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This study investigated the clinical efficacy and psychological effects of the femoral neck system

(FNS) combined with recombinant human bone morphogenetic protein-2 (rhBMP-2) and cannulate
compression screw (CCS) in treating unstable femoral neck fractures in young adults. We conducted
aretrospective analysis of clinical data from 61 patients with femoral neck fractures who met our
selection criteria and were admitted to our hospital between December 2019 and 2022. Patients were
divided into two groups based on their internal fixation. Group A received hollow compression screw
fixation, whereas Group B underwent FNS combined with rhBMP-2 fixation. We recorded preoperative
and last follow-up scores on the self-rating depression scale (SDS) and self-rating anxiety scale (SAS),
along with surgery duration, intraoperative fluoroscopy frequency, blood loss, postoperative recovery,
and complication rates for both groups. Routine postoperative radiographs were used to evaluate
fracture reduction and internal fixation, while Harris scores were used to assess hip joint function. Both
groups were followed up for 7-38 months, averaging 25.25 +7.62 months. However, intraoperative
blood loss was significantly lower in Group A than in Group B, and Group A experienced significantly
more fluoroscopy sessions (P <0.05). In Group A, complications included six cases of nail retraction,
three cases of femoral neck shortening, four cases of femoral head necrosis, and one case of bone
nonunion. At the last follow-up, femoral neck shortening differed significantly from that in the healthy
side (P<0.05), as did femoral eccentricity (P <0.05). In Group B, there were three cases of femoral neck
shortening, including one nonunion, and four cases of femoral head necrosis. No significant differences
in femoral neck shortening were observed compared to the healthy side (P>0.05), and no significant
change was seen in femoral eccentricity from the first to the last follow-up (P> 0.05). Preoperatively,
no significant differences in femoral neck shortening and eccentricity were found between the two
groups (P>0.05). Both groups demonstrated good recovery in hip joint function. However, there were
significant differences preoperatively and in the last follow-up SDS and SAS scores (P <0.05). The
combination of FNS and rhBMP-2 for treating femoral neck fractures is minimally invasive and easy to
perform and offers greater stability. This approach promotes fracture healing with minimal irritation to
surrounding muscles and soft tissues, facilitating early weight-bearing and functional rehabilitation.
Both surgical methods effectively enhance the psychological well-being of patients with femoral neck
fractures who experience anxiety and depression, thereby improving their quality of life and achieving
satisfactory short-term therapeutic outcomes.

Keywords Femoral neck fracture, Femoral neck system, rhBMP-2, Cannulate compression screw, Internal
fixation, Anxiety and depression

Abbreviations
CCS Cannulate compression screw

1Department of Orthopedics, Affiliated Fuyang People’s Hospital of Anhui Medical University, 501 Sanging Road,
Fuyang 236000, Anhui, China. 2Spinal Deformity Clinical Medicine and Research Center of Anhui Province, 501
Sanging Road, Fuyang 236000, Anhui, China. "Jemail: fy.yhy@163.com

Scientific Reports|  (2025) 15:12625 | https://doi.org/10.1038/541598-025-96635-x nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-96635-x&domain=pdf&date_stamp=2025-4-12

www.nature.com/scientificreports/

FNF Femoral neck fracture
FNS Femoral neck system
FO Femoral offset

HHS  Harris hip score
SAS Self-rating anxiety scale
SDS Self-rating depression scale

In systemic fractures, femoral neck fractures (FNFs) represent approximately 3.58% of cases!. The rapid
advancement in modern industry and transportation has led to an increase in FNFs, primarily caused by high-
energy injuries. These fractures are characterized by significant vertical shear forces and are constrained by
the unique functional anatomy of the femoral neck. Healing rates for FNFs are lower, with a nonunion rate
of approximately 9.3%. Furthermore, due to the specialized blood supply to the femoral head, complications
such as femoral head collapse and ischemic necrosis can occur in up to 14.3% of patients. Despite various
treatment options available for FNFs, comprehensive and systematic management remains elusive. Young adults,
who bear greater social responsibilities, face substantial impacts on their quality of life and mental health if
fractures do not heal or if femoral head necrosis occurs’. Addressing effective treatment strategies for FNFs has
become an urgent clinical challenge. With advancements in medical practice, surgical intervention is generally
recommended for FNFs. Common surgical approaches include fracture reduction and internal fixation, as well
as hip replacement surgery. Currently, two major challenges persist in the clinical treatment of FNFs: nonunion
and ischemic necrosis. Internal fixation remains the primary treatment option for young adults and encompasses
two prevalent techniques. The dynamic hip system offers mechanical stability but is associated with significant
trauma, prolonged surgical duration, and operational complexity. By contrast, the dilated compression screws
(CCS) represent a minimally invasive alternative; however, their insufficient mechanical stability necessitates
extended bed rest and crutch use postoperatively, prolonging recovery time. Reported complication rates
for dynamic hip screws are 46.7%, with a reoperation rate of 22%, whereas CCS rates are 35.1% and 20%,
respectively®. The femoral neck system (FNS) is the latest minimally invasive solution for FNFs, integrating
the benefits of hollow screw techniques and the mechanical stability of the dynamic hip system. This method
is easy to perform and provides excellent mechanical support. Although FNS has been widely implemented
in clinical practice for treating FNFs, reports on its use in conjunction with rhBMP-2 for young adults are
limited. Additionally, the psychological status of young adults has not received adequate attention. Therefore,
this study aimed to compare the clinical efficacy and psychological effects of FNS combined with rhBMP-2
against traditional hollow compression screw fixation for FNFs.

Methods

General information

Our study collected data from 61 cases of FNFs treated at the Department of Orthopedics of Fuyang People’s
Hospital, affiliated with Anhui Medical University, from December 2019 to December 2022. Patients were
randomly assigned to two groups: Group A, which received treatment with hollow screws, included 18 males
and 13 females. Group B, which received FNS treatment, comprised 16 males and 14 females (Supplementary
Table). All patients underwent preoperative radiography and 3D CT examinations to confirm the diagnosis
of FNFs. Inclusion criteria were as follows: age under 60 years; FNF within 3 weeks of injury; treatment with
FNS combined with rhBMP-2 or hollow screw internal fixation; and complete follow-up data. Exclusion criteria
included pathological fractures, severe osteoporosis, mental health conditions, and metabolic disorders that
contraindicate surgery. This study received approval from the Ethics Committee of our hospital ([2022]31).

Surgical methods

Group A hollow nail internal fixation

The patient was positioned supine on a bone traction bed to facilitate fracture reduction, which was confirmed
as satisfactory through fluoroscopy. Routine disinfection was performed, and three guide needles were inserted
percutaneously, with fluoroscopy confirming their optimal placement. Using a hollow drill bit, small inverted
cross-shaped incisions were made to create drill holes. Three hollow nail screws were then tapped and screwed
in, achieving proper alignment, followed by closure of the incisions.

Group B FNS combined with rhBMP-2 internal fixation
The patient was maintained in a supine position, and a traction bed was set up. C-arm fluoroscopy indicated
effective fracture reduction. Standard surgical disinfection was conducted, with needle insertion targeted at the
level of the lesser trochanter, creating an incision approximately 5 cm in length. The incision was made layer by
layer, ensuring an appropriate forward inclination angle of the neck-shaft. A guide needle was inserted through
the guide sleeve, and a frontal view confirmed its placement within the middle and lower third of the femoral
neck. A lateral view was obtained, and the guide needle channel was enlarged using a trapezoidal drill. Depth
was measured, after which the FNS power cross nail system’s femoral neck power rod was inserted. A locking
screw was used to fix the femoral neck power rod, and rhBMP-2 was implanted into the FNF site using a hollow
depth gauge (Fig. 1). An anti-rotation screw was then inserted into the femoral neck power rod and gradually
compressed. Re-examination indicated successful fracture reduction, and the FNS power cross nail system was
utilized. The wound was thoroughly rinsed to control bleeding, followed by layered suturing and sterile dressing
application.

Postoperative management: All patients were administered anticoagulant therapy within 24 h post-surgery
to prevent deep vein thrombosis in the lower limbs, as well as antibiotic therapy to reduce the risk of infection.
Rehabilitation therapists initiated rehabilitation exercises.
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Fig. 1. rhBMP-2 implanted into the fracture site of the femoral neck using a hollow depth gauge.

Observation indicators

Preoperative and postoperative assessments included recording the SDS and SAS scores for two patient groups.
Surgical metrics recorded were operative time, intraoperative fluoroscopy frequency, intraoperative blood loss,
fracture healing time, changes in femoral eccentricity between the affected and healthy sides, and complications
such as femoral neck shortening (Fig. 2) and femoral head necrosis. Postoperative routine radiography
examinations were performed to evaluate fracture reduction and internal fixation, with Harris scores utilized to
assess hip joint function.

Statistical analysis
Data for this study were independently entered into an Excel spreadsheet by two individuals and analyzed
using SPSS 26.0 statistical software. Count data were expressed as percentages and analyzed using the x? test,
whereas measurement data were reported as (x +s) and analyzed using the t-test. A p-value of <0.05 was deemed
statistically significant.

Results

According to the Garden classification, Group A were 5 type I fractures, 6 type II fractures, 14 type III fractures,
and 5 type IV fractures. Age ranged from 24 to 52 years, with an average of 39.55+8.29 years. Group B with
4 type I, 7 type II, 13 type III, and 6 type IV fractures. Patient age in this group ranged from 25 to 52 years,
averaging 36.33 £7.02 years. No statistically significant differences were found in demographic variables, such as
age and gender, between the two groups (p > 0.05; Table 1).

Intraoperative blood loss was significantly lower in Group A than in Group B, and Group A experienced
significantly more fluoroscopy sessions (p <0.05; Fig. 3). As for complications, Group A comprised six cases
of nail retraction, three cases of femoral neck shortening, four cases of femoral head necrosis, and one case of
bone nonunion (Table 2). By contrast, Group B comprised three cases of femoral neck shortening, including
one nonunion and four instances of femoral head necrosis. Both groups demonstrated good recovery in hip
joint function (Fig. 4). However, there were significant differences in preoperative and last follow-up SDS
and SAS scores (p <0.05; Fig. 5). At the last follow-up, femoral neck shortening differed significantly from the
healthy side (p<0.05), as did femoral eccentricity (p <0.05; Fig. 6). No significant differences in femoral neck
shortening were observed compared with the healthy side (p>0.05), and no a significant change was seen in
femoral eccentricity from the first to the last follow-up (p>0.05). Preoperatively, no significant differences in
femoral neck shortening and eccentricity were found between the two groups (p >0.05; Fig. 7). Preoperative and
postoperative radiography imaging findings and postoperative follow-up hip joint function of CCS (Fig. 8) and
ENS (Fig. 9) surgical methods were assessed.
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Fig. 2. Radiograph of the pelvic anterior posterior position showing measurements of shortening and femoral
offset (FO). The axis of the femoral shaft (c) is perpendicular to the midpoint of the femoral medullary cavity
(a, b), and the distance perpendicular to (c) through the center of the femoral head (d) is measured. The
measurement of the distance (h) between the center of the femoral head (e) and the upper edge of the lesser
trochanter perpendicular to the femoral axis (c) is labeled as (f). FO (g) is the vertical distance between the

center of rotation of the femoral head (d) and the central axis of the femoral shaft (c).

A 31 | 39.55+£8.29 | 18/13 506 |14
B 30 | 36.33+£7.02 | 16/14 417 |13
t/x? 1.632 0.138 0.223
P 0.108 0.710 0.974

Table 1. Comparison of patient characteristics such as gender, age, and fracture classification between the

groups.
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Fig. 3. Comparison of blood loss, time of operation time, radiography frequency, and VAS scores on
postoperative day 2 between the two groups.
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CCS |31 18.52+220 4.09+0.62 5(16.1) 2(6.5) 5(16.1) 6(19.4)
FNS |30 | 14.20+1.38 3.62+0.46 3(10.0) 1(3.3) 4(13.3) 0

g 9.141 3.375 0.109 0.000 0.000 4442
P 0.000 0.001 0.742 0.570 1.000 0.035

Table 2. Comparison of postoperative recovery and postoperative complications between the groups.
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Fig. 4. Hip joint function in both groups recovered well, and no statistically significant difference in Harris
scores at the last follow-up.
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Fig. 5. Comparison of SDS and SAS pre-operation and SDS and SAS post-operation.

Discussion

High-energy injuries are increasingly common among young adults in clinical practice. In patients aged 18-
60 years, these injuries typically manifest as unstable FNFs>®. Two significant challenges in managing these
fractures—non-union and ischemic necrosis of the femoral head—remain unresolved. The emergence of high-
energy trauma has led to an increasing incidence of FNFs, particularly affecting young patients, who experience
more severe damage and higher complication rates, ultimately impacting their quality of life. For young adults,
fracture reduction and internal fixation are the most widely accepted treatments. However, surgical interventions
still carry a substantial risk of complications, including nail retraction, femoral head necrosis, non-union, and
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Fig. 6. (A) Preoperative pelvic anterior and posterior radiographs suggesting femoral neck fracture (B)
Postoperative radiography measurement of (g) and (h) values in CCS imaging (C) In CCS patients, there was
a difference in femoral neck shortening when compared with that of the healthy side at the last follow-up
(p=0.034), and there was also a difference in femoral eccentricity (p=0.012).
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Fig. 7. (A) Preoperative pelvic anterior posterior radiographs of femoral neck fracture (B) FNS combined
with rhBMP-2 postoperative imaging radiograph measurement of (g) and (h) values (C) Comparison of the
radiographs of the injured and healthy sides. Femoral neck shortening of FNS patients at the first and last
postoperative follow-up. Femoral offset of FNS patients at the first and last postoperative follow-ups, CCD
angle of FNS patients at the first and last postoperative follow-up. (C) In patients with FNS combined with
rhBMBP, there was no significant difference in femoral neck shortening at the last follow-up compared with that
of the healthy side (P=0.689), and there was no significant difference in femoral eccentricity between the first
and last follow-up after surgery (P=0.736).

femoral neck shortening. Achieving anatomical reduction and stable internal fixation is critical to mitigate these
risks.

In our study, we compared outcomes between two groups: the CCS group, which exhibited six cases of
femoral neck shortening, four cases of femoral head necrosis, and one case of bone non-union, and the FNS
combined with thBMP-2 group, which had only three cases of femoral neck shortening, one case of non-union,
and four cases of femoral head necrosis, with no instances of nail retraction. In young and middle-aged patients
with FNFs, displacement and reduction of the fracture are key factors influencing postoperative complications.
Different internal fixation methods can also significantly affect treatment outcomes’. Current clinical practice
offers various internal fixation devices®. FNFs in young adults, often resulting from high-energy injuries, present
challenges due to their instability and complexity’. Traditional CCS internal fixation has a high failure rate®,
and our study indicates a greater incidence of complications associated with this method. Xia et al.!° reported a
higher removal rate for hollow screws post-surgery, while Ma et al.!! highlighted that CCS offers advantages over
DHS in terms of blood loss, incision length, duration of surgery, and hospitalization. They contend that CCS is
more minimally invasive than DHS, but biomechanically, it exhibits lower mechanical strength!'?. By contrast,
the combination of FNS and rhBMP-2 not only avoids nail retraction but also leads to fewer complications than
CCS. ENS represents a minimally invasive approach to FNFs, leveraging the benefits of hollow screw technology
and the mechanical stability of dynamic hip systems. It is user-friendly and minimizes invasiveness while
ensuring adequate mechanical support.

During clinical treatment, the psychological well-being of patients is often overlooked. Literature indicates
that patients with fracture are particularly susceptible to psychological disorders'®. In response, we conducted
a questionnaire survey among participants in this study. Most patients reported feeling emotionally depressed
before surgery, frequently experiencing sadness and heightened anxiety. This emotional state may stem from
the significant social responsibilities borne by young adults, who constitute the majority of the workforce!“.
The results of the preoperative questionnaire, along with the significance of SDS and SAS scores!®, revealed
mild depression and anxiety among patients before surgery. Notably, follow-up assessments showed significant
improvements in SDS and SAS scores postoperatively, suggesting that surgical intervention can alleviate some
psychological distress. However, this improvement also relates to comprehensive support measures, including
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Fig. 8. CCS group: male, 30 years old, with a right femoral neck fracture, Garden III type, Preoperative
radiographs of (A,B) showed a right femoral neck fracture; (C,D) show immediate postoperative radiographs,
indicating good reduction of the fracture The fixed position inside CCS is good; (E,F) show radiographs taken
2 years after surgery, indicating that the fracture has healed. (G,H) show good hip joint function.

psychological counseling and self-regulation strategies for patients'®. Regarding the changes in psychological
aspects, patients have certain levels of depression and anxiety before surgery. Through this study, different
surgical plans can improve and alleviate the psychological state of patients. For such patients with preoperative
depression and anxiety, appropriate preoperative intervention can promote the prognosis of patients. Through
this study, can we provide preoperative psychological intervention to patients so that they no longer have doubts
about surgery and future rehabilitation.

In this study, we measured the femoral offset (FO) and the center of rotation of the femoral head
perpendicularly to the anatomical axis of the femur, at the upper edge of the lesser trochanter. The femoral offset
reflects the force arm of the abductor muscle and is crucial for understanding the recovery of lower limb length
post-surgery'”. The center of rotation provides a specific and intuitive insight into femoral neck shortening
relative to the anatomical axis. The average healing time for fractures in the CCS group was 4.09 months,
compared with that of 3.62 months in the FNS group. The incidence of complications in CCS surgery included
retreat nail (19.4%), femoral head necrosis (16.1%), nonunion (6.5%), and femoral neck shortening (16.1%).
By contrast, FNS combined with rhBMP-2 treatment showed incidence rates of 0% for retreat nail, 13.3% for
femoral head necrosis, 3.3% for nonunion, and 10% for femoral neck shortening. The three hollow screws used
in CCS exert pressure on fractures, promoting healing while occupying a relatively small area in the femoral
neck. This design minimizes interference with blood flow in the femoral head and neck and creates a triangular
distribution of forces that can reduce stress on femoral head rotation. Such configuration enhances contact
between fracture ends, facilitating healing. However, the effectiveness of these screws can be compromised by
both subjective and objective surgical factors, resulting in poor resistance to vertical shear and torsion. This may
lead to loosening, displacement of fracture ends, nonunion of the femoral head, and shortening of the femoral
neck!®!. Our study found that the incidence of femoral neck shortening in the FNS group was significantly
lower than in the CCS group, likely due to FNS’s superior mechanical stability and shear resistance?’. Nail
retraction is a common complication, affecting 14.5% of patients, with non-parallel and widely distributed screw
trajectories potentially leading to complications during the healing of osteoporotic FNFs?!. Notably, no patients
in the FNS group experienced screw retraction due to the locking mechanism of the steel plate and screws.
Femoral neck shortening and hip joint dysfunction can occur in patients with FNFs after CCS treatment?>23.
Weil et al.>* demonstrated that inadequate reduction of FNFs directly contributes to postoperative femoral
neck shortening. Osteoporosis can decrease grip and stress resistance at the fracture site, leading to reduced
stability and increased likelihood of shortening®. In our study, both CCS and FNS groups achieved satisfactory
functional outcomes, with no statistically significant difference in postoperative Harris Hip Scores (HHS). Both
types of internal fixation yielded similar clinical results regarding HHS!!. Clinical experience suggests that FNS
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Fig. 9. FNS group: male, 33 years old, with a right femoral neck fracture, Garden III type. (A) shows a
preoperative X-ray of the right femoral neck fracture; (B,C) show immediate postoperative X-ray images,
indicating good reduction of the fracture FNS internal fixation position is good; (D,E) show X-ray images
taken 2 years after surgery, indicating that the fracture has healed. (E,F) show good hip joint function.

exerts greater pressure on the fracture site than CCS?*?’. Factors influencing clinical outcomes in FNFs fixation
primarily include patient condition, fracture displacement degree, internal fixation adequacy, and the quality of
surgical reduction.

The FNS is an innovative femoral neck fixation system. Clinical studies indicate that the biomechanical
strength of the FNS internal fixation system is twice that of traditional hollow nail systems?*?%. Compared with
dynamic hip screws, the FNS provides a 40% improvement in anti-rotation stability, features fewer implant
footprints, and avoids lateral protrusion in the first 15 mm of controlled retraction screws, thereby reducing
soft tissue stimulation. Biomechanically, the risk of subtrochanteric fractures with the FNS is lower than that
associated with hollow screw systems and DHS during gait and lateral drop loads. However, when the femoral
neck is shortened, CCS and DHS devices may retract laterally, leading to soft tissue irritation and pain on the
outer thigh?. Our use of FNS in conjunction with thBMP-2 stems from clinical practice aimed at enhancing
fracture healing rates, resulting in favorable clinical outcomes.

The application of FNS for femoral neck fractures represents a significant advancement in minimally invasive
surgery and accelerated rehabilitation, minimizing surgical trauma while ensuring secure internal fixation. Early
mobilization can reduce hospitalization and rehabilitation duration, aligning with the ERAS principles of rapid
recovery®’. As this technology continues to be promoted and adopted, it will open new avenues for improved
patient prognoses.

Despite these promising results, our study has limitations, which are as follows: (1) the relatively short clinical
application time of FNS combined with rhBMP-2 has resulted in a limited sample size; (2) our analysis only
compares the FNS combined with rhBMP-2 group to the CCS group; a simultaneous comparison with the FNS
group may yield more robust findings; (3) we only examined changes in patients’ psychological states pre- and
post-surgery; providing appropriate psychological interventions could enhance postoperative outcomes.

Conclusions

In summary, FNS demonstrates excellent biomechanical properties and superior overall structural stability.
Young and middle-aged patients with FNFs can achieve satisfactory clinical outcomes through either CCS
or FNS combined with thBMP-2 treatment, effectively improving psychological well-being, enhancing self-
management, and elevating quality of life for those experiencing anxiety and depression. FNS combined
with thBMP-2 offers a minimally invasive surgical option that is easy to perform, promotes better stability,
reduces nonunion rates in femoral neck fractures, and facilitates early weight-bearing and functional exercises,
representing a novel approach to managing FNFs.
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Data availability
The corresponding author can provide the datasets generated and analyzed during the current study upon rea-
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