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Abstract: Ipsilateral femoral neck and shaft fractures are rare. These combined injuries are much more challeng-
ing to treat than either a femoral neck or shaft fracture alone and often require modification of the routine neck or
shaft fracture treatment methods. In this study, we used long Gamma3 compressing interlocking nails ((long Gam-
ma3 nail, Stryker, America, http://www.stryker.com/en-us/glp/index.htm). With a supplementary cross-cannulated
screw (diameter 7.3 mm, Osteomed, America, www.osteomed.com) to stabilize the combined fractures, which is a
novel technique. The supplementary cannulated screw was inserted from the anterior edge of the greater trochanter
and was then orientated perpendicular to the femoral neck fracture line to increase the compression between the
fracture edges. From October 2012 to January 2016, 11 patients with ipsilateral femoral shaft and neck fractures
were treated using this technique at our hospital. One patient was lost to follow-up. A total of 10 patients were fol-
lowed up at 6-week intervals for at least one year (range, 12-24 months; average, 18 months). All femoral neck
fractures healed in an average of 13.2 weeks, ranging from 12 to 18 weeks). The average time to union for the
femoral shaft fractures was 22.2 weeks, ranging from 18 to 24 months. There were no cases of nonunion or avas-
cular necrosis of the femoral head. Our technique provides a new option for treating these combined fractures. Long
Gamma3 compressing interlocking nails with a supplementary cross-cannulated screw, in the mid-term, yielded
acceptable clinical and functional results. The procedures of the technique are simple and decrease the operating
time. Further investigation should be performed to compare the methods with all currently available surgical options
in large, multicenter trials.

Keywords: Long Gamma3 compressing interlocking nails, supplementary cross-cannulated screw, ipsilateral
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Introduction 2, 6, 7]. Until now, no surgical method has been
demonstrated to be superior to others. Although
numerous options have been explored to pre-
vent a femoral neck nonunion, the complica-
tions of osteonecrosis of the femoral head and

nonunion of the femoral neck are more difficult

Ipsilateral femoral neck and shaft fractures are
rareand occur in approximately 1-9% of all fem-
oral shaft fractures [1, 2]. The combined inju-
ries are typically a result of high-energy trauma

in a young adult, particularly in road traffic inju-
ries [2, 3]. Either isolated orcombined, femoral
neck fractures in young adults are usually intra-
capsular and have an unstable transcervical
(vertical) fracture line (Pauwels Ill) [1, 3, 4]. The
combined injuries aremuch more challenging to
treat than either a femoral neck or shaft frac-
ture and often require modification of the rou-
tine neck or shaft fracture treatment methods
[5]. A vast number of techniques have been
performed to manage this combined injury [1,

to manage [1, 2, 8, 9]. In the present study,
gamma nails were used to treat the combined
injuries (11 cases) and a supplementary cross-
cannulated screw was posed across the femo-
ral neck fracture line to increase the stabiliza-
tion of the femoral neck fracture. Nofemoral
head osteonecrosis or neck nonunion was
found among the patients treated with this sur-
gical technique. To our knowledge, the use of
gamma nails with a supplementary cross-can-
nulated screw to treat these combined injuries
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Table 1. Patient profiles

Patient Age Gender Side Femoral neck Pauwels Femoral shaft Open/closed Associated injuries
number fracture types (OTA) angle fracture types (OTA) fracture
1 50 M R B2.1 73° C1 Closed Tibia shaft fracture (ipsilateral)
2 18 M L B2.3 78° Cc2 Closed Aortic dissecting aneurysm
3 32 M L B3.2 80° C3 Closed Calcaneus fracture (ipsilateral)
4 23 M R B3.2 85° c2 Closed None
5 40 F R B2.1 57° Cc3 Closed Ulnar shaft fracture (ipsilateral)
6 36 M L B3.2 64° C1 Closed Calcaneus fracture (ipsilateral)
7 41 M L B2.2 70° Cc1 Closed None
8 39 M R B2.3 69° Cc2 Closed Patella fracture (ipsilateral)
9 37 M R B3.2 79° (ox1 Closed None
10 39 F R B3.2 68° C3 Closed None
M, male; F, female; L, left; R, right; OTA, orthopedic trauma association classification.
Table 2. Treatment and outcome
Patient Delay to Orientation of Time to hlfa— FoII.ow—up Tip»apex Bloodl loss Opgrating HHS o
numbe SUrEery  cannulated ing (weeks)  time  distance during time (100) Complications
(days) screw N S (months) (mm)  operation (ml) (minutes)
1 11 C 12 18 24 10 100 190 93 Heterotopic ossification
2 8 C 12 24 18 15 200 150 90 None
3 9 H 12 18 12 15 150 120 88 None
4 5 H 18 24 18 18 80 140 86 Heterotopic ossification
5 8 C 18 18 12 19 90 130 92 None
6 5 C 12 24 24 9 200 150 93 None
7 10 H 12 24 24 18 150 180 95 Heterotopic ossification
8 4 H 12 24 24 11 180 130 96 None
9 5 C 12 24 12 22 150 150 90 None
10 5 H 12 24 12 21 200 180 91 None

C, the cannulated screw through the calcar; H, the cannulated screw toward the lower part of the femoral head; N, femoral neck fracture; S, femoral

shaft fracture.

has not been reported previously. We believe
this new method will offer a new option for the
treatment of these combined injuries.

Materials and methods

From October 2012 to January 2016, 11
patients with ipsilateral femoral shaft and neck
fractures were treated with gamma interlocking
nails with a supplementary cross-cannulated
screw at our hospital (Tables 1, 2). One patient
was lost during follow-up, and10 patients were
included in this study (Tables 1, 2). The injuries
resulted from road traffic accidents (automo-
bile collision as a passenger or a driver). The
patients were followed up until both fractures
were healed (an average of 8 months; range
6-12 months) (Table 1).

All patients were treated by the senior orthope-
dic trauma surgeons (Yi Zhao, Chengxue Wang,
and Tiecheng Yu). The operation was performed
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after the adequate resuscitation and stabiliza-
tion of the injured patient, particularly in
patients with other associated injuries. The sur-
gical procedure used gamma nails and was
similar to that used for most intertrochanteric
fractures. Under general anesthesia, surgery
was performed with the patient lying supine on
a fracture table in traction on foot plates.
Closed fracture reduction was performed be-
fore surgery under the guidance of C-arm fluo-
roscopy with antero-posterior and lateral/axial
views and, subsequently, was secured in trac-
tion. The affected leg was pulled, adducted and
rotated to reduce the fracture. Achieving proper
rotation of the femur with the patella in a hori-
zontal position was crucial. The operative tech-
nique followed the manufacturer’s instructions
(long Gamma3 nail, Stryker, America, http://
www.stryker.com/en-us/glp/index.htm).

First, the long gamma nail was inserted to fix
the shaft fracture after reduction of the shaft
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before compression

after compression

Figure 1. The displaced femoral neck fracture was reduced using the compression of the interlocking lag screw. The
left arrowhead shows the displaced femoral neck fracture (A), and the right arrowhead shows the reduced femoral
neck fracture after compression of the interlocking lag screw (B).

—
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fracture site f interlocking nail

fracture in a closed fashion. Careful X-ray moni-
toring during reaming and nail insertion was
performed to prevent displacement of the neck
fracture. Following insertion of the nail, the
accurate reduction of the femoral neck fracture
was evaluated again prior to proximal screw
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a supplemented cross cannulated screw

Figure 2. Image of the combined fractures fixed
using Gamma3 compressing interlocking nails
without (A) or with (B) a supplementary cross-
cannulated screw.

insertion. A single proximal 8.0-11 mm inter-
locking lag screw at a 130 degree insertion
angle was inserted to fix the neck fracture with
satisfactory compression between the fracture
edges. Usually, there was slight displacement
in the femoral neck fracture after insertion of
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Figure 3. A 32-year-old man sustained right ipsilateral femoral neck and shaft fractures caused by a two-car collision
(A). The combined fractures were treated with a long Gamma3 compressing interlocking nail with a supplementary
cross-cannulated screw (B). The orientation of the supplementary cannulated screw toward the lower part of the
femoral head was nearly perpendicular to the femoral neck fracture line (B). The combined fractures were healed
24 weeks after operation (C).

the nail to reduce the shaft fracture. However, it
was easy to reduce the displaced femoral neck
fracture with compression of the interlocking
lag screw (Figure 1). Then, a supplemented
cannulated screw (diameter 7.3 mm, Osteomed,
America, www.osteomed.com) was added in
front of the nail (Figures 2-5). In a vertical
plane, the nail was inserted as deeply as pos-
sible to allow the lower proximal screw to be
located closely to the distal femur, and the
interlocking lag screw was posed to the inter-
medial cortex (or a little upper cortex) of the
femoral neck (Figure 2). In a horizontal plane,
the interlocking lag screws were located along
the central axis of the femoral neck (Figures
2-5). The supplementary cannulated screw was
inserted from the anterior edge of the greater
trochanter and was then orientated downward
through the calcar or toward the lower part of
the femoral head in the frontal plane, which
was always positioned to be perpendicular to
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the femoral neck fracture line to increase the
compression between the fracture edges. This
approach can prevent the impaction of the fem-
oral head cancellous bone and, potentially,
screw cutout. The orientation of the cannulated
screw was such that it appeared toward the
middle aspect of the femoral head in the trans-
verse plane (Figures 2-5).

Early active or passive mobilization in bed was
encouraged after the operation. Passive knee
range of motion and isometric quadriceps-
strengthening exercises were started from the
second post-operative day. However, weight
bearing was restricted for the first 8 weeks.
Partial weight bearing was then allowed based
on radiographic signs of callus formation 8
weeks after the operation. Weight bearing pro-
gressed as the femoral callus increased.
Normally, full weight bearing was allowed 12
weeks after fracture healing was exhibited

Int J Clin Exp Med 2016;9(7):14772-14780



Long Gamma3 nail with cross screw for ipsilateral femoral neck

upon radiographic examina-
tion.

All patients underwent an
indicated clinical follow-up
examination. Radiographs at
injury, post-surgery and dur-
ing follow-up were taken to
evaluate the degree of frac-
ture healing. The follow-up
radiographs were repeated
every 6 weeks until the heal-
ing of both fractures was
detected. Fracture clinical he-
aling criteria included no ten-
derness and no pain with
weight bearing. Radiographic
criteria were defined as bri-
dged callus across 3 of 4 cor-
tices of the fracture site. No-
nunion was defined as the
fracture site remaining un-
healed one year after the
operation. Complications and
their management were also
recorded. The functional re-
sults were assessed using
the Harris Hip Score (HHS) at
the time of union or before
secondary surgery. The grade
of function was defined as
excellent (90-100), good (80-
89), fair (70-79) or poor (<70).
Tip-apex distance (TAD) was
measured as described in the
literature. The paired Student
t-test or Fisher's exact test
were performed to explore
the relationship between pa-
tient factors and clinical re-
sults, and P < 0.05 was re-
garded as statistically signi-
ficant.

Results

A total of 10 patients were
followed up at 6-week inter-
vals for at least one year
(range, 12-24 months; aver-
age, 18 months) (Tables 1,
2). One patient died during
hospitalization due to severe
associated injuries. The aver-
age operating time was 152
minutes (range, 120-190 mi-
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Figure 4. A 50-year-old man sustained
right ipsilateral femoral neck and shaft
fractures caused by a two-car collision
(A, B). The combined fractures were
treated with a long Gamma3 compress-
ing interlocking nail with a supplemen-
tary cross-cannulated screw (C-F). The
orientation of the supplementary can-
nulated screw toward the lower part of
the femoral head was nearly perpendic-
ular to the femoral neck fracture line (C,
D). The combined fractures were healed
24 weeks after operation (G, H).

reported occasional pain that
did not affect their everyday
activities. All patients retu-
rned to their pre injury activity
level and occupation.

Discussion

Here, we report the mid-term
results of treatment of a
series of patients with ipsilat-
eral femoral neck and shaft
fractures, which were fixed
using long Gamma3 com-
pressing interlocking nails
with a supplementary cross-
cannulated screw. In this
study, no cases of nonunion
or avascular necrosis in the
femoral neck fractures were
detected, likely because of
effective stabilization and re-
duction. Our results indicate
that this type of orthopedic
technique could sufficiently
stabilize and reduce the ipsi-
lateral femoral neck and
shaft fractures, as the mini-
mal gap of the fracture site
and adequate stability are
the crucial factors for fracture

nutes), which did not include the treatment of
the associated fracture, and the average blood
loss was 150 ml (range, 80-200 ml). All femoral
neck fractures healed in an average of 13.2
weeks (range 12-18 weeks) (Tables 1, 2). There
were no cases of nonunion or avascular necro-
sis of the femoral head. The average time to
union for the femoral shaft fractures was 22.2
weeks, ranging from 18 to 24 months. Patient
factors, such as fracture pattern (neck and
shaft classification) and any delay in surgery,
were analyzed to identifytheir relationship to
neck and shaft union. No significant relation-
ships were noted. There was no significant cor-
relation between the orientation of the cannu-
lated screw or the TAD and the average time to
union for the femoral neck fracture. The mean
HHS was 91.4 (range, 88-96). The range of
motion for the hip joint was normal in all pa-
tients. Two patients had slight limping because
of osteoarthritis of the subastragalar joint due
to ipsilateral calcaneus fractures. Two patients
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healing.

It is difficult to stabilize and reduce ipsilateral
femoral neck and shaft fractures with a simple
orthopedic technique [1]. Treatment options for
ipsilateral femoral neck and shaft fractures
include reconstruction nails [3, 5, 10, 11], ante-
grade nails and separate screws adjacent to
the nail [2, 4, 12], femoral neck screws and ret-
rograde femoral nails [6, 13, 14], sliding hip
screws with or without an additional derotation
screw and retrograde femoral nail [15], or femo-
ral neck screws and plate fixation of the shaft
[15, 16].

The plate fixation of the femoral shaft fracture
requires open reduction, which destroys the
periosteal blood supply [16]. Therefore, it is
inappropriate to use these methods to fix the
shaft fracture [2]. In contrast to plate fixation,
intramedullary nails are preferred devices,
which include both antegrade and retrograde
modes. If antegrade mode nails are selected to
treat the combined fractures, it can be difficult

Int J Clin Exp Med 2016;9(7):14772-14780



Long Gammaa3 nail with cross screw for ipsilateral femoral neck

Figure 5. A 32-year-old man sustained
right ipsilateral femoral neck and shaft
fractures caused by a two-car collision
(A, B). The combined fractures were
treated with a long Gamma3 compress-
ing interlocking nail with a supplemen-
tary cross-cannulated screw (C). The
orientation of the supplementary cannu-
lated screw toward the lower part of the
femoral head was nearly perpendicular
to the femoral neck fracture line (C).
The combined fractures were healed 24
weeks after operation (D).

to place three cannulated screws to
stabilize the femoral neck fracture
because the antegrade nail occu-
pies the space of the three cannu-
lated screws [7, 8]. It was reported
that antegrade nailing combined
with lag screws to treat the com-
bined fractures did not yield uni-
formly favorable results [17, 18]. The
retrograde mode is relatively simple
[14]. The shaft fracture can be fixed
either first or second with a retro-
grade femoral nail, depending on
whether the femoral head is dis-
placed. Then, the combined frac-
tures are treated in two separate
operating fields with two varied
implants (one retrograde nail and
multiple cannulated screws). The-
refore, the technique requires more
time than antegrade nails [14, 19,
20].

Additionally, reconstruction intra-
medullary nails are used to fix the
ipsilateral femoral neck and shaft
fracture in an antegrade mode [21,
22]. The intramedullary nail is
inserted first using a closed tech-
nique. However, it was reported that
the technique easily leads to femo-
ral neck nonunions because the two
screws inserted through the recon-
struction nail into the femoral head
and neck were designed not to func-
tion as compression lag screws but,
rather, to decrease the moment arm
when stabilizing proximal femoral
shaft fractures [21]. After the femo-
ral head and neck are securely
anchored by the two screws, no
compression can be added between
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the fracture edges. Furthermore, these screws
have a poor sliding capability, which can lead to
a progressively increased distance between
the femoral neck fracture edges along with
resorption of the fracture edge bone [21, 23].
Thus, in some case, femoral neck nonunions
can not be avoided if the combined fractures
are fixed with reconstruction nails.

In contrast to the screws of a reconstruction
intramedullary nail, the interlocking lag screw
of a Gamma3 compressing interlocking nail is
designed to function as a compression lag
screw, the function of which is shown in Figure
1. Because of the compression ability of the lag
screw of Gamma3 nails, we used the long
Gamma3 compressing interlocking nails to fix
the ipsilateral femoral neck and shaft fractures.
The associated femoral neck fractures in young
adults have a propensity for occurring in an
intracapsular location and are in an inherently
unstable vertical orientation (Pauwels Ill). In
our study, the Pauwels angles of the associated
femoral neck fractures were all more than 50°,
classified as Pauwels lll. It was reported that
Pauwels Il fractures treated with gamma inter-
locking leg nails alone had a femoral neck non-
union rate of 8% [24, 25] because it is difficult
to stabilize the high shear angles of the Pauwels
Il fracture with the lag screw of a gamma nail
alone. Therefore, we used a supplementary
cross-cannulated screw to increase the stabili-
zation of the associated femoral neck fracture.
The cross screw technique has been used to
treat Pauwels Il fracture for many years [26].
The orientation of the supplementary cannu-
lated screw was perpendicular to the femoral
neck fracture line such that it could increase
the compression between the femoral neck
fracture edges. Therefore, together with the
interlocking screw, the supplementary cannu-
lated screw can effectively stabilize the high
shear angles of the associated femoral neck
fractures. This is why there were no cases of
nonunion or avascular necrosis in the femoral
neck fractures in our study.

The limitations of this study include the number
of patients examined, its retrospective method-
ology, and that no comparisons were made
between different fixation techniques. However,
our technique is a novel technique, which might
provide a new option for treating the combined
fractures. Long Gamma3 compressing inter-
locking nails with a supplementary cross-can-
nulated screw, in the mid-term, yielded accept-
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able clinical and functional results. The
procedures of the technique are simple and
decrease the operating time. Further investiga-
tion should be performed to compare this
method with all currently available surgical
options in large, multicenter trials.
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