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Abstract
Background Most displaced femoral neck fractures can achieve satisfactory anatomical reduction by closed 
reduction, but there are still some that cannot reset satisfactorily after closed reduction, and open reduction are 
required. Such fractures that cannot be repositioned successfully by closed reduction are called irreducible displaced 
femoral neck fractures in this study. The objective of our study was to evaluate the efficacy of direct anterior incision 
with the Femoral Neck System in the treatment of irreducible displaced femoral fractures.

Methods A total of 16 young and middle-aged patients with irreducible displaced femoral neck fractures involving 
Garden type III and IV were treated using Femoral Neck System fixation by open reduction through Direct Anterior 
Approach between January 2020 to September 2021. Functional outcomes and postoperative complications were 
assessed during follow-up. Clinical outcomes were evaluated by the Hip Harris score. The postoperative reduction was 
evaluated by the Garden Index. Observe postoperative complications.

Results All patients were followed up with a mean follow-up time of 21.1(12–30) months, and according to 
radiological results, all patients achieved fracture healing, with a mean healing time of 4.25 months. All 16 patients 
received grade Garden I and II reductions, and there was no significant difference in the anteroposterior Garden 
reduction index between the first day after surgery (166.13 ± 5.61) and the 12th month after surgery(164.94 ± 4.49) 
(P>0.05) and no significant difference in lateral Garden index between the first day after surgery(171.06 ± 4.46) and 
the 12th month after surgery(169.38 ± 3.98) (P<0.05). According to the Hip Harris score scale, 13 patients received 
excellent and 3 patients received good. The postoperative Hip Harris Score(17.19 ± 4.8) was significantly higher than 
the preoperative score(92.19 ± 3.4), and the difference was statistically significant (P < 0.05). No or mild femoral neck 
shortness occurred in 12 (75%) patients, moderate shortening occurred in 3 (18.75%) patients, and severe shortening 
occurred in 1 (6.25%) patient. None of the patients experienced femoral head necrosis, fracture nonunion, or incision 
infection. One patient developed deep venous thrombosis of the lower extremity.
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Introduction
Femoral neck fractures (FNFs) in patients under the age 
of 50 years account for less than 5% of all hip fractures 
and are typically the result of a high-energy event [1, 
2]. FNFs in young patients, particularly displaced frac-
tures, are challenging to treat. Internal fixation remains 
the consensus, and the quality of the reduction is more 
important than the time to surgery [3, 4]. Closed repo-
sitioning is the most commonly used method in clinical 
practice. When closed manipulation is inadequate for 
anatomic reduction, such as when soft tissue is embed-
ded in the fracture end, an open surgical approach is 
required. Our goal is to achieve anatomic reduction 
through open or closed reduction.

The main areas of interest in the management of open 
reduction are the choice of the surgical approach and the 
implant. The direct anterior approach (DAA) was first 
proposed by Carl Hueter to reach the hip joint and was 
later widely used in hip arthroplasty. It has the advan-
tages of less trauma and faster recovery compared to 
other traditional approaches.

Younger patients are not arthroplasty candidates and 
there is no consensus on the best fixation implant for 
FNFs in this population. Many kinds of internal fixators 
are available for FNFs, such as the cannulated screw (CS), 

dynamic hip screw (DHS), and compression locking plate. 
None of these avoid complications or reoperation, so the 
choice of fixator is controversial. The Femoral Neck Sys-
tem (FNS) is a new type of fixation device designed by 
a Swiss company for FNFs in young adults [5–7]. How-
ever, few relevant studies have been conducted on it. In 
this study, we evaluated the functional and radiographic 
outcomes of FNS fixation for irreducible displaced FNFs 
after open reduction via the DAA approach.

Patients and methods
Study population
All patients signed informed consent from January 2020 
to September 2021, which was approved by the eth-
ics committee. The inclusion criteria were (1) the imag-
ing diagnosis was femoral neck fracture, (2) the patient 
age ≤ 55 years old; (3) the follow-up time was longer 
than 12 months, (4) the fracture of the femoral neck was 
garden3 ~ 4 type. The exclusion criteria were (1) com-
bined with other site fractures or injuries; (2) combined 
with severe osteoporosis; (3) a long history of alcohol 
use or hormone medication; (4) old fracture or patho-
logical fracture; (5) with underlying femoral head isch-
emia necrosis or hip osteoarthritis. Thus, ultimately, 16 
patients with FNFs who received the procedure were 
included in the study. The preoperative radiological data 
of the patients were classified according to the Garden 
classification, which is related to the degree of disrupted 
blood supply to the femoral head and the incidence of 
avascular necrosis of the femoral head [8]; 10 patients 
had Garden III type and 6 patients had Garden IV type. 
All patients suffered acute injuries and were followed 
up for at least 12 months after surgery. Among them, 11 
were male and 5 were female, with an average age of 34.8 
(22–50) years (Table 1).

Surgical technique
Spinal epidural or general anaesthesia was used with the 
patient in the supine position. Closed reduction of the 
FNF was attempted under the traction bed, and those 
who failed to achieve satisfactory results were included in 
this study and received an open reduction. Typical cases 
are shown in Fig. 1.

A 7–10 cm surgical incision was made 2–3 cm outside 
the anterior superior iliac spine, along the direction of the 
fibular head. We separated the tensor latissimus muscle 
and the sartorius muscle space after dissecting the fascia. 

Conclusions The Direct Anterior Approach combined with Femoral Neck System is an excellent treatment for 
irreducible displaced femoral neck fracture and achieved good functional outcomes and anatomical reduction with 
low complications.

Keywords Displaced femoral neck fracture, Femoral neck system (FNS), Direct anterior approach (DAA), Open 
reduction

Table 1 Patient demographic and operative data overview
Parameter Value
Patients (number) 16
Sex
 Men, number(%)

11   68.75%

 Women, number(%) 5    31.25%
Age (years) 34.8(22–50)
BMI (Kg/m2) 26.6(17.5–37.7)
Close fracture, number (%) 16   100%
Open fracture, number (%) 0    0
Mechanism of injury
 Traffic accident, number (%) 10   62.5%
 Falling down, number (%) 6    37.5%
 Other, number (%) 0    0
Fracture site
 Left, number (%)
 Right, number (%)

9   56.25%
7   43.75%

Garden grade
 III, number (%)
 IV, number (%)

10   62.5%
6    37.5%

Diabetes, number (%) 2    12.5%
Duration between injury and surgery (d) 2.1(1–4)
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The ascending branch of the lateral circumflex femoral 
artery (LCFA) was separated on the lateral side of the 
rectus femoris muscle, ligated, and severed. A Hoffman 
hook was used to pull the upper lateral neck of the femur 
and the large tuberosity of the femur, revealing the joint 
capsule; a T-shaped incision was made on the capsule 
of the joint to expose the fracture. The fracture was sig-
nificantly displaced, so we used a periosteal detacher and 
other instruments to assist reduction. Kirschner wires 
were inserted into the femoral head to help control the 
femoral head (Fig. 1c). Fluoroscopy showed that the FNF 
was reduced (Fig.  1d). An anti-rotating Kirschner wire 
was inserted to maintain the reduction and prevent rota-
tion of the femoral head (Fig. 1e). Its position was as close 

as possible to the upper edge of the femoral neck, and 
the lateral position was as far away from the centre of the 
femoral neck as possible.

Then, a 3–5 cm incision was made at the intersection 
of the lateral lesser trochanter at the level of the proxi-
mal thigh and the lateral longitudinal axis of the femoral 
shaft. Layer by layer to the lateral cortex of the femur and 
a guide needle was inserted into the femoral neck with 
the assistance of a guide device. The tip of the needle was 
5 mm from the subchondral area. The angle between the 
guidewire and the longitudinal axis of the femoral shaft 
should be 130° as far as possible, and the guidewire was 
located at the centre of the femoral neck. A femoral 
neck power rod was gently tapped in after satisfactory 

Fig. 1 Patient1, Male, fall injury, (1a: Right femoral neck fracture on preoperative X-ray, Garden type IV; 1b: Intraoperative radiography showed that closed 
reduction could not achieve satisfactory reduction; 1c: Intraoperative incisions image showed that Kirschner wires were inserted into both distal and 
proximal parts of the fracture to assist reduction; 1d: Intraoperative X-ray showed an anatomic reduction of the fracture; 1e: Intraoperative X-ray showed 
the insertion of FNS guide needle and an anticockerill needle; 1f: Intraoperative X-ray showed fractures were fixed using FNS and reaching Graden grade I 
reduction; 1 g: X-ray showed fracture union at 6 months follow-up. 1h1i: At 1 year follow-up, X-ray showed good fracture healing and no ischemic necrosis 
of femoral head occurred.)
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positioning. One or two locking screws were drilled into 
femoral after the lateral femoral plate was attached to 
the centre of femoral. Finally, an anti-rotation screw of 
the appropriate length was inserted along the guide. The 
position of the FNS (DePuy Synthes) (Fig. 2) was exam-
ined by fluoroscopy (Fig.  1f ), and the anti-Kirschner 
wire was removed and washed. Drainage was deter-
mined according to the intraoperative conditions, and 
the wound was sutured layer-by-layer and wrapped with 
a sterile dressing (Fig. 3). A case followed for two years is 
shown in Fig. 4.

Evaluation
We collected basic information about the patients such 
as sex, age, body mass index, injury event, Garden grade, 
and time from injury to surgery. The Garden classifica-
tion criteria are as follows: Type I is an incomplete frac-
ture; Type II is a complete fracture without displacement; 
Type III is a fracture with partial displacement, abduction 
of the femoral head, mild external rotation, and upward 
displacement of the femoral neck segment; Type IV is a 
complete displacement of the femoral neck, being signifi-
cantly externally rotated and upward.

Clinical outcomes were evaluated using the Harris Hip 
Score (HHS) [9] at the 12-month follow-up. The HHS 
score includes assessments of pain, function, deformity, 
and range of motion, with a score distribution ratio 
of 44:47:4:5. This tool has been widely used to evaluate 
hip function. Clinical outcomes were classified as excel-
lent (90–100 points), good (80–89 points), fair (70–79 
points), and poor (< 70 points) based on the HHS.

Fig. 3 Picture of surgical incision. The upper incision is the incision used 
for DAA approach, and the lower incision is the incision used for FNS 
implantation

 

Fig. 2 The picture shows the completed and unassembled FNS. (1) pressure plate, (2) anti-rotation screw, (3) distal locking screw, (4) Bolt
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Radiology was performed preoperatively and at the 
postoperative follow-up, and patients routinely under-
went 1-, 2-, 3-, 6-, and 12-month outpatient reviews 
with plain X-rays. Postoperative reduction was evaluated 
using the Garden Alignment Index (GAI) on the first day 
after surgery and 12 months after surgery. The index is 
determined as follows. The Angle between the inner edge 
of the femoral shaft and the pressure trabeculae of the 
medial region of the femoral head in a plain radiograph. 
A satisfactory Garden index is between 155–180° after 
reduction.

Avascular necrosis was evaluated by the Steinberg clas-
sification; stage 2 and above is avascular necrosis [10]. 
Postoperative complications, such as infection, deep vein 
thrombosis (DVT), and postoperative internal fixation 

failure were noted. Non-union was judged according to 
the criteria described by Dhar et al. [11]. The degree of 
shortening of the femoral neck was categorised as none/
mild, < 5 mm; moderate, 5–10 mm, and severe, > 10 mm 
[5].

Statistical analysis
Data are presented as mean ± standard deviation. The 
paired samples t-test was used to evaluate differences in 
the preoperative and postoperative outcomes for con-
tinuous variables. A P-value < 0.05 was considered sig-
nificant. Statistical analysis was performed with SPSS 
version 25.0 software (SPSS Inc., Chicago IL, USA).

Fig. 4 Patient2, Male, Traffic injury, (4a: Right femoral neck fracture on preoperative X-ray, Garden type IV; 4b: Preoperative three-dimensional CT showed 
a fracture of the right femoral neck; 4c: At 1 month after operation, X-ray films showed good reduction of fracture; 4d: Lateral X-ray films at 1 month after 
operation showed good reduction of fracture; 4e: At 1 year after operation, X-ray films showed that the fracture healed well; 4f: Lateral X-ray films at 1 year 
after operation showed that the fracture healed well; 4 g: At 2 years after operation, X-ray films showed that the fractures healed well without avascular 
necrosis; 4 h: Lateral X-ray films showed good fracture healing without avascular necrosis at 2 years after operation; 4i:Surgical incision diagram.)
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Results
All patients achieved anatomic reduction. All patients 
were followed up for at least 12 months, with a mean fol-
low-up of 21.1 (12–30) months. Based on the radiological 
results, all fractures healed, with an average healing time 
of 4.25 (3–6) months. According to X-rays of hips taken 
on the first day after surgery and 12 months after sur-
gery, all 16 patients achieved Garden I and II reduction, 
and no significant difference was observed between the 
time points. The postoperative HHS score significantly 
improved after the surgery. Excellent outcomes were 
achieved in 13 cases. No or mild femoral neck shortness 
occurred in 12 (75%) of 16 patients, moderate shortening 
occurred in three (18.75%) patients, and severe shorten-
ing occurred in one (6.25%) patient. One patient devel-
oped lower limb DVT after surgery and received an 
inferior vena cava filter. None of the patients developed 
avascular necrosis or infection at the incision site, expe-
rienced non-union of a fracture, or had any internal fixa-
tions fail (Table 2).

Discussion
FNFs are common in the elderly, which may be related 
to osteoporosis or other ailments [12]. In young people, 
such fractures usually occur due to high-energy trauma. 
The postoperative healing and necrosis rates of the fem-
oral head are important indices to evaluate the curative 
effect of FNF surgery. The degree of displacement of the 
fracture and the quality of the fracture reduction are 
closely related to postoperative healing. According to a 

previous meta-analysis, varus deformities of the femoral 
head after fracture reduction are associated with signifi-
cantly higher postoperative non-union rates [13]. Beris et 
al. reported that fracture reduction treatment is the pri-
mary factor affecting femoral head necrosis [14]. Among 
the various treatment modalities, closed reduction and 
immobilisation appear to be the less destructive; how-
ever, an anatomic reduction can be difficult to achieve 
using the closed method and may lead to osteonecrosis 
of the femoral head after multiple attempts. Thus, open 
reduction and anatomic reduction may be ideal. In this 
study, we changed to open reduction immediately if a 
closed reduction was difficult to achieve.

The surgical field is fully exposed during open reduc-
tion, the internal fixation is placed under direct 
vision, and the number of intraoperative fluoroscopies 
decreases. In our study, mean fluoroscopy time was 
6.31 ± 1.7. He et al. [15] and Zhou et al. [5] also reported 
that using FNS to fix FNFs reduced the number of 
intraoperative fluoroscopies, which reduces radiation 
exposure.

Fixation of the femoral neck is usually done using 
Smith-Petersen approach (S-P approach) and the Wat-
son-Jones approach (W-J approach). However, the DAA 
approach has also been reported be useful for hip joint 
arthroplasty [16]. We noted two benefits of using the 
DAA approach for treating FNFs. First, it effectively 
reduces damage to the surrounding soft tissues through 
the gaps between the tensor fascia lata and the sartorius 
muscle and between the rectus femoris and the gluteus 

Table 2 The outcomes and complications of preoperatively and postoperatively (mean and standard deviation (SD))
Parameter Preoperation Postoperatiom P value
Clinical evaluation
HHS score 17.19 ± 4.8 92.19 ± 3.4 0.000
 Excellent 13 patients (81.25%)
 Good 3 patients (18.75%)
 Fair 0 (0)
 Poor 0 (0)
Complications
 DVT 1 patient (6.25%)
 Avascular necrosis
 Incision infection

0 (0)
0 (0)

 nonunion fracture 0 (0)
 Femoral neck shortening
  <5 mm 12 (75%)
  5-10 mm 3 (18.75%)
  >10 mm 1 (6.25%)
Fluoroscopy times 6.31 ± 1.7
Parameter Preoperation Postoperatiom(1d) Postoperatiom(12month) Pvalue
Radio evaluation
 Garden Index
  (Anteroposterior)

166.13 ± 5.61 164.94 ± 4.49 0.462

 Garden Index
  (Lateral)

171.06 ± 4.46 169.38 ± 3.98 0.247



Page 7 of 8Liang et al. BMC Musculoskeletal Disorders          (2023) 24:826 

medius. Second, it entails entering through the anterior 
area of the hip joint, which avoids hindering the blood 
supply to the femoral head, thereby prevent necrosis of 
the femoral head.

Dewar et al. reported that 82% of the blood supply to 
the femoral head comes from the medial femoral circum-
flex artery [17], making it the main blood supply source 
to the head and neck of the femur; this vessel is not dam-
aged when performing the DAA approach. Intraoperative 
ligation of the lateral femoral circumflex artery (LCFA) 
does not affect the blood supply to the head and neck 
[18]. About 10–20% and 10–30% of patients have compli-
cations of non-union and avascular necrosis, respectively 
[19, 20]. In this study, none of the patients had developed 
cystic degeneration or peripheral sclerosis of the femoral 
head at the last postoperative follow-up, and none devel-
oped incision infection or delayed healing after surgery. 
This result may be related to better protection of the 
blood supply to the femoral head when using the DAA 
approach.

The most common internal fixation methods for an 
FNF are the CS and DHS. CS fixation provides torsional 
stability and less damage to the blood supply to the fem-
oral head, but using multiple screws results in higher 
failure rates when the fracture is displaced due to verti-
cal shear stress; therefore, an internal fixation system 
with a fixed angle device, such as the DHS, is preferred 
for this type of fracture. The FNS system combines the 
fixed angle stability of the DHS with the minimally inva-
sive advantages of CS. Stoffel et al. showed that the FNS 
is an effective alternative for treating unstable FNFs, with 
minimally invasive implantation and good biomechanical 
stability compared to DHS systems and superior to CS 
[21]. A biomechanical study also suggested that the FNS 
is more stable than the use of three screws [22], karl et al. 
also indicated in biomechanical tests that FNS had bet-
ter overall structural stability than internal fixation with 
three hollow screws [23]. Xu et al. used FNS to treat 16 
patients with femoral neck fracture, and the follow-up 
results were satisfactory without related complications 
[24]. In this clinical study, no screw withdrawal or loos-
ening occurred in any case. The fixation effect of the FNS 
system was clear and the fixation outcome was good.

A shortening deformity of an FNF after internal fixa-
tion is a common phenomenon, and may even be a factor 
associated with joint arthroplasty [25]. In our study, 75% 
of patients had no/mild shortening, 18.75% had moder-
ate shortening, and 6.25% had severe shortening at the 
last follow-up. As previously reported, there is a high 
incidence of shortening after CS fixation of an FNF. In 
one study, moderate and severe shortening occurred in 
22.8% and 12.9% of young adults who underwent screw 
fixation of FNFs [26]. Whether femoral neck shortening 
affects hip joint function remains controversial. Some 

scholars believe that any deformity arising from the pro-
cedure would harm hip joint function [27, 28]. The HHS 
is an indicator of hip pain, function, range of motion, and 
other activities. In this study, the HHS score was signifi-
cantly higher after surgery, indicating that the patients 
achieved satisfactory surgical results through FNS fixa-
tion under the DAA approach.

All patients achieved Garden Grade I and II reduction. 
Only one patient developed DVT of a lower extremity 
after surgery, and no other complications, such as a non-
union fracture or postoperative incision infection, were 
observed. In the study on the treatment of femoral neck 
fractures in young adults, zhou et al. found that the use 
of FNS had significant advantages in early clinical efficacy 
and complication rate compared with traditional screw 
fixation, and significantly reduces the operation time [6]. 
The use of FNS can effectively reduce soft tissue expo-
sure, and usually only requires a 4-5  cm lateral incision 
to complete the insertion. In addition, it does not damage 
the gluteus medius muscle. Less trauma and fewer com-
plications indicate that FNS treatment is a simple and 
effective treatment.

In conclusion, the DAA approach combined with FNS 
achieved satisfactory results for FNFs that could not be 
fixed under closed reduction. However, our study had 
some limitations. It was a retrospective study with a 
small sample size and a short follow-up time. Also, we 
did not follow up on long-term functional outcomes and 
whether revision surgery was performed, Finally, there 
was insufficient statistical power because there was no 
control group.
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