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Abstract

Complex pertrochanteric fractures, such as those with reverse obliquity and subtrochan-
teric extension, represent a subset of hip fractures that sometimes is difficult to treat.
Critical assessment of the available literature and a review of treatment indications, im-
plant recommendations, and technical pitfalls will provide insight to physicians to en-
able better care of patients with these complex injuries.
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Surgical stabilization of hip fractures
In geriatric patients continues to be
the standard of care. Surgical repair
allows early mobilization, limits the
period of recumbency, and allows
patients to return more rapidly to
functional  activity.  Nonsurgical
management of hip fractures in geri-
atric patients has been associated
with high rates of medical morbidity
and mortality and usually is reserved
for patients with medical conditions
that preclude surgical treatment.
Mobilizing elderly patients after
fracture fixation aids in preventing
the complications of prolonged re-
cumbency, such as decubiti, urinary
tract infections, atelectasis and respi-

ratory infections, venous throm-
boembolism (VTE), and pulmonary
embolism (PE).

Nonsurgical treatment is associ-
ated with increased rates of mortali-
ty at 6 months and 1 year after frac-
ture, and in those who survive, there
is a significant loss of functional sta-
tus and ambulatory ability.! Al-
though there is clear evidence that
most pertrochanteric hip fractures
should be stabilized surgically, the
influence of age, sex, medical co-
morbidities, mental status, and the
preinjury level of function on post-
operative function, complication
rates, and patient mortality remains
unclear.

*Kenneth A. Egol, MD or the department with which he is affiliated has received research or institutional support

from Stryker, Synthes, and Biomet.
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Timing of Surgery

Once surgical treatment is chosen
for a geriatric patient with a hip frac-
ture, it should be performed as soon
as possible. Many studies have
shown an association between a sur-
gical delay of more than 24 to
48 hours and a higher 1-year mortal-
ity rate.?”” However, there is an im-
portant balance between the optimi-
zation of medical issues and
expeditious surgical management.
Table 1 summarizes the existing lit-
erature regarding the timing of hip
fracture fixation.>™'" In general, hip
fracture surgery should be done as
soon as possible after the stabiliza-
tion of all comorbid medical condi-
tions, especially cardiopulmonary
problems and fluid and electrolyte
imbalances.

Medical Evaluation

Although advanced age itself is not
an independent risk factor for com-
plications after surgery, older pa-
tients tend to have more coexisting
medical conditions that affect surgi-
cal risks. Many elderly patients have
pulmonary, renal, cardiovascular, or
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Table 1

Summary of Literature Regarding Timing of Hip Fracture Fixation

Number of Time to Surgical
Study Authors (Year) Patients Repair Findings
Kenzora et al® (1984) 399 96 patients oper-  One-year mortality rate of 34%, which was significantly higher than that
ated on < 24 reported in patients operated on 2 to 5 days after injury
hours

Zuckerman et al* (1995) 367 > 48 hours Mortality nearly doubles compared with those operated on within
2 hospital days (hazard ratio of 1.76)

Hamlet et al® (1997) 168 > 24 hours Three-year mortality rate of 50%, compared with 20% rate for patients
operated on within 24 hours

Doruk et al® (2004) 65 > 5 days Late cohort had longer hospital stay, longer time to functional recovery,
lower activities of daily living scores at 6 months postoperatively, and
higher mortality at 1 year

Orosz et al® (2004) 1,206 > 24 hours Cohort had significantly less pain, shorter hospital stay, and lower inci-
dence of postoperative complications; no difference in function or
6-month mortality rate

Gdalevich et al'® (2004) 651 > 48 hours One-year mortality rate of 25.7%, compared with a rate of 14.1% for
patients operated on within 48 hours

McGuire et al” (2004) 18,209 > 48 hours Delayed surgery led to a 17% higher chance of mortality by postopera-
tive day 30

Moran et al'" (2005) 2,660 > 4 days Increased risk of mortality at 90 days and 1 year, compared with those
operated on within 4 days (hazard ratios of 2.25 and 2.4, respectively)

neurologic  disorders concurrent cardiovascular events. The American  smoking, a history of chronic ob-

with the normal aging process and
may be taking multiple medications
for these conditions. Good periop-
erative care is important. The anes-
thesiologist frequently assumes care
for chronically ill patients who have
recently experienced an acute trau-
matic episode with associated pain,
anemia, and hypovolemia. The
American Society of Anesthesiolo-
gists classification, which is a mea-
sure of a patient’s acute medical con-
dition at the time of surgery, is
predictive of increased mortality risk
after hip fracture surgery. American
Society of Anesthesiologists class 111
and class IV patients have a signifi-
cantly increased risk of death after
hip fracture.'?

Cardiac Conditions

In one study, congestive heart failure,
angina, and chronic pulmonary dis-
ease were all found to be independent
risk factors for mortality at 30 days af-
ter injury. > Sixty-three percent of in-
patient mortalities were attributable to
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College of Cardiology and the Ameri-
can Heart Association have developed
guidelines for patients undergoing
noncardiac surgery, including ortho-
paedic  procedures. Perioperative
stress testing is indicated for patients
with unstable cardiac conditions and
those with either new-onset angina or
a change in the anginal pattern. A pre-
operative echocardiogram is recom-
mended for patients with a history of
angina pectoris and any condition in
which there is a known decrease in
left ventricular function. The more
extensive work-up potentially re-
quired for older patients with hip
fractures and known cardiac disease
will provide the anesthesiologist with
important physiologic information.
Postoperative cardiac complications
are the most common medical com-
plications after hip fracture repair.

Pulmonary Conditions

Important factors in determining
the risk of postoperative pulmonary
complications include a history of

structive pulmonary disease, and
low oxygen levels on arterial blood
gas analysis. The value of routine
preoperative pulmonary function
testing in pulmonary risk assess-
ment remains controversial. Sme-
tana'* reviewed the importance of
preoperative pulmonary function
testing and found that most studies
in the medical literature suggested
that a forced expiratory volume
(FEV,) or forced vital capacity
(FVC) of less than 70% of the pre-
dictive value and an FEV,/FVC ra-
tio of less than 65% are associated
with an increased risk of postopera-
tive pulmonary complications.'* El-
derly hip fracture patients are at high
risk for postoperative pulmonary
complications; efforts to minimize
these complications, such as early
mobilization, pulmonary toilet, and
prevention of VTE, are essential.

Diabetes
Diabetes mellitus is a frequent co-
morbidity in elderly patients. Oral
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Table 2

Summary of Literature Regarding Type of Anesthesia for Hip Fracture Patients

Study Authors (Year) Number of Patients Type of Anesthesia Findings

Koval et al'® (1998) 631 354 general; No difference in length of hospital stay, recovery of ambulatory
277 regional ability, or percentage of functional recovery at 3, 6, and

12 months

Gilbert et al'? (2000) 741 311 general; No difference in mortality rate at 2 years or incidence of postop-

430 regional erative complications; general anesthesia group had slightly

Urwin et al?® (2000 Meta-analysis of
Y
15 studies

(2,162 patients)

Meta-analysis of
22 studies
(2,567 patients)

Parker et al'” (2004)

better ambulatory function at the 2-year time point

General versus
regional

General versus
regional

Lower 30-day mortality rate and lower incidence of DVT with
regional anesthesia

Regional anesthesia associated with lower incidence of DVT and
a lower 30-day mortality rate compared with general anesthe-

sia; no difference in mortality rates at 90 days postoperatively

DVT = deep venous thrombosis

hypoglycemic agents usually are
stopped the morning of surgery.
Serum glucose levels are checked
every 4 to 6 hours, and sliding-scale,
low-dose regular insulin is given to
blunt severe hyperglycemia. Intra-
venous fluids should not contain
glucose. Oral hypoglycemic agents
are resumed when the patient is
eating well. For patients who require
insulin, a general rule is to give one
third to one half of the usual dose of
long-acting insulin the morning of
surgery, with an intravenous drip
containing dextrose. A sliding scale
of insulin coverage also is required.

Anemia

Elderly patients frequently are ane-
mic because of coexisting medical
conditions or bleeding at the frac-
ture site. A reasonable rule is that
otherwise healthy elderly people can
tolerate a hemoglobin as low as 8.0,
whereas those with cardiac or pul-
monary disease should maintain a
hemoglobin above 9 or 10. Alloge-
neic blood transfusion should be
used judiciously because of the risk
of disease transmission. Koval and
associates'> reported a prospective
study of 687 community-dwelling,
ambulatory, surgically treated geriat-

ric patients with hip fractures. The
authors found that allogeneic red
blood cell transfusion was associated
with an increased incidence of post-
operative infection. No studies have
defined an acceptable hematocrit
level before surgery; the accepted
preoperative  hemoglobin
should be based on the expected
blood loss."®

level

Type of Anesthesia

Although many physicians believe
that spinal anesthesia is safer for pa-
tients, this has not been proven in
the literature. Currently, no consen-
sus exists as to which method of an-
esthesia is superior in hip fracture
surgery'’° (Table 2). The choice of
anesthesia typically is based on the
preference of the anesthesiologist and
the patient’s medical status and pref-
erence. Induction is a crucial time
during administration of general an-
esthesia. Slower circulation may result
in overdose, low intravascular volume
can lead to hypotension, and cardiac
disease can present as ischemic elec-
trocardiogram changes or arrhyth-
mias. Factors especially important in
managing geriatric patients with hip
fractures undergoing general anesthe-
sia include decreasing the dose of in-
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duction agents and having vasopres-
sors on hand in the event of
hypotension. Recent evidence sug-
gests that for hip fracture surgery,
general anesthesia with controlled hy-
potension may reduce intraoperative
blood loss.”!

In a Cochrane review of 22 trials
involving 2,567 geriatric patients
with hip fractures, Parker and asso-
ciates'” pooled data from eight trials
to compare outcomes after general
and regional anesthesia. They found
that regional anesthesia was associ-
ated with a mild reduction in the
incidence of deep venous thrombo-
sis (DVT) and a lower mortality rate
at 1 month after surgery; however,
there was no significant difference
in 3-month mortality rates between
the two anesthesia methods. The
authors concluded that, based on
the available data, there was insuffi-
cient ecvidence to determine the
superiority of general or regional
anesthesia.

Local anesthesia techniques, such
as lateral femoral cutaneous nerve
blocks, may have a limited role in
the treatment of femoral neck frac-
tures, but there appears to be no role
for this modality in pertrochanteric
hip fractures.
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Table 3

Summary of Literature Regarding VTE Prophylaxis

Study Authors (Year)

Number of Patients

VTE Prophylaxis Agent Studied

Findings

Pulmonary Embolism Prevention 13,356
Trial Collaborative Group?*
(2000)

Turpie et al*® (2002) 7,344

Handoll et al?> (2002)
Ennis et al*? (2003)

1,000

Eriksson et al*® (2003) 656

Cochrane review of
31 clinical trials

Aspirin versus placebo

Fondaparinux (factor Xa inhibi-

tor) versus enoxaparin
(LMWH)

and mechanical prophylaxis

Aspirin versus LMWH (enox-
aparin)

Fondaparinux for 6 to 8 days
versus fondaparinux for
1 month postoperatively

Unfractionated heparin, LMWH,

Aspirin significantly reduced incidence
of symptomatic DVT by 30% and PE
by 43%, compared with placebo

Fondaparinux significantly reduced the
incidence of DVT (6.8%), compared
with enoxaparin (13.7%), by postoper-
ative day 11

Heparins provided significant protection
against DVT; insufficient evidence to
confirm protection against PE; me-
chanical prophylaxis protective, but
compliance is problematic

Aspirin group had three cases of DVT
and one PE, enoxaparin group had
two cases of DVT and no PE; slight
increase in risk of postoperative bleed-
ing complications with enoxaparin

Extension of prophylaxis reduced inci-
dence of DVT from 35% to 1.4%

VTE = venous thromboembolism, DVT = deep venous thrombosis, PE = pulmonary embolism, LMWH = low-molecular-weight heparin.

VTE Prophylaxis

Patients with lower extremity frac-
tures, including pertrochanteric hip
fractures, are at increased risk for
thrombophlebitis. The reported in-
cidence of DVT after hip fracture is
36% to 60%, whereas thrombi in-
volving the proximal venous system
have been reported in up to 36%.%>
According to the available literature,
the incidence of PE after hip frac-
ture ranges between 4.3% and 24%,
while the incidence of fatal PE rang-
es from 3.6% to 12.9%>>2° (Table
3). Thrombi limited to the calf veins
associated with PE.
Popliteal and more proximal venous
thrombi carry a much higher embo-
lic risk; however, most above-knee
deep vein thrombi represent exten-
sion of thrombi from the calf
Venous syster.

The two basic forms of prophylaxis
are chemical and mechanical. In a
Cochrane review of different meth-
ods of thromboprophylaxis after hip
fracture surgery, Handoll and asso-
ciates® compiled data from 31 clini-

rarcly are
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cal trials covering 2,958 cases. Based
on the pooled data, the authors
found that and
low-molecular-weight heparin pro-
tected against the development of
lower extremity venous thrombosis,
but there was insufficient evidence
to confirm a protective effect against
the development of PE. Mechanical
methods of prophylaxis with foot or
calf pumps provide significant pro-
tection against the development of
DVT and PE and reduce overall
mortality, but compliance remains
an issue.”” Although different pro-
phylaxis techniques are effective in
preventing thrombotic complica-
tions after hip fracture surgery, data
are insufficient in the orthopaedic
literature to form a consensus proto-
col with regard to prophylaxis.
Inferior vena cava filters offer the
advantage of preventing PE in hip
fracture patients when anticoagula-
tion or compression devices are con-
traindicated or when the patients are
at elevated risk despite prophylaxis.
Filters may prevent PE when DVT

unfractionated

is already present and prevent fur-
ther emboli in patients who have PE
despite anticoagulation therapy. Re-
cently, retrievable filters have been
developed to minimize the compli-
cations that occur with permanent
indwelling inferior vena cava filters.

Pain Issues

Elderly patients, especially cogni-
tively impaired elderly patients, usu-
ally receive substantially less pain
medication than younger adults.”’
Many clderly patients have medical
comorbidities that may influence
the choice and dosage of selected an-
algesics. Drug interactions and po-
tential complications must be con-
sidered when choosing an analgesic.
In general, elderly patients receive
greater peak dosing and have longer
duration of action than younger pa-
tients because of slower clearance.
Elderly patients with hip fractures
should be started at lower doses than
younger patients and titrated up
slowly, based on pain reduction
ratings.
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Multidisciplinary Approach
The surgical treatment of fractures
in elderly patients often is success-
ful; however, the patients are unable
to achieve their preinjury level of
function. In the mid-1990s, the
American Orthopaedic Association
developed a task force to serve el-
derly orthopaedic patients. This task
force developed several recommen-
dations, including the use of a col-
laborative approach.®®

Collaborative practice, or the
multidisciplinary approach, involves
the coordination of multiple ser-
vices within an institution to man-
age certain nonsurgical patient care
issues that can affect outcome. His-
torically, these programs have begun
after surgery, but there is now an ini-
tiative to implement these programs
as soon as the patient is admitted to
the hospital. These programs in-
volve orthopaedic surgeons, geria-
tricians,  physiatrists, therapists,
pharmacists, nutritionists, pain spe-
cialists, and nurses, with each acting
on specific issues to reduce comor-
bidities and complications in the
perioperative period. Reducing po-
tential complications benefits pa-
tients, physicians, and hospitals with
improved functional outcomes, de-
creased costs per admission, reduced
lengths of hospital stays, and appro-
priate discharges.

Classification and

Fracture Stability

The most commonly used classifi-
cation systems for intertrochanteric
hip fractures are based on fracture
stability. The integrity of the pos-
teromedial cortex is a key compo-
nent for assessing fracture stability
in all classifications.
volvement of the posteromedial cor-
tex results in a more unstable frac-
ture. The reverse oblique fracture is
an inherently unstable pertrochant-

Greater 1n-

eric fracture pattern because of the
tendency of the adductors to medi-
ally displace the femoral shaft. The
unstable fracture patterns in the
AO/Orthopaedic Trauma Associa-
(OTA) classification (A2.2-
A3.3) also are characterized by in-
creasing comminution in the
posteromedial cortex and intertro-
chanteric region (Figure 1). This
classification also recognizes the in-
stability of the reverse oblique and
transverse intertrochanteric fracture
patterns.>’

Recently, the concept of the later-
al femoral wall, defined anatomi-
cally as the lateral femoral cortex
distal to the vastus ridge, has re-
ceived more recognition as a factor
in determining fracture stability.
Gotfried® described this concept in
a report on 24 patients who required
reoperation after failure of fixation
of intertrochanteric fractures treated
with a sliding hip screw. He con-
cluded that a fracture of the lateral
femoral wall resulted in sliding hip
screw failures, and that in some pa-
tients the fracture occurred during
the surgical procedure. Many intra-
operative fractures of the lateral wall
occur when a large-diameter hole is
drilled into the lateral femoral wall
for insertion of the sliding hip
screw.”’ In a study of 214 patients
with intertrochanteric anterior frac-
tures reported by Palm and associ-
ates,”® a lateral wall fracture oc-
curred in one third of AO/OTA type
31-A.2.2 and A2.3 fractures, which
are characterized by trochanteric
comminution and a thinner lateral
cortex, making them more suscepti-
ble to lateral wall fractures. The in-
traoperative fracture of the lateral
femoral wall created in these frac-
ture patterns is similar to a reverse
oblique or transverse intertrochan-
teric fracture (AO/OTA A3.1-3.3).
The authors concluded that, if the

tion
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lateral wall or greater trochanter is
fractured, a sliding hip screw alone
should not be used for fracture fixa-
tion.

In the most simplistic terms, in-
tertrochanteric fractures may be
classified as stable or unstable based
on the integrity of the posteromedi-
al cortex and the lateral wall.> The
recognition of fracture stability is
critical because it directs implant se-
lection. Stable fractures have an in-
tact posteromedial cortex and lateral
wall and may be treated with a slid-
ing hip screw, whereas unstable frac-
ture patterns have comminution of
the posteromedial cortex, greater
trochanteric comminution with loss
of the lateral buttress, or reverse and
transverse intertrochanteric fracture
extension and should not be treated
with a sliding hip screw.

Implant Selection and
Recommendations

Selection

Compression hip screws have long
been considered the gold standard
for the treatment of pertrochanteric
fractures. The devices currently in
use evolved from designs first intro-
duced in the 1950s and have pro-
duced reliable results.®* In stable
fracture patterns, the hip screw acts
as a lateral tension band; in unstable
fractures, it allows the controlled
collapse and impaction of the frac-
ture fragments. This collapse short-
ens the lever arm acting on the im-
plant, which decreases the bending
moment, thus decreasing the risk of
mechanical failure and screw cutout.
Telescoping of a 135° sliding hip
screw by 10 and 20 mm improves
implant strength by 28% and 80%,
respectively, because of the short-
ened lever arm. This allows the frac-
ture to achieve a position of stability
while maintaining a constant neck-
shaft angle.”
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Groups:
Fernur, proximal trochanteric (31-A)
1. Pertrochanteric simple (31-A1)

Subgroups and Qualifications:
Femur, proximal, pertrochanteric
simple (31-A1; only 2 fragments)

1. Along intertrochanteric line

(31-A1.1)
)

1)

2. Through the greater trochanter
(31-A1.2)

(1) nonimpacted

(2) impacted

3. Below lesser trochanter (31-A1.3)
(1) high variety, medial fracture line
at lower limit of lesser trochanter

(2) low variety, medial fracture line
in diaphysis below lesser trochanter

2. Pertrochanteric
multifragmentary (31-A2)

Femur, proximal, trochanteric
fracture, pertrochanteric multi-
fragmentary (always have pos-
teromedial fragment with lesser
trochanter and adjacent medial
cortex; 31-A2)

1. With one intermediate
fragment (31-A2.1)

2. With several intermediate
fragments (31-A2.2)

3. Extending more than
1 cm below lesser
trochanter (31-A2.3)

3. Intertrochanteric (31-A3)

Femur, proximal, tro-
chanteric area, inter-
trochanteric fracture
(31-A3)

1. Simple oblique (31-A3.1)

2. Simple transverse (31-A3.2)

G

3. Multifragmentary (31-A3.3)
(1) extending to greater
trochanter

(2) extending to neck

Figure 1

AO/OTA classification of trochanteric fractures. (Adapted with permission from Marsh JL, Slongo TF, Agel JN, et al:

Fracture and Dislocation Classification Compendium 2007: Orthopaedic Trauma Association Classification Database and Out-
comes Committee. / Orthop Trauma 2007;21(suppl 10):51-S6.)

Reported failure rates of com-
pression hip screws range from 6%
to 56%, with screw cutout being the
of fail-

37 The incidence of screw

most common mode
ure 3436

cutout increases with unstable frac-
ture patterns and has been reported
to be as high as 19%.”* Other re-
ported modes of failure include fa-
tigue failure of the lag screw, im-
plant disassembly, and,
pullout or breakage of the side

rarely,
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plate.**?® The characteristics of the
implant that allow it to maintain im-
plant stability despite loss of reduc-
tion because of sliding also contrib-
ute to fixation failure. Although
sliding of the lag screw increases im-
plant strength, sliding of more than
15 mm increases the rate of fixation
failure® (Figure 2). Excessive slid-
ing in unstable fractures can result
in medialization of the femoral
shaft. This can lead to a more stable

configuration initially, but medial-
ization of more than one third of the
shaft diameter results in a sevenfold
increase in fixation failure.”” Recent
studies have shown an association
between fracture settling and pain,
as well as an association between in-
creased sliding and decreased post-
operative mobility.”>*’

These complications prompted
attempts to improve on the com-
pression hip screw, which led to in-
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Figure 2 Radiographic views of a pertrochanteric fracture in an 82-year-old man. A and B, Traction AP and frog-leg lateral pre-
operative views, respectively, are shown. The fracture was believed to be stable, and the patient was treated with a screw and side-
plate device; AP and lateral intraoperative views are shown in C and D, respectively. The patient reported increasing pain with am-
bulation, and at 6 weeks presented with implant failure. E and F, AP and lateral radiographs, respectively, showing implant failure
and fracture displacement. The patient had a revision to a long intramedullary implant. G, AP view. H, Frog-leg lateral view.
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creasing use of intramedullary hip
screw devices. The intramedullary
hip nail is an appealing design be-
cause it combines the advantages of
intramedullary fixation with those
of a sliding hip screw. The most ob-
vious biomechanical advantage of an
intramedullary nail over a sliding
hip screw is that the nail is a load-
sharing device rather than a load-
bearing device. Another biomechan-
ical advantage is the location of the
nail closer to the hip center than the
side plate of the sliding hip screw,
which translates to a shorter lever
arm with the nail, decreasing tensile
strain on the implant.>*>* This also
results in a decreased bending mo-
ment on the lag screw, causing a re-
duction of bending stress and de-
creasing the rate of implant failure.
In fracture patterns where excessive
collapse may cause complications,
the nail acts as an intramedullary
buttress, allowing less collapse to a
stable configuration because of the
presence of the nail in the medullary
canal.>® None of these biomechani-
cal advantages, however, have trans-
lated into clinical advantages.>~*

Suggested clinical advantages in-
clude shorter surgical time, decreased
fluoroscopy time, a smaller incision
resulting in decreased soft-tissue
trauma, a closed insertion technique
resulting in decreased blood loss and
decreased transfusion requirements,
and decreased intraoperative compli-
cations, leading to decreased mortal-
ity, improved ambulatory ability, and
improved functional outcomes. Only
in unstable fractures did Baumgaert-
ner and associates*' show a decrease
in surgical time with intramedullary
nails; other studies showed either no
significant difference or increased
surgical time with intramedullary
nails.**>*

Some studies comparing
tramedullary nails with compression
hip screws have shown a higher in-

in-
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traoperative complication rate with
nails, but these were based on earlier
nail designs that had up to a 20% oc-
currence of intraoperative and post-
operative femoral fractures.>**!
Problems with early nail designs in-
cluded long, large-diameter nails
and large distal interlocking screws
with no or inaccurate targeting; one
of the most significant design flaws
was a 10° valgus bend in the nail
This resulted in stress shielding of
the medial calcar, with load transfer
and concentration of the stress at the
distal tip of the nail onto the lateral
cortex, increasing the risk of femoral
fracture at the tip of the nail. Newer
nail designs have corrected these
problems by decreasing the valgus
bend to 4°, decreasing the nail diam-
eter and length, and decreasing the
size of the distal interlocking screws
while improving the targeting devic-
es.>*?> Femoral fractures are still re-
ported with the newer intramedul-
lary nail designs, but at a much
lower rate.” An additional compli-
cation of intramedullary nail fixation
is cortical hypertrophy distally,
which is associated with more fre-
quent thigh pain.>?
with the compression hip screw, the
most common cause of failure re-
mains lag screw cutout.>**!
Another common but less often
reported complication with long
intramedullary nails is the result
of mismatching of the nail-femur
radius of curvature. In general, most
nail designs are straighter than the
average human femur.** Care must
be taken when implanting a long in-
tramedullary nail for a pertrochan-
teric fracture because distal perfora-
tion can lead to a stress riser and the
potential for peri-implant fracture.

However, as

Recommendations
Review of the literature to deter-
mine the best implant shows that

many studies mix stable and unsta-
ble pertrochanteric fractures and use
different definitions of unstable.
For all fracture patterns, no clinical
or functional benefits of the theo-
rized biomechanical advantages of
intramedullary nails have been
shown.

For stable 31-AO/OTA type Al
pertrochanteric fractures, no studies
have shown any improvement in
clinical or functional outcomes with
intramedullary nails compared with
compression hip screws. Studies
vary as to which implant is most ad-
vantageous  regarding  operating
time, fluoroscopy time, and blood
loss and transfusion requirements;
however, all show no differences in
mortality, ambulatory ability, return
to preinjury level of function, need
for assistive devices, or overall func-
tional recovery. There are no find-
ings to recommend intramedullary
nails over compression hip screws in
stable fractures.

The results of treatment of 31-A2
fractures can be difficult to sort out
in the literature because they are
combined with only Al fractures in
some studies and with Al or
A3 fractures in others. No studies
have shown a significant difference
in the rates of fixation failure when
comparing the sliding hip screw
with intramedullary nails in A2 frac-
tures. The frequency and amount of
pain are comparable with both im-
plants, but the location of the pain
changes, with lateral thigh and groin
pain reported with compression hip
screws and mid- to distal-thigh pain
with intramedullary nails.*> No sig-
nificant  differences
proven in rates of functional recov-
ery, return to preinjury level of
function, and level of ambulatory
independence achieved. Although
better mobility scores in the early
postoperative period have been re-

have been
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ported with intramedullary nails,
there was no difference in the total
mobility score at 1 year. The ability
to ambulate outside was signifi-
cantly better at 6 and 12 months
with intramedullary nails.*> Hardy
and associates™ also found signifi-
cant differences in the amount of lag
screw sliding in A2 fractures, with
compression hip screws showing
more sliding than intramedullary
nails. This sliding resulted in a sig-
nificant difference in limb-length
discrepancies between the two im-
plants, although the functional sig-
nificance of this finding was not
well defined.®> Long term, no-
compensatory walking strategies
have been shown to be used with a
limb-length discrepancy of less than
20 mm. A limb-length discrepancy
of less than 30 mm has little effect
on overall hip biomechanics, so this
may not actually contribute notably
to mobility differences.** Therefore,
for 31-A2 fractures, there is no clear
indication for choosing intramedul-
lary fixation over a compression hip
SCrew.

Unstable 31-A3 pertrochanteric
fractures include fractures with sub-
trochanteric extension and reverse
oblique intertrochanteric fractures.
Reverse oblique fractures have not
only lost the medial buttress, but the
fracture line is parallel to the direc-
tion of the lag screw sliding. These
fractures represent the only pertro-
chanteric fracture pattern in which
implant choice affects outcomes.
Up to 56% loss of fixation has been
reported with compression hip
screws in the treatment of reverse
obliquity fractures.”” The location
of the fracture line distal to the lag
screw results in fewer points of
fixation in the distal fragment. Slid-
ing of the proximal fragment along
the lag screw barrel then results in
medialization of the distal fragment.

This malalignment can lead to frac-
ture distraction, resulting in non-
union. It also can result in failure
of fixation with superior screw cut-
out.”” The use of an intramedullary
nail in this fracture pattern does not
rely on the presence of an intact
medial buttress nor does it allow
medialization of the distal fragment
because the nail itself acts as an
intramedullary buttress. This is true
not only for reverse oblique inter-
trochanteric fractures, but also for
those with subtrochanteric exten-
sion. There is a paucity of literature
evaluating treatment of 31-A3 frac-
tures, but improved clinical out-
comes are seen in A3 fractures treat-
ed with intramedullary nailing
compared with compression hip
screws.* However, no differences
in functional outcomes have yet
been shown.

No evidence in the literature
confirms that using intramedullary
devices leads to a decrease in intra-
operative or postoperative complica-
tions or postoperative mortality, im-
proved mobility, or improved
patient and hip function outcomes
compared with compression hip
screws in Al and A2 pertrochanteric
fractures. It is significant that the
primary mode of failure for both
types of implants is screw cutout,
which is based on screw position
rather than the device used and is a
function of tip-apex distance. Some
authors have concluded that
tramedullary nails are the better or
preferred implant despite results
that do not support this conclusion,
and meta-analyses have concluded
that the routine use of intramedul-
lary nails for Al and most A2 frac-
tures is neither indicated nor evi-
dence based.?”*® In the treatment of
A3 fractures, decreased complica-
tions and improved clinical out-
comes have been reported with in-

n-
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tramedullary nails, but there is still
no evidence of significant functional
differences.

Common Pitfalls
Recognition and avoidance of the
common pitfalls associated with the
treatment of pertrochanteric hip
fractures are the best methods to
prevent complications. A failure to
recognize complicating underlying
conditions, inappropriate decision
making regarding implant selection,
and failure to obtain an adequate re-
duction with correct placement of
the implants account for most of the
common complications associated
with pertrochanteric fractures.

Initial evaluation of injury radio-
graphs should focus on the fracture
pattern and bone quality. A careful
assessment for the presence of meta-
static disease is mandatory because
metastatic lesions are unlikely to
heal and normal union may be com-
promised. Implant selection for pa-
tients with metastatic disease must
be based on the ability of the im-
plant to withstand long-term cycli-
cal loading; the implant should
splint the entire femur to bridge
other potential areas of unrecog-
nized or future metastatic disease. A
long intramedullary implant that
provides fixation into the femoral
head and distal interlocking is best
used in these patients. When meta-
static disease extends into the femo-
ral neck, internal fixation should be
avoided, and  hemiarthroplasty
should be considered. If metastatic
disease is extensive in the area of the
medial calcar, a calcar-replacing
prosthesis should be considered. In
either case, a long-stem prosthesis
should be used to splint the femur
to the greatest possible extent.

In patients with significant os-
teoporosis,
tions apply to implant selection. Us-

similar recommenda-
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Figure 3 A, Preoperative AP radiograph of the proximal femur showing a commi-
nuted intertrochanteric-subtrochanteric femoral fracture in a 90-year-old woman.
B, Postoperative AP radiograph. C, Postoperative lateral radiograph of the distal shaft;
a long intramedullary locked nail device is shown. D, Malrotation was noted clini-
cally and confirmed with a postoperative CT scanogram.

ing an intramedullary device with a
compression hip screw for proximal
fixation minimizes the risk of failure
at the implant-bone interface distal
to the fracture. In contrast, using a
cephalomedullary nail-screw device
may increase the chance of femoral
head cutout because controlled col-
lapse to a stable position is limited
by the shaft of the intramedullary
device, increasing the deforming
varus force at the tip of the screw.
Central placement of the screw in
the femoral head is paramount to
limiting failure. In some patients
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with significant bone loss from os-
teoporosis, augmentation of femoral
head fixation with bone cement in-
jected into the femoral head may
limit cutout. Alternatively, proximal
fixation devices focused on increas-
ing implant surface area or minimiz-
ing bone loss during insertion have
been developed to prevent femoral
head cutout, but their effectiveness
remains controversial.

Stable fracture patterns can be
treated with any implant without
undue risk of failure. Unstable frac-
ture patterns are best treated with

intramedullary fixation devices that
limit fracture collapse and prevent
limb-length discrepancy and subse-
quent abductor weakness. Reverse
obliquity intertrochanteric fractures
or subtrochanteric femoral fractures
should be treated only with in-
tramedullary devices to limit lateral
displacement of the proximal frac-
ture fragment that will cause failure
of hip screw and side-plate devices.
Alternatively, plate fixation with
fixed-angle devices (blade plate, dy-
namic condylar screw, or locking
plates) also can be used eftectively
and can adequately resist lateral dis-
placement of the proximal frag-
ment; however, the extended ap-
proach and blood loss with the
primary implantation make this a
second line option if intramedullary
nail fixation is feasible. Regardless of
the implant chosen, it is imperative
that the proximal fixation be placed
in the area of the subchondral bone
in the center of the femoral head, as
described by Baumgartner and asso-
ciates.*” Failure to limit the tip-apex
distance to less than 25 mm is a
strong predictor of failure at the
implant-femoral head interface.
Nonanatomic reduction of per-
trochanteric fractures can lead to
deformity and delayed union or
nonunion. The deforming forces
acting at the level of the proximal
femur commonly lead to varus,
apex-posterior angulation or trans-
lation, and rotational malalignment.
Although reduction on a fracture ta-
ble can correct most of these com-
plications, additional careful manip-
ulation can further improve fracture
reduction and avoid deformity.*®
Percutaneously placed clamps and
ball spike pushers can help reduce
posterior sag and translation. Alter-
natively, external devices can be used
to reduce posterior displacement. In
fractures with subtrochanteric ex-
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Figure 4 A, Radiograph of a right pertrochanteric hip fracture sustained by a 50-year-old man in a high-speed motor vehicle
collision. B, At 6 months, the fracture was not united, and the hardware had failed. C, After hardware removal, the nonunion was

repaired with a compression blade plate.

tension, care must be taken to avoid
malrotation of the femur because
reduction keys may be absent
(Figure 3). When intramedullary de-
vices are used, eccentric reaming of
the
should be avoided to prevent varus

deformity.

lateral femoral cortex also

Salvage After

Treatment Failures
Identification of the reason for fail-
ure is paramount in selecting the
best salvage option to avoid future
failure while providing an accept-
able functional result (Figure 4).
The most common reasons for
failed treatment of pertrochanteric
femoral fractures are use of the
wrong implant, poor implant place-
ment, poor bone quality, limited bi-
ologic potential for healing, infec-
tion, and patient-related risk factors
such as underlying systemic diseases
or smoking. Other considerations
include the viability of the proximal
femoral bone segment, its related
healing potential, and the functional
demands of the patient. Salvage op-
tions consist of either revision of in-
ternal fixation or proximal femoral

replacement with or without acetab-
ular resurfacing,

Criteria for the revision of internal
fixation are viability of the proximal
bone segment and the femoral head as
shown by bone scans or intraoperative
assessment of bleeding potential, rea-
sonable bone quality, no destruction
of the femoral head articular surface,
and a patient with high or moderate
functional demands. For revision of
failed internal fixation, the goal is to
choose an implant that provides maxi-
mal stability and improves the me-
chanical environment of the fracture,
principally with valgus osteotomy.*’
Blade plate fixation allows for
planned correction and improve-
ment of the deformity, and valgus
osteotomies diminish the varus load
at the site of nonunion and convert
the tension into compression. Alter-
natively, locking plates and 95° dy-
namic condylar screw plates can im-
prove the rigidity of the fixation but
provide less correction of deformity
or alteration of the mechanical forc-

0
59 Bone

es at the nonunion site.
grafting can be used to improve
union when extensive medial soft-

tissue stripping is required or for
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atrophic nonunion. Bone grafting
for hypertrophic nonunion is not
generally required.

When the criteria for the revision
of internal fixation are not met, or
when the patient has preexisting ar-
thritis, advanced age, and low func-
tional demands, proximal femoral re-
placement with or without acetabular
resurfacing generally is the best re-
constructive option in the absence of
infection. When the medial calcar is
destroyed or absent, a calcar-replacing
prosthesis is required, with tension-
band fixation of the greater trochanter
to improve hip abductor function
(Figure 5). Care must be taken to
ensure that cement is not extruded
from preexisting sites of internal fix-
ation. Bone wax can be used to seal
areas with a cortical defect to pre-
vent cement extrusion. Acetabular
resurfacing should be considered in
patients with preexisting arthritis or
when the articular surface has been
destroyed by an extruded implant.
In younger, higher-demand pa-
tients, recent reports suggest im-
proved function with acetabular
resurfacing as opposed to hemi-
arthroplasty alone.”'?
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Figure 5 A, Radiograph of an unstable intertrochanteric hip fracture treated with a
short intramedullary nail device in a 75-year-old woman. At 4 months, there was
screw cutout and failure. B, Because of the bone quality and functional status of the
patient, a calcar-replacing hemiarthroplasty was done.

Infection

Salvage in the presence of infection
remains difficult. When analyzing
initial treatment failure, infection
should remain in the differential di-
agnosis as a root cause of treatment
failure. When considering revision
of internal fixation, preoperative
laboratory analysis with a white
blood cell count, erythrocyte sedi-
mentation rate, and C-reactive pro-
tein level should be obtained as
baseline tests. Positive values should
be further investigated with an indi-
um bone scan or joint aspiration. If
salvage with arthroplasty is consid-
ered a treatment option, preopera-
tive hip aspiration should be per-
formed, and a staged reconstruction
should be considered, with explan-
tation of implanted hardware and
culture testing being done first. If
cultures are positive, the infection
should be eradicated with débride-
ment and antibiotic therapy with
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antibiotic-impregnated cement be-
fore arthroplasty. Revision internal
fixation can proceed in the absence
of gross purulence, but deep cul-
tures should be obtained at the time
of revision surgery. Positive cultures
should with
organism-specific antibiotics, and
implants should be retained as long
as they provide stability.

Initiate  treatment

Summary

Improving outcomes in patients
with pertrochanteric fractures in-
volves maximizing the perioperative
environment and understanding the
fracture patterns and classification
that ultimately guide treatment and
it implant selection. The process be-
gins with the identification of surgi-
cal candidates and medical optimi-
zation before surgery. It continues
with the choice of anesthesia and
thromboembolic prophylaxis, and
culminates with proper implant se-

lection and the prevention of post-
operative complications. Strategies
aimed at avoiding pitfalls minimize
the potential for complications.
Prompt recognition of complica-
tions allows salvage and recovery.
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