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Abstract

Background: The femoral neck system (FNS) may be a valid alternative for treating femoral neck fractures, but few
studies have compared the outcomes between FNS and cannulated cancellous screws. This study aimed to
compare the clinical efficacy and complications of FNS with those of inverted cannulated cancellous screws (ICCS)
for the treatment of femoral neck fractures in adults.

Methods: This retrospective study evaluated patients with femoral neck fractures who underwent FNS or ICCS
internal fixation between June 2019 and January 2020. The operative time, intraoperative blood loss, number of
fluoroscopies, length of surgical incision, length of hospital stay, time to fracture healing, and other indicators were
compared between the two groups. The incidence of complications such as nonunion, avascular necrosis of the
femoral head, loosening of the internal fixation, and shortening of the femoral neck during follow-up was also
assessed in both groups.

Results: Among the 92 patients included, 47 and 45 patients were categorized into the FNS and ICCS groups,
respectively. Follow-up ranged from 14 to 24 months. There were no significant between-group differences in sex,
age, side of the injured limb, and type of fracture and in operative time, intraoperative blood loss, incision length,
and length of hospital stay (all P > 0.05). The incidence of complications such as fracture nonunion, avascular
necrosis of the femoral head, and screw loosening was also comparable between the two groups. However, the
number of fluoroscopies was significantly lower in the FNS group than in the ICCS group (P < 0.05). The fracture
healing time was also significantly lower in the FNS group than in the ICCS group (P < 0.05). Furthermore, the
femoral neck shortening and Harris hip score at the last follow-up were significantly better in the FNS group than
in the ICCS group (P < 0.05).

Conclusions: FNS for femoral neck fractures improves hip functional recovery and reduces the femoral neck
shortening rate and fluoroscopy exposure postoperatively. Thus, FNS can be an alternative to ICCS for the
treatment of femoral neck fractures.
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Background

Considering the trends in population growth and ageing,
the incidence of femoral neck fractures is projected to
increase to 6.5 million by the year 2050, increasing the
socio-economic burden and becoming a challenging
problem for orthopaedic surgeons [1]. Femoral neck
fractures in the elderly are mainly caused by low-energy
trauma, such as a slight fall [2], while in young adults,
they are commonly caused by high-energy trauma, such
as traffic injuries [3, 4].

Orthopaedic surgeons face a significant challenge in
treating femoral neck fractures because they need to
take into account the following five independent vari-
ables: bone quality, fragment geometry, reduction, im-
plant, and implant placement [5]. Roberts et al. reported
that strong evidence supports arthroplasty for older pa-
tients with unstable (displaced) femoral neck fractures
[6]. They also reported that moderate evidence supports
operative fixation for older patients with stable (nondis-
placed) femoral neck fractures [6]. In younger and more
active patients with a femoral neck fracture, a number of
studies have demonstrated that a satisfactory clinical
outcome for the treatment of femoral neck fractures can
be achieved by improving the reduction quality and
getting a stable internal fixation [7-10]. Inverted cannu-
lated cancellous screw (ICCS), dynamic hip screws
(DHS) with or without anti-rotation screws, DHS with a
blade instead of a screw, and similar implants are com-
monly used to treat such patients [11-14]. Thuan et al.
and Protzman et al. have observed that the increased
rates of internal fixation failure and nonunion were due
to high shear forces and varus instability [4, 11]. Non-
union, femoral neck shortening, and screw-out are
mostly complications associated with the internal fix-
ation for treating femoral neck fractures [15-17]. The
new minimally invasive implant femoral neck system
(ENS), which was designed for dynamic stabilization of
femoral neck fractures to reduce the above-mentioned
complications, combines angular stability with a minim-
ally invasive surgical approach [18]. However, few stud-
ies have compared the outcomes between FNS and ICCS
in the treatment of femoral neck fractures.

The present study aimed to compare the short-term
outcomes between the FNS group and ICCS group for
femoral neck fractures. We hypothesized that the FNS
group would yield superior outcomes compared to the
ICCS group, with better perioperative status and im-
proved postoperative function.

Materials and methods

Inclusion and exclusion criteria

After obtaining the Institutional Review Board approval,
we performed a retrospective study, and informed
consent was obtained from all including patients. The
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inclusion criteria were as follows: (1) the femoral neck
system and inverted cannulated cancellous screw were
used for surgical treatment respectively, (2) only unilat-
eral fracture of the neck of femur, and (3) the follow-up
time more than 12 months. The exclusion criteria in-
cluded (1) pathological femoral neck fractures, (2) fem-
oral neck fracture beyond 7 days, and (3) open fractures.

Surgical procedures

After epidural or general anaesthesia, the patient was
transferred to an orthopaedic traction bed. Open reduc-
tion was performed if the reduction did not meet the I
and II levels under C-arm fluoroscopy, as assessed ac-
cording to the Garden reduction index. A 4-cm incision
parallel to the femoral shaft was made under the greater
trochanter. In the ICCS group, three Kirschner wires
forming an inverted triangle configuration, which were
positioned approximately 5 mm beneath the surface of
the femoral head cartilage, were inserted into the fem-
oral head. After ensuring the proper location, 7.5-mm
cannulated cancellous screws were inserted along the
guide wires, and the Kirschner pins were removed. In
the FNS group, a 2.5-mm guide pin was placed in the
anterior superior part of the femoral neck to maintain
fracture reduction. A 130° guide was inserted along the
femoral neck. Under C-arm fluoroscopy, the needle in-
sertion point and angle were adjusted by adjusting the
guide so that the central guide was in the centre of the
femoral neck in the anteroposterior and lateral positions,
5 mm from the subchondral bone. After reaming along
the central guide, the bolt-and-plate assembly was
inserted into the femoral head. Subsequently, the anti-
rotation screw and locking screw were positioned in the
proper location (Figs. 1 and 2).

Perioperative management

Patients received second-generation cephalosporins 30
min preoperatively and 24 h postoperatively to prevent
infection. Patients with stable fractures were allowed
partial weight-bearing on the second day postoperatively.
Meanwhile, patients with unstable fractures were
allowed to undergo isometric contraction exercises of
the quadriceps of the femoris and active and passive
flexion and extension training of the ankle joint to re-
duce oedema of the lower extremities. Low-molecular-
weight heparin (0.2-0.4 ml, according to the weight of
patients) was routinely injected until discharge to pre-
vent deep vein thrombosis.

Oral rivaroxaban and loxoprofen sodium tablets were
prescribed at 10 mg/day and 180 mg/day (three times a
day) for 3 weeks after discharge to prevent thrombosis
and pain in a later stage. Partial weight-bearing and full
weight-bearing exercises were gradually increased
according to the rate of fracture healing on X-ray
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Fig. 1 A 73-year-old female patient, right hip, operated at 18 h after
trauma. a Preoperative anteroposterior graphy. b Preoperative lateral
graphy. ¢ Postoperative anteroposterior graphy. d Postoperative
lateral graphy

radiography. All patients were required to return to the
outpatient clinic for follow-up at 1, 3, 6, 9, and 12
months postoperatively and then once every 6 months
thereafter.

Outcome measurement

All clinical data for operative time, incision size, surgical
blood loss, length of stay, incidence of postoperative
complications, Harris hip score (HHS), femoral neck
shortening, and fracture healing time were assessed and
recorded. Ischemic necrosis of the femoral head and
nonunion were judged according to the criteria de-
scribed by Dhar et al. and Slobogean et al. [19, 20]. The
degree of shortening of the femoral neck was categorized
as none/mild, < 5 mm; moderate, 5-10 mm; and severe,
> 10 mm [21]. Hip function was assessed using the HHS
published in 1969 which includes three sections of pain
answered by patients, function, and range of motion
b: Preoperative lateral graphy assessed by the physiotherapist for deciding the patient
hip function, with a total score of 100 [22].

a: Preoperative anteroposterior graphy

Statistical analysis

Continuous variables were expressed as mean + standard
deviation (SD) and were analysed by Student’s t test.
The chi-square test was used to analyse categorical vari-
ables. Ranked data was tested by the Mann-Whitney U
test. All statistical analyses were performed using SPSS
26.0 (SPSS, IBM, USA). P < 0.05 means the difference
was statistically significant.

Results

Finally, a total of 92 patients with femoral neck fractures
were included in this retrospective study with following
up 14-24 months. The FNS group and ICCS group, ac-
cording to different internal fixation devices used, respect-
ively included 47 patients and 45 patients. There are no
statistically significant differences in terms of age, gender,
injury sides, Garden classification, and Pauwels classifica-
tion between the two groups (Table 1, all P > 0.05).

No significant differences were found in terms of
surgical time, intraoperative blood loss, incision size,
and length of stay (P > 0.05). However, there was a
statistically significant difference in fluoroscopy frequency
(P < 0.05, Table 2).

In the FNS group, no or mild femoral neck shortness
occurred in 34 (72%) of 47 patients, moderate shorten-
ing occurred in 11 (23%) patients, and severe shortening
occurred in 2 (5%) patients. In the ICCS group, no or
mild femoral neck shortness occurred in 25 of 45 (56%)

C: Postoperative anteroposterior graphy
- -

d: Postoperative lateral graphy




Tang et al. Journal of Orthopaedic Surgery and Research (2021) 16:504 Page 4 of 8

Fig. 2 A 53-year-old female patient, right hip, operated at 12 h after
trauma. a Preoperative anteroposterior graphy. b Preoperative lateral
graphy. ¢ Postoperative anteroposterior graphy. d Preoperative
lateral graphy

patients, moderate shortening occurred in 9 (20%)
patients, and severe shortening occurred in 11 (24%)
patients. A significant difference was found between no/
mild and severe shortening (P < 0.05). There was a
significant difference in fracture healing time between
the FNS group and the ICCS group (2.97 + 0.35 months
vs. 4.0 = 0.39 months, P < 0.05). In the ENS group, non-
union occurred in 2 (4%) patients, osteonecrosis
occurred in 1 (2%) patient, and screw-out occurred in 3
(6%) patients. In the ICCS group, nonunion occurred in
4 (9%) patients, osteonecrosis occurred in 3 (7%) pa-
tients, and screw-out occurred in 5 (11%) patients. At
the last follow-up by outpatient or telephone, the mean
Harris hip score of the FNS group was significantly
higher than that of the ICCS group (88.9 + 4.3 vs. 84.4 +
3.2, P < 0.05) (Table 3).

Discussion

The increase in high-energy trauma, such as traffic injur-
ies and high falls, has significantly increased the inci-
dence rate of femoral neck fractures in young and
middle-aged adults [23]. However, the majority of hip
fracture patients are still the elderly, many of whom
already have other major complications [24]. The out-
comes of femoral neck fractures mainly depend on the
physical status and age of the patient, type of fracture,
quality of reduction, and stable internal fixation [25].
Implants for internal fixation of intracapsular femoral
neck fractures can be divided into three categories:

b:Preoperative lateral graphy

Table 1 Patient demographics between the FNS and ICCS

groups
FNS ICCS P value

Cases 47 45 -
Gender (male/female) 34/13 37/8 0.259
Age (years) 574+ 150 548 +11.7 044
Side (left/right) 26/21 23/22 0.686
Garden type 0.762

I 6 5

Il 29 31

v 12 9
Pauwels type 0.884

I 5 6

d:Preoperative lateral graphy ' . 0
Il 30 29

Abbreviations: FNS femoral neck system, ICCS inverted cannulated
cancellous screw
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Table 2 Comparison of surgical time, intraoperative blood loss,
incision size, fluoroscopy frequency, and length of stay between
the FNS group and the ICCS group

FNS ICCS P value
Fluoroscopy frequency (times) 76+ 32 178 +38 <0.05
Surgical time (min) 524+ 110 420+119 0.590
Intraoperative blood loss (ml) 506+£106 473+93 0.284
Incision size (cm) 40+ 072 3.74 £ 059 0214
Length of stay (days) 55+13 48+ 14 0.113

Abbreviations: FNS femoral neck system, ICCS inverted cannulated
cancellous screw

multiple cancellous screws, fixed-angle devices that
allow sliding/compression, and fixed-angle devices that
do not allow for sliding/compression [26]. Compared
with fixed-angle fixation, multiple cancellous screws
achieve better maintenance of bone stock, anti-rotation,
and preservation of blood supply to the femoral head.
However, the angle fixation device may have better re-
sistance to varus deformity and micromotion than trad-
itional inverted triangular screws [27, 28]. FNS combines
the angular stability of sliding hip screws with the min-
imal invasiveness of multiple cannulated screws. Import-
antly, it shows good clinical results in resisting femoral
neck shortening and complications.

Shortness of the femoral neck following internal fix-
ation of femoral neck fractures is a known phenomenon,
and clinicians who advocate for arthroplasty for the
treatment of femoral neck fractures often use shortening
as an argument against internal fixation of these frac-
tures [29]. In our study, no/mild shortening in the ICCS
group was present in 56% of the patients; moderate
shortening, 20%; and severe shortening, 24%. Previous
studies have reported a high incidence of shortening of
the femoral neck after fixation with cannulated cancel-
lous screws. Zlowodski et al. reported that the shorten-
ing rate was 31% for undisplaced fractures and 27% for

Table 3 Comparison of postoperative follow-up between the
FNS and ICCS groups

FNS ICCS P value

Fracture healing (months) 297 +£035 40+ 039 <0.001
Nonunion 2 (4%) 4 (9%) 0430
Femoral neck necrosis 1 (2%) 3 (7%) 0.356
Screw-out 3 (6%) 5 (11%) 0.481
Femoral neck shortening 0.035

<5 mm 34 (72%) 25 (56%) /

5-10mm 11 (23%) 9 (20%) /

>10mm 2 (5%) 11 (24%) /
Harris hip score 889 + 43 844 +32 <0.05

Abbreviations: FNS femoral neck system, ICCS inverted cannulated
cancellous screw
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displaced fractures [16]. Slobogean et al. reported that
among patients younger than 55 years who underwent
fixation with multiple cancellous screws, 22.8% and
12.9% developed moderate and severe shortening, re-
spectively [30]. Consistent findings were observed in our
study. There were significant differences in the rates of
no/mild and severe shortening of the femoral neck be-
tween the ICCS and the FNS groups. In finite element
analysis by Fan, FNS exhibited better von Mises stress
distribution and smaller displacement of the femur than
CCS in Pauwels III fracture at 50°, 60°, and 70° angles
[31]. A biomechanical experiment by Stoffel proved that
the loading test, starting at 500 N, increases at a rate of
0.1 N/cycle until the termination criteria are achieved.
There was a significant difference of 15 mm in femoral
neck shortening and leg shortening between the femoral
neck system and cannulated cancellous screw (18171 +
2585 N vs. 8039 + 2778 N and 17372 + 2996 vs. 7293 +
2819, P < 0.001) [18]. Similarly, Schopper et al. con-
cluded that ENS provides better resistance against varus
deformity than Hansson pin systems for Pauwels II frac-
tures (23007 + 5496 N vs. 17289 + 4686 B, P = 0.027)
[16]. Collectively, the results of these biomechanical ex-
periments and our outcomes indicate that the construct
of FNS plays a key role in resisting femoral neck short-
ness. The lateral plate of the FNS makes the bolt, anti-
rotation screw, and locking screw to form an angularly
stable frame structure. On the one hand, similar to other
angular stability constructs, the vertical shear stress can
be distributed by the screw and lateral plate. On the
other hand, the pre-collapsed insertion makes the anti-
rotation screw and bolt slide in the maximum 20 mm
packaging to meet femoral neck shortening during frac-
ture healing.

Whether shortening of the femoral neck impairs hip
function remains controversial. Zielinski observed that
femoral neck shortening decreased gait velocity and im-
paired physical functioning in a multicentre clinical
study of 75 patients [32]. Slobogean et al. found that
among patients aged under 55 years, hip function at 12
months after fixation was lower in those with severe
shortening of the femoral neck than in those with mild
shortening [28]. Weil et al. reported a statistically nega-
tive correlation between the SF-12 score and overall
neck shortening after fixation with multiple screws [33].
Haider also observed that among patients with femoral
neck shortening, 92.5% of those with femoral shortening
of > 10 mm had a statistical trend toward a lower HHS.
Nonetheless, the overall functional outcome was excel-
lent, with a median HHS of 96 [34]. In the current study,
the HHS was higher in the FNS group than in the ICCS
group. Our data indicate that there might be an associ-
ation between the extent of femoral neck shortening and
the Harris score. The ICCS group had more severe
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shortness, which may be the reason for the significant
difference in hip function between the FNS and ICCS
groups.

Although femoral neck fracture reduction and fixation
are performed in an attempt to restore vascular supply
to the femoral head, 10-20% and 10—-30% of patients de-
velop complications of nonunion and avascular necrosis,
respectively [35, 36]. In our study, the incidence rates of
nonunion and femoral head necrosis were significantly
lower in the FNS group than in the ICCS group. Cannu-
lated cancellous screws can slide to the fractured inter-
face and exert pressure on the fracture end, promoting
bone union by increasing the stress stimulus to the frac-
ture ends. Forming a three-dimensional frame with the
femoral head is conducive to prevent the rotation of the
femoral head, which in turn could avoid micro-
displacement of the fracture ends. However, parallel
inverted cannulated cancellous screws are distanced
from each other, and it is difficult to constitute a stand-
ard triangle. Furthermore, in displaced fractures with a
high risk of nonunion and ischemic necrosis, the bio-
mechanical characteristics require rigid internal fixation
to reduce the displacement of the fracture end after
walking. Chen evaluated 44 patients with unstable and
stable fractures who underwent fixation using a cannu-
lated compression screw; within an average follow-up
time of 27 months, 4.5% and 9.1% of the patients devel-
oped nonunion and avascular necrosis, respectively [37].

A clinical study by Ma et al. reported a 9.4% rate for
both nonunion and osteonecrosis [38]. Considering their
weak resistance to vertical shear and torsion, femoral
neck fractures are being treated subsequently by fixed-
angle devices, including dynamic hip screws and dy-
namic hip blades. These devices provide better angular
stability and sliding compression; however, they also
have limited efficacy in preventing anti-rotational stabil-
ity, require longer incisions, and cause more soft tissue
damage [39]. Furthermore, the hip screws and blade
inserted into the femoral neck and head could compact
the cancellous bone and destroy the surrounding blood
supply. This may not be conducive to bone union and
cause damage to the trabecular bone [40]. The ENS
consists of one femur lateral plate with one or two
holes for accommodating standard 5.0-mm locking
screws, one bolt, and an anti-rotation screw. In frac-
ture healing, statistical and dynamic compression play
a key role after weight-bearing. After assembling the
lateral plate and bolt, the unity forming a 130° angle
structure is inserted into the femoral neck and femur
shaft to achieve static compression and fixation of the
fracture end. Concurrently, the bolt and the anti-
rotation screw could slide along the lateral plate fixed
by the locking screw to cause dynamic compression,
acting like a dynamic hip screw. In addition, the anti-
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rotation screw prevents the rotation of the femoral
head, reducing damage to new blood capillaries.
Furthermore, recently published biomechanical evalu-
ation and finite element analysis have supported that
ENS provides better mechanical stability and is effi-
cient in resisting vertical fractures [18, 31]. Therefore,
we believe that the FNS might reduce nonunion and
osteonecrosis by increasing stability, reducing damage
to blood supply, and providing statistical and dynamic
compression.

The design and mechanism of FNS for fixing femoral
neck fractures are very similar to these of the Targon
EN system, both of which provide an angular and rotator
stable construct and offer a unique sliding mechanism,
allowing for controlled fracture impaction [41]. How-
ever, the lateral incision over the greater trochanter of
the femur was performed with a 5-10-cm incision
length. Therefore, larger trauma with a larger amount of
blood loss can significantly increase soft tissue exposure
and may ultimately not be conducive to fracture healing
[42]. Alshameeri et al. studied the treatment of neck
fracture using the TEN over a period of 28 years [43].
They demonstrated a 2.7% nonunion rate after undis-
placed fractures and 15.4% after displaced fractures.
Takigawa et al. reported elective implant removal in
10.9% after undisplaced fractures and in 48.3% after
displaced fractures, mainly due to discomfort around
the implant [44]. In our study, there was a 4% rate of
nonunion after surgery and no elective implant
removal. We assume that FNS improves the ability of
the sliding compressive mechanism and the size of
ENS plate may be suitable for Asian people and re-
duces the irritation of the soft tissue around lateral
plate. Compared with the results of the Targon FN,
our results need further prospective evaluation of a
multicentre, large sample randomized controlled clin-
ical study.

We acknowledge some limitations of the current
study. First, the retrospective study design might have
resulted in a selection bias. Second, the relatively small
sample size and short follow-up time might have an im-
pact on clinical outcomes. Therefore, our results should
be confirmed in larger multicentre randomized con-
trolled trials with a longer follow-up period.

Conclusion

ENS as a treatment for femoral neck fractures has com-
parable efficacy to ICCS with respect to operation time,
incision length, surgical blood loss, and incidence of
perioperative and postoperative healing complications.
Moreover, FNS achieves superior Harris score, fracture
healing time, and femoral neck shortening. Thus, FNS
is a feasible alternative to ICCS for the treatment of
femoral neck fractures.
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CCS: Cannulated cancellous screws; FNS: Femoral neck system; HHS: Harris
hip score; ICCS: Inverted cannulated cancellous screws
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