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Abstract

Background: Combined ipsilateral femoral neck and shaft fractures are an uncommon type of fractures. A number of
different implant options are available for the management of this injury. Two-device procedures were suggested because
of the higher rate of malunion by single-device treatment. However, surgical treatment using a cephalomedullary nail is
still an alternative option that provides better mechanical advantage and minimal invasion. This study details the
technique of treating these pattern fractures with proximal femoral nail anti-rotation II (PFNA-II) to achieve an acceptable
reduction in both fracture sites.

Methods: Ten cases of ipsilateral femoral neck and shaft fractures under reduction by PFNA II were included and
reviewed. A saw-bone model was also utilized to perform the detailed technique of reduction and fixation of PFNA II.

Results: Under the special technique by using the PFNA II, all ten cases achieved optimal reduction and alignment of both
fracture sites in intra-operative fluoroscopy. There was no intra-operative complication noted. After 6 months of follow-up,
radiography revealed proper alignment and well union of the fractures.

Conclusions: Fixation of ipsilateral femoral neck and shaft fractures with a single construct provides advantages of good
biomechanical function, minimal invasion, reduced blood loss, and less operation time when comparing to two-device
fixation. Thus, if acceptable reduction could be achieved, fixation by one PFNA II was a good alternative choice for this
injury pattern.
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Background
Combined ipsilateral femoral neck and shaft fractures
are an uncommon type of fractures. Associated ipsilat-
eral femoral neck fractures have been reported to occur
in as high as 10% of all femoral shaft fractures [1, 2]. In
the past research, most surgeons have recommended fix-
ation with two separate prostheses because the use of a
single cephalomedullary device often results in higher
rates of complication and malunion.

In spite of the lower rate of malreduction in two-device
constructs, a non-traumatic fracture in the gapped area be-
tween two implant constructs in a patient with healed ipsi-
lateral intertrochanteric and shaft fractures has been
observed [3, 4]. Comparing to two-device techniques, fix-
ation of both fractures with a single construct with either re-
constructive or cephalomedullary nails provides advantages
such as minimal invasion, reduced blood loss, and less oper-
ation time. In addition, there will be no gapped region and
no concerned stress riser in a single nailing construct. Prox-
imal femoral nail antirotation (PFNA) was designed initially
for the fixation of peritrochanteric fractures while the
second-generation nail was introduced specifically to accom-
modate the femoral size and geometry of Asians. Femoral
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neck fractures might be one of contraindication of this con-
struct. However, among this specific injury cohorts, the
basicervical type of femoral neck fracture is the most
common with a range from 63% to 89% [5, 6], which
is not the contraindication of PFNA II.
However, difficulties in obtaining rotational alignment

of nail and reduction of a neck fracture, especially, when
the femoral neck injury is displaced were reported [7–9].
Using indirect reduction in closed antegrade/retrograde
nailing may have mal-rotation in the shaft fracture.
When using antegrade cephalomedullary nails to treat
femoral neck and shaft fractures, the floating trochan-
teric fragment (Fig. 1) may easily cause malreduction in
both fracture sites. Some reports have suggested sub-
stantial internal rotation of this floating fragment may
be helpful during nailing and placement of cephalome-
dullary head screw [8].
To our knowledge, there were few reports discussing

the use of PFNA II to treat the cohort with combined

injuries. This study investigates the case series clinically
and radiographically and presents the techniques treat-
ing ipsilateral femoral neck and shaft fractures with
PFNA-II to improve optimal reduction in both fracture
sites.

Materials and methods
Material
This is a retrospective case series in a single referral hos-
pital. In this study, we reviewed the cases of the ipsilat-
eral femoral neck and shaft fractures over a period of
2 years (August 2016 to August 2018) using a single im-
plant of cephalomedullary nail fixation. The patients
who underwent two-implant fixation or a single-implant
fixation other than cephalomedullary nail fixation were
excluded. We also excluded one of the patients in whom
the proximal femoral fractures were initially missed and
revised with a cephalomedullary fixation. After consider-
ation of the inclusion and exclusion criteria, we present
our surgical techniques in managing 10 subjects, 8 men
and 2 women, aged between 18 and 67 years (median
age, 29.5 years), who underwent internal fixation with
single cephalomedullary nail for ipsilateral femoral neck
and shaft fractures, met the inclusion criteria and were
enrolled in this study. For each patient, the basic demo-
graphic characteristics were collected. Besides, radio-
graphic findings for both fracture sites were also
recorded. In our case series, we used the AO/OTA sys-
tem and Winquist classification to describe the femoral
shaft fractures. And for the femoral neck fractures, Gar-
den classification and Pauwel’s classification were used
to demonstrate the fracture pattern.
The device used is the proximal femoral nail anti-

rotation II (PFNA-II; Synthes, Pennsylvania, USA; Synthes
GmbH, Oberdorf, Switzerland). The PFNA-II is an intra-
medullary device designed for fixation of proximal femoral
fractures involving trochanteric regions. Its anti-rotated
helical blade can compact cancellous bone and thus in-
crease stability against rotation and varus collapse [10].
This nail provides different nail lengths (standard, 240
mm; small, 200mm; extra small, 170mm; and long, 260–
340mm) with four different distal diameters (9, 10, 11,
and 12mm). With different nail lengths, it could be used
to allow the stabilization of shaft fracture at any level.

Methods
Approach
The procedure is performed under a patient in supine
on a fracture table as a regular closed nailing procedure.
Traction force for the affected limb can be controlled by
the distal support of boot on the foot. Abduct the un-
affected leg as far as possible to allow free fluoroscopic
examination.

Fig. 1 In ipsilateral femoral neck and shaft fractures, femur bone can
be divided into three parts: femoral head fragment, floating
trochanteric fragment, and distal femur fragment
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Minimal invasion is one of the main aims in closed
nailing. However, mini-open approach to the shaft frac-
ture to achieve better anatomic reduction by facilitating
guide wire passage or to rotate nail in an optimal pos-
ition can be considered if necessary.
After a proper pre-operative position and reduction

under fracture table, the entry point is determined on
the tip of the greater trochanter and the guide wire is
inserted through the shaft fracture site and deep into
distal metaphyseal level. After inserting the guide wire
in a suitable depth, medullary canal is prepared by
reamed to a diameter 0.5 to 1.0 mm greater than the nail
diameter.

Pitfalls
While the PFNA-II nail is inserted into the medullary
canal and adequate depth of the nail is reached, the opti-
mal blade anteversion can be adjusted by the rotation of
the targeting guide in the mediolateral view. In conven-
tional techniques of treating a pertrochanteric fracture,
the targeting guide was usually externally rotated to ob-
tain adequate anteversion of blade position. However, in
cases with an ipsilateral neck and shaft fractures of the
femur, the inherent nature of floating trochanteric frag-
ment may cause nail-shaft mal-position in axial dimen-
sion because of external rotation of floating fragment
[8]. External rotation of targeting guide may lead to
more externally rotated trochanteric fragment and loss
reduction of the neck fracture site.

Reduction of the neck fracture
Acceptable femoral neck reduction is an important issue
to reduce the rate of malalignment, nonunion, and head
necrosis. After PFNA nail is inserted to adequate depth
of the medullary canal. There are two relationships of
the nail and floating trochanteric fragment: nail-shaft en-
gaged and non-engaged.
In the nail-shaft engaged group, a suitable diameter of

the nail was chosen and the nail was advanced ad-
equately; the nail and trochanteric part would be en-
gaged as a fused component. Then, the rotation,
abduction, or adduction of the targeting guide would re-
duce the neck fracture site under a joystick technique.
However, in osteoporotic cases, no engagement of

the nail-shaft construct will make the nail rotate easily
in the floating trochanteric part while rotating the tar-
geting guide. In this situation, following the joystick
technique by the targeting guide, therefore, cannot be
achieved. Under this condition, the aiming jig for anti-
rotation wires should be used, and two wires were
inserted via drill sleeves to fix the floating trochanteric
fragment. The guide wire would be inserted to the prox-
imal femur only and does not pass through the neck

fracture line (Fig. 2). Then the PFNA nail and floating
trochanteric part would be engaged.
After acceptable neck anatomic reduction was

achieved by focal joysticks, two guide wires or K-pins
can be placed to temporarily fix the neck at positions
that do not hinder the nail. One anteriorly and another
posteriorly or both posteriorly provides relative stability
that can avoid subsequent dislodgement or rotation dur-
ing further reposition of the nail to an optimal depth
and anteversion.

Restore nail-shaft alignment
In the nail-shaft engaged situation, repositioning of the
nail is possible by partial retraction and readvancement
of the nail. And in the nail-shaft non-engaged group, re-
moving the previous guide wires and disconnecting the
aiming jig makes the nail-shaft to non-engaged situation.
Then the nail can be adjusted to an optimal anteversion.
The anteversion can be determined by inserting a guide
wire ventral to the femoral neck and head. After obtain-
ing optimal guide wire position, drilling hole for blade
and insertion of it by gentle blows with the hammer
were performed.

Reduction of shaft fracture
After proper reduction of femoral neck fracture, the distal
femur part can be internally or externally rotated under
dynamic view or mini-open reduction to achieve symmet-
ric cortical thickening of the femur, which can reduce the
rate of malalignment or impairment rotation function.

Result
There were 10 cases of ipsilateral femoral neck and shaft
fractures were involved from August 2016 to August 2018.
There were 8 males and 2 females (4 right femur and 6 left
femur) with age between 18 and 67 years (median age, 29.5
years). All patients were suffered from traffic accident events
with 9 cases were soccer driver and 1 was trunk driver. All
of the cases revealed good fracture reduction and after 12
months of follow-up, radiographs showed proper alignment
and well union of both combined fractures.
In radiographic features, all of the femoral neck frac-

tures were Pauwel’s type III, which the angle between
fracture line and horizontal line on anteroposterior
radiograph is greater than 50°. There were 7 displaced
fractures (Garden types III and IV) and 3 non-displaced
fractures (Garden type I, II). For the femur shaft fracture
pattern, most (7 of 10) were simple fracture and three
were wedge fractures; no comminuted fractures were
noted. After closed reduction under fracture table or
combined our technique for those retained displaced
fractures noted, all the cases achieved satisfactory reduc-
tion in postoperative radiographs and recovered to a
satisfactory union.
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Case presentation
Case 1
The patient is a 27-year-old male who was suffered from
a traffic accident that fell into the ditch from the motor-
cycle. He was brought to the emergency department
with severe right thigh pain. Physical examination re-
vealed right thigh tenderness and limited range of mo-
tion of the right hip. Radiography with a plain view of
the right femur and CT of the abdomen showed ipsilat-
eral femoral middle shaft fracture AO 32B3 and Garden
type II, Pauwel’s classification type III (73°), AO31B2.3,
femoral neck fracture (Fig. 3a, b).
Surgical intervention of open reduction and internal fix-

ation (ORIF) with PFNA II (10 × 380mm; blade, 95mm)
was performed. (Fig. 3c, d) Fluoroscopic view during oper-
ation revealed well alignment of both femoral neck and
shaft fracture. After a few days of observation in ordinary
ward, the patient was discharged successfully.

Case 2
The patient is a 67-year-old female who was a motorcyc-
list and crashed with a car. There was a loss of con-
sciousness initially. She was brought to ER and an initial
brain computed tomography scan revealed Subarachnoid
hemorrhage at the right pre-pontine and Sylvian cistern.
Besides, for right thigh deformity, radiography was per-
formed and found the right femur middle shaft wedge
fracture AO 32B2 with ipsilateral femoral neck fracture
Garden type IV, AO31B2.3 and Pauwel’s classification
type III (65°) (Fig. 4a).
Due to the traumatic SAH, she was intubated and ad-

mitted to NSICU for further close observation and man-
agement. After her clinical condition was stable, ORIF
with long PFNA II (10 × 340 mm) was performed on day
7 after the traffic accident. Fluoroscopic view during op-
eration revealed well alignment of both femoral neck
and shaft fracture (Fig. 4b, c).

Fig. 2 Aiming jig with two wires was inserted via drill sleeves to fix the floating trochanteric only and do not pass through the neck fracture line.
And the target guide can be adjusted to achieve a good reduction of femoral neck fracture
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Case 3
The patient is a 30-year-old male who had traumatic
event of traffic accident. Radiography and CT of the pel-
vis were arranged and showed the right femur middle
shaft transverse fracture AO 32A3 with ipsilateral fem-
oral neck fracture Garden type III and Pauwel’s classifi-
cation type III (72°), AO31B2.3. Besides, the right patella
subluxation was also found (Fig. 5a, b).
Surgical intervention of ORIF with PFNA II (10 × 380

mm; blade,110mm) was performed for the ipsilateral fem-
oral neck and shaft fracture on the day of the trauma.
Fluoroscopic view during operation revealed well align-
ment of both femoral neck and shaft fracture (Fig. 5c,d).

Discussion
Our present techniques put emphasis on achieving opti-
mal reduction quality in the treatment of ipsilateral

femoral neck and shaft fracture using PFNA-II. Some
cases presented were associated with displaced neck
fracture while being reduced under image intensifier.
This can be extremely technically challenging [7, 9], but
the present techniques would make the procedure
smooth and the radiographic outcome satisfied.
When using two-device techniques, it was agreed that a

prompt surgery with priority to stabilization of the fem-
oral neck fracture in order to avoid the risk of further in-
jury to femoral head blood supply [11]. However, some
advocate for fixation of femoral shaft first to better control
the leg during femoral neck reduction [12]. Whatever the
reduction of neck fracture is still challenging due to the
floating trochanteric fragment even when using a dynamic
hip screw or cannulated screws. Malreduction would al-
ways be a critical issue in all implants fixing the neck frac-
ture of this specific combined fracture pattern.

Fig. 3 a,b Ipsilateral right femoral middle shaft fracture AO 32B3 and Garden type II, Pauwel’s classification type III (73′) femoral neck fracture. c, d
ORIF with PFNA II (10 × 380mm; blade, 95 mm)

Fig. 4 a Ipsilateral right femoral middle shaft fracture AO 32B2 and Garden type IV, Pauwel’s classification type III (65′) femoral neck fracture. b, c
ORIF with PFNA II (10 × 340mm)

Wu et al. Journal of Orthopaedic Surgery and Research           (2020) 15:20 Page 5 of 7



While timely surgical stabilization is now recom-
mended in the treatment of ipsilateral femoral neck and
shaft fractures, no consensus exists as to the most ap-
propriate method of fixation for either fracture [12].
However, mal-reduction was reported in a 37-case series
of Bedi et al., including one with neck malreduction and
two with shaft malreduction using cephalomedullary de-
vice. The use of cephalomedullary device to fix both neck
and shaft fractures resulted in a significantly higher mal-
reduction rate comparing to the use of two devices [13].
Provisional fixation of the femoral neck with either a wire
or a screw before nailing may prevent the displacement of
the femoral neck fracture. However, the proximal part of
PFNA-II is larger than that of conventional cephalomedul-
lary device, and this technique maybe not feasible in using
PFNA-II. We believed the present techniques could pro-
vide better neck reduction during nailing.
Watson and Moed [14] demonstrated using reconstruction-

type intramedullary nail lead to an increased risk of nonunion.
Biomechanically, the stability provided by reconstruction nails
alone would be insufficient for intracapsular femoral neck frac-
tures [15]. As the revolution of hardware designs, PFNA-II pro-
vides excellent rotation control and bone preservation based
on its anti-rotated blade without reaming in mechanical tests
[16, 17]. However, limited clinical data exist comparing helical
the blade with lag screw [18].
The transcervical type of the femoral neck fracture is a

contraindication for PFNA II due to the probability of rota-
tion during fixation. However, from previous data review,
most of the femoral neck fracture is basicervical type in ip-
silateral femoral neck and shaft fractures group, which are
not contraindicated of PFNA II. Bong-Ju et al. has retro-
spectively followed 19 patients with undisplaced femoral
neck fracture treated by PFNA, and the bone union was
achieved in 17 cases [19]. Moreover, Wang and his col-
leagues used the first-generation PFNA on patients with ip-
silateral femoral neck and shaft fractures. This study
reported that it was a good option and showed a fair

outcome [20]. Besides, high grade of Pauwel’s classification
femoral neck fractures is more common in this combined
fracture pattern, which fixed-angle devices are more suit-
able for the neck fractures. Accordingly, as long as achiev-
ing good neck reduction, PFNA-II might be an implant
choice to fix the femoral neck fracture. Besides, there were
other advantages such as closed antegrade nailing with
minimal exposure, reduced risk of injury to the femoral
head blood supply, reduced perioperative blood loss, better
biomechanical stability that allow early weight bearing, and
excellent rotation control and bone preservation based on
its anti-rotated blade design.
There is an emerging failed mode, medial cutout of

PFNA-II in the treatment of hip fractures [21, 22]. The
most important factor in reducing implant cutout of
PFNA-II in fixation of pertrochanteric fracture was an ad-
equate tip-apex distance of head screw [21]. Besides, neck-
shaft malreduction was another modifiable significant risk
factor for cephalomedullary nail cutout in the treatment
of trochanteric fractures [23]. Especially, these increased
failure rates in helical blade use have been shown in the
basicervical femoral neck fractures [22, 24], although no
single explanation for atypical cutout has been confirmed.
The authors advocated the importance of fracture reduc-
tion in mitigating medial migration [21, 25].
No scientific study is available to definitively support

any one method of stabilization over another for the
treatment of ipsilateral femoral neck and shaft fracture
[12]. Excellent reduction is the key to decrease the com-
plication of femoral neck fracture in any surgical stabili-
zations. The current techniques may help surgeons
obtain the optimal neck reduction of the challenging
fracture pattern intra-operatively using PFNA-II or other
cephalomedullary nail systems.

Conclusion
Treatment options for ipsilateral femoral neck and shaft
fractures vary among orthopedic surgeons. In current

Fig. 5 a, b Ipsilateral right femur middle shaft transverse fracture AO 32A3 with ipsilateral femoral neck fracture Garden type III and Pauwel’s
classification type III (72′). c, d ORIF with PFNA II (10 × 380mm; blade, 110 mm)
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literature, low-level evidence suggests that separate fem-
oral neck and shaft implants are more accepted and fa-
vored because of higher failure rates by using a single
cephalomedullary nail. Optimal reduction in both frac-
ture sites is a challenging reduction by one construct. In
this series, special techniques by using PFNA II were
performed in treating these cohorts with combined in-
juries. All cases showed a good reduction outcome. Fur-
ther follow-up and comparative studies are needed to
confirm the efficacy.

Abbreviation
PFNA-II: Proximal femoral nail anti-rotation II
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