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Abstract
Proximal femoral fragility fractures are common and result in significant morbidity and mortality along with a considerable
socioeconomic burden. The goals of this article are to review relevant proximal femoral anatomy together with imaging,
classification, and management of proximal femoral fragility fractures, and their most common complications. Imaging plays
an integral role in classification, management and follow-up of proximal femoral fragility fractures. Classification of proximal
femoral fragility fractures is primarily based on anteroposterior hip radiographs. Pertinent imaging features for each category of
proximal femoral fractures that would guide management are: differentiating nondisplaced from displaced femoral neck frac-
tures, distinguishing stable from unstable intertrochanteric fractures, and determining the morphology and comminution of
subtrochanteric fractures. Treatment of proximal femoral fragility fractures is primarily surgical with either arthroplasty or
internal fixation. Intramedullary nailing is used in the treatment of some types of proximal femoral fragility fractures and may
be associated with unique complications that become evident on postoperative follow-up radiographs.
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Introduction

Osteoporosis is the most common chronic metabolic bone
disease and is characterized by increased bone fragility.
Osteoporosis is a silent disease until it becomes complicated
by a fragility fracture [1]. Fragility fractures are fractures that
result from mechanical forces that would not ordinarily result
in a fracture [2]. The World Health Organization has quanti-
fied this low-energy trauma as forces equivalent to a fall from
a standing height or less. Fragility fractures typically involve
the proximal femur, distal radius and vertebral bodies.
Proximal femoral fragility fractures typically result from a
lateral ground level fall with impact on the greater trochanter.

Proximal femoral fragility fractures are common and result
in significant morbidity and mortality along with considerable
socioeconomic burden [3, 4]. Each year over 300,000 people
are hospitalized for proximal femoral fragility fractures in the
USA [5]. As the population ages, the number of proximal
femoral fractures (PFFs) will continue to increase.
Worldwide, by the year 2050, the total number of PFFs is
expected to surpass 6 million [6].

The classification of PFFs is based on imaging (primarily
radiography). Imaging also plays an integral role in manage-
ment decisions and the post-surgical follow-up of PFFs. In this
article, we review pertinent proximal femoral anatomy together
with imaging, classification, and management of proximal fem-
oral fragility fractures, and their most common complications.

Anatomy

Anatomical subdivisions of the proximal femur

The proximal femur is divided into the following ana-
tomical zones, which are used to describe PFFs: femoral
head, femoral neck, intertrochanteric region, and
subtrochanteric region. Proximal femoral fragility
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fractures occur most commonly in the femoral neck and
intertrochanteric region (each region accounts for ap-
proximately 45% of fractures) and less commonly (ap-
proximately 10% of cases) in the subtrochanteric region
[7]. Proximal femoral fractures are also categorized as
intracapsular or extracapsular.

Hip joint capsule: attachments and boundaries

The hip joint is a large ball and socket joint composed
of the acetabulum, femoral head, and a portion of the
femoral neck. Proximally, the hip capsule attaches to the
acetabular rim (just beyond the labrum) and to the
transverse acetabular ligament at the acetabular notch
level [8]. Distally, the anterior hip capsule attaches

Fig. 1 Proximal femoral
trabeculations. a Illustration and b
anteroposterior hip radiograph in
a 91-year-old woman

Fig. 2 Femoral neck–shaft angle and hip axis length. Normally, in adults,
the femoral neck subtends an angle of 125–135° with the femoral shaft.
The hip axis length (dashed line) is measured along the femoral neck axis
and is the distance from the inferolateral aspect of the greater trochanter to
the inner pelvic brim

Fig. 3 Vascular supply of the femoral head. The main vascular supply of
the femoral head is derived from the medial and lateral circumflex
femoral arteries. These arteries form an extracapsular anastomotic ring
at the base of the femoral neck. Ascending cervical capsular branches
arise from this anastomotic ring and after a short distance become
intracapsular either by penetrating the anterior hip capsule or extending
deep to the zona orbicularis of the posterior hip capsule. Within the hip
capsule, these vessels are referred to as the retinacular arteries. The
retinacular arteries form a subsynovial intra-articular ring from which
arterial branches extend toward and penetrate the femoral head
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Fig. 4 Major muscle groups that can potentially displace proximal
femoral fracture fragments. a Main hip abductors. b Psoas major
muscle (main hip flexor) and the hip adductors (composed of the

pectineus, adductor longus, brevis and magnus, and gracilis muscles). c
The short external rotators (obturator externus muscle is not shown)

Fig. 5 Sixty-nine-year-old womanwith right hip pain after a ground-level
fall and negative right hip radiographs. Coronal STIR MR mage shows a
nondisplaced transcervical femoral neck fracture surrounded by bone
marrow edema

Fig. 6 Garden classification of subcapital femoral neck fractures in the
elderly. a Incomplete and valgus-impacted fracture (stage I); b complete
and nondisplaced fracture (stage II); c complete and partially displaced
fracture (stage III); and d complete and fully displaced fracture (stage 4)
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firmly to the intertrochanteric line. The posterior hip
capsule is relatively thin and loose, extending halfway
along the posterior aspect of the femoral neck. Distally,
the posterior hip capsule does not have a direct osseous
insertion and is formed by a compact set of arcuate
fibers (zona orbicularis) [8]. A small synovial recess
deep to the zona orbicularis demarcates the contained
synovial hip cavity at this level.

Proximal femur: internal architecture and geometry

Bone strength and proximal femoral geometry contribute to
proximal femoral fracture risk. Bone strength is partially deter-
mined by its internal architecture. The internal architecture of
the proximal femur is primarily determined by forces generated
during weight-bearing and ambulation, in addition to those
resulting from surrounding muscle action [9]. This stress-

Fig. 7 Femoral neck fractures (different patients). a Anteroposterior hip
radiograph in a 97-year-old woman after a ground-level fall demonstrates
an incomplete, valgus-impacted subcapital femoral neck fracture (stage I
in the Garden classification). Observe the sclerotic line (arrow) at site of
the impacted fracture. b Anteroposterior hip radiograph in a 65-year-old

woman after a ground-level fall shows an incomplete, varus-impacted
subcapital femoral neck fracture. Observe the thin sclerotic line (arrow)
at the level of the impacted fracture. Incomplete, varus-impacted
subcapital femoral neck fractures are not included in the Garden
classification

Fig. 8 Hip osteoarthritis potentially mimicking an impacted femoral neck
fracture in a 78-year-old man with left hip pain after a ground-level fall. a
Aneroposterior left hip radiograph shows severe hip osteoarthritis.
Apparent band-like sclerosis (arrows) at the femoral head-neck junction
is due to overlapping circumferential femoral head osteophytes and may

be confused with an impacted femoral neck fracture. b On the axial hip
CT scan, observe the marginal hip osteophytes that overlap the femoral
head–neck junction and cause the band-like sclerotic appearance on the
hip radiograph. Hip MRI (not shown) was negative for fracture
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induced bone remodeling results in thickening of the cortex and
osseous trabeculae at sites of greatest stress. There is thickening
of the inferomedial cortex of the femoral neck. A ridge of dense
bone (calcar femorale) projects from the endosteal surface of the
posteromedial femoral neck deep to the lesser trochanter [10].
The proximal femoral trabeculations are arranged in groups
(Fig. 1) with the vertically oriented principal compressive tra-
beculae transmitting most of the compressive forces during nor-
mal ambulation [11].

Geometrically, the femoral neck–shaft angle, femoral neck
width, and hip axis length may influence the risk for femoral
neck fractures (Fig. 2) [12–14]. Normally, in adults, the fem-
oral neck subtends an angle of 125–135° with the femoral
shaft. Femoral neck–shaft angles less than 120° and above
135–140° are termed coxa vara and coxa valga respectively.
Both coxa valga and increased femoral neck width may in-
crease the propensity to femoral neck fractures [14]. The hip
axis length (Fig. 2) is measured along the femoral neck axis
and is the distance from the inferolateral aspect of the greater
trochanter to the inner pelvic brim [13]. A longer hip axis
length is associated with a greater force being applied to the
femoral neck during a fall and may increase the risk for fem-
oral neck fractures.

Vascular supply of the femoral head

Most of the arterial supply to the femoral head is derived from
the capsular vessels, with typically minimal contributions
from the ligamentum teres and transcervical intramedullary
arteries [4, 15–17]. The capsular vessels arise from the medial
and lateral circumflex femoral arteries (Fig. 3). The medial
and lateral circumflex femoral arteries most commonly

originate from the deep femoral artery and form an
extracapsular arterial anastomotic ring at the base of the fem-
oral neck. Ascending cervical capsular arteries extend proxi-
mally from this arterial ring and after a short distance either
penetrate the anterior hip capsule or extend deep to the zona
orbicularis of the posterior hip capsule.Within the hip capsule,
these arteries are referred to as retinacular arteries. The
retinacular vessels are divided into four main groups: anterior,
medial, lateral, and posterior. At the junction of the femoral
head and neck, the retinacular vessels form a subsynovial
intra-articular ring fromwhich arterial branches extend toward
and penetrate the femoral head. The most important
retinacular arteries are the lateral retinacular vessels. These
vessels are derived from the medial circumflex femoral artery
and supply the main weight-bearing area of the femoral head
[16]. The intracapsular vessels are vulnerable to injury (with
subsequently increased risk of femoral head avascular necro-
sis) particularly in the context of displaced subcapital femoral
neck fractures [16].

Muscles

In proximal femoral fractures, the major fracture fragments
have the potential to be displaced by the pull of neighboring
muscles, especially with weight bearing. In PFFs, the major
fracture fragments are mainly displaced by the actions of the
abductors, flexors, adductors, and short extensors of the hip
(Fig. 4). The main hip abductors (the gluteus medius and
minimus muscles) insert onto the greater trochanter. The psoas
major muscle is the main hip flexor and inserts onto the lesser
trochanter. The hip adductors are composed of the pectineus,
adductor longus, brevis and magnus, and gracilis muscles.

Fig. 9 Surgical management of
femoral neck fractures
(anteroposterior hip radiographs
in different patients). a Three
cannulated screws transfixing a
femoral neck fracture in a 97-
year-old woman. b Bipolar
hemiarthroplasty performed for a
displaced femoral neck fracture in
a 65-year-old man
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The short external rotators laterally rotate the femur at the
level of the hip joint and are composed of the piriformis,

gemellus superior, obturator internus, gemellus inferior,
quadratus femoris, and the obturator externus muscles.

Imaging assessment of acute hip pain
in the elderly

Radiography is the initial imaging of choice for assessment of
acute hip pain. Radiographs should include an anteroposterior
(AP) view of the pelvis along with AP and cross-table lateral
views of the affected hip [3]. Positioning for a frog-leg lateral
view of the hip may potentially cause further displacement of
a proximal femoral fracture and is therefore not recommended
for evaluation of suspected PFFs [18]. In the presence of
subtrochanteric fractures, anteroposterior and lateral views of
the ipsilateral femur are usually performed for determination
of fracture extension.

Two to 10% of PFFs are occult on initial radiographs [19].
For individuals who are >50 years old or who are osteoporotic
and present with acute hip pain with negative or indeterminate
radiographs, MRI is recommended for further evaluation [3].
OnMRI, fractures appear as a T1 hypointense line surrounded
by bone marrow edema (Fig. 5). In addition to diagnosing
occult fractures, MRI has the advantage of diagnosing a wide
range of potential causes of hip pain. In a 10-year retrospective
study of 98 patients with a clinical diagnosis of proximal fem-
oral fracture and negative radiographs, MRI demonstrated
fractures (proximal femoral or pelvic ring fractures) in 69
patients [20]. Only 17% of the scans were negative for any
abnormality in this study. Early MRI can lead to early diag-
nosis and characterization of PFFs with initiation of definitive
management. Typically, PFFs are managed with early surgery.
The goal of surgery is to allow the patient to initiate immediate
full weight-bearing and mobilization. Khan et al, in a system-
atic review, demonstrated that early surgery (within 48 h of
admission) after a proximal femoral fracture leads to de-
creased length of hospital stay, morbidity, and mortality [21].
Although not generally indicated, unenhanced CT of the pel-
vis and hips may be used for identification, characterization,
and preoperative planning of PFFs. CT images of the pelvis
and hips may be obtained de novo or reconstructed from CT
data acquired from an abdominopelvic CT scan. Dual-energy
X-ray absorptiometry is recommended in all patients with a
fragility fracture, to establish a baseline and determine the
effectiveness of future therapy [3].

Femoral neck fractures

Classification

Several classification systems have been proposed for fem-
oral neck fractures, none of which has been proven to be

Fig. 10 Evans–Jensen classification. Intertrochanteric fractures are
classified into three groups [33]. Class I includes a nondisplaced and b
displaced two-fragment fractures and are considered stable. Class II com-
prises unstable three-fragment fractures with c posterolateral (greater tro-
chanteric) or d posteromedial (lesser trochanteric) involvement. e The
rare fracture with a reverse oblique fracture line (arrows) is considered
a three-fragment fracture with greater trochanteric involvement. In con-
trast to the typical oblique intertrochanteric fracture line that courses
parallel or roughly parallel to the intertrochanteric line, the reverse
oblique fracture line is roughly perpendicular to the intertrochanteric line
and courses from the superomedial to the inferolateral aspects of the
intertrochanteric region. These fractures are particularly unstable, espe-
cially because the pull of the adductor muscles tends to worsen the prox-
imal and medial displacement of the distal fracture fragment with weight-
bearing. f Class III consists of very unstable four-fragment fractures
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ideal. Femoral neck fractures can be classified based on
location into subcapital (most fractures), transcervical,
and basicervical fractures. Subcapital and transcervical
fractures are intracapsular, whereas basicervical fractures
may be either intra- or extracapsular. In the following dis-
cussion, the term Bfemoral neck fractures^ refers to
subcapital and transcervical femoral neck fractures
(basicervical fractures are discussed separately). The ana-
tomical location of intracapsular femoral neck fractures
does not influence management or outcome; therefore,
such classification is of limited value [15].

The Garden classification (Fig. 6) is the most widely
used classification system in the orthopedic literature for
femoral neck fractures in the elderly. This system

describes four categories of subcapital fractures based on
AP radiographs: incomplete and valgus-impacted (stage I;
Fig. 7a), complete and nondisplaced (stage II), complete
and partially displaced (stage III), and complete and fully
displaced (stage 4) fractures. Several studies have found
this classification system to be unreliable [22, 23].
Furthermore, the management and outcomes of both
nondisplaced (stages I and II) and displaced (stages III
and IV) femoral neck fractures are independent of the
specific grades assigned. Therefore, a simplified two-part
classification system of femoral neck fractures into
nondisplaced (including minimally impacted fractures;
Fig. 7) and displaced has been proposed and forms the
basis of management [22, 23].

Fig. 11 The AO Foundation/
Orthopaedic Trauma Association
(AO/OTA) classification (second
revision; 2018 compendium)
[31]. Intertrochanteric fractures
comprise type 31A and are divid-
ed into three groups. Group 31A1
are simple pertrochanteric frac-
tures that do not involve the lat-
eral wall and are subdivided into
three subgroups: 31A1.1 is an
isolated single trochanteric frac-
ture (either greater or lesser tro-
chanter); 31A1.2 is a two-part
fracture, and 31A1.3 is a mildly
comminuted fracture that does not
involve the lateral wall. Group
31A2 comprises
multifragmentary, pertrochanteric
lateral wall incompetent fractures
with either one (31A2.2) or two or
more (31A2.3) intermediate frag-
ments. Group 31A3 are
intertrochanteric fractures with
simple oblique (31A3.1), simple
transverse (31A3.2), or
multifragmentary or wedge-
shaped (31A3.3) morphology. In
contrast to groups 31A1 and
31A2 fractures, in which fractures
course from proximal–lateral to
distal–medial (except for the iso-
lated single trochanteric frac-
tures), group 31A3 fractures
demonstrate either an oblique
proximal–medial to distal–lateral
(reverse oblique course) or trans-
verse course
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Imaging

Nondisplaced and minimally impacted femoral neck frac-
tures may demonstrate subtle findings or be entirely
missed on radiographs. The following findings may be
detected on radiographs of femoral neck fractures: mini-
mal cortical irregularity at the fracture site, sclerotic line
or triangle at the site of impaction (Fig. 7), abrupt angu-
lation of proximal femoral trabeculations at the level of
the fracture, nonaligned femoral and acetabular
trabeculations (in the nonfractured hip, the femoral head
and acetabular trabeculations are colinear), and valgus or
less commonly varus angulation of the femoral head–neck
junction [24]. Femoral neck fractures may simulate hip
osteophytosis and vice versa [4, 15]. Hip osteoarthritis
may create a circumferential rim of osteophytosis that
can be mistaken for an impacted femoral neck fracture
(Fig. 8). In elderly individuals presenting with acute hip
pain with negative or indeterminate radiographs, MRI is
recommended for further evaluation [3]. On MRI, frac-
tures appear as a T1 hypointense line surrounded by bone
marrow edema (Fig. 5).

Management

The treatment of fragility fractures of the femoral neck in
the elder ly depends pr imar i ly on frac ture type
(nondisplaced versus displaced fractures) and the patient’s
activity level [7]. Internal fixation is the treatment of
choice for nondisplaced femoral neck fractures [7]. Early
internal fixation is critical to prevent fracture displace-
ment, as up to 46% of fractures become secondarily
displaced if not treated surgically [25]. Nonoperative
treatment of nondisplaced femoral neck fractures is re-
served for poor surgical candidates, for individuals who
decline operative treatment, or in some patients who pres-
ent late after the index injury [15]. Internal fixation is
usually achieved with minimal surgical exposure using
cannulated screws (Fig. 9a) [7]. Surgically treated frac-
tures generally have a good functional outcome with a
low rate of non-union [26].

The optimal treatment of displaced femoral neck fragility
fractures in the elderly is arthroplasty, primarily because of the
high failure rate of internal fixation with these fractures [7].
Low-demand pat ients are typica l ly t reated with
h em i a r t h r o p l a s t y ( e i t h e r u n i p o l a r o r b i p o l a r
hemiarthroplasty; Fig. 9b), whereas more active elderly pa-
tients are usually treated with total hip replacement [7]. The
survival of these implants is generally good, mainly because
of the limited life expectancy of the treated patient population
(most patients with these prostheses do not survive long
enough to develop hardware complications) [27, 28].

Fig. 12 Reverse oblique fracture in a 96-year-old woman. Coronal recon-
structed CT image of the hip demonstrates a reverse oblique fracture.
Observe that the intertrochanteric fracture line is roughly perpendicular
to the intertrochanteric line. This fracture is considered a class II fracture
in the Evans–Jensen classification and a 31A3.3 fracture in the AO/OTA
classification. Greater trochanter fracture (arrow)

Fig. 13 Three-fragment intertrochanteric fracture in a 91-year-old wom-
an. AP radiograph of the hip shows a three-fragment intertrochanteric
fracture with involvement of the lesser trochanter. This fracture corre-
sponds to a class II fracture in the Evans–Jensen classification and a
31A1.3 fracture in the AO/OTA classification
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Basicervical fractures

Basicervical fracture refers to a fracture through the base of the
femoral neck at its junction with the intertrochanteric region
[29]. These fractures may be either intracapsular or
extracapsular and are unstable [30]. Basicervical fractures have
been classified either with femoral neck or intertrochanteric frac-
tures and are typically treated with internal fixation [30].

Pertrochanteric and intertrochanteric
fractures

Definition

According to the AO Foundation/Orthopaedic Trauma
Association (AO/OTA), trochanteric region fractures are de-
fined as any fracture centered distal to the intertrochanteric
line and proximal to a transverse line drawn along the inferior
border of the lesser trochanter [31]. There is ongoing contro-
versy regarding the proper terminology of these fractures. The
most recent AO/OTA fracture and dislocation compendium
suggested the term Bpertrochanteric^ for describing fractures
that course through the trochanters and Bintertrochanteric^ for
describing fractures between the trochanters [31]. The com-
monly used radiological term Bintertrochanteric^ is used in
this article to describe fractures occurring between the greater
and lesser trochanters, irrespective of the involvement of the
trochanters.

Classification

Multiple and continuously evolving classification systems
have been proposed for intertrochanteric fractures. None of

these classifications has achieved reliable reproducible valid-
ity [31, 32]. The more commonly used classification systems
use fracture location and comminution on radiographs for dif-
ferentiating stable from unstable fractures [7]. Increased sur-
gical complexity and complicated recovery are associated
with unstable fracture patterns [32].

The Evans/Jensen (Fig. 10) and AO/OTA (Figs. 11, 12, and
13) classifications are the most widely used classification sys-
tems for intertrochanteric fractures [31, 33, 34]. The AO/OTA
classification demonstrates greater interobserver agreement
and is that most frequently referenced in recent scientific arti-
cles [34]. According to the alphanumeric AO/OTA classifica-
tion, intertrochanteric fractures are classified as type 31A frac-
tures (bone: femur: 3; location: femur, proximal end segment:
1; type: trochanteric region fracture: A). Type 31A fractures
are divided into three groups (31A1, 31A2, and 31A3), with
each group further subdivided into two or three subgroups.
Generally, the 31A1 group is the most stable and the 31A2
and 31A3 groups are unstable (Fig. 14).

Greater trochanter fractures

Isolated greater trochanter fractures or greater trochanter frac-
tures with incomplete intertrochanteric extension may be
treated conservatively. In patients with apparent isolated great-
er trochanter fractures or greater trochanter fractures with in-
complete intertrochanteric extension on radiographs, MRI is
recommended for determination of the true extent of the frac-
tures. Isolated greater trochanter fractures are rare. In a sys-
tematic review of 110 patients with isolated greater trochanter
fractures on initial radiographs, 99 patients (90%) demonstrat-
ed intertrochanteric extension of the fractures on subsequent
MRIs [3, 35]. Isolated greater trochanter fractures are usually
treated conservatively with early mobilization as the major

Fig. 14 Lesser trochanter fracture
in a 66-year-old male. a
Anteroposterior radiograph of the
hip demonstrates a pathological
fracture of the lesser trochanter
(the lytic lesser trochanter lesion
was due to metastatic hepatocel-
lular carcinoma). b
Anteroposterior hip radiograph
obtained 2 months later demon-
strates progressive destruction of
the medial aspect of the proximal
femur

Skeletal Radiol (2019) 48:29–45 37



weight-bearing portion of the femur is intact [36]. There are no
established guidelines for the treatment of greater trochanter
fractures with incomplete intertrochanteric extension.
Incomplete intertrochanteric fractures that do not cross the
midline on mid-coronal MR images of the affected hip may
be treated conservatively, whereas those that cross the midline
tend to be treated with internal fixation [35, 37].

Lesser trochanter fractures

Isolated lesser trochanteric avulsion fractures are uncommon
in the elderly. Such fractures are usually seen after minimal or
no trauma, either in the setting of osteoporosis or more com-
monly secondary to an underlying osseous metastasis (see
Fig. 16) [38, 39]. In a case series of 15 patients, James and

Davies noted that 69% of atraumatic lesser trochanteric avul-
sions were associatedwithmetastatic disease [40]. A thorough
search for metastatic disease is recommended in cases of less-
er trochanter fractures in the elderly [38, 40]. Hip MRI may be
warranted in isolated lesser trochanter fractures both for eval-
uation of underlying osseous lesions and determination of the
geographic extent of the fracture [38, 40]. Prophylactic fixa-
tion of isolated lesser trochanter fractures may be performed in
some cases to avoid potential propagation of the fracture into
the intertrochanteric region [38, 39].

Management

Most intertrochanteric fractures are treated with internal fixa-
tion. Internal fixation may be achieved with extramedullary

Fig. 15 Commonly used fixation hardware for intertrochanteric fractures
(different patients). a Anteroposterior hip radiograph in a 67-year-old
woman shows a sliding hip screw system (Dynamic Hip Screw;
Synthes USA, Paoli, PA, USA) with a four-hole side-plate. The sliding
hip screw system is composed of a large cancellous lag screw (black
arrows) that is inserted into the head and neck of the femur. The lag screw
glides in a metal sleeve (small white arrow) that is attached to a fixed-
angle lateral side plate (large white arrow). The lateral side plate is fixed
to the proximal femoral shaft with screws. With weight-bearing, the lag
screw slides down the metal sleeve, producing dynamic compression of

the fracture. b Intramedullary (IM) nail. Anteroposterior radiograph of the
femur demonstrates a long IM nail (Cephalomedullary Nail; Zimmer,
Warsaw, IN, USA) transfixing an intertrochanteric femoral neck fracture.
IM nails are composed of a helical blade or one or two lag screws that are
inserted in the femoral head and neck. These are interlocked with the IM
nail component of the construct (depending on the design, IM nails may
be inserted through the medial or lateral aspects of the greater trochanter
or the piriformis fossa). The IM nail may be short or long and is transfixed
distally by one or more interlocking screws
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implants or intramedullary (IM) nail fixation devices (Fig.
15). Extramedullary implants include blade-plate, fixed-
angle nail-plate, sliding nail plate, sliding hip screw with side
plate, and locking plate fixation constructs [41]. Currently, the
most commonly used extramedullary implant for
intertrochanteric fracture fixation is the sliding hip screw sys-
tem (Fig. 15a) [7]. Intramedullary nail fixation devices
(cephalomedullary nails; Fig. 15b) consist of a variety of
evolv ing des igns and have become popular for
intertrochanteric fracture fixation in more recent years [7,
42, 43]. Extramedullary sliding hip screw systems are gener-
ally recommended for stable fractures, whereas IM nail fixa-
tion devices may be used for both stable and unstable
intertrochanteric fractures [42, 44]. In comparison to the
extramedullary sliding hip screw system, IM nailing has the-
oretical advantages of being less invasive and biomechanical-
ly superior, providing a buttress to limit fracture collapse.
Unstable intertrochanteric fractures have lower rates of failure
and reoperation when treated with IM nailing. Arthroplasty is
typically reserved for treatment of failed or complicated pri-
mary fixation of intertrochanteric fractures [41].

Subtrochanteric fractures

Definition and overview

Subtrochanteric fractures are unstable fractures that are most
commonly defined as fractures that occur up to 5 cm distal to
the lesser trochanter. The subtrochanteric region is an area of

great stress concentration as it experiences mechanical forces
several multiples of an individual’s weight during weight-
bearing and ambulation. In addition, the proximal and distal
fracture fragments are subjected to various deforming forces
due to tendon insertions. Characteristically, the proximal seg-
ment is flexed, abducted, and externally rotated secondary to
the pull of the iliopsoas, gluteus medius, and short external
rotators respectively. Furthermore, the distal segment is
adducted by the adductor magnus and longus tendons.

Subtrochanteric fractures in the elderly may occur in
two distinct settings: typical spiral fractures (with varying
comminution) in osteoporotic individuals after ground-
level falls and atypical insufficiency fractures occurring
after no or low-energy trauma. Atypical insufficiency frac-
tures typically occur in individuals receiving long-term
bisphosphonate therapy (presumably due to impaired bone
remodeling), although such fractures have occasionally
been described in bisphosphonate-naive individuals [45].
These are noncomminuted, transverse or short oblique
fractures (Fig. 16) that occur after no or minimal trauma,
and always involve the lateral cortex (complete fractures
may extend to the medial cortex) of the femoral
subtrochanteric region or femoral diaphysis [43].

Classification

Multiple classification systems have been proposed for
subtrochanteric fractures [46]. None of these classifications
has proven ideal for guiding treatment and establishing prog-
nosis with satisfactory inter-observer reproducibility [31, 46].
The Russell–Taylor classification divides subtrochanteric
fractures based on the absence or presence of the involvement
of the piriformis fossa and the lesser trochanter. This classifi-
cation system was used as a guideline for implant selection
during the first-generation IM nail era. As involvement of the
piriformis fossa is no longer a contraindication for using the
newer generation IM nails, the value of this classification sys-
tem is primarily historical [46].

The classification by Seinsheimer (Figs. 17 and 18) is one
of the most practical classifications, as it emphasizes the num-
ber of fracture fragments and involvement of both the medial
and lateral femoral cortices [47]. The AO/OTA classification
(Fig. 19) is widely used and referenced in current publications
[46]. The alphanumeric AO/OTA classification considers the
bone (femur = 3), location (diaphysis = 2), fracture morphol-
ogy (A, B, C) and absence or presence of comminution for
characterizing subtrochanteric fractures [31]. The qualifier (a)
is used at the end of the alphanumeric descriptor to define the
location of the fracture in the proximal third of the diaphysis.
One of the disadvantages of this classification system is that
subtrochanteric fractures are classified with diaphyseal frac-
tures, which have different biomechanics [46].

Fig. 16 Atypical insufficiency fracture in a 62-year-old woman on long-
term bisphosphonate therapy. Anteroposterior hip radiograph demon-
strates a noncomminuted short oblique subtrochanteric fracture
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Management

Subtrochanteric fractures are considered unstable fractures
and their treatment (including achieving and maintaining an-
atomical reduction) continues to be challenging [15]. These
fractures are typically treated surgically with intramedullary
nail fixation devices.

Complications

Proximal femoral fractures in the elderly are associated with
significant morbidity and mortality. Approximately 50% of
patients who live independently before a proximal femoral
fracture are unable to maintain their independent lifestyles
[48, 49]. The estimated 1-year mortality of PFFs is 20–30%
[48, 49]. Complications of PFFs can be broadly categorized as
intraoperative, post-operative general medical, and postoper-
ative localized (occurring primarily at or near the operative
bed) complications. Intraoperative complications include

malreduction, inappropriate hardware component selection
or hardware entry point, neurovascular injury, impingement
and penetration of the anterior femoral cortex during nail in-
sertion and iatrogenic femoral fracture [41].

Postoperative medical complications can affect a variety of
systems and are seen in approximately 20% of proximal fem-
oral fracture patients aged 60 years or older. In a prospective
study of 2,448 consecutive patients, pneumonia and heart fail-
ure were the most common postoperative general medical
complications [50].

Postoperative localized complications include secondary
malalignment (owing to inadequate fixation or loss of
fixation; Fig. 20), avascular necrosis, delayed union, non-
union (Fig. 20), malunion, hardware-related complications,
periprosthetic fracture, discrepant leg length, heterotopic ossi-
fication (Fig. 20), hip osteoarthritis, and infection [4, 15,
51–54]. The frequency of some of these complications varies
depending on the intracapsular versus extracapsular location
of the fractures. The main complications encountered with

Fig. 17 The Seinsheimer classification of subtrochanteric fractures.
Subtrochanteric fractures are classified into five grades. a Grade I is any
fracture with less than 2-mm displacement. b Grade II is composed of

two-part fractures. cGrade III includes three-part fractures. dGrade IVare
fractures composed of four or more fragments. e Grade V comprises any
fracture that extends to the greater trochanter
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intracapsular fractures that are treated with internal fixation
are avascular necrosis of the femoral head and non-union [4,
15]. Malunion is more frequently encountered with
extracapsular fractures, although the amount of problematic
deformity remains undefined [15]. Both non-union and
malunion are intimately associated with hardware failure.
The more common postoperative localized complications are
reviewed.

Avascular necrosis

Avascular necrosis (AVN; Fig. 21) is a well-recognized com-
plication of intracapsular PFFs treated with internal fixation
owing to the intimate relationship of the femoral neck with the
femoral head nourishing blood vessels and the potential of
these vessels to be compromised with femoral neck fractures
[51]. There is an increased risk of AVN with displaced and

non-anatomically reduced fractures [52]. The reported

Fig. 18 Anteroposterior radiograph of the left hip shows a comminuted
subtrochanteric fracture with extension into the greater trochanter and
intertrochanteric region (grade V fracture in the Seinsheimer
classification)

�Fig. 19 The AO/OTA classification (second revision; 2018 compen-
dium) [31]. Subtrochanteric fractures comprise type 32 with the qual-
ifier (a) at the end of the alphanumeric descriptor to define the location
of the fracture in the proximal third of the diaphysis. These fractures
are divided into three groups based on fracture morphology: group A
are simple, group B are wedge-shaped, and group C are
multifragmentary fractures. Each group is further subdivided into
two or three subgroups

b
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incidence of AVN after fixation of femoral neck fractures is
6.6% to 39% [52, 55]. There has been a decreased incidence
of this complication in recent years, perhaps because of the
current management paradigm of treating displaced fragility
fractures of the femoral neck in the elderly with arthroplasty.

Typically, AVN is a later complication that most commonly
occurs in the second year after surgery [55]. Most of the

affected patients are asymptomatic or have an acceptable level
of disability, and therefore do not require surgery. Arthroplasty
is the treatment of choice in patients who require surgical
treatment [15].

Non-union

Non-union is defined as a lack of radiographic evidence of
union 6 months after the fracture (Fig. 20) [53]. Affected pa-
tients usually present with pain on weight-bearing 3 months
after fixation. Non-union is most frequently observed and re-
ported in up to 30% of femoral neck fractures treated with
internal fixation [54]. An absence of the intracapsular perios-
teum (which is a major contributor to normal fracture healing)
predisposes to non-union in femoral neck fractures [51]. Non-
union is intimately associated with fixation failure and varus
collapse of the fracture, which together constitute the main
mode of failure of femoral neck fractures treated with internal
fixation [15]. Non-union is more commonly seen in initially
displaced fractures, fractures with posterior comminution and
poorly reduced fractures [54]. Typically, non-union of femoral
neck fractures in the elderly is treated with arthroplasty [15].

Hardware-related complications

A comprehensive review of complications of implants used in
the treatment of proximal femoral fractures is beyond the
scope of this manuscript, and only unique hardware compli-
cations are reviewed.

Fig. 20 Non-union and
malalignment in a 55-year-old
woman, 8 months after
intertrochanteric fracture fixation.
a Anteroposterior radiograph and
b coronal reconstructed CT image
of the hip show non-union and
malalignment of the
intertrochanteric fracture with
varus deformity. Patient has a
complex history of hardware in-
fection with wound dehiscence
and hardware exposure (arrows).
Observe the exuberant heterotop-
ic ossification medially

Fig. 21 Avascular necrosis of the femoral head in a 60-year-old woman,
9 years after internal fixation of a femoral neck fracture. Anteroposterior
radiograph of the hip shows sclerosis and collapse of the weight-bearing
surface of the femoral head indicative of avascular necrosis
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One of the most frequently encountered complications for
both extramedullary sliding hip screws and IM nails is the loss
of construct stability with varus collapse at the fracture level
and medial migration of the lag screw [15, 56]. This may
ultimately lead to medial extrusion (cutout; Fig. 22) of the
lag screw from the femoral head. Lag screw cutout is the most
frequently reported mode of mechanical failure of internal
fixation devices used for the treatment of intertrochanteric
fractures, with variably reported rates of between 0 and 16%
[56]. The most important predictors of lag screw cutout are
suboptimal fracture reduction, substandard femoral head lag
screw position, unstable fracture pattern, and intramedullary
implant design [56, 57].

Lag screw cutout may occur in the context of the z-effect
(Fig. 22). Z-effect and reverse z-effect are well-described unique
patterns of hardware failure that are seen in intertrochanteric
fractures treated with IM nails containing two femoral head
lag screws [41, 58]. These terms are used to describe the migra-
tion of the femoral head lag screws in opposite directions with
consequent varus collapse of the fracture. The Z-effect (Fig. 22)

involves the lateral migration of the inferior screw and cutout of
the femoral head by the superior screw. In the reverse Z-effect
the opposite occurs: lateral migration of the superior screw along
with medial migration of the inferior screw. Suboptimal fracture
reduction, severe medial comminution, inappropriate entry
point of the IM nail and poor bone quality may predispose to
this complication [58].

Conclusion

Imaging plays an integral role in the classification, manage-
ment, and follow-up of PFFs. Classification of proximal fem-
oral fragility fractures is primarily based on anteroposterior
hip radiographs. Pertinent imaging features for each category
of proximal femoral fractures that would guide management
are: differentiating nondisplaced from displaced femoral neck
fractures, distinguishing stable from unstable intertrochanteric
fractures and determining the morphology and comminution
of subtrochanteric fractures. Treatment of proximal femoral
fragility fractures in the elderly is primarily surgical, with
arthroplasty typically performed for displaced femoral neck
fractures and internal fixation for nondisplaced femoral neck,
intertrochanteric, and subtrochanteric fractures. IM nailing is
used in the treatment of some types of proximal femoral frac-
tures and may be associated with unique complications that
become evident on postoperative follow-up radiographs.
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