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FNS as a more satisfactory surgical
option for young and middle-

aged patients with femoral neck
fractures
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There is currently no consensus on the optimal treatment for femoral neck fractures in middle-aged
and young adults. This research seeks to evaluate and compare the clinical efficacy of three different
approaches: three cannulated screws (CS), a dynamic hip system combined with cannulated screws
(DHS), and a new femoral neck system (FNS) in the management of these fractures. Seventy-eight
middle-aged and young patients admitted for femoral neck fractures were divided into three groups
based on the surgical procedure: CS, DHS, and FNS groups. The surgical time, incision length,
intraoperative blood loss, number of fluoroscopies, Harris Hip Score and postoperative complications
among the groups were compared. All patients were followed for 16 to 24 months, with an average
follow-up duration of 18.42 +2.25 months. The operation times, intraoperative blood losses, the
median and interquartile range for incision length, all showing significant differences. The median
number of intraoperative X-ray fluoroscopies was 28 (8) for the CS group, 16 (6) for the DHS group, and
11 (7) for the FNS group, with significant differences between the CS group and both the DHS and FNS
groups. The complication rates showed significant differences between the CS group and the other
two groups. At the 3- and 6-month follow-ups, there were no statistically significant differences in
Harris Hip scores among the three groups. However, at the final follow-up, the scores were 80.39+6.81
(CS), 87.13 +3.43 (DHS), and 87.95 +3.58 (FNS), with the CS group showing significantly lower scores
compared to the DHS and FNS groups, indicating a better overall outcome for the latter two. Treating
young and middle-aged patients with femoral neck fractures using CCS, DHS, or FNS resulted in
satisfactory clinical outcomes. In comparison to CCS, DHS and FNS reduced intraoperative fluoroscopy
use, shortened surgery times, and minimized complications such as femoral neck shortening,
nonunion, and femoral head necrosis. Furthermore, the FNS group had a smaller incision length and a
shorter operation time than the DHS group.

Keywords Femoral neck fracture, Cannulated screws, Dynamic hip system combined with cannulated
screws, Femoral neck system

Accounting for 3.6% of all fractures and 48% to 54% of hip fractures, femoral neck fractures are more common
among the elderly. However, due to the rapid growth in the economy and transportation sectors, the incidence
among middle-aged and young adults is on the rise, attributed to an increase in high-energy injuries. These
fractures are often highly displaced and have vertical fracture lines, making them predominantly unstable.
They pose a major challenge in orthopedic trauma care, with fracture reduction and internal fixation being the
treatment of choice. Despite this, the rate of postoperative complications remains notably high!=. It has been
reported that the medial circumflex femoral artery and its supportive branches, which serve as essential blood
supplies to the femoral head following femoral neck fractures, are prone to injury from high-energy trauma and
during surgical intervention?, such damage can lead to severe postoperative complications, including fracture
nonunion and avascular necrosis of the femoral head®. There is significant debate surrounding the surgical
treatment of femoral neck fractures in young and middle-aged adults. Controversies include the optimal timing
of surgery, methods of fracture reduction, selection of internal fixation devices, and techniques for fracture
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fixation. Regardless of the method employed, the objective of surgical treatment is to achieve anatomical
reduction and secure fixation of the fracture, promoting swift postoperative recovery®’. The commonly used
internal fixation methods currently include cannulated compression screws (CCS), dynamic hip screws (DHS),
compression plates, and the new compression locking plate system. However, each method has issues such as
loosening of the internal fixation device, screw backout, and weak anti-rotation stability. Therefore, there is still
debate about which internal fixation method is the best®*. Numerous prior studies have systematically compared
the biomechanical performance and clinical outcomes of CCS and dynamic hip screws DHS. While CCS is
favored for its simplicity, minimal invasiveness, and cost-effectiveness, approximately one-third of patients
experience complications such as screw back-out, rotational instability, and femoral neck shorteninglO‘B. In
contrast, DHS + CS offers improved resistance to these failure modes, albeit at the expense of a larger surgical
incision and more extensive soft tissue dissection!*!>. To integrate the benefits of minimally invasive surgery
and angular stability, the femoral neck system (FNS) was introduced in 2018. Multiple finite element and
biomechanical studies have demonstrated that FNS provides rotational and axial stability comparable to DHS
and nearly twice the load-to-failure compared to CCS!®-1°. Recent retrospective case-control and prospective
cohort studies have further suggested that FNS may reduce femoral neck shortening and early implant failure in
the treatment of Pauwels type III fractures®*~2%. This study aims to comprehensively evaluate and compare the
clinical efficacy, radiological outcomes, and complication rates associated with CCS, DHS, and the FNS in the
treatment of femoral neck fractures among young and middle-aged individuals.

Method

Human ethics and consent to participate declarations

The research protocol was approved by The Jiujiang University Affiliated Hospital Ethics Committee, and
The First Affiliated Hospital of Jinan University Ethics Committee. The clinical procedures adhered to the
principles of the declaration of Helsinki. Written informed consent had been provided by the subjects (or their
representatives) involved in this study.

A retrospective study was conducted on patients aged 20-65 who were admitted for femoral neck fractures
between December 2017 and January 2021. Inclusion criteria included: (1) young and middle-aged patients
(20-65 years), (2) unilateral, fresh, closed femoral neck fractures (classified by Garden and Pauwels), and (3)
treatment using CS, DHS, or FNS. Exclusion criteria were: (1) pathological fractures, (2) patients with multiple
traumas, (3) failure of closed reduction, and (4) other specific medical histories such as substance abuse or
alcoholism. The 78 patients were categorized into CS, DHS, and FNS groups based on their surgical treatment,
and comparisons were made regarding gender, age, fracture type, and cause of injury (Table 1).

Surgical technique

Patients underwent spinal epidural or general anesthesia, and all surgeries were performed by the same team
of doctors. Patients were placed supine on an orthopedic traction bed, and after confirming adequate fracture
reduction with a C-arm X-ray, the standard sterilization procedure was followed.

CS group
Under fluoroscopy, the first Kirschner wire (K-wire) was manually inserted, closely aligned with the femoral
calcar on the anteroposterior view and centered along the femoral neck axis on the lateral view. The second

FNS=19 CS=36 DHS=23
Basic information
Male 12(63.2%) 24(66.7%) 13(56.5%)
Female 7(36.8%) 12(33.3%) | 10(43.5%)
Age(y) 47.14+12.45 | 49.67+12.26 | 52.23+13.80
The injured side L8/R11 L19/R17 L12/R9
Garden classification
TypeI 1(5.2%) 2(5.6%) 2(8.7%)
Type I 5(26.3%) 8(22.2%) 5(21.8%)
Typelll 10(52.6%) 20(55.6%) 13(56.5%)
TypelV 3(15.8%) 6(16.6%) 3(13.0%)
Pauwell classification
Type I 2 6 4
Type II 5 23 8
Typelll 12 7 11
Injured causes
Motor vehicle accident | 10(52.6%) 11(30.6%) 9(39.1%)
Fall from height 6(31.6%) 17(47.2%) 8(34.8%)
Other 3(15.8%) 8(22.2%) 6(26.1%)

Table 1. Patients with general information and features.
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K-wire was then inserted parallel to the first, positioned centrally in the femoral neck on the anteroposterior
view and anteriorly on the lateral view. The third K-wire was inserted centrally on the anteroposterior view and
posteriorly on the lateral view. A hollow drill was used along the K-wires to create screw paths, the depth was
measured, and screws were inserted to ensure the threads crossed the fracture line. Finally, the skin was sutured.
A representative case of CS group was showed in Figs. 1, 2.

DHS group

An incision was made on the proximal lateral femur, starting from the tip of the greater trochanter and extending
distally for 8 cm. Skin, subcutaneous tissue, and deep fascia were incised, exposing the lateral side of the femur.
At 3.5 cm below the greater trochanter, a 135° guide was used to position and insert the guide pin parallelly.
A K-wire was inserted at the greater trochanter to prevent rotation. After confirming the position with C-arm
fluoroscopy, the depth was measured, drilling and tapping were done, and a DHS main nail of appropriate length
was inserted, followed by the placement of the side plate. The main nail cap was tightened, and screws were
inserted through the plate holes after drilling and measuring the depth. A hollow screw was added above the
main nail to prevent rotation. Fluoroscopy was used to confirm satisfactory fracture reduction and fixation, and
the skin was sutured.A representative case of DHS group was showed in Fig. 3.

ENS group

A rotation-prevention pin was inserted parallel to the femoral neck axis. Under fluoroscopic guidance, a 4 cm
skin incision was made, cutting through the skin to the subcutaneous tissue, fascia lata, and separating the lateral
femoral muscle to expose the femur. Using a 130° guide, a second K-wire was inserted. Fluoroscopy confirmed
the K-wire was centrally placed in the femoral neck, reaching the subchondral bone. The depth was measured,
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Fig. 1. Comparison of Surgery-related criteria among three groups. (A). operative time; (B). intra-op bleeding;
(C©). incision length; (D). intra-op fluoroscopy; (E). Harris hip score.
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Fig. 2. A 59-year-old male patient with a right femoral neck fracture is classified in the CS group. (a)
Preoperative CT indicates a Garden type II right femoral neck fracture. (b,c) On the second day post-
operation, anteroposterior and lateral X-rays show satisfactory fracture reduction. (d) Nineteen months post-
operation, anteroposterior X-rays show fracture healing with femoral neck shortening and slight screw back-
out (red arrow). (e) CT confirms the fracture healing. Due to partial pain symptoms caused by screw irritation,
screws were removed, and the follow-up image is shown in (f).

drilling was done, and the FNS plate and dynamic rod were inserted. Rotation-prevention and locking screws
were then placed, followed by the removal of the rotation-prevention K-wire, and the incision was closed in
layers.A representative case of FNS group was showed in Fig. 4.

Postoperatively, antibiotics were administered for 24 h to prevent infection. After ruling out bleeding
disorders, low molecular weight Heparin sodium was given for anticoagulation 12h post-surgery. Venous pumps
were used to prevent thrombosis from the second postoperative day. Isometric muscle exercises and passive hip
and knee joint movements were initiated on the second day. Patients were encouraged to gradually sit up beside
the bed within the first week. Weight-bearing was avoided for the first three months, with decisions based on
radiographic evaluations to determine the timing of weight-bearing and crutch discontinuation.

Assessment criteria

General patient information was recorded, and perioperative data were collected, including operative
time, incision length, intraoperative blood loss, and number of intraoperative fluoroscopy scans. Imaging
evaluations were performed using the Garden alignment index to assess the quality of fracture reduction
(Grade 1: angulation < 160° in anteroposterior view and 180° in lateral view. Grade 2: angulation 155°-160° in
anteroposterior view and 180° in lateral view. Grade 3: angulation 150°-155° in anteroposterior view or > 180°
in lateral view. (If the lateral view angle is greater than 180°, it is at least Grade 3). Grade 4: angulation < 150°
in anteroposterior view and >180° in lateral view.). The Healing status of the femoral neck fracture and the
occurrence of femoral Head necrosis were observed, and femoral neck shortening was measured. Clinical
outcomes were evaluated using the Harris Hip Score system, and the rate of excellent and good outcomes was
calculated, with scores of 90-100 considered excellent, 80-89 considered good, 70-79 considered fair, and <70
considered poor.

Statistical analysis

Statistical analysis was performed using SPSS version 23.0 (IBM Corporation, Armonk, NY, USA). For continuous
variables, the Shapiro-Wilk test was initially employed to assess normality. Among these variables, age, Harris
Hip Scores at various time points, operative time, and intraoperative blood loss were normally distributed and
presented as mean * standard deviation (x+s). Group comparisons were conducted using one-way analysis of
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Fig. 3. A 50-year-old female patient with a left femoral neck fracture is classified in the DHS group. (a)
Preoperative CT indicates a Pauwels type III left femoral neck fracture. (b,c) On the second day post-operation,
anteroposterior and lateral X-rays show satisfactory fracture reduction. (d) Thirteen months post-operation,
anteroposterior X-rays show fracture healing with good internal fixation positioning. (e) CT confirms the
fracture healing.

variance (ANOVA). In contrast, intraoperative fluoroscopy scans and incision length did not follow a normal
distribution and were described using the median (interquartile range). Group comparisons were made using
the non-parametric Kruskal-Wallis H test. Categorical variables, such as gender, cause of injury, rate of excellent
and good outcomes, and complications, were expressed as percentages (%) and analyzed using the chi-square
(x?) test. When theoretical frequencies were less than 1, Fisher’s exact test was applied. A significance level of
P<0.05 was considered statistically significant, denoted as *, ** for P<0.01, and *** for P<0.001, while “ns”
indicated non-significance (P> 0.05).

Result

Patients were followed up for 16 to 24 months postoperatively, with an average follow-up time of 18.42+2.25
months. General data of the three groups of patients are presented in Table 1. The surgical durations for
the three groups were 82.19+10.20 min (CS), 61.09+5.91 min (DHS), and 54.89 £4.84 min (FNS), with
statistically significant differences observed among the groups (Fig. 1A). Intraoperative blood loss was recorded
as 39.39+6.33 ml (CS), 102.65+12.09 ml (DHS), and 85.58+14.93 ml (FNS), with statistically significant
differences noted among the groups (Fig. 1B). Incision lengths and fluoroscopy counts were expressed as
medians with interquartile ranges, with incision lengths of 3 (1) for the CS group, 8 (2) for the DHS group, and
5 (1) for the FNS group, showing statistically significant differences among the groups (Fig. 1C). Intraoperative
X-ray fluoroscopy counts were reported as 28 (8) for CS, 16 (6) for DHS, and 11 (7) for FNS, with statistically
significant differences observed between the CS group and both the DHS and FNS groups (Fig. 1D). At the
3-month and 6-month follow-ups, there were no statistically significant differences in Harris scores among
the three groups. However, at the final follow-up, the scores were 80.39+6.81 (CS), 87.13+3.43 (DHS), and
87.95+3.58 (FNS), with statistically significant differences observed between the CS group and both the DHS
and FNS groups (Fig. 1E). The excellent rate of hip joint function at Fthe final follow-up was 55.56% for CS,
73.91% for DHS, and 73.68% for FNS. The excellent rate of CS was significantly different from that of both the
DHS and FNS groups (Table 2). The rates of nonunion were 16.7% for CS, 8.7% for DHS, and 5.2% for FNS, with
statistically significant differences observed between the CS group and both the DHS and FNS groups. The rates

Scientific Reports |

(2025) 15:35998 | https://doi.org/10.1038/s41598-025-19883-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Fig. 4. A 55-year-old male patient with a right femoral neck fracture is classified in the FNS group. (a)
Preoperative CT indicates a Pauwels type III right femoral neck fracture. (b,c) Postoperative anteroposterior
and lateral X-rays show satisfactory fracture reduction. (d) Eighteen months post-operation, anteroposterior
X-rays show fracture healing with femoral neck shortening and slight screw back-out (red arrow). CT confirms
the fracture healing.

ENS CS DHS
n=19 n=36 n=23

1(12),2(6), | 1(30),2(4), | 1(18),2(3),
3(0,4(1) [3(2),4(0) |3(1),4(1)

Garden index

Distinguished achiever ratio of harris hip score (HHS) | 73.68% 55.56%* 73.91%
Complication rate (%)

Nonunion 5.2 16.7* 8.7
AVN 10.5 13.9 8.7
Femoral neck shortened 26.3 38.9% 13.1
Screw cutout 0 11.1* 4.3

Table 2. Postoperative evaluation, follow-up and complications. * P<0.05.

of femoral Head necrosis were 13.9% for CS, 8.7% for DHS, and 10.5% for FNS, with no statistically significant
differences observed. The rates of femoral neck shortening were 38.9% for CS, 13.1% for DHS, and 26.3% for
FNS, with statistically significant differences observed. The rates of screw cutout were 11.1% for CS, 4.3% for
DHS, and 0% for ENS, with statistically significant differences noted in Table 2.

Discussion
While there is considerable literature on internal fixation treatment for mid-young femoral neck fractures,
previous biomechanical experiments have demonstrated the mechanical characteristics of CCS, DHS, and FNS
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in stabilizing fractures?!. To the best of my knowledge, there are few studies that compile the clinical efficacy of
CCS, DHS, and FNS internal fixations together, which holds significant importance. Following the emergence
of ENS, research on it has gradually increased. By employing a nail-in-nail combination, the stability against
rotation and overall biomechanical performance have been enhanced. Unlike the rotational insertion of dynamic
hip screws, the FNS rod is inserted via impact, thereby avoiding rotational torque-induced secondary rotation
displacement of the femoral head. Stofel conducted a comparative study on the biomechanical performance of
FNS, dynamic hip screws (DHS), and CS fixation in the treatment of Pauwels III femoral neck fractures. The
results revealed that the mechanical stability of FNS was similar to DHS, with its load-bearing capacity being
twice that of hollow screws and its rotational stability being 1.5 times that of hollow screws. Both FNS and
DHS effectively controlled the collapse of the femoral neck fracture site, thus promoting fracture healing. For
significantly displaced or unstable femoral neck fractures, both FNS and DHS internal fixations could provide
robust mechanical stability to resist shear forces at the fracture site!®. Schopper evaluated the biomechanical
performance of FNS and the Hansson Pin system in treating Pauwels II fractures. The study demonstrated that
FNS exhibited greater resistance to varus deformity compared to the Hansson Pin system. Additionally, FNS did
not require highly specific implant positioning, as acceptable internal fixation positions could still provide robust
resistance against shear and rotational forces®. The clinical outcomes in our study were consistent with previous
findings, in which the use of cannulated screws required the placement of three screws in a parallel, inverted
triangular configuration. Achieving this optimal spatial distribution often necessitated multiple adjustments
to the guide wire trajectory, resulting in increased intraoperative fluoroscopy time and, consequently, higher
radiation exposure for both patients and surgical staff. In our study, the median number of intraoperative
fluoroscopies in the FNS group was 28 times for the CS group, 16 times for the DHS group, and as low as 11
times for the FNS group, showing a statistically significant difference. Despite the relatively short duration of
FNS appearance and clinical application, it shares many similarities with the implantation method of DHS. One
of the authors of this study had experience with dynamic hip screw surgeries, resulting in a short learning curve
for ENS, thus not increasing the surgical duration. Regarding the surgical duration, our results confirmed the
superiority of FNS. The average surgical duration was 82.19+10.20 Min for the CS group, 61.09+5.91 Min for
the DHS group, and 54.89 +4.84 min for the FNS group. Although statistically significant differences existed,
these disparities seemed to lack clinical relevance.

During the Healing process following internal fixation of femoral neck fractures, some patients experience
femoral neck shortening. A study by Zlowodski reported that among femoral neck fracture patients treated with
CCS, 34% exhibited no shortening or mild shortening, 36% had moderate shortening, and 30% experienced
severe shortening®®. Guy Romeo Kenmegne identified patients with femoral neck shortening if the difference
between the relative contralateral sides was over 10mm. Among the FNS group, this criterion was met in 3 cases
(5.35%), while in a comparative study of FNS and CS treatments for femoral neck fractures, 12 cases (20.68%)
exhibited severe femoral neck shortening, with a higher prevalence observed in the CCS group compared to
the FNS group?. Konrad Schuetze’s clinical study on the treatment of femoral neck fractures with FNS and
DHS showed that the average shortening for DHS and FNS was (4.8 £2.1, 5.3 £1.9) respectively, with rates of
shortening of 5 millimeters or more at (27.7%, 27.4%), but the difference was not statistically significant®. The
overall incidence of femoral neck shortening in our cohort was 26.92%. Among them, the CS group had the
highest rate at 38.9%, followed by the DHS group (13.1%) and the FNS group (26.3%). The differences among
the three groups were significant, which aligns closely with findings in the literature. Combining biomechanical
experiment results with our clinical research, it underscores the significant role of angular stability devices in
resisting femoral neck shortening during the femoral neck healing process. However, whether femoral neck
shortening leads to compromised hip joint function remains a matter of debate. Thomas Haider’s research
suggests that femoral neck shortening following internal fixation of femoral neck fractures is relatively common
in non-elderly patients. Nevertheless, despite this occurrence, the overall functional outcomes in the study
population remain highly favorable, with a median Harris Hip Score of 96 points®. According to certain authors,
even a 5 mm shortening may result in limping, and as the degree of shortening progresses, hip joint function
deteriorates. Increasingly, research suggests that femoral neck shortening is associated with dysfunction in hip
joint functionality®*-32. Although Harris hip scores did not differ significantly among groups at 3 and 6 months
postoperatively, statistically significant differences became evident at the 12-month follow-up. This delayed
divergence appears to be associated with femoral neck shortening, particularly in the CCS group. Notably, screw
backout secondary to femoral neck shortening during fracture healing may lead to irritation of surrounding
muscles and fascia. This was clinically evident in several patients who required CCS removal due to soft tissue
discomfort. In contrast, both DHS and FNS allow controlled sliding within designated channels, reducing the
risk of soft tissue irritation and representing an additional advantage of these fixation systems.

Previous studies have shown that the nonunion rate for femoral neck fractures treated with three cannulated
screws is as high as 19%, whereas traditional angular stable fixation devices, such as the DHS, have a nonunion
rate of only 8%3-%°. Recent studies have reported that the nonunion rate for femoral neck fractures treated
with FNS ranges from 3.6% to 10%!%. In our study, the CS group experienced 6 cases of nonunion, the DHS
group had 2 cases, and the FNS group had 1 case, with a statistically significant difference in postoperative
fracture nonunion among the three groups. The overall nonunion rate was 11.53%, which aligns with rates
reported in other studies. Factors contributing to nonunion include fracture type, quality of reduction, choice
of internal fixation, and timing of postoperative weight-bearing, some of which can be addressed through
intervention®. Research has shown that the proper choice of internal fixation for different fracture types can
markedly improve healing capabilities. Although CS has a long history of use in femoral neck fractures, it is
becoming more challenged by fractures that involve high shear forces®®. Furthermore, evidence suggests that
the quality of fracture reduction is crucial for successful postoperative healing. Hence, surgical reduction should
be meticulously performed following the Garden alignment index®. In cases where reduction is inadequate,
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open reduction should be promptly performed to achieve anatomical alignment and subsequent internal
fixation. Anatomical reduction is essential for both restoring femoral Head blood supply and reestablishing
the biomechanical properties of the femoral neck. Additionally, the timing of postoperative weight-bearing is a
controllable factor. Studies have shown that following femoral neck fracture surgery, internal fixation supports
only 25% of the stress, while the fracture itself bears the remaining 75%°. Even with non-weight-bearing use
of crutches, the muscles required for maintaining body balance exert additional stress on the fracture site, thus
increasing the risk of nonunion. For most patients, a healing period of at least three months is reasonable.
Examining the causes of nonunion in our study, it was found that in the FNS and DHS groups, most cases were
due to inadequate fracture reduction (one patient had an unsatisfactory Garden index) and premature weight-
bearing. While strong mechanical stability enhances the biological environment for fracture Healing, it may also
lead to premature weight-bearing by patients. In the CS group, the selection of high shear angle fixation in an
inverted triangle pattern plays a crucial role. There were 12 cases of Pauwels type III fractures in the CS group,
with three resulting in nonunion. Although the sample size is small, this is considered an important factor by the
authors. Another major complication associated with femoral neck fractures is avascular necrosis of the femoral
Head, with reported incidence rates ranging from 10% to 30%*"*2. The overall incidence of avascular necrosis
(AVN) of the femoral Head in our cohort was 11.39%. This included five cases in the CCS group, two cases in
the DHS group, and two cases in the FNS group. Despite the differences in these numbers, the variation is not
statistically significant. According to the literature, the risk of developing AVN can continue up to five years or
longer after surgery*>#4. Therefore, it is necessary to conduct a longer follow-up for this group of cases, with a
particular focus on the occurrence of avascular necrosis of the femoral head in the future.

Despite our findings, this study has several limitations. It represents the experience of patients from a single
institution, which may not be generalizable to other centers. Given our relatively small sample size, we plan to
collect more cases in the future. Additionally, the follow-up period was not long enough, and we aim to report
longer follow-up data to identify potential complications.

Conclusion

This study assessed the clinical efficacy of three internal fixation methods for closed reduction of subcapital
femoral neck fractures in young and middle-aged patients. Results show that compared to CCS, DHS and FNS
reduce intraoperative fluoroscopy, shorten surgery duration, and mitigate complications including femoral neck
shortening, nonunion, and avascular necrosis. Notably, FNS exhibits a shorter incision length and operative time
compared to DHS. FNS represents a promising new choice for young and middle-aged patients with femoral
neck fractures.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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