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Introduction and Epidemiology

Subtrochanteric femur fractures are significant
injuries that despite surgery can lead to relatively
high rates of nonunion, malunion, and subse-
quent poor clinical outcomes.

Opverall, subtrochanteric femur fractures com-
prise 10-34% of all hip fractures [1]. Several retro-
spective studies report a bimodal distribution among
patients [2-5]. Velasco and Comfort reported that
63% of subtrochanteric fractures occurred in
patients 51 years and older and 24% in patients
between the ages of 17 and 50 years [4]. Younger
patients sustain the fractures via high-energy mech-
anisms, while older individuals via lower-energy
mechanisms as well as bisphosphonate-associated
insufficiency fractures [2, 6-8]. A review of subtro-
chanteric fractures at a Level I trauma center, by
Bergman et al., noted an average age of 40 years in
the high-energy trauma group and 76 years in the
low-energy trauma group [2].

An understanding of the relevant anatomy and
biomechanics of the proximal femur has helped
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define operative management for subtrochanteric
fractures. Advances in engineering and manufac-
turing of new implants [9-11] have provided
hardware with greater strength and overall fatigue
life. In addition to managing the deforming ana-
tomical forces, the surgeon must chose an implant
design that is able to withstand the large biome-
chanical forces subjected to the subtrochanteric
region [12]. The use of cephalomedullary locked
nails and open indirect reduction techniques that
preserve the soft tissue envelope and vasculature
has resulted in a reduction of postoperative non-
unions [13-19]. With an understanding of each
patient and their fracture patterns, the surgeon can
strategically choose the appropriate treatment to
improve their patient’s clinical outcomes.

Relevant Anatomy and Biomechanics

The subtrochanteric region of the femur is defined
from the lesser trochanter to 5 cm distal to the
lesser trochanter. These fractures can often
extend into the intertrochanteric region and are
called “pertrochanteric” fractures or intertro-
chanteric fractures with subtrochanteric exten-
sion. Proximal femoral anatomy causes powerful
deforming forces that create characteristic, com-
plex fracture pattern. The typical radiographic
appearance consists of a proximal fragment that
is in varus, abduction, and external rotation,
while the distal fragment is adducted (Fig. 9.1).

101

K.A. Egol, P. Leucht (eds.), Proximal Femur Fractures, https://doi.org/10.1007/978-3-319-64904-7_9


https://doi.org/10.1007/978-3-319-64904-7_9
mailto:kjkmd@yahoo.com
mailto:Nirmal.Tejwani@nyumc.org

102

K.J. Koval et al.

Fig. 9.1 Anteroposterior (AP) radiograph exhibiting a
comminuted subtrochanteric femur fracture with shaft
extension. Note the proximal fragment in abduction,
external rotation, and flexion, the typical appearance of
this fracture pattern

The pull of specific muscle groups in the proxi-
mal femur results in this characteristic deformity.
The gluteal muscles, the iliopsoas, and the short
external rotators are responsible for the proximal
segment external rotation, while the gracilis,
adductor brevis, adductor longus, and adductor
magnus adduct the distal femoral shaft.
Biomechanically, the forces about the proxi-
mal femur are some of the highest seen in the
human body. The earliest studies by Koch first
analyzed the mechanical stresses on the femur
during weight bearing. He showed that up to
1200 1b/inch? of force could be generated in a
200-1b man. Compression stress exceeds 1200 1b/
inch [2] in the medial subtrochanteric area 1-3
inches distal to the level of the lesser trochanter.
Lateral tensile stresses are approximately 20%
less [12]. While Koch’s analysis was correct for
the forces on the femur, he did not take into
account the additional stress from the muscle
forces [20]. Frankel and Burstein demonstrated a

significant force on the hip and proximal part of
the femur from flexion and extension of the hip
while lying in bed, thus indicating continuous
stress on a proximal femoral fixation device even
with the patient at bedrest [21]. An analysis by
Fielding et al. demonstrated that a medial cortical
buttress was required to minimize local stress in
the subtrochanteric region. They showed that
nonunion results from fatigue failure of a fixation
device and that nonunion is actually the cause of
implant failure [22]. Higher bending forces are
applied to an extramedullary device on the lateral
femur than an intramedullary device, which is
closer to the line of joint reaction force [23].
Froimson’s description of muscle forces aids our
understanding of subtrochanteric fracture dis-
placement and also suggests how such fractures
can be reduced [24]. These deforming forces cre-
ate the obstacles to gaining appropriate reduc-
tion. Proper application of tools and implants has
helped individuals gain successful reduction of
these complex fractures.

Classification

There are over 15 described classifications of
subtrochanteric fractures in the literature [25];
however, the Russell and Taylor and the AO/
OTA classifications have historically been the
most widely reproducible [26, 27]. The Russell
and Taylor classification was historically used
to differentiate fractures that could be fixed with
an intramedullary nail (Type I) or whether a lat-
eral fixed angle device would be required (Type
IT). Type I fractures do not extend into the piri-
formis fossa (Type IA, no extension into the
lesser trochanter; Type IB, extension to the
lesser trochanter). Type II fractures extend into
the piriformis fossa (Type IIA, no comminution
of lesser trochanter; Type IIB, comminution of
lesser trochanter) [26]. This classification has
since lost favor due to the development of inter-
locking nails utilizing both trochanteric and
piriformis starting points allowing (Table 9.1).
These operative modifications have allowed
Type II fractures to be treated with intramedul-
lary devices.
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Table 9.1

Type IA
Type IB
Type IIA

Russell-Taylor classification

No extension into the lesser trochanter
Extension into the lesser trochanter

No comminution of the lesser trochanter
with extension into the piriformis fossa
Type IIB  Comminution of the lesser trochanter with

extension into the piriformis fossa

Historically used to determine between fixation with an
intramedullary device (Type I) and an extramedullary
device (Type II)

Current locked intramedullary implants with trochanteric
and piriformis entry points allow fixation of Type II
fractures

Table 9.2 AO/OTA classification examples

32-A3.1 Simple (A), transverse (3), subtrochanteric

fracture (0.1)

Wedge (B), fragmented (3), subtrochanteric
fracture (0.1)

Complex (C), spiral (1), subtrochanteric
fracture (0.1)

Fracture location: femur (3), diaphysis (2), subtrochan-
teric region (0.1)
Fracture pattern: simple (A), wedge (B), complex (C)

32-B3.1

32-Cl1.1

The AO/OTA classification, typically the most
widely used, takes into account the bone, the
location, the energy of the trauma, and the mech-
anism [27]. Conventionally subtrochanteric frac-
tures are categorized along with other diaphyseal
femur fractures (Table 9.2). The AO/OTA classi-
fication is the most widely used in the literature
for research; however, in practice, subtrochan-
teric fractures are typically described by its loca-
tion and any fracture extension and/or severity of
comminution.

Initial Evaluation, Work-Up,
and Management

Subtrochanteric fractures, especially in the young
patient, typically involve high-energy mecha-
nisms and must be evaluated for other associated
injuries. A primary survey under the ATLS
guidelines is essential [28, 29]. Life-threatening
injuries must be identified and resuscitative mea-
sures initiated. The secondary survey should be
performed later as part of a more detailed head to
toe examination. Critically ill, multiply injured

patients should be evaluated and temporarily sta-
bilized and resuscitated.

In the older individual with a lower mecha-
nism of injury, a detailed history of how the acci-
dent occurred should be performed to uncover
any possible comorbidities leading to injury. If
the patient had a syncopal episode resulting in a
fall, then an appropriate work-up must be con-
ducted before the patient can be cleared for any
surgical intervention. The patient’s medication
history must be evaluated for the use of bisphos-
phonates. Recent studies have shown that chronic
bisphosphonate therapy for more than 3-5 years
may increase the risk of atypical femoral frac-
tures [6-8]. In regard to bisphosphonates, pro-
dromal thigh pain as well as contralateral imaging
should be performed. Concern for insufficiency
fracture can be diagnosed further with advanced
imaging such as magnetic resonance imaging,
CT, or bone scan [30-34].

On physical examination when the fracture is
displaced, the injured extremity is most often
shortened and externally rotated. The thigh may
be swollen and can at times have a bony promi-
nence from the deforming forces acting on the
proximal fragment. Patients are unable to actively
flex their hip or tolerate any range of hip motion.
The patient is usually neurologically intact with-
out vascular deficit. Penetrating injuries, on the
other hand, can cause neurovascular injury to the
surrounding structures and must be carefully
evaluated. Initial diagnostic studies should
include plain radiographs consisting of antero-
posterior (AP) and cross-table views of the hip
along with full-length femur views. An AP pelvis
view (typically obtained during the trauma work-
up) can be helpful in assessing femoral neck/
shaft morphology of the uninjured side.

The characteristics of an atypical fracture
due to long-term bisphosphonate use on radio-
graphic evaluation include lateral cortical
thickening, transverse fracture orientation, lack
of comminution, and medial cortical spike [7].
Diagnostic studies on the contralateral side are
indicated if the patient has any history of thigh
pain on the contralateral side of the injury. A
recent retrospective study by Saleh et al. sug-
gested that if a symptomatic patient taking
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long-term bisphosphonate therapy presents
with lateral cortical thickening and no radiolu-
cent line, then discontinuation of bisphospho-
nate treatment and conservative treatment with
teriparatide can resolve the fracture [35]. When
a radiolucent line is visible along with lateral
cortical thickening, then surgical prophylaxis is
recommended to prevent propagation to a com-
plete fracture [7, 8, 35]. Identification of an
occult fracture will change the clinical course
of the patient providing a definitive medical
management and a shorter hospital stay [36].

Initial management includes proper evaluation
and hemodynamic resuscitation, if needed.
Skeletal traction via a distal femoral or proximal
tibial traction pin not only restores length but also
can provide considerable pain relief. Skin trac-
tion (i.e., Buck’s traction) is also an alternative
[37] but will not restore femoral length. Medical
optimization prior to operative intervention is of
paramount importance.

Nonoperative Management

Due to the high morbidity and mortality, nonop-
erative management is truly reserved for those in
severe extremis that will likely succumb to other
organ injuries [38]. Alternatively, those patients
in end-of-life care that choose not to undergo
operative fixation may opt for nonoperative man-
agement but should only do so after a long dis-
cussion with the patient and the family. Even in
those patient populations (and even in those non-
ambulatory), operative stabilization of the femur
can offer benefits not only in regard to pain relief
but also to their caregivers, as it will facilitate
easier hygiene care and the ability to transfer.

Operative Management
Intramedullary Locked Nail

The intramedullary locked nail is the gold stan-
dard for fixation of acute subtrochanteric femur
fractures. Biomechanically, there are several
advantages when using the intramedullary nail

compared to plate and screws. The nail provides
increased rigidity, shorter moment arm, and
bending stiffness [39]. The intramedullary nail
provides more efficient shared load transfer while
resisting deforming forces of medialization from
the adductor muscles [11, 40, 41].

There are several IM nail types available for
treatment of subtrochanteric fractures. The
cephalomedullary hip nail (Fig. 9.2a, b) is most
often used in older patients or those with poor
bone stock; it utilizes a large threaded screw for
stability and protection of the femoral neck. In
the younger patient, with healthy bone, a smaller
diameter (reconstruction) intramedullary nail
(Fig. 9.2c, d) with two smaller screws into the
femoral neck can be used to avoid a large screw
tract while providing rotational stability of the
proximal fragment. Some reconstruction nails
incorporate a proximal crossing screw configu-
ration, which has one screw up through the fem-
oral neck and one screw from the greater
trochanter to the lesser trochanter. A biome-
chanical study by Grisell et al. comparing the
cross-screw configuration to the parallel screw
configuration showed greater axial failure loads
and significantly higher stiffness in the cross-
screw technique [10].

There are several options for positioning of
the patient for IM nailing. Placing the patient
supine on or off a fracture table allows for easier
imaging and intraoperative traction of extremities
for polytrauma mechanisms. The patient can also
be placed lateral on a fracture table or a radiolu-
cent flat table. Placing a patient lateral will allow
the distal fragment to flex matching the proximal
fragment. This position allows for easier access
to the starting point in heavier people with adduc-
tion allowing for access.

An important step in ensuring proper fracture
reduction is achieving the ideal starting point in
either the piriformis fossa or trochanteric tip [14,
42]. Historically, the piriformis starting point was
used with straight intramedullary nails. However,
an improper piriformis start point can lead to
fracture malalignment and increased fracture
comminution, and if too anterior, increased hoop
stresses can lead to femoral bursting of the proxi-
mal femoral fragment [40].
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Fig.9.2 (a, b) Inthe
elderly, cephalomedullary
IMN utilizing a single lag
screw can be sufficiently
utilized, while in the
younger patient, (¢, d)
smaller bore
reconstruction-type
screws can offer less
bone loss and more
rotational control with
two points of fixation

a

More recently manufactured intramedullary
nails were designed for use through a trochan-
teric starting point. These intramedullary nails
have a built-in proximal bend of 4-6° to help
prevent varus malreduction. Although the start-
ing point allows for a more subcutaneous land-
mark, a perfect starting point is still vital for a
successful outcome [43, 44]. The starting point

needs to be slightly more medial in order to
avoid varus malreduction, which can still occur
despite the proximal bend [43]. A cadaveric
study analyzing the greater trochanters in 100
specimens found that only 63% had an unob-
structed ideal entry point, whereas the remaining
37% all had some degree of obscuring of the
entry portal [9].
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After the ideal starting point is obtained, there
are a number of strategies that can be used to fur-
ther help achieve proper alignment of the fracture
(Fig. 9.3a—c). While traction can restore femoral
length, the powerful deforming forces of the
proximal femoral segment can result in varus and
flexion malalignment. In two-part subtrochan-
teric fractures, the “finger” or cannulated reduc-
tion tool can be passed down the canal to provide
stabilization and allow passage of the guide wire
down an ideal path [45]. Blocking screws can be
placed in the concavity of the fracture in
comminuted fractures that span longer distances
in the subtrochanteric region [45]. A small open
incision can be made for any fracture pattern to

Fig.9.3 Reduction aids
include the use of the (a)
“finger,” which is a stiff
reduction aid that can
help temporarily align
the fracture to help pass
the guide wire; (b)
blocking screws (or a
blocking drill bit or
Schanz pin) can aid in
maintaining nail position
as well as reduction; (c)
a small, open incision
(often the same used for
the cephalomedullary
screws) can be utilized
to place a clamp which
can reduce the fracture
and facilitate facile IMN
placement

allow room for clamps to provide efficient fixa-
tion while reaming and placement of the intra-
medullary nail [46—48]. Despite using an open
technique for fracture reduction, union rates have
remained high with intramedullary locked nails
[46, 47].

The most common pitfalls in operative man-
agement of subtrochanteric femur fractures
include varus malreduction, rotational malreduc-
tion, leg length discrepancy, and missed ipsilat-
eral injury. Obtaining anatomical reduction is
required prior to placement of any IMN. The
standard construct is an anterograde, long,
reamed, statically locked cephalomedullary nail
[10, 19, 49]. While there lacks high-level
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evidence, this construct is widely accepted as the
standard due to its inherent biomechanical
strength aided by a locked, long working length
which allows for reliable, immediate weight
bearing. Biomechanically, dual cephalomedul-
lary screws (crossing or parallel) are stronger
than a single screw, and two distal locking screws
are stronger than one; there is no clinical evi-
dence to support one or the other [10, 19, 49].
When postoperative radiographs demonstrated
malreduction greater than or equal to 10° in any
plane, there was a statistically significant higher
rate of delayed or nonunion [50]. In comminuted
fractures, preoperative imaging of the contralat-
eral leg can help avoid leg length mismatch and
rotational malreduction. The femoral neck
should be heavily scrutinized with fluoroscopy
at the beginning and end of the case to prevent
missed ipsilateral injuries. A proper knee exam
before leaving the operating room is necessary to
avoid missing ipsilateral knee injuries.

Overall the use of intramedullary locking nails
for these fractures have a high rate of union and
low rate of reoperation. The outcomes can be fur-
ther divided in the high-energy mechanism group
primarily involving younger individuals. An

R
TRACTION VEIY I

Fig.9.4 Traditionally,
blade plates have been
excellent options for
treating subtrochanteric
femur fractures in the
acute period. (a) An AP
hip radiograph
exhibiting a
subtrochanteric femur
fracture, restoring length
alignment and rotation
with a (b) blade plate.
With the advent of IMN,
however, acute treatment
with blade plates has
fallen out of favor,
avoiding the necessary
excessive exposure
(Images courtesy of
Kenneth A. Egol, MD)

early series by Wiss showed 99% fracture union
with the use of a piriformis start IM nail [13]. A
more recent study by Starr et al. showed 100%
union rate without the need for bone graft or a
secondary procedure when using a cephalomed-
ullary nail for young patients in high-energy
mechanism accidents [14]. The second group of
outcomes can be categorized by low-energy
mechanisms most commonly seen in the elderly.
The current approach is using a trochanteric entry
point with a cephalomedullary hip nail. The
elderly have an increased level of social depen-
dence and far more comorbidities that predispose
them to higher rates of reoperation, and an
increase in mortality is seen at the 1-year mark
postoperatively [51].

Fixed Angle Blade Plates

Fixed angle blade plates (Fig. 9.4a, b) have histori-
cally been successful in treating severely commi-
nuted subtrochanteric fractures [52-54]. Kinast
showed that using indirect reduction techniques
significantly reduced nonunion rates to 0% when
compared to direct reduction group [55].
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Unfortunately, these results have not been repro-
ducible as Brien et al. showed a nonunion rate of
32% when comparing the blade plate to interlocked
IM nails [15]. Plate and screw techniques rely on
obtaining compression and thus primary bone heal-
ing at the fracture site. The indirect reduction tech-
nique is predicated on accurate proximal fixation to
ensure a proper neck shaft angle and adequate
compression at the fracture site. Compared to IMN,
blade plates are more technically difficult to use,
and trainees are not exposed to the technique dur-
ing training and thus have fallen out of favor for use
as an initial treatment.

In most cases, the 95° blade plate fixation is
reserved for fracture malunion or nonunion.
Varus malalignment in subtrochanteric fractures
can cause leg length discrepancies and decreases
abductor working length. The corrective proce-
dure is an osteotomy at the apex of the deformity
with the use of a blade plate. Multiple studies
have demonstrated that successful union can be
obtained as long as there is stable proximal frag-
ment fixation [52, 53].

Proximal Femoral Locking
Compression Plates

The newest plate technology that is available for
subtrochanteric femur fractures is the proximal
femoral locking compression plate (PFL). This is
another type of fixed angle plate. Biomechanical
studies have shown that the PFL plate has more
axial stiffness, less torsional stiffness, and equiv-
alent irreversible deformation to cyclic axial
loading when compared with the blade plate [56].

Comparison of PFL plate to intramedullary
nail fixation showed no difference in the number
of complications, onset of complications inci-
dence, and time of full-weight bearing. Although
the Harris Hip Score among patients improved in
both methods of treatment, there was no differ-
ence between the two groups [57]. However, sub-
sequent studies have not been able to reproduce
similar results when comparing the PFL plate
and locked intramedullary nails.

El-Desouky et al. showed PFL plate provided
a strong construct for fixation of comminuted

subtrochanteric fractures either by open or biologi-
cal techniques. Unfortunately, low patient compli-
ance was an influential factor for implant failure in
both types [58]. While locked proximal femoral
plates were created to address the technical diffi-
culty associated with other fixed angle blade plates
and provide a more rigid construct, the results fol-
lowing their use have demonstrated high rates of
failure (Fig. 9.5) [59]. Fractures with posteromedial
comminution [60] and atypical femoral fractures

Fig. 9.5 While early results and biomechanical studies
were promising in regard to PFL plates, recent reports of
hardware failure have increased concern for stricter indica-
tions and use (Images courtesy of Nirmal C. Tejwani, MD)
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[61] treated with these implants have also had poor
outcomes and high failure rates.

Only one study has demonstrated favorable out-
comes with established nonunions of subtrochan-
teric femur fractures using the PFL plate [62].
However, due to the more recent evidence regard-
ing high failure rates, surgeons’ use of the PFL
plate is waning; higher-level studies or, perhaps,
more specific criterion and/or technique must be
set forth prior to more widespread use. More reli-
ably, subtrochanteric nonunions without malalign-
ment have shown high rates of fracture union and
functional improvement with exchange nailing
(with reduction) with or without bone grafting [53].

Special Consideration: Atypical
Femoral Fractures

The operative management of patients with atyp-
ical femoral fractures introduces a few more
issues that cannot be overlooked. Review of the
radiographs for a lateral cortical thickening,
transverse fracture orientation, lack of comminu-
tion, and medial cortical spike is essential [7].
These atypical fracture patterns have a higher
rate of intraoperative femoral shaft comminution
during nail insertion and a higher rate of iatro-
genic fracture during nail placement [61]. There
is also a higher rate of delayed union leading to
higher rates of revision surgery [63]. Care must
be taken to evaluate the patient for contralateral
thigh as there is a high association with bilateral
insufficiency fractures [64]. Comparing nonop-
erative versus operative management with pro-
phylactic fixation of femoral stress fractures
showed a decreased average hospital stay for
those undergoing fixation [7]. Many of the femo-
ral fractures in the nonoperative group eventually
went on to completion and required operative
fixation leading to a longer hospital stay [36].

Complications

Complications include nonunion, malunion, and
infection. In regard to nonunion and malunion,
typical causes are related to failure to obtain an

anatomic reduction. These can occur for a myr-
iad of reasons, which include utilizing an incor-
rect starting point and accepting too much
flexion and/or varus, which occurs from a lack of
reduction aid utilization [65]. Postoperative mal-
union can be problematic as any degree of exter-
nal rotation causes a posterior shift of the
weight-bearing axis in the sagittal plane and may
lead to a change in gait mechanics [66]. One can-
not emphasize the importance of obtaining an
acceptable reduction prior to implant placement;
placing the IMN in a malreduced fracture is the
most common cause of malunion and nonunion.
The IMN will not reduce the fracture and
increases risk for nonunion and subsequent
implant failure with loss of fixation. Nonunions
and malunions can typically be treated via
exchange nail (with re-reduction) or via correc-
tive osteotomy and blade plate placement
(Fig. 9.6a—d).

As with any surgery, infection is also a poten-
tial complication. Increased risk for infection
can arise from host factors (i.e., diabetic,
smoker, immunocompromised, etc.) and can
occur in the acute postoperative period.
Superficial infection and deep infection can
occur, with increased risk associated with exces-
sive soft tissue stripping, which can typically
occur with large open exposures while attempt-
ing to obtain anatomic reduction. Treatment of
deep infection depends on the amount of frac-
ture healing. Although rare, a completely healed
fracture with evidence of deep infection likely
requires IMN removal. In the setting of a non-
healed fracture, initial irrigation and debride-
ment with an intravenous antibiotic course can
be tried until the fracture heals. In the event of a
deep infection and persistent nonunion, com-
plete infection eradication is required for heal-
ing. Temporizing fixation can be obtained by
utilizing an antibiotic-coated IMN. Laboratory
markers are used after the completion of the
antibiotic therapy to check for normalization of
inflammatory levels. Once the infection has
been eradicated, definitive fixation is then per-
formed. Debridement of the bone can be supple-
mented with bone grafting to further enhance
healing potential [67, 68].
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Fig.9.6 Subtrochanteric femur fracture nonunions (a, b)
can be treated via exchange nail or via blade plate. (a)
Here, a subtrochanteric femur fracture treated with a ret-
rograde IMN went onto nonunion. (b) Exchange with an
antegrade cephalomedullary nail and distal fixation pro-

Summary

Subtrochanteric fractures are generally treated
with operative management. Occurring in a
bimodal distribution, both high-energy mecha-
nisms in the young and low-energy, possible
bisphosphonate-related etiologies in the elderly
must be evaluated and treated. Powerful deform-
ing forces in the proximal femur that historically
caused high rates of malreduction, shortening and
nonunion, can be overcome via several reduction
tools and techniques, including clamps, cerclage
cables, blocking screws, and fragment controlling
pins. Today, the standard treatment for subtro-
chanteric femur fractures is anterograde, reamed,
statically locked, long, cephalomedullary nails.
Biomechanically, two cephalomedullary screws
along with two distal locking screws are the stron-
gest. Blade plates and exchange nails are reliable
treatments for nonunions/malunions, while recent
reports exhibiting high failure rates have limited
the use of PFL plate. Future research, involving
higher-level evidence, is required to truly deter-
mine even more specific, ideal constructs and
treatment algorithms for these difficult to treat
fractures.

vided the necessary environment for healing. Similarly, a
failed cephalomedullary nail (¢) construct left in varus
was successfully treated via ORIF and (d) blade plate
fixation (Images courtesy of Kenneth A. Egol, MD)
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