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Abstract
Background  C-arm fluoroscopy is the main method assisting surgical reduction and internal fixation of the femoral 
neck, as traditional anteroposterior and lateral fluoroscopy is insufficient for visualizing the irregular anatomical 
structure of the femoral neck. We analysed the anatomy of the femoral neck to ascertain the optimal position and 
angle of the C-arm for adequate visualization of the femoral neck during fluoroscopy.

Methods  The femoral neck was divided into anterior, posterosuperior and posteroinferior surfaces. These surfaces 
and the coronal plane of the femur formed the anterior surface coronal angle (ACA), posterosuperior surface coronal 
angle (PSCA) and posteroinferior surface coronal angle (PICA), respectively. Three angles of 32 dried femoral samples 
were measured. In the aluminium model, steel wires penetrated the femoral neck wall, whereas, in the wire model, 
three Kirschner wires penetrated the femoral neck wall. The C-arm was rotated 5° for a 0°-180° fluoroscopic view of 
each curved surface. Each specimen was imaged, totalling 111 frames. The optimal angle for fluoroscopic imaging of 
each surface was ascertained, and fluoroscopic features of the Kirschner wire penetrating the femoral neck cortex at 
three different angles on fluoroscopy and anteroposterior and lateral radiographs were observed.

Results  The femoral neck is irregularly shaped and cylindrical, with the anterior surface longer than the 
posteroinferior surface. The ACA, PSCA and PICA were 31 ± 4.589°, 67.813 ± 5.052° and 168.688 ± 3.206°, respectively. 
The optimal angles for visualizing the anterior, posterosuperior and posteroinferior surfaces of the steel wire 
aluminium foil model under fluoroscopy were 30.781 ± 5.464°, 67.969 ± 3.721°, and 167.813 ± 4.319°, respectively. There 
was no significant difference in the measurements of the corresponding surface coronal angles (P > 0.05). Kirschner 
wires penetrating the femoral neck wall were difficult to visualize on traditional anteroposterior and lateral films. 
Increasing the angle to 30°, 70° or 170° for fluoroscopy allowed clear visualization of Kirschner wires penetrating the 
femoral cortex.

Conclusion  Traditional anteroposterior and lateral fluoroscopic views are insufficient for clear visualization of the true 
structure of the femoral neck. Additionally, increasing the angle to 30°, 70° or 170° for fluoroscopy allows observation 
of the fracture reduction quality from the anterior surface, posterosuperior surface and posteroinferior surface of the 
femoral neck and the damage to the corresponding cortical bone caused by internal fixation.
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Introduction
Closed reduction and internal fixation are more com-
mon surgical techniques for treating femoral neck frac-
tures in hospitals. In clinical practice, C-arm X-ray is 
frequently used to obtain standard AP and lateral views 
of the femoral neck for intraoperative fluoroscopic evalu-
ation to assess the quality of fracture reduction and screw 
placement [1–3]. Because of the irregular and cylindrical 
shape of the femoral neck, its anatomy cannot be clearly 
visualized on standard femoral neck AP and lateral views 
[4, 5]. G-arm X-ray is a simpler method but does not pro-
vide clear images. Intraoperative CT may be sufficient 
for imaging the femoral neck and guiding screw place-
ment. The complexity and high costs of some imaging 
techniques limit their widespread use in primary hospi-
tals and therefore their use in the fixation of femoral neck 
fractures [5, 6].

According to several studies [7–10], The screw went 
through the femoral neck could not be spotted by the 
C-arm X-ray, which are primarily fixed with screws posi-
tioned in an inverted triangle in the posterosuperior 
quadrants of the femoral neck using the in-out-in tech-
nique. Zhang YQ [11] proposed that screws placed in the 
posterosuperior and anteroinferior quadrants of the fem-
oral neck are likely to penetrate the femoral neck cortex. 
Continuous X-ray from multiple angles is more reliable 
for intraoperative monitoring [7, 12, 13], but too many 
fluoroscopies expose patients and doctors to excessive 
amounts of radiation. There is no consensus on the opti-
mal position of the C-arm or optimal angle for intraop-
erative fluoroscopy.

To find the optimal angles for intraoperative fluoros-
copy, in this study, we used a combination of steel wire 
and aluminium foil paper to mark different anatomical 
positions of the femoral neck wall and simulated intraop-
erative fluoroscopy using a C-arm. The characteristics of 
the femoral neck on images obtained at different angles 
were analysed.

Materials and methods
Specimens and femoral neck section anatomy
Thirty-three dry, intact femoral specimens from 17 adults 
(13 men and 4 women; average age 58.5 years, range, 49 
to 72y) were obtained from the Department of Anatomy, 
County Health School. Written consent was obtained 
from the people before death or from the next of kin to 
use the specimens in this study. This study was approved 
by the ethics committee of our hospital. No visible defor-
mities or defects in the distal or proximal femurs were 
observed.

One unpaired dry femoral specimen was cut perpen-
dicular to the long axis of the femoral neck in the middle 
of the femoral neck to expose the femoral neck section. 
The cross section of the femoral neck is approximately 
an ellipse formed by multiple curved surfaces, consist-
ing of shorter upper and lower edges and longer anterior 
and posterior walls. The anterior wall is longer and less 
radian, so it can be seen as a surface, and it is defined as 
the anterior surface. The posterior wall is semicircular 
and has a larger arc, which can be regarded as two sur-
faces with small arcs and are defined as the posterosu-
perior surface and the posteroinferior surface separately 
(Fig. 1A).

Definition of the surface coronal angle
The angle between the three surfaces of the femoral neck 
wall and the coronal plane of the femur, which is deter-
mined by the nadir of the greater trochanter and the 
medial and lateral condyles of the femur, was defined as 
the surface coronal angle. For convenient description and 
measurement, the femoral neck section in the middle of 
the femoral neck was taken. The two ends of each sur-
face are connected to form the chord of the surface. The 
angle formed by the chord and the coronal plane of the 
femur is defined as the surface coronal angle. In this way, 
the femoral neck wall curved surface and femoral coronal 
plane constitute three surface coronal angles: the anterior 
surface coronal angle (ACA), posterosuperior surface 
coronal angle (PSCA) and posteroinferior surface coronal 
angle (PICA) (Fig. 1B).

Parameters of the femoral neck section and the surface 
coronal angles
There were 32 dried femur samples, 16 from each side. 
The circumference of the femoral neck section, the length 
of the upper and lower edges, the anterior surface, the 
posterosuperior surface and the posteroinferior surface 
were measured with a tape measure. The dried femur is 
laid on the countertop, which is in contact with the nadir 
of the greater trochanter and the medial and lateral con-
dyles of the femur. A Kirschner wire was applied to attach 
each of the three surfaces of the femoral neck wall. When 
the Kirschner wire reached maximum contact with the 
corresponding surface, the Kirschner wire was fixed, and 
the femoral specimen was removed. The angle between 
the Kirschner wire and the worktable was measured 
directly with a protractor, and the protractor reading was 
used as the data of the corresponding surface coronal 
angle size.

Level of evidence  Level II.
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Model of the femoral neck wall with steel wire and 
aluminium foil attached
The aluminium foil paper (original thickness of 10  nm, 
folded thickness of 1.28  mm) was cut into the corre-
sponding sizes of the anterior surface, posterosuperior 
surface and posteroinferior surface of the femoral neck 
wall; by closely attaching to the surface, it was shaped 
into the corresponding structure of each surface. The alu-
minium foil paper and wind steel wire with a diameter of 

0.5 mm were removed from the surface with a spacing of 
2–3 mm. Then, it was attached to the femoral neck wall 
with double-sided tape to make a steel wire wind alumin-
ium foil model (Fig.  2A). The fluoroscopic image of the 
steel wire from the aluminium foil paper represents the 
image characteristics of a certain curved surface.

Fig. 1  Schematic diagram of a femoral neck section and three curved surface coronal angles. Note: 1 Structural view of the femoral neck section: 1 an-
terior curved surface, 2 posterosuperior curved surfaces, 3 posteroinferior curved surfaces, 4 upper edges, and 5 lower edges. 1B Construction of three 
curved surfaces coronal to the femoral neck: a and a’ femoral coronal plane, b arc of the anterior curved surface, c arc of the posterosuperior curved 
surface, d arc of the posteroinferior curved surface, ∠α anterior curved surface coronal angle, ∠β posteroinferior curved surface coronal angle, and ∠γ 
posterosuperior curved surface coronal angle
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Multiangle radiography of the steel wire and aluminium 
foil models
Philips BV Endura X-ray machine (Netherlands), C-arm 
opening diameter 77  cm, arc depth 61  cm, maximum 
rotation angle 115°. The C-arm X-ray machine was oper-
ated by a senior orthopaedic surgeon with more than 
500 operations. The machine was placed on the projec-
tion position such that the C-arm was perpendicular to 
the long axis of the femoral neck and approximately 45° 
from the femoral shaft (adjusted according to the neck–
shaft angle of the femoral neck). With the midpoint of 
the femoral neck as the centre point of the projection, it 
is defined as the 0° position when the X-ray generator is 
away from the main machine; in contrast, when the gen-
erator is close to the main machine, it is 180° (Fig. 3).

Three pieces of steel wire and aluminium foil paper 
were placed in turn and closely attached to the corre-
sponding surface of the femoral neck. After the femo-
ral specimen was fixed on the worktable, the projecting 

centerline was adjusted, and the C-shaped arm was 
rotated to obtain X-ray images of the femoral neck. 
The C-arm was set to rotate at 5° intervals between 0° 
and 180°, and 37 fluoroscopic images were obtained 
from each steel wire wind aluminium foil model. When 
the image size of the steel wire wind aluminium foil is 
changed to a minimum, the angle between the worktable 
and the projecting centerline is considered the appropri-
ate fluoroscopic angle of the corresponding curved sur-
face of the femoral neck, and its value is recorded. This 
image is also referred to as the tangent image of a certain 
curved surface.

Model of three Kirschner wires perforating the femoral 
neck wall
One femoral specimen that completed the aforemen-
tioned measurement experiment was taken. Three 
Kirschner wires with a diameter of 2.5/2.0/1.5  mm 
were implanted from the femoral lateral wall through 

Fig. 2  Model of the femoral neck wall attached to steel wire wind aluminium foil (2 A) and a model of three Kirschner wires perforating the femoral neck 
wall
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the femoral neck to the femoral head, and the three 
Kirschner wires pierced the anterior surface, posterosu-
perior surface and posteroinferior surface, respectively. 
Thus, the model of three Kirschner wires piercing the 
femoral neck wall was completed (Fig.  2B). In accor-
dance with the above fluoroscopy method, the C-arm 
was rotated every 5° to ensure that the fluoroscopic angle 
ranged from 0° to 180°. The Kirschner wire penetrating 
the femoral neck wall on the image was observed. The 
five fluoroscopy angles used were as follows: traditional 
posterior–anterior and lateral views and three appropri-
ate fluoroscopic angles of the corresponding curved sur-
face of the femoral neck obtained in the aforementioned 
experiment.

Statistical analysis
Continuous variables such as the circumference of the 
femoral neck section; the length of the upper and lower 
edges; the anterior surface, posterosuperior surface and 
posteroinferior surface; the surface coronal angle (ACA, 
PSCA and PICA); and the appropriate fluoroscopic 
angle are expressed as the mean and standard devia-
tion (SD). The statistical analyses were performed via 

Microsoft Excel, and the statistical tests were performed 
via Student’s t test. A P value < 0.05 indicated statistical 
significance.

Results
The anatomy and parameters of femoral neck sections
The femoral neck is irregularly cylindrical in macro-
scopic view. The femoral neck section is an irregular 
ellipse composed of upper and lower edges and multiple 
curved surfaces. The circumference of the femoral neck 
section measured in the middle of the femoral neck was 
9.303 ± 0.521 cm. The measured data of the lengths of the 
upper and lower edges, the anterior surface, posterosu-
perior surfaces and the posteroinferior surface are shown 
in Table 1. The upper margin of the femoral neck is sig-
nificantly shorter than the lower margin, the anterior 
surface is significantly longer than the posterosuperior 
and posteroinferior surfaces, and the posterosuperior 
surface is significantly longer than the posteroinferior 
surface. In addition, the data distributions of the surface 
coronal angles (ACA, PSCA and PICA) of the 32 femoral 
necks are shown in Table 2. The measured angles of the 

Table 1  Anatomy parameters of femoral neck sections
Upper edge Lower edge ACA PSCA PICA

Data(cm) 0.616 ± 0.170 1.291 ± 0.142 3.003 ± 0.172 2.05 ± 0.125 2.344 ± 0.143
P value T=-17.841, P<0.01 T*=37.534, T#=31.409, T¥=-14.297, P<0.01
Notes ACA anterior surface coronal angle; PSCA posterosuperior surface coronal angle; PICA posteroinferior surface coronal angle. T* comparison of the ACA and 
PSCA; T# comparison of the ACA and PICA; T¥ comparison of the PSCA and PICA

Fig. 3  Schematic diagram of the intraoperative C-arm X-ray fluoroscopic angle
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ACA, PSCA and PICA were 31 ± 4.59°, 67.81 ± 5.05° and 
168.69 ± 3.21°, respectively.

Imaging characteristics and appropriate fluoroscopic angle 
of the steel wire and aluminium foil models
The image of specimen No. 15 is taken as an example 
(Fig.  4). On the anterior curved surface, the steel wire 
and aluminium foil covered half of the femoral neck at 
0°, and it became minimal when the C-shaped arm was 

rotated to 35°. After that, the covered area gradually 
increased with increasing fluoroscopic angle. The major-
ity of the femur was covered at 90°, and the maximum 
area reached 125°, after which it decreased. The steel 
wire foil was completely contained by the femoral neck 
at 110° to 145°. On the posterosuperior curved surface, 
the steel wire aluminium foil covered half of the femo-
ral neck at 0°, and the development was minimal at 65°. 
With increasing fluoroscopic angle, the development area 

Fig. 4  Fluoroscopic image of three curved surfaces of the femoral neck wall attached to the steel wire wind aluminium foil model (specimen No. 15): A1, 
0° position; A2, 35° position; A3, 90° position; A4, 125° position; A5, 180° position; B1, 0° position; B2, 70° position; B3, 90° position; B4, 150° position; B5, 
180° position; C1, 0° position; C2, 75° position; C3, 90° position; C4, 165° position; and C5, 180° position

 

Table 2  Measured data of three surface coronal angles of the femoral neck (N = 32) 
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gradually increased, covering approximately 1/3 of the 
femoral neck at 90°, reaching the maximum area at 150°, 
and gradually decreased to cover approximately half of 
the femoral neck at 180°, that is, the 0° image. The pos-
terosuperior steel wire foil was completely contained by 
the femoral neck at 110° ~ 175°. On the posteroinferior 
curved surface, the view of the steel wire aluminium foil 
was small at 0°, covering only 1/3 of the femoral neck. 
The angle of view increased with increasing fluoroscopic 
angle and reached a maximum at 75°. With increasing 
fluoroscopic angle, the angle gradually decreased, cov-
ering the majority of the femoral neck at 90°, and the 
smallest view was at 165°. The angle was then gradually 
increased to cover 1/3 of the femoral neck at 180°, which 
was basically consistent with the 0° view. The postero-
inferior steel wire foil was completely contained by the 
femoral neck at 50° ~ 90°.

The position angle of the C-shaped arm is defined as 
the appropriate fluoroscopic angle of its curve surface 
when the steel foil is minimized. The data size distribu-
tion is shown in Table  3. The appropriate fluoroscopic 
angles of the ACA, PSCA and PICA were 30.781 ± 5.464°, 
67.969 ± 3.721° and 167.813 ± 4.319°, respectively. To 
facilitate intraoperative application, 30°, 70° and 170° 
angles were taken as the intraoperative fluoroscopic 
angles. The surface coronal angle data of each curved 
surface obtained via direct measurement of the 32 bare 

bones were basically consistent with the appropriate fluo-
roscopic angle obtained via perspective image measure-
ment (Table 4), and there was no significant difference.

Model of three Kirschner wires perforating the femoral 
neck wall
The model revealed that three Kirschner wires of differ-
ent diameters penetrated the femoral neck wall against 
the anterior surface, posterosuperior surface and pos-
teroinferior surface of the femoral neck (Fig.  2B). 
Standard lateral view revealed that the anterior and 
posteroinferior curved Kirschner wires were suspected 
to penetrate the cortex, and there was no clear bound-
ary with the femoral neck bone. The posterosuperior 
curved Kirschner wires were contained in the femoral 
neck. On the 30° image, the anterior curved Kirschner 
wire completely penetrated the femoral neck and was 
clearly located outside the anterior cortex, and the pos-
terosuperior and posteroinferior curved Kirschner wires 
were located inside the femoral neck. In the 70° view, the 
posterosuperior curved Kirschner wire completely pen-
etrated the posterior cortex of the femoral neck, and the 
anterior and posteroinferior curved Kirschner wires were 
contained in the femoral neck.

Standard anteroposterior radiography (90° position) 
revealed that the Kirschner wire partially penetrated the 
femoral neck cortex on the posterosuperior surface, but 
the Kirschner wire did not penetrate the anterior and 
posteroinferior curved surface cortex. At 170°, the pos-
teroinferior Kirschner wire completely penetrated the 
femoral neck cortex, and the anterior and posterosupe-
rior curved surface Kirschner wires were located inside 
the femoral neck (Fig. 5).

Table 4  Comparison of appropriate fluoroscopic angles and 
surface coronal angles

ACA PSCA PSIA
Appropriate fluoro-
scopic angle

30.781 ± 5.464 67.969 ± 3.721 167.813 ± 4.319

Surface coronal 
angle

31 ± 4.589 67.813 ± 5.052 168.688 ± 3.206

T and P values T = 0.5143, 
P = 0.6107

T=-0.2615, 
P = 0.7955

T = 1.2585, 
P = 0.2176

Notes ACA anterior surface coronal angle; PSCA posterosuperior surface 
coronal angle; PICA posteroinferior surface coronal angle

Table 3  Appropriate fluoroscopic angle data for the femoral neck (N = 32) 
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Discussion
The anatomical structure of the femoral neck cannot be 
completely shown by traditional anteroposterior and 
lateral fluoroscopic images
This technique has decisive significance for the prognosis 
of femoral neck fractures because of the good quality of 
fracture reduction and accurate implantation of internal 
fixation. These procedures need to be performed under 
intraoperative X-ray monitoring. At present, the precise 
position of screw implantation is commonly monitored 
under anteroposterior and lateral images of the femoral 
neck, and the quality of reduction is judged by observ-
ing the Garden index and Lowell curve [1, 2]. Cai LY [3] 
reported that rotation of the femoral neck fracture end-
ing at 30° could not be detected under traditional antero-
posterior and lateral X-ray images through cadaveric 
bone tests unless the rotation reached more than 40°. In 
previous studies of internal fixation in the femoral neck 
with inverted triangle screws, several scholars [7–11] 
reported that the posterosuperior screw easily penetrated 
the femoral neck cortex. When the screw diameter above 
the piriformis fossa reaches 6.5 mm, the penetration rate 
reaches 70% [13]. Aibinder WR et al. reported that screws 
can easily penetrate the anteroinferior and posterosupe-
rior parts of the femoral neck but cannot be detected via 
routine intraoperative X-ray monitoring. In addition to 
traditional anteroposterior and lateral fluoroscopy, mul-
tiangle projection should be used to detect the screws 
that may pass through the femoral head or neck during 
the operation to correct the position of the screw in time 
[7, 14]. However, the details of the specific fluoroscopic 
position and angle have not been proposed. Chen SY et 
al. explored a good angle and position of intraoperative 
C-arm X-ray fluoroscopy, which was mainly used for 
accurate implantation of the head nail of the proximal 
femoral intramedullary nail [15, 16]. This technique was 
helpful for adjusting the anteversion angle of the femo-
ral neck for internal fixation but could not find the screw 
penetrating the femoral neck cortex.

Our model of three Kirschner wires perforating the 
femoral neck wall revealed that the anterior and postero-
inferior surface Kirschner wires could not be detected via 

standard anteroposterior radiography, and whether the 
posterosuperior surface Kirschner wire penetrated the 
femoral neck was not certain. Only when the position of 
the posterosuperior Kirschner wire was superior could it 
be identified. On standard lateral radiographs, the pos-
terosuperior Kirschner wire penetrating the femoral neck 
cortex could not be found, and whether the anterior and 
posteroinferior surface Kirschner wires penetrate the 
femoral neck cortex is sometimes unclear. This can be 
detected only when the screw penetrates out of the femo-
ral neck cortex in the superior position.

The femoral neck is an irregular cylindrical structure 
composed of multiple curved surfaces and not a stan-
dard cylindrical shape. Anatomical parameters such as 
the femoral collodiaphyseal angle, anteversion angle and 
femoral neck torsion angle of the proximal femur indicate 
an irregular three-dimensional anatomical structure of 
the proximal femur [4, 17]. To explore the three-dimen-
sional anatomical structure of the irregular femoral neck 
via two-dimensional imaging of anteroposterior and lat-
eral radiographs, an observation blind area is needed. 
Studies have shown that blind areas exist mainly in the 
periphery of the femoral head and the posterosuperior 
and anteroinferior quadrants of the femoral neck [4, 13, 
18, 19]. According to our anatomical study, the femo-
ral neck section is composed of three large, curved sur-
faces anteriorly and posteriorly and the upper and lower 
edges. The upper and lower edges are short and can be 
visualized in the anteroposterior fluoroscopic view. As 
the anterior and posterior surfaces are long and irregular 
and the cortical thickness is inconsistent, a lateral fluoro-
scopic image of the femoral neck cannot accurately show 
all the full surfaces. According to the maximum radian 
(tangent line) of each surface, the anterior and posterior 
surfaces of the femoral neck were divided into three sur-
faces, which were named the anterior surface, postero-
superior surface and posteroinferior surface. The angle 
formed by the chord of each surface and the coronal 
plane of the femur is defined as the surface coronal angle 
of the curved surface, which is called the anterior surface 
coronal angle (ACA), posterosuperior surface coronal 
angle (PSCA) and posteroinferior surface coronal angle 

Fig. 5  Fluoroscopic image of three Kirschner wires perforating the femoral neck wall model: the diameters of the Kirschner wires on the anterior, postero-
inferior and posterosuperior curved surfaces were 2 mm, 1.5 mm and 1 mm, respectively. A: 30°, B: 70°, C: 90°, D: 170°, E: 180°
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(PICA), respectively. In theory, angle size data can be 
used as the intraoperative appropriate fluoroscopic angle 
of a curved surface. To further test its scientific charac-
teristics, we carried out an experimental demonstration 
of the steel wire aluminium foil model and the Kirschner 
wires perforating the femoral neck wall model.

Three fluoroscopy angles were used as effective 
supplements to traditional anteroposterior and lateral 
fluoroscopy of the femoral neck
The femoral neck cortex is thickest at the lower margin, 
followed by the anterior and posteroinferior surfaces, and 
the posterosuperior surfaces are thinnest. To distinguish 
and display the three surfaces, we folded the aluminium 
foil paper to the corresponding thickness and woven steel 
wire on its surface. Therefore, it can be partially pene-
trated by X-ray and shows the difference between it and 
the femoral neck bone. The samples were cut into cor-
responding sizes and attached to the three femoral neck 
surfaces to represent the three curved cortices. When the 
image of steel wire foil under fluoroscopy is the small-
est, it can be used as the appropriate fluoroscopic angle 
of the surface. The appropriate fluoroscopic angles of the 
samples in this study were 30° for the anterior surface, 70° 
for the posterosuperior surface, and 170° for the postero-
inferior surface, which were consistent with the surface 
coronal angles of the measured data of the samples. The 
quality of cortical reduction at the fracture end of the 
femoral neck surface can be determined on the basis of 
fluoroscopic images of the anterior, posterosuperior and 
anteroinferior surfaces.

In the test of Kirschner wire penetration out of the 
femoral neck, three curved surface Kirschner wires could 
be partially found penetrating the femoral neck cortex 
on traditional anteroposterior and lateral radiographs, 
but the full penetration of the Kirschner wire could not 
be spotted. This means that it could not be completely 
detected in traditional anteroposterior and lateral radio-
graphs when the Kirschner wires slightly penetrated 
the femoral neck cortex. When the appropriate fluoro-
scopic angle of the three surfaces was added, the anterior 
Kirschner wire was visible at the 30° position, the pos-
terosuperior Kirschner wire was visible at the 70° posi-
tion, and the posteroinferior Kirschner wire was visible 
at the 170° position, penetrating the femoral neck cortex 
completely. In clinical practice, when the implant is sus-
pected to penetrate the femoral neck cortex, the corre-
sponding fluoroscopic angle can be added to ensure that 
the penetrating surface of the femoral neck cortex can be 
detected by fluoroscopy to make timely adjustments.

Limitations of this study
In accordance with the anatomical characteristics of 
the femoral neck, this study explored the addition of an 

appropriate C-arm X-ray fluoroscopic angle to visual-
ize the overall proximal femoral structure. Although the 
dried femur samples used in this study were ordinary and 
without deformities, which could represent the charac-
teristics of the patient’s femur during surgery, there was 
no soft tissue attachment, and the position of the patient 
on the traction bed could not be completely simulated. 
When the study results are used for intraoperative refer-
ence, the influence on the image of the immediate intra-
operative position should be considered. In addition, the 
sample used in this study was the femoral neck with a 
normal anatomical structure, so the position of the femo-
ral neck and the position of internal fixation after fracture 
reduction can be effectively evaluated in clinical practice. 
However, it is difficult to evaluate the femoral neck anat-
omy effectively for fracture displacement and deformity. 
It is necessary to find specific X-ray anatomical markers 
of the femoral head and trochanter to determine the rela-
tive position of the fracture and deformity as a further 
expansion and improvement of this study.

Conclusion
In conclusion, the femoral neck is an irregular cylindrical 
shape composed of an anterior surface and posterosupe-
rior and posteroinferior surfaces, with upper and lower 
edges. The overall structure of traditional anteroposte-
rior and lateral fluoroscopy during an operation cannot 
be accurately displayed. Additionally, 30°, 70° and 170° 
fluoroscopic angles can be used to observe the fracture 
reduction quality of each surface of the femoral neck 
accurately, and the corresponding cortical injury caused 
by internal fixation can be clearly detected.
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