
Treatment for femoral neck fractures differs depending on 
the mechanism of injury and age. Femoral neck fractures 
occurring with low-energy injury in elderly patients are 
increasing and frequently treated with arthroplasty.1) How-
ever, in young patients, femoral neck fractures with high-
energy injuries need to be fixed, and bony union must 
be achieved.2,3) Femoral neck fractures with high-energy 
injuries often show displacement with comminution, a 
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Background: Femoral neck fractures need to be treated in their early stages with accurate reduction and stable fixation to reduce 
complications. The authors compared the early radiologic outcomes of femoral neck fractures treated with the recently introduced 
Femoral Neck System (FNS, Depuy-Synthes) with conventional cannulated screws (CS) in a multicenter design. Furthermore, the 
factors associated with early failure after FNS were analyzed.
Methods: The FNS group included 40 patients treated between June 2019 and January 2020, and the CS group included 65 pa-
tients treated between January 2015 and May 2019. The operation was performed in 3 university hospitals. Patient demographics, 
fracture classification, postoperative reduction quality, sliding distance of FNS or CS, union and time to union, and complication 
rates were examined. Logistic regression analysis was performed on candidate factors for early failure of the FNS group.
Results: The FNS group had a 90% union rate and a mean time to union of 4.4 months, while the CS group had similar results 
with an 83.1% union rate and a mean time to union of 5.1 months. In the subgroup analysis of Pauwels type III fractures, the union 
rates were 75.0% and 58.8% in the FNS and CS groups, respectively, and the time to union was significantly shorter in the FNS 
group with 4.8 months compared to 6.8 months in the CS group. Early failure rate within 6 months of FNS fixation was observed to 
be 10%, which included 3 reduction failures and 1 excessive sliding with a broken implant. Risk factors for early failure after FNS 
were identified as displaced fractures (Garden classification type III or IV), poor reduction quality, longer tip-apex distance, greater 
sliding distance, and 1-hole implants, of which sliding distance was the only significant risk factor in multivariate analysis.
Conclusions: In femoral neck fractures, FNS and CS did not show significant differences for short-term radiologic results. FNS re-
sulted in shorter operative time than cannulated screw fixation and favorable outcomes in Pauwels type III femoral neck fractures. 
The FNS could be considered a reliable and safe alternative to CS when treating femoral neck fractures.
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larger Pauwels angle, and varus angulation.4,5) High-energy 
femoral neck fractures are often accompanied by injuries 
of the medial femoral circumflex artery and can cause 
avascular necrosis (AVN; 15%–50%).6) Fractures with 
large displacement and a large Pauwels angle have a high 
risk of nonunion (5%–30%).7,8) To achieve successful treat-
ment results in femoral neck fractures of young patients, 
anatomical reduction with firm fixation is essential.9,10) 
Various fixation methods are currently available, including 
multiple cannulated screws (CS) or dynamic hip screws 
with or without anti-rotation screws.11,12) Recently, a newly 
developed implant called the Femoral Neck System (FNS; 
DePuy-Synthes) was introduced. The FNS combines the 
minimally invasive advantages of CS with the angle-stable 
fixation advantages of dynamic hip screws, with bolts and 
anti-rotation screws inserted proximally into the lateral 
plate and 1 or 2 locking screws inserted distally to act as a 
fixed-angle construct.13) The stability of the FNS construct 
has been reported in biomechanical experiments.13,14) 
Clinical outcomes of FNS have also been reported, but 
current comparative studies are single-center studies, and 
multicenter studies are limited.15) Moreover, risk factors for 
early failure after FNS have been studied, but need further 
elucidation.16) Therefore, the authors of this study sought 
to compare early radiologic outcomes of femoral neck 
fractures treated with the recently introduced FNS with 
conventional CS in a multicenter design. Furthermore, the 
factors associated with early failure after FNS were ana-
lyzed.

METHODS
This study was approved by the Institutional Review 
Board of Hanyang University Hospital (No. 2020-10-037-
001). Informed consent was waived due to the retrospec-
tive nature of the study. Three orthopedic surgeons (HJC, 
YK, and KTH) at three different trauma centers treated 
femoral neck fractures using FNS from June 2019 to Janu-
ary 2020 and conventional CS fixation methods from 
January 2015 to May 2019. Patients treated with CS were 
selected as the control group. Cases of acute traumatic 
femoral neck fractures in patients ≥ 19 years of age were 
included in this study. Patients with the following circum-
stances were excluded from the study: surgery performed 
more than 48 hours after onset, coexisting infection, other 
existing fractures, and a follow-up period of less than 6 
months. Finally, a total of 40 patients treated with FNS and 
65 patients treated with CS fixation were included in this 
retrospective study.

The surgery was performed under general anesthe-

sia, with the patient positioned on the fracture table and 
under C-arm guidance. The method of fracture reduction 
was left to the discretion of each surgeon; however, closed 
reduction was performed in all cases and no open reduc-
tion was performed. Fixation with FNS was performed by 
placing the guide wire in a center-to-center position on the 
femoral head after achieving adequate reduction. Bolt was 
then connected to the lateral plate and inserted towards 
the femoral head, followed by an anti-rotation screw. The 
locking screw was then fixed distally. The type of lateral 
plate (1-hole or 2-hole plate) was left to the surgeon’s de-
cision. For fixation with multiple CS, 3 CS were inserted 
parallel to the femoral head in an inverted triangle shape, 
with the screw tips placed within 5–10 mm of the sub-
chondral bone.17) All CS were partially threaded, and the 
insertion point on the lateral aspect of the femur was po-
sitioned superior to the lesser trochanter to prevent stress-
rising effects.

Patient demographics including age, sex, follow-
up period, bone mineral density, and osteoporosis status 
were collected through electronic medical record review, 
as well as operative time. The fracture site (right or left), 
fracture location (subcapital/transcervical/basicervical), 
and fracture classification (Garden, Pauwels classification) 
were investigated on anteroposterior (AP) and lateral plain 
radiographs, and the presence of comminuted fragments 
at the fracture site was examined on computed tomogra-
phy (CT). To assess the reduction status after internal fixa-
tion of the fracture, the Garden alignment index, Lowell’s 
criteria, displacement of the femoral neck fracture site, 
and sliding distance were examined. In the FNS cases, 
the position of the implant, tip-apex distance (TAD), and 
the type of lateral plate were further investigated. Garden 
alignment index was measured on AP and lateral hip plain 
radiographs. For the AP view, the angle between the femo-
ral shaft medial cortex and the center of the primary com-
pressive trabeculae of the femoral head was measured and 
defined as good if it was 160°–175° and poor otherwise. In 
the lateral view, it was defined as good if the angle between 
the primary compressive trabeculae and the femoral shaft 
was 170°–190°, and poor otherwise. Lowell’s criteria were 
also evaluated on AP and lateral simple hip radiographs. It 
was defined as “Intact S” if the cortical bone of the femoral 
head and neck showed continuity with an S or inverted S-
shaped curve in both AP and lateral views, and “Broken 
S” if the cortical continuity showed to be flat or angled in 
either AP or lateral views. Fracture site displacement was 
evaluated by CT performed in the immediate postopera-
tive period, and the reduction quality was considered poor 
if more than 2 mm of displacement was observed. Slid-
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ing distance for CS was defined as the largest value of the 
distance protruding laterally from the lateral cortex on the 
follow-up AP radiograph, and for FNS as the difference 
between the length of the bolt on the immediate postop-
erative and follow-up AP radiographs.18,19) For implant po-
sition, it was defined as good if the bolt of FNS was within 
10 mm of the center on the AP radiograph and located 
center or within 10 mm anteriorly on the lateral radio-
graph, and poor otherwise.20) The TAD was defined as the 
sum of the distance from the tip of the bolt to the femoral 
head apex on the AP and lateral plain radiographs.21)

Active range-of-motion exercises were initiated im-
mediately after surgery. Depending on the patient’s con-
dition, partial weight-bearing with crutches or a walker 
was allowed from toe touch and then gradually increased 
as pain tolerated. Subsequently, once the patient was 
deemed capable of full weight-bearing, the walking aid 
was removed, and independent ambulation was initiated. 
Patients visited the orthopedic outpatient clinic every 
month for the first 3 months after the surgery and every 3 
months thereafter. Plain radiographs (Hip AP, axial, and 
both oblique views) were performed at each patient visit. 
Plain radiographs at 3 months postoperatively were com-
pared with immediate postoperative plain radiographs to 
measure the sliding distance in the FNS and CS groups, 

respectively. CT was performed to assess union status if 
union did not occur within the expected time frame dur-
ing follow-up. Bone union was defined when the fracture 
line disappeared, and bridging was observed in at least 
3 of the 4 cortices in AP and lateral views (Fig. 1). Non-
union was defined as failure to achieve union more than 
6 months after surgery22) (Fig. 2). The development of 
biological complications such as AVN and mechanical 
complications such as screw loosening, cut-out, varus col-
lapse, or implant breakage were investigated. Failure was 
defined as nonunion or reoperation due to biological or 
mechanical complications. Three orthopedic surgeons 
who completed orthopedic trauma fellowship (IK, HJC, 
and KTH) independently measured the radiologic data. 
Disagreements were resolved through discussion.

Statistical Analysis
Patients were divided into groups treated with FNS and 
CS to compare demographic and clinical characteristics. 
In addition, based on the previous reports that Pauwels 
classification type III is biomechanically more unstable 
and exhibits inferior clinical outcomes than type I or II, 
we performed a subgroup analysis of patients with Pau-
wels classification type III fractures and compared the 
demographic and clinical characteristics of the FNS and 

A B C D
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Fig. 1. Anteroposterior (A) and lateral (B) simple radiographs of a left femoral neck fracture following a bicycle accident in a 51-year-old male patient. 
A displaced fracture corresponding to Garden’s classification type IV and a fracture line corresponding to Pauwels classification type III were observed. 
The patient underwent closed reduction and internal fixation with a Femoral Neck System (FNS) implant. Immediate postoperative anteroposterior (C) 
and lateral (D) simple radiographs. Note the proper positioning of the FNS implant and good reduction quality. Anteroposterior (E) and lateral (F) simple 
radiographs at 5 months postoperatively. The patient achieved an uneventful union. 
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CS groups.13,23) Finally, to identify risk factors for early 
failure after FNS surgery, univariate and multivariate lo-
gistic regression analyses were performed on patients who 
underwent FNS fixation, divided into a union group and 
a failure group at 6 months postoperatively. A chi-square 
test and Fischer’s exact test were used to analyze categori-
cal variables. Continuous variables were tested for nor-
mality using the Shapiro-Wilk test. Variables that satisfied 
normality were analyzed with the Student t-test, and those 
that did not were analyzed with the Mann-Whitney U-
test. Univariate logistic regression analysis was performed 
on candidate factors to identify risk factors for early failure 
after FNS. Factors with a p-value < 0.1 were entered into a 
forward stepwise multiple regression analysis. The logistic 
regression data were presented as odds ratios (ORs) and 
95% confidence intervals (CIs). Fleiss’ kappa value was 
measured to ensure that the radiologic assessments of the 
3 orthopedic trauma surgeons were in consensus. IBM 
SPSS software (version 27.0; IBM Corp.) was used for sta-
tistical analysis, and p-values less than 0.05 were consid-
ered significant.

RESULTS
The mean age of the overall patient cohort was 57.1 years 
(range, 30‒77 years), with 47 men (44.8%) and 58 women 
(55.2%). The mean follow-up was 19.9 months (range, 

6‒57 months). Osteoporosis was diagnosed in 39 patients 
(37.1%). Fracture location was subcapital in 56 patients 
(53.3%), transcervical in 46 (43.8%), and basicervical in 
3 (2.9%). Garden classification type I was the most com-
mon (40 patients, 38.1%), followed by type III (26 patients, 
24.8%), type II (24 patients, 22.9%), and type IV (15 pa-
tients, 14.3%). In terms of Pauwels classification, type II 
was most common with 56 patients (53.3%), followed by 
type III and type I with 29 (27.6%) and 20 (19.1%), re-
spectively. Comminuted fragments were identified in 77 
patients (73.3%).

There were no significant differences in demograph-
ics or fracture classification between the FNS and CS groups 
(Table 1). Mean operative time was significantly shorter in 
the FNS group with 50.0 ± 11.3 minutes compared to 59.1 
± 10.6 minutes in the CS group (p = 0.025) (Table 1). When 
comparing the radiologic data between the 2 groups, there 
was no significant difference in the postoperative reduction 
quality as assessed by the Garden alignment index, Lowell’s 
criteria, and the degree of displacement measured by CT 
(Table 2). The mean TAD of the FNS group was 8.7 ± 3.0 
mm on the AP, 10.4 ± 3.0 mm in the lateral, and a total 
of 19.2 ± 5.4 mm. The mean sliding distance measured at 
3 months postoperatively was 2.7 ± 2.9 mm in the FNS 
group and 3.4 ± 4.3 mm in the CS group, with no signifi-
cant difference (p = 0.674) (Table 2). The union rate was 
90.0% in the FNS group and 83.1% in the CS group, which 

A B C D

E F

Fig. 2. Anteroposterior (A) and lateral (B) simple radiographs of a left femoral neck fracture following a ground-level fall in a 62-year-old female patient. 
A fracture corresponding to Garden’s classification type IV and Pauwels classification type III was observed. The patient underwent closed reduction 
and internal fixation with 3 cannulated screws. Immediate postoperative anteroposterior (C) and lateral (D) simple radiographs. Suboptimal reduction 
quality was noted. Anteroposterior (E) and lateral (F) simple radiographs at 3 months postoperatively. Failure of varus collapse and excessive sliding of 
the cannulated screws were observed. 
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was not significantly different (p = 0.399) (Table 2). The 
4 failure cases (10.0%) in the FNS group were 3 cases of 
varus collapse and 1 case of implant breakage. The 11 fail-
ure cases (16.9%) in the CS group included 4 nonunion, 2 
AVN, and 5 varus collapses. The mean time to union was 
4.4 ± 0.9 months in the FNS group and 5.1 ± 1.6 months 
in the CS group, which tended to be shorter in the FNS 
group, but this did not reach statistical significance (p = 
0.095) (Table 2).

A subgroup analysis was performed on Pauwels clas-
sification type III fractures. A total of 29 patients were in-
cluded, 12 in the FNS group and 17 in the CS group. In the 
subgroup analysis, there were no significant differences in 
demographics, operative time, and fracture classification 
between the FNS and CS groups (Table 3). Postoperative 
reduction quality did not show any difference between the 
2 groups (Table 4). The mean sliding distance was 4.4 ± 3.3 
mm in the FNS group and 6.0 ± 4.0 mm in the CS group, 
which was not significantly different between the 2 groups 

Table 1. Baseline Demographics and Fracture Classification of the 
Patients

Variable FNS device  
(n = 40)

Cannulated 
screw (n = 65)

p- 
value

Age (yr) 58.7 ± 10.5 55.9 ± 15.0 0.259

Sex 0.658

   Male 19 (47.5) 28 (43.1)

   Female 21 (52.5) 37 (56.9)

Follow-up period (mo)  17.5 ± 10.7  21.3 ± 13.5 0.121

BMD –1.9 ± 1.2 –1.9 ± 1.4 0.828

Diagnostic category 0.901

   Normal 7 (17.5) 14 (21.5)

   Osteopenia 18 (45.0) 27 (41.5)

   Osteoporosis 15 (37.5) 24 (36.9)

Operative time (min) 50.0 ± 11.3 59.1 ± 10.6 0.025

Site 0.432

   Right 19 (47.5) 36 (55.4)

   Left 21 (52.5) 29 (44.6)

Location 0.168

   Subcapital 26 (65.0) 30 (45.2)

   Transcervical 13 (32.5) 33 (50.8)

   Basicervical 1 (2.5) 2 (3.1)

Garden classification 0.461

   Type I 18 (45.0) 22 (33.8)

   Type II 6 (15.0) 18 (27.7)

   Type III 10 (25.0) 16 (24.6)

   Type IV 6 (15.0) 9 (13.8)

Pauwels classification 0.895

   Type I 7 (17.5) 13 (20.0)

   Type II 21 (52.5) 35 (53.8)

   Type III 12 (30.0) 17 (26.2)

Comminuted fragment 0.762

   Present 10 (25.0) 18 (27.7)

   Absent 30 (75.0) 47 (72.3)

Values are presented as mean ± standard deviation or number (%).
FNS: Femoral Neck System (DePuy Synthes), BMD: bone mineral density.

Table 2. Radiologic Outcome of the Patients

Variable
FNS  

device  
(n = 40)

Cannulated 
screw  
(n = 65)

p- 
value

Garden alignment index (AP view) 0.788

   Good 37 (92.5) 61 (93.8)

   Poor 3 (7.5) 4 (6.2)

Garden alignment index (lateral view) 1.000

   Good 40 (100.0) 64 (98.5)

   Poor 0 1 (1.5)

Lowell’s criteria 0.159

   Intact S 19 (47.5) 40 (61.5)

   Broken S 21 (52.5) 25 (38.5)

CT reduction status 0.751

   Displacement ≤ 2 mm 33 (82.5) 52 (80.0)

   Displacement > 2 mm  7 (17.5) 13 (20.0)

Sliding distance (mm) 2.7 ± 2.9 3.4 ± 4.3 0.674

Outcome 0.399

   Union 36 (90.0) 54 (83.1)

   Failure  4 (10.0) 11 (16.9)

Time to union (mo) 4.4 ± 0.9 5.1 ± 1.6 0.095

Values are presented as number (%) or mean ± standard deviation.
FNS: Femoral Neck System (DePuy Synthes), AP: anteroposterior, CT: 
computed tomography.
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(p = 0.368) (Table 4). The mean sliding distance increased 
by 1.7 mm and 2.6 mm in the FNS and CS groups, respec-
tively, compared to the distance measured in the overall 
cohort. Nine patients (75.0%) in the FNS group achieved 
union and 10 patients (58.8%) in the CS group achieved 
union, with no statistical difference in union rates (p = 
0.449) (Table 4). The mean time to union, however, was 

significantly shorter in the FNS group at 4.8 ± 0.8 months 
compared to 6.8 ± 1.5 months in the CS group (p = 0.042) 
(Table 4).

Logistic regression analysis was performed to identi-
fy risk factors for early failure in the FNS group. Univariate 
analysis showed that Garden classification displaced type 
(Type III and IV, p = 0.032), poor Garden lateral alignment 
index (p < 0.001), broken Lowell’s criteria (p = 0.004), total 
TAD (mm, p = 0.004), sliding distance (p = 0.008), and 
1-hole FNS implant (p = 0.033) were significantly associ-
ated with early failure among the candidate factors (Table 
5). Multivariate analysis was performed on factors with a 
p-value less than 0.1, and only sliding distance (OR, 1.79; 
95% CI, 1.10–2.90; p = 0.019) was identified as a signifi-
cant risk factor (Table 5).

The Fleiss’ kappa values of the radiologic variables 
in the FNS group were 0.711 for Garden classification, 
0.727 for Pauwels classification, 0.957 for the presence of 

Table 3. Baseline Demographics and Fracture Classification of the 
Patients (Pauwels Classification Type III)

Variable FNS device  
(n = 12)

Cannulated 
screw (n = 17)

p- 
value

Age (yr) 57.9 ± 10.0 56.8 ± 13.4 0.453

Sex 0.822

   Male 8 (66.7) 12 (70.6)

   Female 4 (33.3) 5 (29.4)

Follow-up period (mo) 23.0 ± 2.8  25.8 ± 20.7 1.000

BMD –1.4 ± 1.0 –1.8 ± 1.5 0.481

Diagnostic category 0.700

   Normal 4 (33.3) 3 (17.6)

   Osteopenia 6 (50.0) 9 (52.9)

   Osteoporosis 2 (16.7) 5 (29.4)

Operative time (min) 52.0 ± 7.6 62.5 ± 16.4 0.202

Site 0.428

   Right 6 (50.0) 6 (35.3)

   Left 6 (50.0) 11 (64.7)

Location 0.606

   Subcapital 2 (16.7) 1 (5.9)

   Transcervical 9 (75.0) 15 (88.2)

   Basicervical 1 (8.3) 1 (5.9)

Garden classification 0.174

   Type I 0 1 (5.9)

   Type II 0 4 (23.5)

   Type III 8 (66.7) 6 (35.3)

   Type IV 4 (33.3) 6 (35.3)

Comminuted fragment 0.451

   Present 8 (66.7) 8 (47.1)

   Absent 4 (33.3) 9 (52.9)

Values are presented as mean ± standard deviation or number (%).
FNS: Femoral Neck System (DePuy Synthes), BMD: bone mineral density.

Table 4. Radiologic Outcome of the Patients (Pauwels Classification 
Type III)

Variable
FNS 

device  
(n = 12)

Cannulated 
screw  
(n = 17)

p- 
value

Garden alignment index (AP view) 0.246

   Good 12 (100.0) 14 (82.4)

   Poor 0  3 (17.6)

Garden alignment index (lateral view) 1.000

   Good 12 (100.0) 16 (94.1)

   Poor 0 1 (5.9)

Lowell’s criteria 0.428

   Intact S 6 (50.0)  6 (35.3)

   Broken S 6 (50.0) 11 (64.7)

CT reduction status 0.703

   Displacement ≤ 2 mm 8 (66.7) 9 (52.9)

   Displacement > 2 mm 4 (33.3) 8 (47.1)

Sliding distance (mm) 4.4 ± 3.3 6.0 ± 4.0 0.368

Outcome 0.449

   Union 9 (75.0) 10 (58.8)

   Failure 3 (25.0)  7 (41.2)

Time to union (mo) 4.8 ± 0.8 6.8 ± 1.5 0.042

Values are presented as number (%) or mean ± standard deviation.
FNS: Femoral Neck System (DePuy Synthes), AP: anteroposterior, CT: 
computed tomography.
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comminuted fragment, 0.649 for AP Garden index, 0.983 
for Lateral Garden index, 0.700 for Lowell’s criteria, 0.639 
for CT reduction status, and 0.744 for Implant position, 
all of which showed good agreement above 0.6. The Fleiss 

kappa values for the CS group showed similarly high 
agreement with Garden classification of 0.718, Pauwels 
classification of 0.657, comminuted fragment of 0.926, 
AP Garden index of 0.639, Lateral Garden index of 0.745, 

Table 5. Univariate and Multivariate Analysis of Variables Associated with Early Failure after FNS Fixation for Femoral Neck Fractures (n = 40)

Variable
Univariate analysis Multivariate analysis

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Age (yr) 1.04 (0.95–1.14) 0.418

Female sex 0.90 (0.11–7.06) 0.916

Osteoporosis  1.91 (0.18–20.23) 0.591

Location

   Subcapital Reference - - NS

   Transcervical 7.50 (0.70–80.96) 0.097 - NS

   Basicervical - NS - NS

Garden classification

   Non-displaced (type I, II) Reference - - NS

   Displaced (type III, IV) 4.00 (1.13–14.18) 0.032 - NS

Pauwels classification

   Type I & II Reference -

   Type III 2.25 (0.69–7.30) 0.177

Comminuted fragment

   Present 3.33 (0.92–12.11) 0.067 - NS

Garden alignment (AP)

   Poor - NS

Garden alignment (lateral)

   Poor 9.00 (3.20–25.29) < 0.001 - NS

Lowell’s criteria

   Broken S 6.00 (1.77–20.37) 0.004 - NS

Poor implant position 3.67 (0.29–47.11) 0.319

CT reduction status

   Displacement > 2 mm 1.33 (0.30–5.96)  0.706

TAD (mm) 1.13 (1.06–1.20) < 0.001 - NS

Sliding distance (mm) 1.91 (1.19–3.07)  0.008 1.79 (1.10–2.90) 0.019

FNS implant

   1-Hole 2.57 (1.70–3.87)  0.033 - NS

FNS: Femoral Neck System (DePuy Synthes), CI: confidence interval, NS: not significant, AP: anteroposterior, CT: computed tomography, TAD: tip-apex 
distance.
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Lowell’s criteria of 0.830, and CT reduction status of 0.664.

DISCUSSION
This study is the first multicenter study to compare out-
comes between FNS and CS. In our study comparing the 
radiologic outcomes of FNS and CS fixation of femoral 
neck fractures, the FNS group had a 90% union rate and 
a mean time to union of 4.4 months, while the CS group 
had similar results with an 83.1% union rate and a mean 
time to union of 5.1 months. In the comparison of biome-
chanically unstable Pauwels type III fractures, the union 
rates were 75.0% and 58.8% in the FNS and CS groups, 
respectively, which were lower than the overall cohort. The 
union time of Pauwels type III fractures was significantly 
shorter in the FNS group with 4.8 months compared to 6.8 
months in the CS group, and both groups showed a longer 
time to union than the overall cohort. The early failure rate 
within 6 months of FNS fixation was observed to be 10%. 
Risk factors for early failure after FNS included displaced 
fractures such as Garden classification type III or IV, poor 
reduction quality, longer TAD, greater sliding distance, 
and 1-hole implant, of which sliding distance was the only 
significant factor associated with failure in the multivariate 
analysis.

A recent study comparing FNS and CS fixation in 
femoral neck fractures reported no significant difference 
in union rates and complication rates between the 2 pro-
cedures.24) Our results also showed no difference in failure 
rates between the FNS and CS groups. Another study 
reported a shorter operative time with FNS compared to 
CS, and we also found that FNS had a significantly shorter 
operative time than CS.25) These results suggest that FNS 
can be effectively and safely performed as an alternative to 
CS fixation in femoral neck fractures.

Pauwels III femoral neck fractures have a vertically 
oriented fracture line, which causes high shear forces, and 
are known to be difficult to reduce and have a high failure 
rate.8,26) In our study, the reduction quality of Pauwels type 
III fractures was also poor, with 17 patients (58.6%) having 
a displacement of > 2 mm, which was 3 times the rate of 
20 patients (19.0%) in the overall cohort. In addition, Pau-
wels type III fractures had a lower union rate and a longer 
union period than the overall cohort. This indicates that 
treating Pauwels type III fractures with internal fixation is 
challenging. In Pauwels type III fractures, FNS was associ-
ated with a significantly shorter time to union than CS. It 
has been reported that CS is biomechanically inferior in 
Pauwels type III fractures compared to FNS.13) Although 
there was no statistical difference in union time in the 

overall cohort, the significant difference observed between 
the 2 methods in Pauwels type III fractures suggests that 
the higher biomechanical stability of the FNS may have in-
fluenced union time by better withstanding vertical shear 
forces in this unstable fracture type. Based on our findings, 
the improved stability of the FNS construct observed in 
biomechanical experiments may have translated into clini-
cal outcomes.

Previous research on risk factors for failure after 
FNS fixation has reported that displaced fracture type 
and reduction quality are associated with failure.16) In our 
study, we also found that a displaced fracture and poor 
reduction quality were risk factors for early failure. Dis-
placed fractures are more difficult to reduce and are more 
likely to result in poor quality of reduction. It has been 
reported that reduction quality has a significant impact on 
failure in internal fixation of femoral neck fractures.27) Re-
duction quality is one of the factors that can be controlled 
by the surgeon, and our study and previous studies suggest 
that it is important to achieve anatomical reduction in the 
treatment of femoral neck fractures, and surgeons should 
attempt to achieve good reduction quality by using various 
reduction techniques. TAD was also identified as a risk 
factor for failure in our study. A higher risk of failure with 
a longer TAD has been identified in studies using dynamic 
hip screws in pertrochanteric factures.21) This suggests 
that it is important to keep the TAD short even when us-
ing FNS in femoral neck fractures. The risk of failure was 
higher for 1-hole implants compared to 2-hole implants. A 
recent finite element analysis study of Pauwels classifica-
tion angles of 50°, 60°, and 70° found that the biomechani-
cal stability of 1- and 2-hole FNS implants was similar up 
to 60°, but at fractures of 70°, the 2-hole was more stable 
than the 1-hole implant.28) The results of our study suggest 
that the findings of this biomechanical study may translate 
into clinical differences. On the other hand, another finite 
element analysis study reported that the trajectory of the 
FNS bolt is more important for biomechanical stability 
than the type of lateral plate.19) Therefore, differences in 
clinical outcomes based on the type of lateral plate may 
warrant further study.

Sliding distance was the only significant factor as-
sociated with early failure in the multivariate analysis. The 
sliding of the FNS bolt occurs through weight-bearing, 
which results in compression of the fracture site. Greater 
sliding distance causes more neck shortening, and exces-
sive neck shortening is associated with leg length discrep-
ancy and poor clinical outcomes.29) Some studies have 
reported early full weight-bearing after FNS fixation, while 
others have reported that early ambulation before 6 weeks 
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postoperatively is a risk factor for failure after FNS.16,30) 
Our study used a sequential protocol from standing to 
toe-touch ambulation, gradually increasing partial weight-
bearing, followed by full weight-bearing, rather than man-
dating full weight-bearing at a specific postoperative time 
point as in other studies, which may have reduced the risk 
of early failure of the FNS.

There are a couple of limitations in this study, such 
as its small sample size. This limitation made it difficult to 
perform an extensive statistical analysis. Furthermore, al-
though the effectiveness of the treatment was evaluated by 
CT and plain radiography, the patient’s subjective evalu-
ation or satisfaction with the treatment was not included 
in the study. Finally, the follow-up of the FNS group was 
rather short for analyzing other possible complications 
that could arise. Nevertheless, the study is of value in that 
it provides early clinical results in patients treated with an 
FNS device and analyzes factors associated with early fail-
ure of FNS. Future studies with a larger number of patients 
and longer follow-up periods are needed to further inves-
tigate the effectiveness of FNS in femoral neck fractures.

In conclusion, FNS and CS fixation showed com-
parable short-term radiologic outcomes. FNS resulted in 
shorter operative time than CS fixation and favorable out-

comes in Pauwels type III femur neck fractures. The FNS 
could be considered as a reliable and safe alternative to CS 
fixation when treating femoral neck fractures. 
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