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Abhishek Ganta and Kenneth A. Egol

28.1 Introduction to Geriatric

Proximal Femur Fractures

Proximal femur fractures are significant injuries
that affect the geriatric population from a medi-
cal and a financial standpoint. They remain one
of the most common injuries in this age group
and are expected to rise in frequency over the
next few decades [1]. By 2025, the number of
hip fractures worldwide is to rise to 2.6 million
and 6.25 million by 2050 [2, 3]. Along with an
increase in the number of these fractures, they
represent a large financial burden in the USA
with annual treatment costs at approximately $6
billion USD [4].

Proximal femur fractures can be classified as
either intracapsular such as femoral neck frac-
tures or extracapsular such as pertrochanteric or
subtrochanteric femur fractures. Treatment of
these injuries in this patient population is chal-
lenging due to poor bone quality, medical
comorbidities, and patient frailty. The overall
goal for any orthopedic intervention is to return
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patients to their pre-injury level of function;
however, this may be impacted by the patient’s
reliance on assistive devices, chronic systemic
diseases, perioperative cognitive disorders, and
the development of any postoperative complica-
tions. The hospital mortality rate is around 15%
with I-year mortality rate at around 30% [5].
This risk is increased with dependency, loss of
walking capacity, preexisting cognitive decline,
increased ASA classification, and severity of
medical comorbidities [6]. Patients with higher
ISS scores were noted to have higher mortality
rates than previously quoted, and these rates
increase with patient age [7, 8]. Risk stratified
scores have now been developed in geriatric
trauma patients to identify patients with higher
mortality rates [9, 10].

Ultimately, patients fall into one of three cat-
egories: those who are independent ambulators
without significant medical comorbidities, frail
patients with multiple medical comorbidities
who can perform activities of daily living but
demonstrate difficulty with instrumental activi-
ties of daily living, and lastly dependent patients
that require daily assistance and live in an institu-
tion [11]. Understanding and identifying patients’
pre-injury level of function and comorbid status
can lead to improved perioperative management
and decrease the risk of postoperative complica-
tions. While the ultimate goal following opera-
tive management of these injuries is to restore
pre-injury level of function, the elderly patient’s
ability to cope with the metabolic and physio-
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logic demands from these injuries may reduce
their level of function and independence [12].

28.2 Radiographic Workup

In order to fully evaluate the fracture characteristic,
the authors recommend an AP pelvis radiograph
with dedicated AP and lateral views of the affected
hip and femur. A traction internal rotation view of
the ipsilateral hip can assist with defining fracture
pattern further [13]. The view is obtained by shoot-
ing an AP hip radiograph as the physician pulls
traction at the ankle and internally rotates the hip
15 degrees (based on the average amount of ante-
version seen in the adult femoral neck). Care
should be taken to avoid shearing of the skin in the
lower extremity while performing this maneuver.

It is important to assess the patient’s native
femoral neck coronal alignment and as well as the
presence of any excessive femoral bow on either
view [14]. A cross-table lateral view of the injured
hip is recommended over a frog lateral as this may
not only mitigates discomfort but also prevents a
non-displaced fracture from displacing.

In the setting of hip pain and difficulty/ inability
to ambulate, patients may have sustained an occult
femoral neck or intertrochanteric fracture. Patients
may complain of pain slight pain in the groin, thigh
or referred pain along the medial side of the knee.
These fractures may not be recognized on initial
radiographs and failure to diagnose them may lead
to displacement following weight-bearing.
Advanced imaging such as bone scans, CT, or MRI
may be required for diagnosis. MRI has the highest
accuracy, is simple to perform, and can diagnose
injuries more acutely [15, 16]. Having adequate
and appropriate radiographic information will
allow the treating surgeon to not only fully under-
stand the fracture pattern, but also choose the
appropriate surgical technique for treatment.

neck fractures in the geriatric population are
“pathologic” secondary to osteoporosis/osteoma-
lacia. Osteoporosis/osteomalacia in this region
causes bone to lose its normal trabecular architec-
ture [17]. As a consequence, there can be an
increased amount of posterior comminution asso-
ciated with fractures and this has been postulated
to increase rates of failure of internal fixation [18].
Swinontkowski noted that the critical element in
the stability of fixation of displaced femoral neck
fractures is the quality of the bone [19].

The Garden classification is commonly used to
describe femoral neck fractures based on the dis-
placement of the fracture fragments. Garden 1 cor-
responds with a valgus impacted fracture, Garden 2
corresponds with a non-displaced fracture, Garden 3
and 4 corresponds to complete fractures with the
Garden 4 having 100% displacement. Other descrip-
tive methods include the direction of the fracture
angle as well as the anatomic location of the fracture.
While the Garden classification has poor interob-
server reliability, it can be used to communicate
whether or not the fractures are valgus impacted/
minimally displaced or completely displaced [20].
Most have gone to using displaced and non-displaced
as terminology. Despite this, Garden’s original clas-
sification continues to be utilized to guide treatment.

Fixation options range from parallel cannu-
lated screws (2, 3, or 4), sliding hip screw (SHS)
construct, hemiarthroplasty, and total hip arthro-
plasty (THA) depending upon the degree of frac-
ture displacement. Arthroplasty options may be
either cemented or press-fit depending on sur-
geon preference. Ultimately the treatment ques-
tion becomes whether to fix the femoral neck
fracture or perform an arthroplasty procedure
[21]. Garden I and II Fractures (non-displaced)
are typically treated with fixation in situ with
cannulated screws (Fig. 28.1a—d). The inverted
triangle position is the most common configura-
tion; however, is conflicting evidence about num-
ber of pins and also the configuration of pin [22].

28.3 Intracapsular Fractures

(Femoral Neck Fractures)

Femoral neck fractures are uncommon in young
patients and are usually the result of high-energy
trauma. It is generally considered that femoral

Internal Fixation of Femoral
Neck Fractures

28.4

Placement of cannulated screws can be per-
formed on either a radiolucent flat top table or a
fracture (traction) table; the authors prefer to use
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Fig. 28.1 (a) AP radiograph demonstrates a valgus Postoperative AP radiograph of an inverted triangle can-
impacted fracture of the femoral neck (Sacks). (b) Lateral — nulated screw configuration. (d) Postoperative Lateral
radiograph demonstrates a valgus impacted fracture of the ~ radiograph of an inverted triangle cannulated screw
femoral neck, note the lack of posterior comminution. (¢)  configuration
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a fracture table as it can apply traction if needed
and also holds the leg in a constant position
negating the use of an assistant and allows for
changes in fluoroscopy position without rotation
of the affected leg (Fig. 28.2). It is important to
screen the fluoroscopy after positioning to con-
firm that the fracture has not displaced in the
interim. A small open incision is made laterally
and the IT band is incised inferior to the vastus
ridge for all wires or a percutaneous nick can be
made for each wire separately. Guidewires are
then introduced into the femoral neck using fluo-
roscopy. For the inverted triangle configuration,
one guidewire is placed central and inferior along
the calcar. The remaining two are then placed in
a posterior superior and anterior superior posi-
tion. The goal is to obtain spread; however, cau-
tion must be taken to ensure that the posterior
superior screw which may look intraosseous on
fluoroscopy could potentially be “in out in”.
While the clinical implication of this is unknown,
this screw is in close proximity to the vascular
supply to the femoral head [23]. If a fourth screw
is to be added, it should be placed posteriorly to
support posterior comminution; typically, this is
done for displaced fractures that require a reduc-
tion [24]. The most inferior screw should not be
placed distal to the level of the lesser trochanter
as this may create a stress riser in the subtrochan-
teric region [25].

If two cannulated screws are to be used, one
screw should be placed in the inferior/central
along the calcar and the second screw placed
more proximal in the femoral neck and in the
central or posterior segment on the lateral
position [26].

While used more often in younger patients, a
SHS construct can be used for femoral neck frac-
tures in the elderly. This implant is more than
often used for basicervical fracture patterns. A
de-rotational screw placed superior and parallel
to the lag screw could be used to prevent rotation
of the [27] neck during insertion of the large cen-
tral lag screw [28] (Fig. 28.3a—c). The FAITH
trial randomized large cohorts of patients to SHS
or cannulated screws in both displaced and non-
displaced femoral neck fractures [27]. Patients
were included only if the surgeon felt that fixa-

tion was a better option than replacement.
Overall, there was no significant difference in
nonunion, implant failures, and infection. The
reoperation rate was noted to be 14% for all
causes in this large multinational observational
study [27].

28.5 Hemiarthroplasty and Total
Hip Arthroplasty
for Displaced Femoral Neck
Fractures

There is a defined rate of revision surgery that
occurs following internal fixation of femoral
neck fractures even if non-displaced.
Hemiarthroplasty, while associated with greater
intraoperative time, higher blood loss, and greater
complication rate, has a significantly lower rate
of revision surgery after internal fixation of dis-
placed femoral neck fractures in the elderly [29].

The higher the amount of displacement, the
higher the likely hood of nonunion and fixation
failure in the elderly population [30, 31].
Arthroplasty options include unipolar or bipolar
hemiarthroplasty or THA. Each of these stems
may be cemented or press fit. The surgical
approach for an arthroplasty procedure can be
either an anterior approach, anterolateral, or pos-
terolateral (Table 28.1). The choice of approach
is ultimately based on surgeon comfort, with the
anterior-based approaches having a lower dislo-
cation rate due to preservation of the posterior
capsular structures [32].

Hemiarthroplasty may be performed with
either a bipolar or unipolar implant. A bipolar
hemiarthroplasty has a dual articulation between
the inner head and shell and the shell and the
acetabulum. In comparison, a unipolar hemiar-
throplasty has a single articulation between the
shell and the acetabulum (Fig. 28.4). The theo-
retical advantage of this dual articulation is to
reduce wear and decrease acetabular protrusion;
however, studies have demonstrated that this dual
articulation ceases to function over time and the
stem behaves as a unipolar arthroplasty [33-36].
Due to this, the bipolar hemiarthroplasty may not
be as cost-effective as a unipolar arthroplasty.
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Fig. 28.2 Fracture table set up

While these implants are available in cemented
and non-cemented designs, controversy regard-
ing fixation strategy remains. In a large metanaly-
sis by Parker et al., cemented prostheses were
associated with less pain and improved mobility
at 1 year [37]. Furthermore, other studies have
demonstrated a lower risk of peri-prosthetic frac-
ture with the use of a cemented implant [38].
Ultimately, if the patient has thick femoral corti-
ces a press fit stem may be used; however, in the
setting of most of these fractures, the patulous
bone often suggests the use of a cemented stem
[39]. The ultimate goal is to restore femoral neck
offset, leg length, and adequately tension the hip
abductors. Achieving these goals ensures a low
rate of dislocation and restores hip mechanics
[40]. Unlike, elective hip arthroplasty, restoration
of leg lengths may be difficult because the neck
cut is dictated by the fracture (Fig. 28.5a, b).
While hemiarthroplasty performs well in the
postoperative period; THA has been noted to have
improved functional outcomes that surpass hemi-
arthroplasty [41] (Fig. 28.6a). THA is associated
with increased cost, a greater magnitude of sur-

gery, increased blood loss, and also an increased
dislocation rate in patients with a femoral neck
fracture [42]. It does play a definitive role in
patients who have eroded through the acetabulum
with a hemiarthroplasty prosthesis, patients with
antecedent symptomatic hip arthritis, and salvage
after nonunion or AVN of the femoral head after
internal fixation [43, 44]. It is now recommended
to be used in patients who are highly active and
would potentially survive greater than 10 years.

Internal fixation should be used with caution
in treating displaced fractures in this cohort of
patients as there is a significant rate of requiring
revision surgery, up to 30-40%. This procedure
should be reserved for the Garden 1 and 2
fractures in this patient population. Specific age
cutoffs to define the elderly do not exist and deci-
sions should be made on a case-by-case basis.
Hemiarthroplasty is a reliable and predicable
procedure in the treatment of displaced femoral
neck fractures; however, in patients with preex-
isting arthritis and highly active patients, a THA
can be a cost-effective treatment with improved
long-term outcomes [45, 46].
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Fig. 28.3 (a) AP Pelvis radiograph of a basicervical fracture pattern. (b) AP radiograph of a SHS with de-rotational
screw. (¢) Lateral radiograph of a SHS with de-rotational screw

28.6 Pertrochanteric Femur
Fracture

Pertrochanteric hip fractures are extracapsular
and are located distal to the femoral neck between
the greater and lesser trochanters. Patients with
these injuries tend to be older and more frail than
those with intracapsular hip fractures with mor-
tality rates similar or slightly lower than femoral
neck fractures [47, 48]. Due to their anatomical
location, these fractures have an abundant

vascular supply leading to fewer healing compli-
cations relative to intracapsular femoral neck
fractures.

28.7 Determining Stability

While there are a number of classification sys-
tems used to describe these fractures, the AO/
OTA classification has an acceptable method of
both intra- and interobserver reliability [49].
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Table 28.1 Surgical approaches for femoral neck
fractures

Interval

Superficial: TFL/Sartorious
Deep: Recuts/gluteus Medius

Approach
Anterior (Hueter)

Anterolateral TFL/gluteus Medius/Minimus
(Hardinge)

Direct lateral (Watson | Superficial: TFL Split

Jones) Deep: Gluteus medius split
Posterolateral Superficial: Gluteus Maximus

Split
Deep: Division of the short
external rotators

Fig. 28.4 AP Radiograph of a bipolar hemiarthroplasty

Intertrochanteric fractures are all described as 31
due to anatomical location. They are further sub-
divided by A1, A2, and A3. A1 fractures are two-
part fractures and are considered stable. A2
fractures are comminuted and unstable and A3
fractures include subtrochanteric extension as
well as reverse obliquity patterns.

Determining stability is dependent on multi-
ple variables. A1l fractures are considered stable
as they can have interdigitation of the fracture
site following fixation. A2 fractures are consid-

ered unstable as they are multi-fragmentary and
have compromised the medial buttress
(Fig. 28.7a—¢). A3 fractures have subtrochanteric
extension or reverse obliquity fracture patterns.
Ultimately, since both posteromedial and lateral
buttresses are lacking, they may behave like sub-
trochanteric fractures.

An A2 subtype exists where the lateral cortex
is incompetent and should be recognized. An
intact lateral wall acts as a buttress to prevent
excessive medialization and subsequent failure.
Thickness of the lateral wall, measured 3 cm dis-
tal to the vastus ridge, should be greater than
20.5 mm if the surgeon plans on using a SHS
device [50]. Lateral cortices thinner than this are
prone to intraoperative fracture when reaming for
the insertion of the lag screw in a SHS [51-53].
In summary, unstable fractures radiographically
contain increasing number of parts, a reverse
obliquity orientation, increasing degree of poste-
rior medial comminution, and decreased thick-
ness of the lateral cortical buttress under the
vastus ridge.

This classification is not only useful for
describing the injury but can also guide implant
decision. These injuries are treated with either
intramedullary fixation with a cephalomedullary
implant (CMN) or extramedullary fixation with a
SHS (Fig. 28.8a—d).

28.8 Surgical Management

The authors prefer to use a fracture (traction)
table for the treatment of these injuries. The frac-
ture table will provide sustained traction without
the use of an assistant. Positioning on the fracture
table is of utmost importance as improper posi-
tioning can hinder obtaining an adequate reduc-
tion. The perineal post can act as a lever pushing
the fracture into varus. The operative site should
be shifted away from the post with the buttock
hanging off the side of the table. The good leg
should be in a heel-to-toe position to prevent the
ipsilateral hemipelvis from rotating toward the
post while traction is being pulled. Attention to
detail in during this process will mitigate
positioning-related malreductions.
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Fig. 28.5 (a) AP pelvis of displaced femoral neck fracture. (b) AP pelvis of unipolar hemiarthroplasty

Fig. 28.6 (a) AP pelvis of displaced femoral neck fracture. (b) AP pelvis of THA after a femoral neck fracture

28.9 CMN Versus Sliding Hip
Screw

There has been an increasing trend in the use of
intramedullary nailing devices (Fig. 28.9a, b) in
the preference to SHSs for the treatment of inter-
trochanteric hip fracture, despite robust quality
evidence to support their use [54]. Fracture sta-
bility has been used as a surrogate to guide
implant choice [55]. As discussed in the prior
section, a stable fracture is mainly comprised of
two parts that once reduced can compress against

one another and is able to withstand the forces of
a single leg stance after fixation [56].

With the more unstable fracture patterns, the
implant must bear more load to avoid loss of
reduction through collapse. Implant options for
fixation of intertrochanteric fractures include
SHS with or without a trochanteric stabilization
plate, short intramedullary nails, and long intra-
medullary nails. Intramedullary nails offer the
advantage of less soft tissue disruption at the
fracture site, potentially less operative time, and
increased biomechanical superiority, most nota-
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bly in unstable fracture patterns [57-59].
However, despite this, a large number of random-
ized controlled trials have failed to demonstrate
any differences in outcomes between SHSs and
intramedullary devices [60, 61].

Caution should be taken in A2 fractures with a
thin lateral wall with the use of a SHS construct.
In a retrospective series of 214 patients, there was

a significantly higher rate of reoperation (22%)
with postoperative findings of a fractured lateral
wall. Furthermore, lateral wall incompetency
was radiographically identified in more unstable
fracture patterns per the AO/OTA classification
(palm JBJS 2007). Even with an adequate TAD
and reduction, lateral wall incompetence could
potentially lead to catastrophic failure with incor-

Fig. 28.7 (a) AP hip radiograph of an unstable intertro-
chanteric femur fracture. (b) Lateral hip radiograph of an
unstable intertrochanteric femur fracture. (¢) AP radio-
graph of an intertrochanteric femur fracture with an

incompetent lateral wall. (d) AP hip radiograph of an
unstable intertrochanteric femur fracture treated with an
IMN. (e). Lateral hip radiograph of an unstable intertro-
chanteric femur fracture treated with an IMN
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Fig. 28.7 (continued)

rect implant choice. If a SHS is to be used, stud-
ies have shown decreased failure rates with the
addition of a trochanteric stabilization plate
which can act as a lateral buttress [62].

Intramedullary fixation of these fractures does
prevent excessive collapse as the nail acts as a lat-
eral buttress and by doing so, has less femoral
neck shortening, shorter leg length discrepancy,
and medialization of the shaft [63, 64]. Femoral
medialization and excessive collapse have been
demonstrated to alter hip biomechanics which can
theoretically impair mobility; however, the results
from clinical studies regarding this are conflicting
[65, 66]. Regardless of implant choice, it is imper-
ative to have an exacting reduction and mitigate
technical errors in implant technique.

28.10 Cephalomedullary Fixation

Both intramedullary and extramedullary implants
have cephalomedullary fixation with either a
helical blade, a single screw, or two screws.

Appropriate cephalomedullary fixation ideally
deep and central within the femoral head can
often be measured with the Tip Apex Distance
(TAD) [67]. It should be noted that the original
paper describing TAD was done in SHS con-
structs. Failure of cephalomedullary fixation can
be described as either “cut out” or “cut through”
and is often related to either quality of reduction
or inadequate tip apex distance rather than the
implant used [68—70]. A tip apex distance of less
than 25 mm will mitigate the chances of screw
cutout. This has applied to both cephalomedul-
lary nails as well as SHS constructs [71]
(Fig. 28.10a, b).

The use of a helical blade design for fixation
has been shown in cadaveric models to resist
rotational and translational forces by compac-
tion of cancellous bone [72] (Fig. 28.11a, b).
Despite the biomechanical advantage, there is
limited clinical data supporting the use of a
blade versus a lag screw. Helical blades have
been [73]associated with a phenomenon of “cut-
through” in which there is medial perforation of
the blade. It is recommended that the blade is
not fully predrilled and the tip of the blade
should be less than 10 mm from the joint surface
[74,75].

Lag screw fixation can consist of either a sin-
gle or a double lag screw design. Single lag screw
fixation while more commonly used is limited by
a single point of fixation and can hence be subject
to rotational instability [76]. Biomechanically, a
dual lag screw design has been shown to have a
higher load to failure, decreased varus collapse,
and neck rotation [73, 77]. It is important to note
that a dual lag screw design can be subject to the
Z effect, in which the cephalic screw is subject to
more stress under weight-bearing and as a result,
the proximal screw advances into the nail while
the distal screw toggles and backs out laterally
ultimately leading to collapse and penetration
proximally [78]. This has also been described in
single lag screws as well. To mitigate the risk of
the Z-effect while still maintaining rotational
control, integrated sliding lag screw designs have
been developed. However, a multicenter trial
noted no difference in functional mobility, hip
function, and patient satisfaction between a SHS
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Fig. 28.8 (a) AP hip radiograph of a stable intertrochan-
teric femur fracture. (b) Lateral hip radiograph of a stable
intertrochanteric femur fracture. (¢) AP hip radiograph of

and nailing system with an integrated sliding lag
screw [62, 79]. A separate clinical study compar-
ing nailing systems with a single lag screw com-
pared with an integrated sliding lag screw
demonstrated increased varus collapse and neck

a stable intertrochanteric femur fracture treated with an
SHS. (d) Lateral hip radiograph of a stable intertrochan-
teric femur fracture treated with a SHS

shortening in the single lag screw radiographi-
cally at 1 year postoperatively; however, since no
patient or clinical outcomes were recorded, the
overall effect of these radiographic changes are
unknown [80].
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Fig.28.9 (a) Short IMN. (b) Long IMN

28.11 Long Versus Short Nail

Currently, both short and long cephalomedullary
nails are used in the treatment of intertrochan-
teric hip fractures. Advantages of using a short
CMN include decreased operative time, blood
loss, decreased implant cost, and distal locking

/|

performed through a targeting jig [76]. However,
the theoretical disadvantage is that short nails do
not span the entire bone in patients who are prone
to falls and are already osteoporotic. The ana-
tomic bow of the femoral shaft needs to be taken
into consideration with the use of a long cephalo-
medullary nail and the radius of curvature (ROC)
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Fig. 28.10 (a) AP radiograph demonstrating cutout of a SHS construct. (b) AP radiograph demonstrating cutout of a
CMN construct

mismatch between the implant and the femur can
lead to anterior cortical perforation/impingement
[81]. This finding can lead to a significant stress
riser in the distal femur in osteoporotic patients.
Newer implant designs have focused on improv-
ing this design aspect, with more anatomic
ROCs.

Regardless of the theoretical risks and benefits
of either implant, clinical studies have shown that

both are viable options in the treatment of inter-
trochanteric femur fractures in the absence of
subtrochanteric extension. Kleweno et al retro-
spectively analyzed 559 geriatric patients with
intertrochanteric hip fractures treated with either
a long or short CMN and noted no difference in
the rates of revision surgery; however, the long
CMN was associated with statistically significant
longer operative time [82]. Hou et al noted higher
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Fig. 28.11 (a) AP radiograph demonstrating a helical blade fixation of an intertrochanteric hip fracture. (b) Lateral
radiograph demonstrating a helical blade fixation of an intertrochanteric hip fracture

blood loss and longer operative times with the
use of a long nail. Ultimately, both groups had
similar rates of intraoperative and postoperative
complications and similar rates of union amongst
all fracture types [83].

28.12 Implant-related
Complications

Ultimately, two-part stable fractures treated
with SHSs have minimal complication rates
[84]. However, discussed in prior sections,
patients with potentially unstable fractures or
grossly unstable fractures can have failure rates
of the SHS by over 15% [85]. Excluding
improper surgical technique, the failure rates
can be as low as 5% [86]. Failure occurs with
progressive varus collapse of the femoral head
leading to cutting out of the cephalomedullary
screw. It important to recognize that the use of
the SHS in unstable fractures despite proper sur-
gical technique can have a greater amount of

postoperative collapse compared to a cephalom-
edullary device [86]. While this collapse is not
considered a failure of fixation and does not fall
into screw “cut out”, it may alter hip biome-
chanics and gait quality most notably when col-
lapse surpasses 2 CM [87].

Cephalomedullary nails due to biomechanical
superiority have had an increased trend in usage.
Original designs of cephalomedullary nails were
fraught with postoperative femoral shaft fracture,
which ranged anywhere from 5 to 15% [88-90].
After design modifications made to the proximal
end of the cephalomedullary nails and increased
surgeon familiarity, the number of peri-implant
fractures decreased significantly [91]. In a large
retrospective study of cephalomedullary nails for
the treatment of intertrochanteric femur fractures,
the overall reported rate of postoperative femoral
shaft fractures was about 0.6%. Despite the theo-
retical risks of a short nail ending in a region of a
stress riser, a sub-analysis in this cohort did not
demonstrate any increased risk of a short versus
long nail [92].
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28.13 Value-Based Care Algorithm

As mentioned before, the increasing trend in
using cephalomedullary fixation has not
decreased the perioperative mortality and mor-
bidity of these injuries nor has it demonstrated
any superiority in functional outcomes [93, [94].
Intramedullary nail implants can be up to 100%
more expensive than the SHSs and its increased
use has raised concerns regarding cost [56].
Surgeon comfort with the implant, risk of failure,
implant costs, as well as industry influence are
the driving variables for implant choice. Swart
et al noted by analyzing failure rates, the intra-
medullary nail was more cost-effective as the risk
of SHS failure increased. Hence in the Al frac-
tures, the SHS was more cost-effective and in A3
fractures the intramedullary nail was more cost-
effective. In A2 fractures, the SHS was more
cost-effective 70% of the time; however, they
noted that fixation failure rate was the major
driver of cost [95]. Egol et al implemented an
algorithm treating stable intertrochanteric frac-
tures with a SHS, unstable fractures with a short
cephalomedullary nail, and fractures with distal
extension such as reverse obliquity patterns or
subtrochanteric extension with a long cephalom-
edullary nail. Adherence to this algorithm not
only decreased rates of postoperative complica-
tions, it also led to significant cost savings [96].

28.14 Subtrochanteric Femur
Fractures

Subtrochanteric femur fractures are defined as
those occurring within 5 cm of the distal aspect
of the lesser trochanter. These fractures have had
an increase in incidence in the hip fracture popu-
lation and are often a result of low-energy trauma
in this population [97]. Over two-thirds of all
subtrochanteric femur fractures occur in patients
over the age of 50 [98]. Due to the presence of
osteoporosis in this patient population, a portion
of these patients may be on bisphosphonate ther-
apy care must be taken to recognize patients who
fall under this category of bisphosphonate-related
(atypical) subtrochanteric femur fractures [99].

These fractures may not only occur from ground-
level falls, but may also occur spontaneously
with or without prodromal pain [99].

These fractures present a challenge as the
deforming forces of the proximal femur are an
obstacle to overcome. Furthermore, these frac-
tures have a short working length, making manip-
ulation and reduction at times challenging to gain
and maintain. The classic deformity of the proxi-
mal femur is brought on by its multiple muscle
attachments. The Iliopsoas acts as a strong flexor
and external rotator, the short external rotators
add an additional external rotation moment, and
the gluteus medius and minimus abduct the prox-
imal femur [100].

28.15 Atypical Subtrochanteric
Femur Fractures

Atypical femur fractures are a relatively recent
recognized fracture pattern and fall within the
subcategory of subtrochanteric femur fractures.
These fractures have increased morbidity and
poor healing and have had an association with the
long-term use of bisphosphonates. Despite this,
there is still much research that is pending to
understand the true pathogenesis behind these
fracture patterns. What is though is that the use of
bisphosphates inhibits osteoclastic function from
allowing repair in the area of high tensile and
compressive forces leading to microdamage and
stress reactions [101]. Furthermore, the collagen
cross-linking from bisphosphonates creates more
brittle bone. This combination leads to eventual
failure in high areas of stress such as the subtro-
chanteric region. While the awareness of this
injury has increased, the overall incidence is still
low and is thought to be between 1.5 and 23 cases
per 100,000 person years [102].

Upon treating a patient, a thorough history is
required to assist in identifying potential risk fac-
tors linking them toward having an atypical
femur fracture. Patients should be asked if they
not only have been on bisphosphonate therapy
but also for the duration of time. Furthermore, it
is important to understand the mechanism behind
the injury and also if there are any prodromal
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Table 28.2 Major and minor criteria for atypical
bisphosphonate fractures

Major Minor
The fracture must be
associated with minimal to no

trauma

Generalized increase
in cortical
thickening of the
femoral diaphysis

Unilateral or
bilateral prodromal
symptoms such as
dull or aching pain
in the groin or thigh

The fracture line originates at
the lateral cortex and is
substantially transverse in its
orientation, although it may
become more oblique as it
progresses medially along the
femur

Complete fractures extend
through both cortices and may
be associated with a medial
spike

Bilateral incomplete
or complete
diaphysis fractures

The fracture is non-
comminuted or minimally
comminuted

Delayed fracture
healing

There is focal periosteal or
endosteal thickening of the
lateral cortex at the fracture
site (beaking for flaring)

symptoms such as thigh or groin pain [102]. The
Task Force of the American Society for Bone and
Mineral Research have defined the following
major criteria for which the patient must meet
four of to have an atypical femur fracture [102].
Minor criteria may be present or not (Table 28.2).

Ultimately, patients should also be questioned
about the contralateral extremity as well. In the
setting of prodromal symptoms without an obvi-
ous fracture, an MRI can demonstrate focal lat-
eral cortical thickening or signs of a fracture line
[103].

28.16 Surgical Management
of Subtrochanteric Femur
Fractures

Generally, all subtrochanteric femur fractures
will require surgical treatment, unless the patient
is nonambulatory or has medical comorbidities
that would preclude surgical treatment. Options
for treatment include IM Nails and fixed-angle
plate and screw constructs. Specific implants uti-
lized with these fractures include: centromedul-

lary nails, cephalomedullary nails, SHSs,
proximal femur locking plates, and a 95-degree
blade plate. Nailing can be performed with either
a piriformis start point or through a trochanteric
entry with equivalent results; however, it is
important to understand the geometry of the nail
being used as well as proximal locking options
[104]. Trochanteric start points have been uti-
lized more frequently for theoretical ease of
obtaining a start point on a more subcutaneous
portion of the proximal femur. Depending on the
manufacturer, each nail will have a various-
proximal bend; however, this bend may induce a
varus or valgus force on the nail depending on the
start point [105]. A lateral start point on the tro-
chanter, even with an adequate reduction, may
induce a varus deformity once the nail is finally
seated (Fig. 28.12). Due to patient’s proximal
femur morphology, there is no true ideal starting
point for a trochanteric entry nail; however, start-
ing at the tip of the trochanter or slightly medial
may avoid a malreduction caused by the proxi-
mal bend of the nail [106].

Whether treatment is done on a flat top table
or on a fracture tabl