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Abstract

Hip fractures remain a major source of morbidity and mortality in the elderly, and
their incidence is increasing as the population ages. Surgical management followed
by early mobilization is the treatment of choice for most patients with hip fractures.
However, all comorbid medical conditions, particularly cardiopulmonary and
fluid- electrolyte imbalances, must be evaluated and stabilized prior to operative
intervention. Nondisplaced femoral-neck fractures should be stabilized with mul-
tiple parallel lag screws or pins. The treatment of displaced femoral-neck fractures
is based on the patient's age and activity level: young active patients should
undergo open reduction and internal fixation; older, less active patients are usu-
ally treated with hemiarthroplasty, either uncemented or cemented. Regardless of
treatment method, the goal is to return the patient to his or her prefracture level of

function.
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Hip fractures are a common and often
devastating injury in the geriatric pop-
ulation, with an impact that extends
far beyond the obvious orthopaedic
injury into the domains of medicine,
rehabilitation, psychiatry, social work,
and medical economics. Despite
improvements in patient care, includ-
ing advances in surgical technique
and implant technology, hip fractures
continue to consume a major portion
of national health care resources.
The increasing number of hip
fractures that occur each year has
made it difficult to keep pace with
this growing health care problem.
Currently, over 250,000 hip frac-
tures occur in the United States each
year, but with the aging of the pop-
ulation, the annual number of hip
fractures is projected to double by
the year 2050. While prevention of
osteoporosis is the key to reducing
these numbers, we must continue to
seek refinements and improvements
in surgical technique and peri-
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operative care to optimize patient
outcomes.

This article will review general
treatment principles applicable to all
hip fractures and the management
specific to femoral-neck fractures.

Management of Hip
Fractures

General Principles

The primary goal of fracture man-
agement is to return the patient to his
or her prefracture level of function.
There is general agreement that in
the vast majority of hip-fracture
patients, this can best be accom-
plished by surgical treatment, fol-
lowed by early mobilization.
Historically, nonoperative manage-
ment has resulted in an unacceptable
rate of medical morbidity, mortality,
malunion, and nonunion.

However, there are certain situa-
tions in which surgery cannot be

performed. For example, surgery is
generally inadvisable for elderly
patients whose medical condition
carries an excessively high risk of
mortality from anesthesia and
surgery (e.g., patients who have sus-
tained a recent myocardial infarc-
tion) and for patients who require
ongoing anticoagulation that cannot
be safely reversed for 72 hours dur-
ing the perioperative period.
Nonoperative management may
also be appropriate for selected
elderly demented patients who were
nonambulators prior to the fracture
and who experience minimal dis-
comfort from the injury. These
patients should be mobilized as
quickly as possible to avoid the com-
plications of prolonged bed rest. The
risks of decubitus ulcers, urinary
tract infections, deep venous throm-
bosis, and pulmonary complications
classically associated with nonoper-
ative treatment may be diminished
with meticulous nursing care and
early mobilization from bed to chair.
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Clinical Evaluation

Virtually all patients who sustain
hip fractures are unable to stand or
walk following the injury. For elderly
patients who live alone, it may be
hours or even days before they are
able to obtain medical evaluation, by
which time they may be in a state of
dehydration and confusion.

The range of clinical deformity of
the involved lower extremity varies
depending on the displacement and
comminution of the fracture. Nondis-
placed fractures may present with
virtual absence of clinical deformity.
Displaced comminuted fractures
classically present with a shortened
and externally rotated extremity.

Neurovascular injuries are rare.
Nevertheless, a careful evaluation
should be performed. Preexisting
peripheral vascular disease or
peripheral neuropathy requires
careful monitoring of the skin and
avoidance of excessive pressure dur-
ing reduction maneuvers. Buck's
skin traction with light weight (up to
5 1b) should be used, both to maxi-
mize patient comfort and to avoid
additional injury. However, it
should be used carefully when
peripheral vascular or sensory
changes are present. If surgery is
delayed, the traction should be
removed twice a day for careful
inspection of the skin.

Preoperative Imaging Studies
The standard radiographic exam-
ination of the hip includes an antero-
posterior (AP) view of the hip and
pelvis and a cross-table lateral view.
The AP view of the pelvis allows
comparison with the contralateral
side, which may be helpful in identi-
fying nondisplaced and impacted
fractures. A cross-table lateral view
is preferred over a frog-leg lateral
view because the latter requires
abduction, flexion, and external
rotation of the affected lower
extremity. The frog-leg lateral view
is poorly tolerated by hip-fracture
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patients and may actually result in
fracture displacement.

If a femoral-neck fracture is sus-
pected, an internal-rotation view of
the hip may be helpful to identify a
nondisplaced or impacted fracture.
This view is taken with the lower
extremity internally rotated approx-
imately 15 degrees, permitting visu-
alization of the entire femoral neck.
If a displaced comminuted inter-
trochanteric fracture is suspected, a
true lateral radiograph should be
obtained to evaluate the presence and
extent of posteromedial comminu-
tion. Nondisplaced intertrochanteric
fractures may be difficult to identify
on standard AP and lateral views,
and an AP view with the lower
extremity internally rotated 15
degrees may be helpful.

If hip fracture is suspected but is
not apparent on standard radio-
graphs, a technetium-99m bone scan
or magnetic resonance imaging
study should be obtained. The bone
scan is a sensitive indicator of unrec-
ognized hip fractures, although in
the elderly patient it may not
become positive until 2 or 3 days
after the fracture. Magnetic reso-
nance imaging has been shown to be
as accurate as bone scanning in the
assessment of occult fractures of the
hip and can be reliably performed
within 24 hours of injury* (Fig. 1).
However, this test is costly and is not
readily available in some hospitals.
Therefore, it should be considered
only in special problem cases.

Timing of Surgery

In general, surgery should be per-
formed as soon after injury as possi-
ble, usually within 24 to 48 hours after
admission. It is essential, however,
that all comorbid medical conditions,
particularly cardiopulmonary and
fluid-electrolyte imbalances, be eval-
uated and treated before proceeding
with surgical treatment. Delays of 24
hours or more to achieve medical sta-
bilization have been shown not to
increase morbidity or mortality. Ken-
zora et al> found that even healthy
patients who underwent surgery
within 24 hours had a 34% mortality
at 1-year follow-up, compared with
5.8% for those who underwent
surgery between the second and fifth
days after injury. They also reported
that a surgical delay of less than 1
week that permitted stabilization of
medical problems was not associated
with increased mortality. In contrast,
surgical treatment of medically unsta-
ble patients significantly increases the
mortality risk. Sexson and Lehner®
also found that early surgery was
detrimental to medically unstable
elderly hip-fracture patients.

Anesthetic Considerations

The choice of anesthesia (regional
versus general) has not been shown
to affect the incidence of postopera-
tive confusion or mortality in elderly
hip-fracture patients. In a prospec-
tive, randomized, multicenter study
of 538 geriatric hip-fracture patients,
Davis et al* found no difference in

Fig. 1 Magnetic resonance
imaging study of a mini-
mally displaced fracture of
the right hip taken within 24
hours of injury. The fracture
was not apparent on plain
radiographs.
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short-term or long-term mortality
between patients who underwent
surgery with general anesthesia and
those who underwent surgery with
regional anesthesia. These findings
were supported by Valentin et al® in
a prospective series of 578 elderly
hip-fracture patients.

Postoperative Management

Postoperative management after
intertrochanteric hip-fracture stabi-
lization should be directed toward
early mobilization to avoid the pre-
viously mentioned complications of
recumbency, such as decubitus
ulcers, atelectasis, and urinary tract
infection. AIll patients should
receive broad-spectrum antibiotic
prophylaxis for 24 to 48 hours after
surgery.

Postoperative mobilization re-
mains an area of controversy. Some
authors have recommended restricted
weight-bearing until the fracture has
healed, while others have shown that
unrestricted weight-bearing can be
started immediately without detri-
mental effects. Biomechanical data
have shown that non-weight-bearing
ambulation places significant stresses
across the hip as a result of muscular
contraction at the hip and knee. Also,
the simple act of moving onto a bed-
pan places forces across the hip that
are greater than body weight. There-
fore, attempts at unloading the hip by
non- weight-bearing ambulation are
not realistic. In addition, geriatric
patients have great difficulty ambulat-
ing under these conditions. Restricted
weight-bearing in this patient popula-
tion will significantly limit their ability
to regain ambulatory ability. There-
fore, it has been our approach to allow
weight-bearing as tolerated for virtu-
ally all geriatric hip-fracture patients.
We would consider limited weight-
bearing in younger patients, but at
present there are no data to suggest
that restricted weight-bearing has a
beneficial effect on outcome even in
this younger patient group.
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Thromboembolic Prophylaxis

We believe that all hip-fracture
patients should receive some form of
postoperative thromboembolic pro-
phylaxis. The high incidence of
thromboembolic disease (deep
venous thrombosis, pulmonary
emboli) in hip- fracture patients has
resulted in the development of a
variety of prophylactic regimens,
some of which have been extrapo-
lated from their use in patients
undergoing total hip replacement.

Aspirin is effective and has the
advantages of easy administration
and low cost.® However, its efficacy
has been demonstrated primarily in
men. Warfarin (Coumadin) has been
shown to be effective, but its use
results in an increased incidence of
bleeding problems (hematoma), par-
ticularly if the prothrombin time
exceeds 1.5 times the control value.
Dextran, alone or in combination
with dihydroergotamine, has also
been effective. However, use of dex-
tran necessitates a large fluid admin-
istration, which increases the risk of
fluid overload. Low-dose intra-
venous heparin or heparin in combi-
nation with dihydroergotamine has
also been effective in hip-fracture
patients, but low-dose subcutaneous
heparin has not. Subcutaneous injec-
tion of low-molecular-weight
heparin has recently been reported
to be effective prophylaxis in
patients undergoing total joint and
hip fracture surgery.” Intermittent
external pneumatic compression
may also be of value, but the cost of
specialized equipment and the need
for recumbency limit its usefulness.

Compression ultrasonography
has been shown to be a very reliable
technique for diagnosing venous
thrombosis in hip-fracture patients.
This technique has a reported accu-
racy of 97%, sensitivity of 100%, and
specificity of 97% when compared
with venography.® It is safe, quickly
performed, and readily repeated
and carries no inherent risks.

Functional Recovery

Successful treatment of geriatric
hip-fracture patients is frequently
evaluated on the basis of the number
of patients who regain their prefrac-
ture level of function. This goal is
often quite difficult to achieve, how-
ever. Of patients who were function-
ally independent and living at home
before hip fracture, 15% to 40% will
require institutionalized care for
more than a year after fracture. Only
50% to 60% of patients will regain
their prefracture ambulatory status
within a year after fracture.

Some studies have tried to iden-
tify the factors that affect the
patient's ability to regain prefracture
ambulatory status following hip
fracture.**? The important factors
identified include age, sex, the pres-
ence of preexisting dementia, and
prefracture ambulatory status.

To achieve functional indepen-
dence, one must be able to perform
certain activities of daily living
(ADLSs). The functions necessary for
community dwelling have been
identified and divided into two cate-
gories: basic ADLs and instrumental
ADLs. Basic ADLs include feeding,
bathing, dressing, and toileting.
Instrumental ADLs include food
shopping, food preparation, banking,
laundry, housework, and use of pub-
lic transportation. The vast majority
of patients will require assistance in
performing ADLs. Of those who
were independent in ADLs before
fracture, only 20% to 35% wiill regain
their prefracture ADL independence.
The factors reported to be predictive
of recovery of function in ADLs are
younger age, absence of dementia or
delirium in nondemented patients,
and a strong social network.**

Femoral-Neck Fractures
Fractures of the femoral neck are intra-

capsular fractures that occur in the
proximal femur in an area beginning
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distal to the articular surface of the
femoral head and ending just proxi-
mal to the intertrochanteric region.

Epidemiology

The age-adjusted incidence of
femoral-neck fracture in the United
States is 63.3 per 100,000 person-
years for women and 27.7 per
100,000 person-years for men. The
incidences of femoral-neck fractures
and intertrochanteric fractures are
approximately equal in this country.

Mechanisms of Injury

According to Frankel,® femoral-
neck fractures occur in the presence
of a high ratio of axial load to bend-
ing load. Altered muscle dynamics
may increase the risk of hip fracture
in the elderly. The energy of a fall,
which would be readily dissipated
by contracting muscles in younger
patients, is poorly dissipated by the
slower, weaker muscles of the
elderly patient. Another mechanism
is muscle contraction in an effort to
regain balance after slipping, which
may be sufficiently intense to over-
load the bone and cause a fracture.

Other mechanisms have also been
proposed. Falls onto the hip with a
direct blow to the greater trochanter
may generate an axial force along the
neck, creating an impaction fracture.
Some investigators postulate that the
lower extremity externally rotates
during a severe fall. At the extremes
of external rotation, the femoral neck
impinges against the posterior
acetabular rim, which then acts like a
fulcrum to concentrate the stress in
this region. The combination of axial
and rotational forces then produces
the fracture. This mechanism helps
to explain the comminution of the
posterior femoral neck often associ-
ated with these fractures.

Classification

The Garden classification of
femoral-neck fractures is the one
most commonly utilized in the litera-
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ture. In this classification, femoral-
neck fractures are divided into four
grades on the basis of the degree of
displacement of the fracture frag-
ments. Grade | is an incomplete or
valgus impacted fracture. Grade Il is
acomplete fracture without displace-
ment of the fracture fragments. Grade
11l is a complete fracture with partial
displacement of fracture fragments.
Grade IV is a complete fracture with
total displacement of the fracture
fragments, allowing the femoral head
to rotate back to an anatomic posi-
tion. In practice, however, it is
difficult to differentiate the four
grades of fractures; therefore, it may
be more accurate to classify femoral-
neck fractures as nondisplaced (Gar-
den grades | and Il) or displaced
(Garden grades Ill and IV) (Fig. 2).*

Treatment
There is general agreement that
treatment of nondisplaced femoral-

neck fractures (Garden grades | and
I1) should consist of internal fixation
with the use of multiple lag screws
or pins placed in parallel. Impacted
fractures (Garden grade I) are inher-
ently stable because of impaction at
the fracture site. As a result, some
authors have recommended nonop-
erative management. However,
Bentley™* found a disimpaction rate
between 8% and 15% in his series of
patients. In addition, nonoperative
management of impacted fractures
has generally included a prolonged
period of toe-touch weight-bearing
ambulation. This is poorly tolerated
in the elderly and is therefore not an
acceptable treatment option. Non-
displaced fractures that are not
impacted (Garden grade II) lack the
inherent stability of impacted frac-
tures and carry a high risk of dis-
placement. There has been no
consensus as to the optimal number
of pins or screws to use, although

A

B

Fig. 2 A, Valgus impacted (nondisplaced) right femoral-neck fracture. B, Displaced right

femoral-neck fracture.
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most studies indicate successful
treatment using three or four pins or
screws for both nondisplaced and
displaced fractures.”” Nonunion and
osteonecrosis are uncommon com-
plications following the internal fixation
of nondisplaced fractures, with
nonunion occurring in less than
5% of cases and osteonecrosis in
less than 8%.

Treatment of displaced femoral-
neck fractures remains controver-
sial. Most authors advocate closed or
open reduction and internal fixation
in younger active patients and pri-
mary prosthetic replacement in
older, less active patients. There is
general agreement that when inter-
nal fixation is used, the ability to
achieve anatomic reduction is the
most important factor in achieving
complication-free union. An accept-
able reduction may have up to 15
degrees of valgus angulation and
less than 10 degrees of anterior or
posterior angulation. Prompt reduc-
tion of displaced fractures has been
advocated, but has not been consis-
tently shown to decrease the inci-
dence of nonunion or osteonecrosis.
Following closed reduction, perma-
nent AP and lateral radiographs are
necessary to determine the ade-
quacy of reduction. If a closed reduc-
tion is unacceptable, open reduction
through an anterolateral approach
may be required. Internal fixation of
displaced fractures is most com-
monly performed with the use of
multiple lag screws or pins placed in
parallel (Fig. 3). Sliding-screw
devices have been utilized, but the
results have been found inferior.

Nonunion and osteonecrosis con-
tinue to be problems following dis-
placed femoral-neck fracture. The
rate of nonunion has ranged from
10% to 30%, and the rate of
osteonecrosis has ranged from 15%
to 33%.%*% Increased intracapsular
pressure has been implicated as a
possible cause of posttraumatic
osteonecrosis. However, the clinical
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Fig. 3 Displaced femoral-neck fracture in a
30-year-old patient treated with open reduc-
tion and internal fixation with the use of
three parallel cannulated cancellous screws.

usefulness of immediate joint aspira-
tion following femoral-neck fracture
has not yet been established. The
need for reoperation following inter-
nal fixation of displaced fractures has
been variable. Approximately one
third of patients with osteonecrosis
and three fourths of patients with
nonunion or early fixation failure
require additional surgery.
Hemiarthroplasty is a treatment
alternative for displaced femoral-
neck fractures and is advocated for
older, less active patients. Histori-
cally, the one-piece Austin Moore
and Thompson designs were the
prostheses of choice. Although suc-
cessful in select patient popula-
tions, use of these prostheses has
been reported to be associated with
increased rates of acetabular erosion
and femoral-stem loosening.*® The
availability and use of methyl-
methacrylate have reduced the inci-
dence of femoral-stem loosening,
but acetabular wear has remained a
problem. The factors that best cor-

relate with the severity of acetabular
erosion are patient activity level and
duration of follow-up.

The bipolar prosthesis, a self-artic-
ulating device, was designed to
decrease the incidence of acetabular
erosion by encouraging hip motion at
a low-friction inner bearing (Fig. 4).
However, controversy remains
regarding the indications for its use,
as well as the amount of motion that
occurs at the outer and inner surfaces
of the prosthesis. Lestrange® re-
ported that the results with cemented
bipolar prostheses were better than
those with cemented unipolar pros-
theses in a retrospective series of 496
femoral-neck fracture patients. His
patients with a cemented bipolar
prosthesis had a greater range of hip
motion and a reduced incidence of
acetabular wear, thigh pain, and
femoral-stem loosening. Drinker and
Murray,® however, reported no
significant advantages of the bipolar

Fig. 4: Cemented bipolar prosthesis.
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prosthesis over the unipolar prosthe-
sis in a retrospective series of 261 hip
fractures. Motion-analysis research
has been performed to determine the
amount of motion occurring at the
inner and outer bearings of the bipo-
lar prosthesis during hip motion.
Some studies support the inner bear-
ing as the dominant articulation,
while others report that the outer
bearing provides a substantial per-
centage of the motion. Considering
the higher cost of the bipolar prosthe-
sis and its questionable clinical
benefit, some authors now advocate
use of a cemented modular unipolar
endoprosthesis.

The results of primary cemented
total hip replacement after femoral-
neck fracture have been disappoint-
ing, particularly in younger patients.
Greenough and Jones* found that, at
an average follow-up of 56 months,
18 (49%) of 37 patients less than 70
years old who had undergone pri-
mary total hip replacement after
fracture had also undergone or were
awaiting revision surgery. Another 4
patients (11%) had definite radio-
logic signs of loosening. Activity
level correlated directly with early
failure. In another, prospective
study comparing range of hip
motion following total hip replace-
ment for arthritis and fracture, the
authors reported significantly
greater motion in the fracture group,
suggesting that fracture is a predis-
posing factor for early loosening and
dislocation.

Nevertheless, primary total hip
arthroplasty has a place in the treat-
ment of acute femoral-neck fractures
for patients with preexisting acetab-
ular disease (rheumatoid arthritis,
osteoarthritis, Paget's disease). In
this setting, the results can be
expected to be comparable with
those reported for elective total hip
arthroplasty. Additional indications
for its use have been based on age,
activity level, medical condition, and
contralateral hip disease, but their
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relevance to the eventual outcome
continues to be difficult to define.
The results of secondary total hip
replacement performed after failed
internal fixation of a femoral-neck
fracture are reported to be similar to
those obtained after primary arthro-
plasty for a femoral-neck fracture.

Occurrence in Young Adults

In most cases, femoral-neck frac-
tures in young adults occur as a result
of high-energy injuries, such as motor
vehicle accidents and falls from
heights. Those that occur as a result of
a simple fall often are associated with
predisposing risk factors, such as alco-
holism and medication use. When
these fractures result from high-
energy trauma, careful evaluation for
other injuries should be performed.
Specific consideration should be given
to the possibility of ipsilateral femoral-
neck and femoral-shaft fractures.

Nondisplaced fractures should be
treated by fixation with multiple lag
screws or pins, with care taken to
avoid loss of reduction during the
surgical procedure. Nonunion and
osteonecrosis are uncommon fol-
lowing nondisplaced fractures,
except in cases in which the fracture
was not identified initially.

Successful treatment of displaced
fractures depends on achieving
anatomic reduction and stable inter-
nal fixation as soon as possible after
the injury. Gentle closed or open
reduction should be followed by
fixation with multiple lag screws or
pins. When the principles of prompt
anatomic reduction and internal
fixation are followed, the incidence
of nonunion should be less than
10%, and that of osteonecrosis
should be 20% to 33%.

Special Problems

Neurologically impaired patients
include those with Parkinson's dis-
ease, previous stroke, and severe
dementia. Both internal fixation and
prosthetic replacement have been

recommended for patients with
Parkinson's disease who sustain a
femoral-neck fracture.®? The specific
treatment chosen should be based on
patient age, fracture type, and sever-
ity of disease. If prosthetic replace-
ment is chosen, correction of a
hip-adduction contracture by tenot-
omy and an anterior surgical
approach should be considered to
reduce the risk of dislocation.

Patients with previous strokes are
at increased risk for hip fracture, pri-
marily because of osteoporosis of the
paretic limb and residual balance
and gait problems. The treatment
approach depends on the fracture
type and functional status. When the
fracture occurs within 1 week of the
stroke, a poor functional recovery
can be anticipated. As in patients
with Parkinson's disease, an anterior
approach and correction of a hip-
adduction contracture by tenotomy
should be considered when pros-
thetic replacement is chosen.

Demented institutionalized pa-
tients present a particular challenge,
with reported 1-year mortality rates
as high as 50%.% Nondisplaced frac-
tures should be treated by internal
fixation. For displaced fractures
requiring prosthetic replacement,
an anterior approach should be uti-
lized to decrease the risk of disloca-
tion and infection from wound
contamination. In nonambulatory
patients with severe dementia who
do not experience significant dis-
comfort from the injury, nonoperative
treatment with early mobilization
from bed to chair should be consid-
ered.

Femoral-neck fractures in patients
with rheumatoid arthritis are associ-
ated with an increased incidence of
complications. In general, nondis-
placed fractures can be successfully
treated by internal fixation. How-
ever, internal fixation of displaced
fractures has been associated with a
high complication rate, and pros-
thetic replacement is recommended.
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If significant acetabular degenera-
tion is present, total hip arthroplasty
is indicated. Femoral-neck fractures
are uncommon in patients with
underlying osteoarthritis of the hip,
but when they do occur, total hip
arthroplasty is preferred.

Femoral-neck fractures (both dis-
placed and nondisplaced) in
patients with chronic renal disease
or hyperparathyroidism carry an
increased risk for complications of
internal fixation because of the asso-
ciated presence of metabolic bone
disease. In these patients, cemented
primary prosthetic replacement is
recommended.

Femoral-neck fractures in pa-
tients with Paget's disease should be
carefully evaluated for preexisting
acetabular degeneration and defor-
mity of the proximal femur. Nondis-
placed fractures can be treated by
internal fixation. Prosthetic replace-
ment is preferred for displaced frac-
tures. If there were prefracture
symptoms of hip pain in the pres-
ence of acetabular degeneration,
total hip arthroplasty is recom-
mended; if acetabular degeneration
is not present, cemented hemiarthro-
plasty should be performed. Defor-
mity of the proximal femur and
excessive bleeding may present
technical difficulties.

Femoral-neck fractures that occur
as a result of metastatic disease
require prosthetic replacement.
With involvement of the entire prox-
imal femur, a calcar or proximal
femoral replacement may be neces-
sary. For patients with acetabular
involvement, a cemented acetabular
component should be used. If
acetabular involvement is extensive,
portions of the ilium may have to be
reconstructed with the wuse of
methylmethacrylate, wire mesh, and
specialized acetabular components.
Before performing prosthetic
replacement for pathologic fractures
of the proximal femur, it is impor-
tant to identify any metastatic
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lesions that may be present in the
femoral shaft and to use a long-stem
prosthesis to decrease the risk of
intraoperative fracture, shaft perfo-
ration, or later shaft fracture.

Complications

Complications following internal
fixation of femoral-neck fractures
include loss of fixation, infection,
nonunion, and osteonecrosis. Early
fixation failure (within 3 months after
surgery) occurs in 12% to 24% of dis-
placed femoral-neck fractures treated
by internal fixation. Stappaerts®
reported a 22% failure rate using
Knowles pins or AO screws. He
found that the most important factors
associated with loss of fixation were
advanced age and an inaccurate
reduction. Other studies have shown
the influence of the initial fracture
type and the presence or absence of
displacement on the incidence of
early fixation failure. Scheck® and
others have emphasized the impor-
tance of posterior comminution of the
femoral neck as a cause of fixation
failure and nonunion.

Infections following internal
fixation of femoral-neck fractures
are uncommon.®* Superficial infec-
tion has been reported in up to 5%
of cases. Deep infection has also
been reported in up to 5% of cases,
although there were no deep infec-
tions in one large series of 300
patients.”* Perioperative antibiotic
prophylaxis has now become stan-
dard in the treatment of elderly
hip-fracture patients and is respon-
sible, in part, for the low rates of
infection.

The rate of nonunion is related to
the fracture type. In nondisplaced
fractures (Garden grades | and 1I),
nonunion occurs in 0% to 5% of
cases. However, for displaced frac-
tures, the rate of nonunion has been
reported to be from 9% to 35%.
Nonunion is more common with
posterior comminution and follow-
ing an inadequate reduction.

The type of fixation device also
influences the rate of nonunion, which
is much greater with a nail-plate
device than with a compression hip
screw. However, comparison of the
sliding hip screw with multiple pins
has shown the use of multiple pins to
be less traumatic and associated with
a lower rate of nonunion. In general,
the preferred treatment of sympto-
matic nonunion in the elderly patient
is revision to prosthetic replacement.
Hemiarthroplasty and total hip
replacement are acceptable options;
the choice is dependent on the clinical
situation. Valgus osteotomy, bone
grafting, and muscle-pedicle grafting
are usually reserved for younger
patients (Fig. 5).

The rate of osteonecrosis follow-
ing nondisplaced femoral-neck frac-
ture has been reported to be as high
as 15%, but in general it is approxi-

Fig. 5
for treatment of femoral-neck nonunionin a
50-year-old patient.

Intertrochanteric valgus osteotomy

147



Femoral-Neck Fractures

mately 5% to 8%. The rate following
displaced femoral-neck fracture
(Fig. 6) has been reported to be as low
as 9% and as high as 35%, but the
usual range is 20% to 35%.%% Factors
associated with an increased rate of
osteonecrosis include delay in reduc-
tion, inadequate reduction, and use
of sliding hip-screw or nail-plate
devices. Garden® found that the rate
of late segmental collapse was
directly related to the adequacy of
reduction. When the reduction was
acceptable, the rate of osteonecrosis
with segmental collapse was 0%.
Mild deviations of postreduction
alignment resulted in a rate of seg-
mental collapse of 6.6%, while mod-
erate and severe alterations of
postreduction alignment resulted in
rates of 65% and 100%, respectively.

Symptomatic osteonecrosis may
require reoperation for hardware
removal or prosthetic replacement.
A survey of four recent reports
reveals that of 67 patients who
developed osteonecrosis, only 25
(37%) required reoperation. This is
consistent with the findings of
Barnes et al,* who reported that only
30% of patients with late segmental
collapse were significantly disabled.

Complications following primary
prosthetic replacement for acute
femoral-neck fracture include infec-
tion, dislocation and pain associated
with acetabular erosion, and pros-
thetic loosening. The rate of infection
has been reported to range from 2%

Fig. 6
after fixation of a displaced femoral-neck
fracture.

Avascular necrosis with collapse

to 20%,** with the higher rates of
infection found in earlier studies. In
part, this wide range of infection
rates is due to the fact that patients
chosen for prosthetic replacement in
the earlier studies were generally
older and more debilitated than most
patients with a femoral-neck frac-
ture. More recent series of prosthetic
replacements (mostly bipolar endo-
prostheses) have had infection rates
of 2% to 8%.* This can be attributed
in part to patient selection and use of

prophylactic perioperative antibi-
otics. The rate of infection has been
reported to vary with the surgical
approach, with a high risk when a
posterior approach is used. This
probably reflects the risk of fecal con-
tamination because of the proximity
of the incision to the perineal area.

The rate of dislocation following
prosthetic replacement has varied
from 1% to 10% and is higher when
a posterior approach is used.** Dis-
location appears to be less common
after bipolar hemiarthroplasty.
However, closed reduction of a dis-
located bipolar endoprosthesis is
more difficult to achieve than closed
reduction of a dislocated unipolar
hemiarthroplasty.

Hip pain that develops following
prosthetic replacement may have a
multitude of causes, many of which
are unrelated to the prosthesis. The
most important prosthesis-related
causes of pain include acetabular
erosion and prosthetic loosening.
Bipolar endoprostheses may be
associated with less acetabular ero-
sion than unipolar hemiarthroplas-
ties are. Cement fixation of the
femoral component reduces the inci-
dence of postoperative pain associ-
ated with prosthetic loosening.
However, one must realize that the
need for reoperation following pros-
thetic replacement is low despite the
much higher rate of radiologic evi-
dence of significant acetabular ero-
sion and prosthetic loosening.
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