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Abstract 

Background Internal fixation of the femoral neck carries a risk of perforation due to the presence of the isthmus 
of the femoral neck. At present, there are few studies on the safe and risk zones of the femoral neck system (FNS) 
implantation. This study aimed to recommend the safe range of injection of FNS in the lateral wall of the proximal 
femur, parallel to the axis of the femoral neck, during FNS treatment of femoral neck fracture (FNF).

Methods Femoral computed tomography (CT) data of 80 patients (male: 40; female: 40) who met the inclusion 
criteria were collected. Mimics 21.0 software was used to complete the modeling. 3-Matic 13.0 software was used 
to establish the axis of the femoral neck and its vertical plane, perform the cutting of the femoral neck, and project it 
on the vertical plane of the femoral neck axis. After matching a rectangle for each projection map, all sample sizes (80 
cases) were standardized and superimposed to obtain gradient maps of the safe zone (SZ) and dangerous zone (RZ), 
thereby securing edge key points and safe FNS insertion range.

Results In the 80 samples, the mean diameter of the smallest femoral neck section was 33.87 ± 2.32 mm for men 
and 29.36 ± 1.92 mm for women. All 80 femoral necks had safe and risky areas. The SZ/S × 100% was 77.59 (± 2.22%), 
and the RS/S × 100% was 22.39% (± 2.22%). The risk area was composed of four parts: (1), (2), (3), and (4), respectively, 
corresponding to 3.45 ± 1.74%, 5.51 ± 2.63%, 6.22 ± 1.41%, and 7.22 ± 1.39%. Four marginal key points, perforation risk, 
and safe ranges (SR) of FNS were analyzed on the lateral wall of the femoral neck.

Conclusions The SR of FNS placement was recommended by digital simulation. In addition, Regions (3) and (4) 
posed a higher risk of penetrating the cortex. Using the gradient map of RZ for preoperative evaluation is recom-
mended to avoid iatrogenic perforation.
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Background
The femoral neck is a crucial stress concentration site in 
the proximal femur and a frequently occurring location 
for fractures. Femoral neck fractures (FNFs) account for 

approximately 50% of hip fractures [1]. Regarding dam-
age mechanism, FNFs in young patients are typically 
caused by high-energy injuries such as car accidents 
or falls from heights [2]. However, in the elderly pop-
ulation, FNFs are frequently attributed to low-energy 
injuries such as falls [3–5]. Treatment modalities vary 
based on patient age and fracture type. According to 
The American Academy of Orthopedic Surgeons Evi-
dence-Based Guideline on Management of Hip Frac-
tures in the Elderly [6]: Moderate evidence supports 
operative fixation for patients with stable (nondis-
placed) FNFs. Strong evidence supports arthroplasty 
for patients with unstable (displaced) FNFs. For young 
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patients with FNFs, the service life of the artificial hip 
joint is limited, and secondary revision surgery is both 
difficult and costly. Therefore, internal fixation should 
be prioritized as the primary treatment option to pre-
serve the femoral head and maximize hip joint function 
recovery. Common methods for the internal fixation of 
FNFs include cannulated compression screws (CCS), 
dynamic hip screws (DHS), and femoral neck system 
(FNS) (Fig.  1). The selection of an appropriate inter-
nal fixation device is crucial to the success rate of sur-
gery and the incidence of postoperative complications. 
However, controversy still exists regarding the optimal 
choice of internal fixation devices for treating FNFs. 
FNS is a novel technique for treating FNFs that offers 
reduced trauma, enhanced stability against rotation 
and shearing forces, and decreased risk of screw cut-
ting, nail removal, and other complications [7]. Sur-
geons can achieve minimally invasive surgery while 
simultaneously reducing the size of implants used [8, 
9]. Moreover, a superb biomechanical study has dem-
onstrated that the stability of FNS is equivalent to that 
of DHS when an anti-rotation screw is used [10]. Com-
pared with CCS, FNS has demonstrated a reduction 
in intraoperative fluoroscopies, radiation exposure for 
both medical staff and patients, and short-term compli-
cations such as femoral neck shortening and bone non-
union [11]. FNS for FNFs enhances postoperative hip 
functional recovery, reduces the rate of femoral neck 
shortening, and minimizes fluoroscopy exposure [12]. 
During surgery, adjusting the guide needle repeatedly 
to achieve a satisfactory internal fixation position may 

cause bone destruction. This is particularly problem-
atic since the proximal femur is mostly cancellous bone, 
which makes patients with osteoporosis more vulnera-
ble to bone mass loss and reduced bone strength, These 
factors can result in decreased internal fixation holding 
force, fracture end displacement, and, ultimately, inter-
nal fixation failure [13]. Such subtle changes may not 
be accurately analyzed from the x-ray data. In addition, 
the C-arm machine used for intraoperative fluoroscopy 
to assess the position of the guide needle provides only 
two-dimensional images, which mainly rely on the sub-
jective assessment of the position by the surgeon, and 
some errors are inevitable. When the FNS is driven into 
the femoral neck along the guide pin, there is a risk of 
the guide pin not being properly positioned, and the 
isthmus of the femoral neck being present, which can 
lead to the FNS penetrating the femoral neck cortex. 
Different experimental techniques are used to improve 
the accuracy of the placement and reduce the incidence 
of perforation-related complications. These techniques 
include plain radiography, computed tomography (CT) 
scanning, and three-dimensional reconstruction. They 
are used to evaluate and measure the isthmus of the 
femoral neck and provide projections of different sec-
tions of the femoral neck along their axis to the lateral 
wall of the femur. This helps to determine the safe zone 
(SZ) for FNF placement. It also provides a safe range of 
entry points along the femoral neck axis, as safe entry 
points allow for safer screw placement and reduce the 
risk of perforation of the femoral neck cortex.

Fig. 1 Femoral neck fracture model (A), internal fixation model of the new internal fixation femoral neck system (B), and X-ray visualization of FNS 
for femoral neck fracture (C)
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Material and methods
This study was approved by the ethics committee of 
Shanghai Oriental Hospital. It was a retrospective inves-
tigation of medical imaging data. All patient data were 
anonymized, and the study was performed with informed 
consent from all patients.

Sample data
The inclusion criteria were as follows: (1) patients aged 
18  years and above and (2) hip or femur CT examina-
tion in the imaging center of our hospital (Shanghai East 
Hospital, School of Medicine, Tongji University.) during 
2022–2023. The exclusion criteria included incomplete 
imaging, posttraumatic proximal femoral deformities or 
congenital abnormalities, and patients with a history of 
previous trauma or proximal femoral surgery. This study 
was conducted with consent of volunteers and approved 
by the Shanghai East Hospital Ethics Committee.

Research method
Three‑dimensional reconstruction of the femur model
Mimics 21.0 medical imaging software was used to con-
vert the imported CT scan data into a three-dimensional 
reconstruction model of the femur.

Murphy’s method to identify the axis of the femoral neck
The data of two CT cross-sections were determined, 
namely the maximum cross-section of the femoral head 
and the base cross-section of the femoral neck. The 
center of the maximum section of the femoral head and 
the center of the base section of the femoral neck were 
selected and marked. Connecting these two points was 
the axis of the neck of the femur determined by Murphy’s 
method (Fig. 2).

Obtaining a cross‑section of the neck of the femur
A plane perpendicular to the femoral neck axis was cre-
ated at the femoral head–neck junction, called the mov-
ing plane. The moving surface was translated along the 
axis of the femoral neck using the moving plane function. 
The Cut function was used layer by layer until the moving 
surface was tangent to the greater trochanter for every 

Fig. 2 Murphy’s method identifies the axis of the femoral neck. The top left is a random CT plan of the femoral head; The figure on the upper right 
shows the diameter of the femoral head on the CT plane. The figure at the lower left is the maximum diameter of the femoral head in all CT planes 
(the center of the circle in CT plane is marked as A, that is, the center of the femoral head in the fitting sphere). The lower right figure is a CT plan 
of the base of the neck of the femur (the upper margin of the lesser trochanter, roughly triangular, and the center of the triangle is B, the center 
of the base of the neck of the femur)
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1 mm of translation (Fig. 3). The diameter of the femoral 
neck section was recorded for each sample.

Creation of a projection map along the femoral neck axis
After measuring and recording the diameters of all the 
fault sections, they were projected onto the vertical plane 
of the femoral neck axis to obtain a projection set of all 

the sections. At the same time, a projection set on the lat-
eral femur was obtained (Fig. 4).

Creation of coordinates along the femoral neck axis
Finally, the projection of the femoral neck section onto 
the lateral wall of the femur was obtained along the femo-
ral neck axis. The innermost curve was outlined as shown 
in Fig. 5.

Axial diagram analysis of the femoral neck
SZ was defined as the position of the screw in the femoral 
neck (anteroposterior views of the femoral neck and axial 
views) on the x-ray film and was actually located in the 
cortex. RZ was defined as only conforming to the former 

Fig. 3 Before (A) and after (B) femoral neck cutting

Fig. 4 Projection map along the axis of the femoral neck, with the femur hidden (A), the femur shown (B), and the position relationship 
between the femur and the projection plane (C)

Fig. 5 The safe zone of femoral neck was obtained by the projection map of femoral neck section. The projection of femoral neck section (A) 
Outlines the closed curve along the innermost side (B), the Delete Geometry command is applied to obtain the separate curve (C), and the Refine 
Spline command and Convert to Context Curves command are used to obtain the true smooth curve (D)
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and actually penetrating the cortex. Perforation risk was 
defined as the ratio of the RZ/S area.

As mentioned earlier, a rectangle determined by four 
dots (ABCD) was referred to as S in the axial diagram 
(Fig. 6). The neck projective area was referred to as SZ. 
The remaining area of the rectangle was the RZ, which 
included four parts: (1), (2), (3), and (4) (Fig.  6). The 

following data were calculated and recorded: width and 
height of S, RZ/S × 100%, (1)/S × 100%, (2)/S × 100%, 
(3)/S × 100%, and (4)/S × 100%. Each original axial dia-
gram was reshaped (zoomed) to match a calculated aver-
age shape. Reshaped axis graphs were generated with the 
same calculated average shape, allowing for the map-
ping and visualization of the RZs of all femoral necks 
in a single averaged axial graph. After all of the images 
were compiled into one image, a gradient of RZs was 
visualized, and a coordinate system was created [14, 15] 
(Fig. 7). The x-value on the horizontal axis indicated the 
bolt position on the lateral view. The y-value on the verti-
cal axis indicated the bolt position on the AP view.

Result
In the 80 samples, the mean diameter of the small-
est femoral neck section was 33.87  mm for males; For 
women, 29.36 mm; The distance from the location of the 
smallest section of the neck of the femur to the center 
of the neck of the femur: the mean distance for males 
is 20.87  mm, 19.17  mm for women. The average NSA 
of male was 128.72° in 80 samples. For women, it was 
128.62°. There are safe and risky areas in all 80 femoral 
necks. SZ/S × 100% is 77.59(± 2.22%), the RS/S × 100% 
is 22.39% (± 2.22%). Risk area is composed of four parts: 
①, ②, ③, ④ respectively corresponding to 3.45 ± 1.74%, 
5.51 ± 2.63%, 6.22 ± 1.41%, 7.22 ± 1.39% (Fig. 8).

Gradient of risk zones and key edge points
By adjusting and processing each original projection 
image, after reshaping, the projection is compiled into an 

Fig. 6 A projective graph along the femoral neck axis. The rectangle 
was regarded as S; SZ is the neck projection (real SZs); ①②③④ are 
RZs of penetration. RZ = 1 + 2 + 3 + 4; SZ = S-RZ. In the axial diagram, 
a rectangle determined by 4 dots (A: boundary anterosuperior, B: 
boundary anteroinferior,C: boundary posteroinferior，D: boundary 
posterosuperior), was referred to as S

Fig. 7 Simulated radiographs. AP view (A). Lateral view (B). The axial view (C) shows the relationship of the guide wire position and the AP, lateral 
and axis graphs. h’ is the distance from the guide wire to the inferior curve; h is the distance from the superior curve to the inferior curve; w’ 
is the distance from the guide wire to the anterior curve; w is the distance from the posterior curve to the anterior curve. y = h’/h, indicates screw 
position in the AP view. x = w’/w, indicates screw position in the lateral view
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image, generating a visual gradient and coordinate sys-
tem for RZ. Identify the safe and cortex-touching zones 
(SCTZs) in the neck of the femur. The maximum safe tra-
jectory of the center of the bolt and anti-rotation screw 
was established without penetrating the femoral neck 
cortex. The bolt and anti-rotation screw of the FNS are 
safe at the femoral neck and can contact the cortex. Four 
key marginal points were then marked using the neck 
axis of the femur as reference points (Fig. 9).

Discussion
Although some studies suggest that the incidence of hip 
fractures may be stabilized or decreasing [16–18], there 
is still a significant concern about the increasing num-
ber of hip fractures due to the aging of the global popu-
lation and the increase in life expectancy. The number 
of hip fractures is expected to reach 6.3 million by 2050 
[19]. Hip fractures occur predominantly in elderly peo-
ple, with the reported incidence in the United States 
of 414/100,000 and 957/100,000 in men and women, 
respectively. Postoperative complications occur in up 
to 49% of patients, and the first-year mortality is as 

high as 36% [20, 21]. FNFs account for approximately 
50% of hip fractures [22]. Thus far, various treatment 
strategies have been used to treat FNF, including can-
nulated screw fixation, DHS, intramedullary nails, lock-
ing plates, and hip replacement. We rarely consider hip 
replacement in young patients because the life of the 
prosthesis is usually shorter than the life of the patient. 
If this surgery is performed, the patients are at a high 
risk of secondary surgery in the future, which undoubt-
edly increases the patient’s pain and financial burden. 
In addition, many serious complications can occur 
after hip arthroplasty, such as periprosthetic infection, 
dislocation, loosening of the prosthesis, and peripros-
thetic fracture [23, 24]. The most commonly used inter-
nal fixation strategies in young patients with FNFs are 
undoubtedly preserved hip surgeries, such as cannu-
lated screw fixation and dynamic hip screw fixation.

The unique advantages of FNS have been clini-
cally recognized and applied. This study focused on 
improving the accuracy of FNS placement and reduc-
ing the incidence of complications related to cortical 
perforation.

Fig. 8 Plots of the percentage of each risk zone and safe zone for males and females are shown in A–D 
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The angle formed by the intersection of the axis of the 
femur and the axis of the neck of the femur in the coro-
nal plane is femoral neck shaft angle (FNSA). This angle 
is about 150° in infancy and between 125° and 135° in 
adulthood. The average is 127° for women and 132° for 
men. The presence of FNSA can make the femoral axis 
more inclined to the lateral pelvis to accommodate a 
larger range of hip motion. When the FNSA is less than 
120°, the varus hip can increase the shear stress of the 
femoral neck. However, when the FNSA is greater than 
140°, femoral neck eversion can increase the compressive 
stress. Studies suggest that when the neck-shaft angle 
increases by one standard deviation, the risk of proxi-
mal femoral fracture increases 2.45 times in men and 
3.48 times in women. Therefore, the neck-shaft angle is 
extremely important when choosing internal fixation sur-
gery. Postoperative angle recovery leads to a change in 
the direction of stress. It may lead to a stress fracture or 
prosthesis loosening after the surgery. It is important to 
measure FNSA correctly both preoperatively and during 
postoperative follow-up. Current methods for measur-
ing the femoral neck stem angle include direct measure-
ments from anatomical specimens, x-ray measurements, 
and CT 3D reconstruction measurements. In clinical 

practice, x-ray and CT stereoscopic reconstructions are 
commonly used to measure femoral neck trunk angles. 
Still, some scholars [25–27] concluded that the x-ray 
measured angle was too large. They argued that directly 
applying the x-ray-measured angle to the femoral neck 
backbone was highly likely to produce a significant bias. 
In this study, CT 3D reconstruction was used to meas-
ure the NSA. While the method overcomes the limita-
tions of x-ray measurements and provides more accurate 
results, it is complex and comes with a higher economic 
cost. Hence, a simple and accurate measurement method 
needs to be developed.

Many factors affect the healing of the femoral neck. In 
any case, the anatomical reduction and the restoration 
of the blood supply of the femoral neck are the key fac-
tors for the healing of FNF. The results of the successful 
reduction and internal fixation of FNFs are as follows. 
The ultimate treatment goals are not only the healing of 
the fracture end of the femoral neck but also the absence 
of femoral head necrosis. Anatomical reduction requires 
good liner-positional alignment after reduction. Func-
tional reduction is not allowed for FNFs,

which differs from femoral shaft fractures. The purpose 
of anatomical reduction is to allow the fracture to heal as 
soon as possible. Anatomical reduction is achieved when 
only the fracture line of the femoral neck is seen on the 
x-ray. Internal fixation does not pursue strong internal 
fixation, but pursues reliable internal fixation, that is, the 
stability of the broken end after internal fixation. After 
ensuring proper axial pressure, all other stresses that 
can cause instability of the broken end and head must be 
eliminated. In terms of biomechanics, FNS has certain 
advantages. The locking anti-rotation screw of FNS and 
the main screw are locked together, providing better anti-
rotation effects. Moreover, the sliding compression func-
tion can be realized by sliding between the main screw 
and the lateral plate, promoting fracture healing.

Fracture reduction is a variable controlled by the sur-
geon. After sufficient induction of anesthesia, closed 
reduction is attempted. If closed reduction is unsuccess-
ful, the surgeon must be prepared to perform open reduc-
tion because the quality of reduction is key to help avoid 
avascular necrosis [28, 29]. After successful reduction, 
precise internal fixation cannot be ignored. According 
to the FNS operating manual, the fracture is reduced by 
gentle traction/flexion, adduction/abduction, and inter-
nal rotation (greater than 15° so that the femoral neck 
is parallel to the operating table) after the patient lies 
supine on the operating table. A new guide wire is placed 
along the upper/anterior portion of the femoral neck to 
prevent unintended rotation of the femoral head. A 130° 
angular guide is used to insert a second, new guide nee-
dle as the central guide needle. The guide needle is placed 

Fig. 9 Gradient of risk zones. This figure reflects not only the 
positional relationship between the bolt and the antirotation 
screw, but also the correlation between their positions and the risk 
of femoral neck perforation. The distance between the axis 
of the femoral neck and the intersection point of the femoral 
head and the lateral wall of the femur was 92.29 ± 7.72 mm. 
According to FNA guidelines (92.29–5 = 87.29 mm), the length 
of the bolt (dashed circle with a diameter of 10.0 mm) was 85 mm, 
and the anti-rotation screw with the same length of the bolt (dashed 
circle with a diameter of 6.4 mm) was selected. In addition, the four 
marginal key points of SR indicate that the 10 mm diameter bolt 
and 6.4 mm antirotation screw are safe to contact with the femoral 
neck cortex. Key point 1, X = 45%, Y = 26%; key point 2, X = 75%, 
Y = 57%; key point 3, X = 50%, Y = 72%; key point 4, X = 24%, Y = 49%
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below the apex of the femoral head under orthoscopy and 
continued into the subchondral bone. Laterally, the guide 
wire should be centered on the neck of the femur and the 
femoral head. The off-axis fixation of the femoral neck 
increases the strain area and total displacement of the 
bone, which, in turn, increases the risk of fixation failure. 
Therefore, the central placement of FNS may be a better 
surgical target in treating FNFs [30].

The bolt of FNS should be placed on the central axis 
of the femoral head and neck (Fig.  10). It requires the 
surgeon to accurately locate the screw during the sur-
gery to ensure accurate placement. Whether FNS can be 
implanted in other positions below the central axis of the 
femoral head and neck is still unclear. Few studies have 
been conducted on different placement positions of FNS. 
It is difficult to ensure accurate placement during the 
surgery due to the harsh placement of the screw and the 
10-mm diameter of the bolt of FNS, leading to the pen-
etration of the femoral neck cortex and the destruction 
of the blood vessels. Among the four risk areas in this 
study, the risk proportion of quadrant (4) was the high-
est (7.22 ± 1.39%), implying that the most likely area of 
iatrogenic perforation of the femoral neck was located 
in quadrant (4). This might damage the blood supply to 
the femoral head and be closely related to the anatomy 
of the blood vessels of the femoral head and neck. A 
screw penetrating the posterior upper quadrant cortex 
of the femoral neck might impair the blood supply to the 
femoral head. Previous studies showed that the lateral 
epiphyseal artery stem was the most important blood 
supply vessel in the head. The inferior terminal stem of 

the synovium was located in the posterior upper quad-
rant of the femoral neck. A majority of vascular pores 
(77%) were also located in this quadrant [31]. Penetration 
of the femoral neck cortex disrupted these vital branches, 
interfering with revascularization and even leading to 
avascular necrosis of the femoral head. In 1953, Tru-
eta [32] reported that the most important blood supply 
to the femoral head was the superior retinacular artery 
issued by the medial circumflex femoral artery. Its main 
artery rose to the lateral artery and entered the center of 
the femoral head between cartilage and bone marrow. 
It supplied at least two thirds of the volume of blood to 
the femoral head. It was close to the bone cortex, with 
high vascular tension and low mobility, and it was easy 
to injure this blood vessel when the femoral neck was 
fractured. The blood vessels that reached and were dis-
tributed in the femoral head were all small vessels after 
several branches. Despite anastomosis between them, 
they still maintained relatively independent blood supply 
areas.

In practice, absolutely precise positioning is difficult to 
achieve, as well as the correct position of small deviation 
does not significantly increase the risk of fixed failure, if 
appear the correct position of small deviation, we need 
to weigh the repeated the introduction to further injury 
of the surrounding tissue and repeated the perspective of 
the risk of radiation [33].

Zhao et  al. [34] demonstrated that the central fixa-
tion directly facing the central region of the epiphyseal 
artery network avoided damage to the main stems of 
these epiphyseal arteries. The epiphyseal arterial stem 

Fig. 10 shows the pattern of internal artery and implant position in the coronal (left) and sagittal (right) planes of the femoral head 
after implantation of the FNS device
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near the peripheral cortex had a larger diameter than 
the network located in the central region (Fig.  10). 
Hence, the anastomosis frequency was less, and injury 
was prone to occur. The anastomosis was more and 
the compensatory ability was higher in the central 
region. The epiphyseal artery network and the inferior 
supporting artery system are important structures to 
maintain the blood supply of the femoral head after 
FNF. Enhanced protection of these critical structures 
during surgery, such as drilling and placement of inter-
nal implants close to the central region of the femo-
ral head, may help reduce the impact of an iatrogenic 
injury on the intraosseous vascular system.

We must be familiar with the following definitions 
to minimize the effect of iatrogenic injury on blood 
vessels and cortical bone. The isthmus of the femo-
ral neck was defined as the narrowest cross-section 
of the femoral neck (narrow FN) [35] perpendicu-
lar to the long axis of the femoral neck. This section 
was the only way for the implant to pass through, and 
it was also the most dangerous section for implant 
placement. However, in this study, we used the “cut-
projection” method to obtain “narrow FN.” The author 
believes that the aforementioned method is more rea-
sonable than direct measurement because the neck of 
the femur is not a smooth, flat, and regular stereogeo-
metric figure. This “plane” obtained in this method is 
not the projection of a single cut fault, but rather the 
collection of all cut faults of the femoral neck at its 
closest points to the axis. These points exist in three-
dimensional space, and their projections onto the ver-
tical plane of the femoral neck axis converge into a 
two-dimensional plane.

In practice, the insertion point of the implant is 
located in the lateral cortical area of the proximal 
femur. Unnecessary iatrogenic injury can be effectively 
avoided only by establishing an SZ at the beginning of 
needle insertion. As shown in the axial view in Fig. 8C, 
the “narrow FN” coordinate system was established in 
the lateral axial view of the proximal femur after can-
cellations of the anteversion angle. All the “narrow FN” 
were analyzed and processed using Photoshop image 
processing software, and all the “narrow FNs” were 
“standardized” and then superimposed so as to obtain 
the “narrow FN in the final version” (Fig.  9, white 
area). According to the position relationship, the anti-
rotation screw was located above the bolt, with the 
bolt and the anti-rotation screw as a whole. The maxi-
mum safe trajectory of the center of the bolt and the 
anti-rotation screw was established without penetrat-
ing the femoral neck cortex. Then, the femoral neck 
axis was used as the reference point to mark the four 
key edge points.

Limitations
First, the sample size was relatively small. With only 40 
males and 40 females, a larger analysis sample could be 
conducted to reduce potential sampling error. Second, 
whether the femoral anteversion angle has an effect on 
the direction of FNS insertion and the safety zone has not 
been fully described in this article. More in-depth studies 
are needed. Third, the choice of the implantation length 
of bolt and anti-rotation screw is obtained according to 
the average measurement of the sample size, which is 
inevitable to have measurement error, and in the actual 
operation process, the length of the two can be inconsist-
ent. Finally, the bolt of FNS is required to be placed on 
the central axis of the femoral head and neck, which is 
undoubtedly harsh. It is not clear whether FNS is allowed 
to be placed at other positions below the central axis of 
the femoral head and neck. There are few biomechani-
cal studies on different placement positions of FNS. To 
explore the ideal placement of FNS, evaluate the fault-
tolerance ability of FNS, and provide reference for the 
effective application of FNS in the treatment of femoral 
neck fractures.

Conclusion
In this paper, we came up with an average piercing risk 
of 22.39% (± 2.22%). In general, the probability of perfo-
ration increases from the center to the edge of the axial 
graph. This means that care should be taken to avoid 
cortical perforation when both intraoperative radio-
graphs show the screw near the cortex, especially if the 
screw is located in the ③ or ④ quadrants. An accurate 
understanding of the RZ of the femoral neck will help 
the surgeon avoid iatrogenic cortical perforation, vas-
cular injury, and cortical breakage. In summary, relying 
solely on AP and lateral radiography to predict implant 
placement during surgery still carries a risk of cortical 
perforation. The experimental results presented in this 
paper suggest that the risk of perforation is about 22%. 
In particular, the risk is greatest in the ④ region. In addi-
tion, implant placement is still related to biomechanical 
strength and vascular injury, which is also a component 
that surgeons need to consider in full. To reduce the risk 
of perforation and iatrogenic injury, a gradient map of the 
RZ is recommended for preoperative evaluation.

Acknowledgements
Not applicable.

Author contributions
MH and CL wrote the main manuscript text and MH prepared all figures. All 
authors reviewed the manuscript.

Funding
Cong Li was supported by the 2022 Health Science and Technology Project 
of Shanghai Pudong New Area Municipal Health Commission (PW2022B-16). 
Guixin Sun was supported by Shanghai Pudong New Area summit 



Page 10 of 11Han et al. Journal of Orthopaedic Surgery and Research          (2023) 18:703 

(emergency medicine and critical care) construction project (Grant No. 
PWYgf2021-03). The other authors report no conflict of interest.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted with consent of volunteers and approved by the 
Shanghai East Hospital Ethics Committee. All methods were carried out in 
accordance with relevant guidelines and regulations. The volunteers agreed to 
the trial protocol and informed consent was obtained from them.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 July 2023   Accepted: 13 September 2023

References
 1. Xu JL, Liang ZR, Xiong BL, Zou QZ, Lin TY, Yang P, Chen D, Zhang QW. Risk 

factors associated with osteonecrosis of femoral head after internal fixa-
tion of femoral neck fracture: a systematic review and meta-analysis. BMC 
Musculoskelet Disord. 2019;20(1):632.

 2. Huang Q, Zhang C, Bai H, Wang Q, Li Z, Lu Y, Ma T. Biomechanical evalua-
tion of two modified intramedullary fixation system for treating unstable 
femoral neck fractures: a finite element analysis. Front Bioeng Biotechnol. 
2023;11:1116976.

 3. van der Velde RY, Wyers CE, Curtis EM, Geusens PPMM, van den Bergh 
JPW, de Vries F, Cooper C, van Staa TP, Harvey NC. Secular trends in 
fracture incidence in the UK between 1990 and 2012. Osteoporos Int. 
2016;27(11):3197–206.

 4. Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison EM, Melton 
LJ, Cummings SR, Kanis JA: Secular trends in the incidence of hip and 
other osteoporotic fractures. Osteoporos Int. 2011;22(5):1277–88.

 5. Rommens PM, Wagner D, Hofmann A. Fragility fractures of the pelvis. JBJS 
Rev. 2017;5(3):e3

 6. Brox WT, Roberts KC, Taksali S, Wright DG, Wixted JJ, Tubb CC, Patt JC, 
Templeton KJ, Dickman E, Adler RA, et al. The American Academy of 
Orthopaedic surgeons evidence-based guideline on management of hip 
fractures in the elderly. J Bone Jt Surg Am. 2015;97(14):1196–9.

 7. Schopper C, Zderic I, Menze J, Müller D, Rocci M, Knobe M, Shoda E, 
Richards G, Gueorguiev B, Stoffel K. Higher stability and more predictive 
fixation with the Femoral Neck System versus Hansson Pins in femoral 
neck fractures Pauwels II. J Orthop Transl. 2020;24:88–95.

 8. Davidson A, Blum S, Harats E, Kachko E, Essa A, Efraty R, Peyser A, Gian-
noudis PV. Neck of femur fractures treated with the femoral neck system: 
outcomes of one hundred and two patients and literature review. Int 
Orthop. 2022;46(9):2105–15.

 9. Nibe Y, Matsumura T, Takahashi T, Kubo T, Matsumoto Y, Takeshita K. A 
comparison between the femoral neck system and other implants for 
elderly patients with femoral neck fracture: a preliminary report of a 
newly developed implant. J Orthop Sci. 2022;27(4):876–80.

 10. Stoffel K, Zderic I, Gras F, Sommer C, Eberli U, Mueller D, Oswald M, Gueor-
guiev B. Biomechanical evaluation of the femoral neck system in unstable 
Pauwels III femoral neck fractures: a comparison with the dynamic hip 
screw and cannulated screws. J Orthop Trauma. 2017;31(3):131–7.

 11. He C, Lu Y, Wang Q, Ren C, Li M, Yang M, Xu Y, Li Z, Zhang K, Ma T. 
Comparison of the clinical efficacy of a femoral neck system versus can-
nulated screws in the treatment of femoral neck fracture in young adults. 
BMC Musculoskelet Disord. 2021;22(1):994.

 12. Tang Y, Zhang Z, Wang L, Xiong W, Fang Q, Wang G. Femoral neck system 
versus inverted cannulated cancellous screw for the treatment of femoral 
neck fractures in adults: a preliminary comparative study. J Orthop Surg 
Res. 2021;16(1):504.

 13. Li C, Xie B, Chen S, Lin G, Yang G, Zhang L. The effect of local bone density 
on mechanical failure after internal fixation of pertrochanteric fractures. 
Arch Orthop Trauma Surg. 2016;136(2):223–32.

 14. Zhang YQ, Chang SM, Huang YG, Wang X. The femoral neck safe zone: a 
radiographic simulation study to prevent cortical perforation with multi-
ple screw insertion. J Orthop Trauma. 2015;29(5):e178–82.

 15. Cong L, Lili L, Yingchao H, Zhouyang H, Kai W, Jinyu T, Xian X. A 
digital simulation study of pedicle safe range and perforation risk 
with screw insertion: a retrospective case series. Int J Clin Exp Med. 
2018;11(3):2084–91.

 16. Jaglal SB, Weller I, Mamdani M, Hawker G, Kreder H, Jaakkimainen L, 
Adachi JD. Population trends in BMD testing, treatment, and hip and 
wrist fracture rates: are the hip fracture projections wrong? J Bone Miner 
Res. 2005;20(6):898–905.

 17. Melton LJ, Kearns AE, Atkinson EJ, Bolander ME, Achenbach SJ, Huddles-
ton JM, Therneau TM, Leibson CL. Secular trends in hip fracture incidence 
and recurrence. Osteoporos Int. 2009;20(5):687–94.

 18. Hiebert R, Aharonoff GB, Capla EL, Egol KA, Zuckerman JD, Koval KJ. 
Temporal and geographic variation in hip fracture rates for people aged 
65 or older, New York State, 1985–1996. Am J Orthop (Belle Mead NJ). 
2005;34(5):252–5.

 19. Sattari SA, Guilbault R, MacMahon A, Salem HS, Khanuja HS. Inter-
nal fixation versus hemiarthroplasty for nondisplaced femoral neck 
fractures: a systematic review and meta-analysis. J Orthop Trauma. 
2023;37(5):e219–26.

 20. Morri M, Ambrosi E, Chiari P, Orlandi Magli A, Gazineo D, D’Alessandro 
F, Forni C. One-year mortality after hip fracture surgery and prognostic 
factors: a prospective cohort study. Sci Rep. 2019;9(1):18718.

 21. Marks R. Hip fracture epidemiological trends, outcomes, and risk factors, 
1970–2009. Int J Gen Med. 2010. https:// doi. org/ 10. 2147/ ijgm. s1216 0013.

 22. Støen RO, Nordsletten L, Meyer HE, Frihagen JF, Falch JA, Lofthus CM. 
Hip fracture incidence is decreasing in the high incidence area of Oslo, 
Norway. Osteoporos Int. 2012;23(10):2527–34.

 23. Bhandari M, Devereaux PJ, Swiontkowski MF, Tornetta P, Obremskey W, 
Koval KJ, Nork S, Sprague S, Schemitsch EH, Guyatt GH. Internal fixation 
compared with arthroplasty for displaced fractures of the femoral neck. A 
meta-analysis. J Bone Jt Surg Am. 2003;85(9):1673–81.

 24. Slobogean GP, Sprague SA, Scott T, Bhandari M. Complications following 
young femoral neck fractures. Injury. 2015;46(3):484–91.

 25. Guenoun B, Zadegan F, Aim F, Hannouche D, Nizard R. Reliability of a 
new method for lower-extremity measurements based on stereoradio-
graphic three-dimensional reconstruction. Orthop Traumatol Surg Res. 
2012;98(5):506–13.

 26. Anastopoulos G, Chissas D, Dourountakis J, Ntagiopoulos PG, Magnisalis 
E, Asimakopoulos A, Xenakis TA. Computer-assisted three-dimensional 
correlation between the femoral neck-shaft angle and the optimal entry 
point for antegrade nailing. Injury. 2010;41(3):300–5.

 27. Bonneau N, Libourel P-A, Simonis C, Puymerail L, Baylac M, Tardieu C, 
Gagey O. A three-dimensional axis for the study of femoral neck orienta-
tion. J Anat. 2012;221(5):465–76.

 28. Halvorson J. Reduction techniques for young femoral neck fractures. J 
Orthop Trauma. 2019;33(Suppl 1):S12–9.

 29. Min B-W, Kim S-J. Avascular necrosis of the femoral head after osteosyn-
thesis of femoral neck fracture. Orthopedics. 2011;34(5):349.

 30. Nan C, Ma L, Liang Y, Li Y, Ma Z. Mechanical effects of sagittal variations 
on Pauwels type III femoral neck fractures treated with Femoral Neck 
System(FNS). BMC Musculoskelet Disord. 2022;23(1):1045.

 31. Sevitt S, Thompson RG. The distribution and anastomoses of arteries sup-
plying the head and neck of the femur. J Bone Jt Surg Br. 1965;47:560–73.

 32. Trueta J, Harrison MH. The normal vascular anatomy of the femoral head 
in adult man. J Bone Jt Surg Br. 1953;35-B(3):442–61.

 33. Bartoska R, Baca V, Horak Z, Hrubina M, Skala-Rosenbaum J, Marvan J, 
Kachlik D, Dzupa V. The importance of intramedullary hip nail positioning 
during implantation for stable pertrochanteric fractures: biomechanical 
analysis. Surg Radiol Anat. 2015;38(5):577–85.

 34. Zhao D, Qiu X, Wang B, Wang Z, Wang W, Ouyang J, Silva RM, Shi X, Kang 
K, Xu D, et al. Epiphyseal arterial network and inferior retinacular artery 

https://doi.org/10.2147/ijgm.s12160013


Page 11 of 11Han et al. Journal of Orthopaedic Surgery and Research          (2023) 18:703  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

seem critical to femoral head perfusion in adults with femoral neck 
fractures. Clin Orthop Relat Res. 2017;475(8):2011–23.

 35. Narra N, Nikander R, Viik J, Hyttinen J, Sievanen H. Femoral neck cross-
sectional geometry and exercise loading. Clin Physiol Funct Imaging. 
2013;33(4):258–66.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Safe range of femoral neck system insertion and the risk of perforation
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Material and methods
	Sample data

	Research method
	Three-dimensional reconstruction of the femur model
	Murphy’s method to identify the axis of the femoral neck
	Obtaining a cross-section of the neck of the femur
	Creation of a projection map along the femoral neck axis
	Creation of coordinates along the femoral neck axis
	Axial diagram analysis of the femoral neck

	Result
	Gradient of risk zones and key edge points

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


