracture healing time in the
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ENS group was significantly shorter than that in the CCS
group (p<0.05). ENS, as a novel internal fixation device,
has a greater design strength than CCS and offers better
stability and lower failure risk in the face of high-stress
fractures, such as unstable fractures [28]. Zhang et al.
[29] reported through a meta-analysis that patients in
the FNS group were able to mobilize earlier than those in
the CCS group. Additionally, the shorter fracture healing
period observed in the FNS group can provide additional
confidence in rehabilitation, thus encouraging early
weight-bearing and improving patient outcomes. Similar
to the results of the previously published meta-analysis
[30], the results of this study show that, compared with
the CCS group, the ENS group had less intraoperative
blood loss, shorter incisions, significantly reduced intra-
operative fluoroscopy times, significantly shorter hospital
stays, and earlier postoperative full weight-bearing walk-
ing times. Although a large amount of research shows
that compression and micromotion at the fracture site
can promote fracture healing, this healing theory for
the femoral neck should be based on effective control of
shear forces [10, 13, 31]. Unlike the parallel placement of
hollow screws, the unique nail plate locking and angular
structure of FNS prevent sliding of the femoral head, pro-
viding greater stability to the femoral head and effectively
preventing femoral neck shortening. The antirotation
screw design in the FNS, with a 7.5° angle to the tension
screw, can effectively resist rotation, provide good bio-
mechanical stability, prevent the “Z” effect on the femo-
ral head, and effectively resist vertical shear forces. The
design of the tension screw tip thread firmly grasps the
fracture end, providing strong active compression dur-
ing surgery; linear insertion maintains effective fracture
reduction; and providing angular stability effectively pre-
vents reduction loss [5].

Femoral neck shortening commonly occurs after femo-
ral neck fractures, potentially leading to symptoms such
as limb pain, limping, and fixation failure. The Interna-
tional Society for Fracture Repair acknowledges that
effective resistance to varus and rotational forces is
necessary for treating femoral neck fractures and that
appropriate axial stress facilitates fracture healing [32].
Hollow screw designs allow compression through sliding
of fracture fragments during healing; however, excessive
absorption of fracture ends, especially in cases of com-
minuted fractures, can lead to significant shortening of
the femoral neck or even screw cut-out. Stoffel et al. [9]
reported that over half of patients experienced femoral
neck shortening exceeding 5 mm, with nearly one-third
experiencing shortening greater than 10 mm, severely
impacting limb function. In our study, both groups had
femoral neck shortening of less than 5 mm, with FNS
demonstrating superior fixation performance and stron-
ger stability, resulting in significantly less femoral neck
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shortening than that in the CCS group. However, some
degree of shortening still occurred, with good hip joint
mobility postoperatively. Hu et al. [33] compared the
efficacy of ENS and three hollow screws and reported
that both groups experienced femoral neck shortening
postoperatively, with the ENS group exhibiting signifi-
cantly less shortening than the three hollow screws group
did, which is consistent with our findings and literature
reports. Thus, the FNS system provides greater stability
at the fracture site. Additionally, the incidence of com-
plications was lower in the FNS group than in the CCS
group in this study. Similar to our study, Tang et al. [34]
compared FNS and inverted hollow cancellous screws
and reported that angular fixation devices may have bet-
ter resistance to varus deformity and micromotion than
traditional triangular screws. The FNS has yielded prom-
ising clinical results in resisting femoral neck shortening
and complications.

The previous text reviewed and analysed the efficacy
and pros and cons of the FNS and CCSs in fixing femoral
neck fractures, highlighting the importance of compara-
tive evaluation for clinical application. To further explore
the mechanical differences between these two internal
fixation methods in treating femoral neck fractures with
different Pauwels angles, we designed a finite element
simulation experiment. Compared with that in the CCS
group, the maximum stress value of the proximal fracture
block in the FNS group was lower, with the former fluctu-
ating between 120 and 240 MPa and the latter fluctuating
around 120 MPa. These findings indicate that, compared
with the FNS group, the CCS group has a greater risk
of femoral head fracture and collapse. When the FNS
is used, the risk of internal fixation loosening, cutting,
and femoral fractures is minimal, effectively protecting
the integrity of the bone near the fracture. This trend
aligns with the finite element study conducted by Xia
et al. [35], which simulated a Pauwels angle of 70° Pau-
wels III femoral neck fracture and observed the biome-
chanical performance of different devices after applying
a load of 2100 N. The results revealed that the maximum
stress value of the bone in the FNS group was 107.9 MPa,
whereas it was 486.3 MPa in the CCS group. In the
present study, relative to the proximal bone block, the
internal fixation device resulted in greater stress. With
increasing Pauwels angle, the maximum stress of both
internal fixations tended to increase. In the different frac-
ture models, the maximum stress of internal fixation in
the FNS group exceeded that of the CCS group, with the
difference reaching a peak of 101.3% in the Pauwels 70°
model. The stress distribution was mainly concentrated
on the screw surface near the fracture line, with the FNS
group bearing the maximum stress among the groups.
Although the ENS bears greater stress, the internal fixa-
tion displacement test revealed that the FNS is more
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stable overall than the CCSs, with a stiffness exceeding
that of the latter by 7.9%. This finding indicates that FNS
has greater strength after internal fixation, making it less
prone to deformation, loss of reduction, and other com-
plications. The superiority of the femoral neck internal
fixation system over hollow screws can be explained as
follows. Within the femoral neck internal fixation sys-
tem, dynamic hip screws and locking antirotation screws
provide robust angular support and effectively maintain
the fracture in the proper position. Compared with the
use of a hollow screw in conjunction with a dynamic hip
screw, the femoral neck internal fixation system locks
the locking antirotation screw with the main screw more
securely, forming a unified whole and providing better
antirotation action. However, inserting a 5-mm-diam-
eter locking screw at the distal end of the locking plate
can integrate the locking plate and femoral shaft into a
single entity. Therefore, biomechanically, the femoral
neck internal fixation system offers better anchoring than
the hollow screw fixation system does, helping to reduce
stress on the proximal femur and decrease displacement
of both the femur and internal fixation implants, thereby
creating a favourable mechanical environment for frac-
ture healing.

Mechanical experiments indicate that, compared with
CCSs, the ENS is more effective in preventing femoral
neck shortening [9]. In the face of unstable femoral neck
fractures, CCSs result in a lower ultimate load-bearing
capacity [36]. With an increase in the Pauwels angle, the
shear force becomes the primary external force lead-
ing to internal fixation failure [37]. CCSs lack sufficient
angular stability and have a relatively poor ability to with-
stand shear stress. In finite element analysis of Pauwels
III fractures, the distal double-hole FNS demonstrated
stronger biomechanical stability and lower failure risk
than the CCSs [38]. In this study, we extensively com-
pared the differences in the femoral head varus angle and
displacement between the FNS and CCSs in femoral neck
fractures with different Pauwels angles. Similar to pre-
vious reports, we found that the FNS indeed has some
advantages in resisting femoral head varus and constrain-
ing displacement. However, between Pauwels angles of
30-70°, the advantage of the FNS gradually diminishes
with increasing Pauwels angle, reflecting that the superi-
ority of the FNS over CCSs is conditionally limited and
that the increase in shear stress poses a significant chal-
lenge to the stability of ENS. Interestingly, as the Pauwels
angle increased, the separation displacement of the upper
wall of the femoral neck also increased, with the FNS
resulting in greater separation displacement than CCSs.
Given that the FNS provides central fixation while CCSs
offer distributed fixation, the lever arm of the FNS caus-
ing separation of the fracture ends is greater than that of
CCSs. The same physiological load can result in greater
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separation displacement of the fracture ends in the FNS
group. Although this difference has not been clinically
confirmed to have adverse effects on fracture healing, our
study indicates that the FNS is not a flawless device.

This study has several limitations: (1) The clinical
research involved retrospective analysis, with nonran-
dom patient selection, potentially introducing selection
bias. In the measurement of femoral neck shortening,
errors may exist due to nonstandard patient positioning
during X-ray imaging. The duration of FNS surgery was
relatively short, and the follow-up period in the study
was insufficient, providing only early reports on postop-
erative complications such as femoral neck shortening,
nonunion, and avascular necrosis of the femoral head.
Further long-term efficacy assessments require additional
follow-up observations. (2) The finite element modelling
method treats fractures as flat surfaces, whereas real frac-
ture ends are often jagged and uneven contact surfaces,
resulting in some disparity between the model and real-
ity. Furthermore, whether the mechanical conclusions of
the CCS obtained from this study can cover all clinical
application scenarios still requires further verification.
(3) The experiment applied a single load (joint reaction
force) without considering the tensile effects of mus-
cles around the greater and lesser trochanters. Future
research should consider the impact of muscles around
the hip joint on femoral loading.

Conclusion

In summary, the ENS demonstrates superior clinical
efficacy compared with CCS in treating femoral neck
fractures, with the former being more beneficial for
improving hip joint function. Biomechanical research
results confirm the advantages of FNS in terms of struc-
tural stability and anti-hip varus effects. However, as the
Pauwels angle increases, the superiority of the FNS over
CCSs is conditional, as significant shear stress still poses
a challenge to the fixation effect of the FNS.

Abbreviations

FNS Femoral neck system

CCs Cannulated cancellous screws

DHS dynamic hip screws
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