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Abstract

Backgrounds Although most displaced femoral neck fractures of young patients can be repositioned successfully by closed
reduction, there are still some can not repositioned successfully by this way and open reductions are required. This type of
fracture was defined as irreducible displaced femoral neck fracture in this study. The purpose of this study was to introduce
a new technique using anteromedial femoral neck plate with cannulated screws fixation by open reduction for the treatment
of irreducible displaced femoral neck fractures in young patients.

Methods Totally 26 patients with irreducible displaced femoral neck fracture treated by this technique were retrospectively
reviewed. This technique included three major steps: open reduction of femoral neck fracture was performed via the modified
anterior approach of hip joint, anteromedial femoral neck plate was fixed to the femoral neck, and two cannulated compres-
sion screws were inserted in the femoral neck inside.

Results All patients were followed up with an average of 18months (range 12-30 months). Radiological and clinical outcomes
were evaluated. The fracture union was achieved in 24 patients (92.3%) with an average duration of 4.5 months (range 3.8-10
months). Nonunion was not observed in all cases. Avascular necrosis of femoral head was identified in two patients (7.7%).
Clinical outcomes of 24 hips with satisfactory union were evaluated by the Harris Hip Scores (HHS), excellent outcomes
were achieved in 20 cases (HHS = 90), fair outcomes in 3 cases (80 = HHS < 90), and poor outcome in 1 case (HHS < 80).
Conclusions Anteromedial femoral neck plate with cannulated screws fixation by open reduction is an alternative therapeutic
method for the irreducible displaced femoral neck fracture in young patients, with low incidence of complications including
nonunion and avascular necrosis.

Keyword Femoral neck fracture - Anteromedial femoral neck plate - Cannulated screws - Open reduction - Avascular
necrosis - Nonunion

Introduction

Although arthroplasty has been widely used for displaced

54 Linbo Zhuang femoral neck fractures in elderly patients [1, 2], it is not
zhuanglinbo@ 163.com the best choice for young patients [3, 4]. Internal fixation is
Lisheng Wang still the better choice than arthroplasty for displaced femo-
Lishengw @yeah.net ral neck fracture in young patients [5, 6]. Internal fixation
Dongming Xu by closed reduction is the most commonly used therapeutic
xdm10@126.com method for displaced femoral neck fracture of young patients
Zhiyong Wang [7, 8], because this treatment does less damage to the blood
wzy7562@163.com supply of the femoral head. However, there are still some

. ‘ cannot be repositioned successfully by closed reduction and
Department of Orthopedics, Baoan Central Hospital open reduction are required [9, 10]. This type of fracture was
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University Health Science Center, Shenzhen 518102 called irreducible displaced femoral neck fracture in this
Guangdong, China study. Based on our clinical experiences, the common reason
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why irreducible displaced femoral neck fracture could not
be repositioned successfully by closed reduction was soft
tissue embedded in the fracture gaps. There were few lit-
eratures which reported how to treat this special femoral
neck fracture.

Although there have been many kinds of implants to fix
the femoral neck fracture, such as multiple parallel cannu-
lated screws, dynamic hip screws, dynamic locking blade
plate and so on, none of them can perfectly avoid the com-
plications [5, 8—13]. Avascular necrosis of femoral head
and nonunion is a major complication after the treatment of
femoral neck fracture in young patients [14, 15]. The rate of
avascular necrosis was reported to be 6-42%, and the rate
of nonunion was in the range of 0-45% (with an average
age of 38 ranging from 22 to 50 years old) [15-18]. One of
the important causes of the complication was inadequate
stabilization provided by the conventional implants which
only provided intramedullary fixation [9, 10]. Consequently,
we invented this technique using anteromedial femoral neck
plate with cannulated compression screws fixation by open
reduction for the treatment of this rare irreducible displaced
femoral neck fracture. Anteromedial femoral neck plate pro-
vided extramedullary fixation, cannulated screws provided
intramedullary fixation, both extramedullary fixation and
intramedullary fixation worked together to make the frac-
ture more stable.

Methods
Patients

Between January 2014 and January 2017, 26 patients with
femoral neck fracture from a teaching hospital were enrolled
for this study and accepted the treatment of anteromedial
femoral neck plate with cannulated screws fixation by open
reduction. All patients included Garden grades III (n=12)
and IV (n=14). Our inclusion criteria were the irreducible
displaced fracture of femoral neck which could not be repo-
sitioned successfully by closed reduction. All the patients
accepted closed reduction first, only those who could not be
repositioned successfully by closed reduction were included.
Patients with other associated injuries such as femoral shaft
fracture were excluded. All the patients consisted of 18
males and 8 females with an average age of 36.5 years (range
19-44 years old) at the time of surgery. The average duration
between injury and operation was 22.8 h (duration range
4-47 h). More details of the patients were summarized in
Fig. 1 and Table 1.
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Implant

The compression titanium plate was shaped to curve shape
which was similar to the anteromedial surface of the femo-
ral neck, and the shaped compression titanium plate was
called anteromedial femoral neck plate in this study. The
cannulated screws were made of titanium alloy too, with
diameter of 7.3 mm and length of 80-120 cm.

Surgical technique

Spinal epidural anesthesia or general anesthesia was used
for the patient. All surgeries were performed by a sen-
ior surgeon. The patient lay down on the traction bed for
lower limbs, closed reduction including internal rotation,
adduction and traction of the injured lower limb were first
performed. Fluoroscopy was used to monitor the fracture.
If the anatomic reduction could not be achieved in the
patient, the patient was included in this study.

The modified anterior approach of hip joint was used
for the surgery. The No. 1 incision was started from the
position where was 5 cm below the anterior superior iliac
spine (ASIS), and extended 8—10 cm along the line which
connecting ASIS and the lateral margin of patella. It was
important to identify the intermuscular space between sar-
torius and tensor fascia lata. Femoral nerve and femoral
artery should be protected carefully. The rectus femoris
was situated deep in the sartorius and tensor fascia lata.
The anterior part of hip joint capsule would be seen after
the rectus femoris was released. The anterior part of joint
capsule was incised in T-shape, and the femoral neck frac-
ture was exposed. Soft tissue such as joint capsule might
be seen in the gaps between the fracture ends. Soft tis-
sue and blood clot existed in the fracture gaps must be
removed carefully. Thus, the femoral neck fracture could
be repositioned under direct vision. A compression tita-
nium plate was shaped to curve shape which was simi-
lar to the anteromedial surface of the femoral neck, and
this plate was called the anteromedial femoral neck plate
in this study. The anteromedial femoral neck plate was
fixed to the anteromedial surface of the femoral neck, 4-6
screws were inserted into the bone to fix the plate.

The No. 2 incision with length of about 2 cm was made
at the position where was 5 cm distal to the greater tro-
chanter of femur. Two guide pins were drilled into the
femoral neck from this incision, and two cannulated com-
pression screws were inserted into the femoral neck with
the guide of the pins. The two cannulated screws should
be in the centre of the femoral neck as close as possible,
and the tips of the screws should be at the position where
was 5 mm below the articular surface of the femoral head.
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Fig. 1 Flow diagram of the
study
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Evaluation standard

Patients were followed
up (n=26)

Postoperative radiographs were used to evaluate the fracture
healing. Union was defined as an absence of visible margins
of the fracture. Nonunion was defined as either displacement
of the fracture or clearly visible margins of the fracture 1
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Table 1 Summary of clinical
characteristic of 26 patients
with irreducible displaced
femoral neck fractures (n=26)

Patients (number)
Sex
Men, number (%)
Women, number (%)
Ages (years), range
Body mass index (Kg/m?), range
Cause of injury
Traffic accident, number (%)
Falling from high place, number (%)
Falling from stairs, number (%)
Other, number (%)
Close fracture, number (%)
Open fracture, number (%)
Fracture site
Right femoral neck fracture, number (%)
Left femoral neck fracture, number (%)
Bilateral fracture
Garden grade
III, number (%)
1V, number (%)
Long-term history of alcoholism, number (%)
Long-term history of taking steroid hormone, number (%)
History of hip surgery, number (%)
History of severe hip injury, number (%)
Dysplasia of the hip, number (%)
Long-term history of smoking, number (%)
Diabetes mellitus, number (%)
Duration between injury and surgery (h), range

26

18/26 (69.2%)

8/26 (30.8%)
36.5+6.5 (19-44)
20.0+3.2 (16.1-23.6)

10/26 (38.5%)
11/26 (42.3%)
3/26 (11.5%)
2126 (1.7%)
26/26 (100%)
0

15/26 (57.7%)
11/26 (42.3%)
0

12126 (46.2%)
14/26 (53.8%)

[=lelelNe o)

3/26 (11.5%)
2126 (1.7%)
22.8+5.6 (4-47)

No.1 Incision

No.2 Incision Great Trochanter of Femur

Fig.2 Picture of the two incisions for the surgery. No. 1 incision is
used for open reduction of femoral neck fracture and anteromedial
compression plate fixation. No. 2 incision is used for inserting the
two cannulated screws. ASIS is the anterior superior iliac spine
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year after operation. Avascular necrosis was identified by
the Steinberg classification from stage 2 and upward [19].
Failure of fixation was identified by the need of revision
surgery due to nonunion, avascular necrosis or cut out of
the implant. The clinical outcomes were evaluated by Harris
Hip Scores (HHS). The HHS higher than 90 was defined as
the excellent outcomes, HHS in the range of 80-90 as the
fair outcomes, and HHS less than 80 as the poor outcomes.
Consequently, the incidence of excellent and good outcomes
were set up as HHS higher than 80.

Results

Anatomic reduction was achieved in all patients. All
patients were followed up with an average duration of 18
months (range 12-30 months). Radiological and clini-
cal results were evaluated. Totally, fracture unions were
achieved in 24 patients (92.3%) with an average duration
of 4.5 months (range 3.8—10 months). Nonunion was not
observed in all cases. Avascular necrosis was identified
in 2 patients (7.7%). Clinical outcomes of 24 hips with
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Fig.3 X-ray films and CT
3D-reconstructions of a
27-years-old male patient with
left femoral neck fracture. a
preoperative X-ray film show-
ing the displaced femoral neck
fracture, b preoperative CT
3D-reconstruction showing the
oblique fracture line between
the femoral head and distal part
of the femoral neck, ¢ postop-
erative X-ray film showing the
femoral neck fracture was fixed
by the anteromedial femoral
neck plate with two cannulated
screws, d postoperative CT
3D-reconstruction showing
the anatomic reduction of the
femoral neck fracture and the
anteromedial femoral neck
compression plate

Fig.4 X-ray film of the patient 1 year after surgery showing the frac-
ture line disappeared and avascular necrosis of the femoral head was
not observed, and union was achieved

satisfactory union were evaluated by HHS, the excellent
outcomes were achieved in 20 cases (HHS 2 90), fair out-
comes in 3 cases (80 < HHS < 90), and poor outcomes in
1 case (HHS < 80). The rate of excellent and good out-
comes was up to 95.8%. The average HHS was 94.5 (range
72-100) at the final follow-up. The average length of the
limb was shortened by 0.8 cm (range 0-2.2 cm). No seri-
ous intra-operative complications occurred in all cases.
Only one patient suffered from unilateral femoral vein
thrombosis postoperatively (Figs. 4, 5; Table 2).

Excellent: 20

Fair: 3

Poor: 1

Fig.5 Clinical outcomes of 24 hips with satisfactory union

Discussion

In the present study, we found out that the irreducible
displaced femoral neck fracture was characterized by the
oblique fracture line between the femoral head and the
distal part of the femoral neck. This type of femoral neck
fracture generally occurred in young adults with high
energy trauma. According to our clinical experience, the
main reason why the irreducible displaced femoral neck
fracture could not be repositioned successfully by closed
reduction was soft tissue such as joint capsule embedded
in the gaps between the fracture ends, other possible rea-
sons consisted of massive blood accumulation in the hip
joint cavity, higher body mass index (BMI) of the patient,
poor skills of the surgeon, severe displacement of femoral
neck fracture, and so on.

Unlike diaphyseal fracture, the femoral neck frac-
ture cannot heal by periosteal (external) callus forma-
tion. The bone healing is dependent on primary osteonal
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Table 2 Peri-operative and
post-operative outcomes of 26
patients (n=26)

Patients (number)
Duration of surgery (minutes), range
Peri-operative blood loss (ml), range
Severe intra-operative complication, number (%)
Fracture reduction

Anatomic reduction, number (%)

Poor reduction, number (%)
Duration of fracture union (months), range

26
100£20.5 (70-145)
205 +45.8 (120-650)
0

26/26 (100%)
0
45+1.6(3.8-10)

Duration of fracture union
3—6 months, number (%)
6-9 months, number (%)
9-12 months, number (%)

Duration of follow-up (months), range

Radiological outcome
Union, number (%)
Nonunion, number (%)

Avascular necrosis of femoral head, number (%)
Cut out of the implant, number (%)

19/26 (73.1%)
5/26 (19.2%)
2126 (7.7%)
18+5.3 (12-30)

24/26 (92.3%)
0

2126 (1.7%)

0

Clinical outcomes of 24 hips with satisfactory union (HHS)

Excellent: HHS =90, number (%)
Fair: 80 =HHS <90, number (%)

Poor: HHS < 80, number (%)

20/24 (83.3%)
3/24 (12.5%)
1/24 (4.2%)

The rate of excellent and good outcomes of 24 hips with satisfactory union (HHS 23/24 (95.8%)

2 80), number (%)

Length of the limb was shortened (cm), range

0.8+0.2 (0-2.2)

HHS Harris Hip Score

reconstruction which requires anatomic reduction and
absolute stability [20-25]. In the present study, although
open reduction might cause more damage to the blood
supply of femoral head, open reduction provided direct
vision, which meant surgeons could see the fracture site
with naked eyes directly, and anatomic reduction could be
achieved more easily. In contrary, closed reduction merely
provided indirect vision of the fracture site by fluoros-
copy. The direct vision of the fracture site in operation was
very helpful for the surgeons to make the anatomic reduc-
tion become reality. Besides, radiation exposure was also
decreased for both the patients and the surgeons.

One of the sources of the revascularization of femoral
head is the vascular ingrowth across the uniting fracture
line, and these ingrowing tender vascular buds could be
torn repeatedly if there is persistent motion at the frac-
ture site due to inadequate fracture stabilization [26—28].
Therefore, stabilization of the femoral neck fracture was
significant for the revascularization of femoral head, and
played an important role in bone healing and avascular
necrosis. In this technique, the anteromedial femoral neck
plate was very close to the calcar femorale which played
an important role in the stabilization of the femoral neck,
thus the anteromedial femoral neck plate could provide
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adequate stabilization for the fracture. The conventional
implants for femoral neck fracture such as multiple par-
allel screws or sliding hip screw devices only provided
intramedullary fixation. However, in this technique,
extramedullary fixation was provided by anteromedial
femoral neck plate, intramedullary fixation was provided
by the two cannulated screws, both extramedullary fixation
and intramedullary fixation worked together to make the
fracture more stable.

The bigger volume of the implant in the femoral head
may disturb the revascularization of the femoral head, so
the incidence of avascular necrosis of the femoral head
may increase [25, 29, 30]. In this technique, only two can-
nulated screws were inserted in the femoral head, which
meant the volume of the implant in the femoral head was
smaller than the three cannulated screws fixation.

There were two limitations of this study. First, the study
was a retrospective study with a small number of subjects.
Second, the follow-up period was short. The biomechani-
cal study of this technique has not been carried out yet.
This study is a preliminary research, researches with big
number of subjects and long-term follow-up are needed to
confirm the therapeutic effects of this technique.
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Conclusions

In summary, the advantages of this technique consist of
anatomic reduction under direct vision, adequate stabili-
zation for the femoral neck fracture, relative low volume
of implant in the femoral head, and so on. Consequently,
anteromedial femoral neck plate with cannulated screws
fixation by open reduction is an alternative therapeutic
method for the irreducible displaced femoral neck frac-
tures in young patients, with low incidence of complica-
tions including avascular necrosis of femoral head and
nonunion.
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