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B Fractures of the femoral head are rare injuries, which typi-
cally occur after posterior hip dislocation.

B The Pipkin classification, developed in 1957, is the most
commonly used classification scheme to date.

B The injury is mostly caused by high-energy trauma, such
as motor vehicle accidents or falls from a significant
height.

B Emergency treatment consists of urgent closed reduction
of the hip joint, followed by non-operative or operative
treatment of the femoral head fracture and any associated
injuries.

B There is an ongoing controversy about the suitable surgi-
cal approach (anterior vs. posterior) for addressing frac-
tures of the femoral head. Fracture location, degree of
displacement, joint congruity and the presence of loose
fragments, as well as concomitant injuries are crucial fac-
tors in choosing the adequate surgical approach.

B Long-term complications such as osteonecrosis of the
femoral head, posttraumatic osteoarthritis and hetero-
topic ossification can lead to a relatively poor functional
outcome.
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Introduction

Fractures of the femoral head are severe, but uncommon,
injuries of the proximal femur, which typically occur after
posterior dislocation of the hip joint.’-3 In 1869, Birkett
was the first to discover and document femoral head frac-
tures while performing a post mortem dissection.# The
infrequency of these fractures has made the study of large
patient populations difficult, as most of the available lit-
erature comprises small studies and case series. However,

the incidence of this rare injury has increased steadily in
recent years, most likely due to the occurrence of a higher
number of motor vehicle accidents in combination with
an enhanced survival of polytraumatized patients due to
improved safety features in modern vehicles.> Since frac-
tures of the femoral head are usually high-energy, intra-
articular injuries, they pose unique challenges for the
treating surgeon. Treatment of this injury ranges from
simple closed reduction to a surgical approach, which
involves either open reduction and internal fixation of the
injured femoral head, or the removal of the fractured seg-
ment. In addition, associated injuries such as femoral neck
or acetabular fractures may have to be addressed.-8

Serious long-term complications including osteonecro-
sis of the femoral head, posttraumatic osteoarthritis and
heterotopic ossification may impair the natural course
of post-injury healing and rehabilitation, often leading
to a poor functional outcome and unsatisfactory clinical
results.®~17 Moreover, the lack of a reliable uniform classifi-
cation system with a prognostic value as well as the ongo-
ing controversies about the optimal surgical approach
and fixation treatment®'2 make this injury even more chal-
lenging. Therefore, this review is intended to provide an
overview of mechanisms of injury, common classification
systems, diagnostic modalities, treatment options and
recent clinical studies, in order to facilitate decision mak-
ing for the treating surgeon.

Mechanism of injury

Fractures of the femoral head almost exclusively occur after
posterior hip dislocations or fractures of the acetabulum.?
The largest series of posterior hip dislocations reported
an incidence rate of associated femoral head fractures
of approximately 5-15%.1-314-16 The injury is caused by
shear forces along the femoral axis against the acetabular
rim, as the femoral head exits the acetabulum.'” Impres-
sion fractures caused by anterior or central hip dislocation
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or isolated fractures without accompanying dislocation
are less frequent.18-20

Due to the intrinsic stability of the hip joint, fractures of
the femoral head occur mostly after high-energy trauma,
typically in the form of motor vehicle accidents (e.g. the
knee of a passenger striking the dashboard of a motor
vehicle (‘dashboard injury’)) or falls from a significant
height. Approximately two thirds of patients are young
adults, and associated injuries such as acetabular fractures
are extremely common.2! In addition, anatomic variations
of the proximal femur, e.g. a decreased femoral antever-
sion, represent a risk factor for posterior hip dislocation
and, hence, for femoral head fractures.22

Classification systems

In 1954, Stewart and Milford described four grades of hip
joint dislocation. Dislocations with a concomitant fracture
of the femoral head or neck of the proximal femur were
classified as grade V.23 In 1957, Gerard Pipkin further sub-
classified Stewart and Milford grade IV injuries in order to
gain a better understanding in the sequalae of these kinds
of injuries. He developed the classification system based
on 24 patients, of whom 22 had injuries caused by motor
vehicle accidents. Although not primarily intended, the
classification system also provided a management scheme
for these fractures.?*

Pipkin classified fractures by their location in the femo-
ral head and the presence of any associated fractures as
one of four types: type | is defined as fracture inferior to
the capitis femoris; type Il is defined as fracture extended
superior to the capitis femoris; type lll is a type | or type I
fracture associated with a femoral neck fracture; and
type IV is a type | or type Il fracture associated with an
acetabular fracture (Fig. 1). Pipkin used the fovea capitis as
a landmark between type | and type Il fractures. The liga-
mentum capitis femoris remains attached to the inferior
fragmentin type Il injuries, which often results in substan-
tial rotation of this fragment. As a result, the rotated cau-
dal segment with its attached ligamentum may prevent a
reduction of the cranial head segment.*

The Pipkin classification became the most frequently
used classification system for fractures of the femoral
head. Several studies evaluated the prognosis after sur-
gical and non-surgical treatment of femoral head frac-
tures classified using the Pipkin classification. The results
indicate a better outcome with Pipkin type | and type Il
fractures when compared to Pipkin Il and IV fractures,
providing a crude validity to the classification system.?>
However, no studies have reported on the inter-observer
and intra-observer reliability, which is most likely due to
the infrequency of these injuries, with data only limited
to small case series. Some authors regard the Brumback
classification as more accurate and clinically valid, when
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Fig. 1 The Pipkin classification. (A) Type I: femoral head fracture
inferior to the fovea centralis. The ligamentum capitis femoris
inserting in the fovea centralis is shown. (B) Type II: femoral
head fracture superior to the fovea centralis. (C) Type IlI:
femoral head fracture inferior or superior to the fovea centrals
with an associated femoral neck fracture. (D) Type IV: femoral
head fracture inferior or superior to the fovea centrals with an
associated acetabular fracture.

Table 1. Brumback classification of dorsal hip luxations and fractures of
the femoral head

Type 1A Fracture of the inferiomedial aspect of the femoral head with
minimal or no acetabular rim fracture; stable hip

Type 1B Type 1A and significant acetabular rim fracture; unstable hip

Type 2A  Fracture of the supermedial aspect of the femoral head with
minimal or no acetabular rim fracture; stable hip

Type 2B Type 2A and significant acetabular rim fracture; unstable hip

Type 3A  Anterior or dorsal hip dislocation with femoral neck fracture

Type 3B Anterior or dorsal hip dislocation with femoral neck fracture with
associated femoral head fracture

Type 4A  Anterior hip dislocation and femoral head fracture; indentation
type

Type 4B Anterior hip dislocation and femoral head fracture; transchondral
shear type

Type 5 Central hip dislocation with acetabulum and femoral head
fracture

compared to the Pipkin classification.?¢ Indeed, the clas-
sification system of Brumback et al?” also considers the
direction of the dislocation, joint stability and sever-
ity of the acetabular fracture (Table 1). In addition, the
Brumback classification provides a prognostic value,
with patients suffering from type 3B and type 5 injuries
faring the worst, and patients with type 2B fractures hav-
ing the best physical outcomes.” However, Brumback’s
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classification has only recently been applied to a few pub-
lished case series and is not as readily performed in clini-
cal practice. Therefore, this classification system should
be used and evaluated in future publications to truly
determine its advantage over the well-established Pipkin
classification.

Evaluation and diagnosis

As these injuries are most commonly encountered dur-
ing high-energy trauma, a thorough patient history and
physical examination are necessary to diagnose the fem-
oral head fracture and any associated injuries. Since the
patient may be unconscious or uncooperative, detailed
information from the emergency medical team can assist
in understanding the mechanism of injury and determin-
ing potential concomitant injuries.

The posterior hip dislocation as the major cause of
femoral head fractures usually presents with a shortened
limb, in flexed, adducted and internally rotated position.
However, this classical limb position may not be present
with an accompanying fracture of the femoral neck or
head. After evaluation of the limb position, a rapid neu-
rovascular examination on this leg should be performed,
including pulses, capillary refill and skin temperature. The
neurological status of the limb should be assessed metic-
ulously, as the sciatic nerve is commonly injured in this
kind of trauma.? The physician should be aware of any
motor or sensory deficits of the affected limb. No attempt
at reduction of the hip joint should be performed in a con-
scious patient until the physical examination and conven-
tional X-rays are completed.

An appropriate radiographic assessment is crucial for
determination of the injury management. Fracture dis-
location is often evident on an anterior-posterior (AP)
pelvic radiograph. If additional computed tomography
(CT) imaging of the pelvis is performed as part of the
polytrauma diagnostics, appropriate reconstructions can
provide all the essential information for the diagnosis
of a femoral head fracture. For patients with an isolated
injury of the hip, AP radiographs of the pelvis reveal all the
information needed to determine which additional radio-
graphic assessment is necessary. The radiograph should
be systematically reviewed on the representation of the
femoral heads in size and location, a symmetrical joint
gap, assessment of the rotational position of the femur
and associated femoral neck, pelvic ring and acetabular
fractures. If a posterior dislocation of the femoral head is
present, an AP pelvic radiograph will usually show a supe-
riorly displaced femoral head, a void in the acetabular
socket and an obvious disruption of Shenton’s line. The
femoral defect, however, is not obvious until the X-ray
beam catches the plane of the femoral head fracture in
profile.?® In the AP pelvic radiograph, the posteriorly
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femoral head will appear smaller than the contralateral
side, as it is closer to the film and thus subject to less mag-
nification effect. If in doubt, additional pelvic inlet and
outlet views and 45° oblique views, as described by Judet
and Letournel??, should be obtained, after the reduction
manoeuvre. X-rays for follow-up examination should
include plain radiograph of the pelvis and radiographs
of the hip in two planes. If concomitant injuries, such as
acetabular fractures, are diagnosed, additional iliac and
obturator oblique views should be performed.

A CT scan should be performed routinely both after
the successful closed reduction and after open reduction
surgery. The CT scan provides essential information about
the structure of the femoral head fracture, fracture dis-
placement, potential fracture fragments in the joint gap
and the overall condition of the hip joint. Subsequently,
magnetic resonance imaging (MRI) may be obtained to
detect an avulsion of the acetabular labrum, inexplicable
widening of the hip joint and the early diagnosis of femo-
ral head necrosis.>

Emergency treatment

Fracture-dislocation of the hip joint is a surgical emer-
gency condition. An immediate closed reduction is
indicated regardless of the presence of a femoral head
fracture. In the emergency department, reduction should
be performed under sedation of the patient as soon as
possible. Delay of the reduction must be avoided under
all circumstances, in order to minimize the risk of oste-
onecrosis of the femoral head.3® After successful reduc-
tion, new radiographs and a CT scan of the hip should
be obtained to evaluate the femoral head and associated
injuries. If there is a contraindication for closed reduction
(e.g. concomitant femoral neck fracture) or the disloca-
tion remains irreducible due to a rotation of the fracture
fragment around the ligament of the head of the femur,
impaction of soft tissues or an osteochondral fragment,2*
urgent open reduction in the operating room is indicated.
A preoperative CT scan should be performed if possible;
however, a substantial delay must not be accepted due to
an increasing risk of femoral head osteonecrosis (Fig. 2).5

Definitive treatment

Non-surgical treatment

The Pipkin classification may assist in choosing the
appropriate treatment approach (Fig. 3). A non-surgical
approach of femoral head fractures may be considered in
Pipkin | and Il fractures, if a closed reduction achieves a
residual displacement of T mm or less and an anatomi-
cally congruent hip joint without fragment interposition.
In the past, most femoral head fractures were treated
with prolonged bed rest and axial traction following
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clinical suspicion

neurovascular

assessment
radiographic imaging
closed reduction closed reduction contraindication for
successful unsuccessful closed reduction

novel imaging

(e.g. femoral neck fracture)

(radiographs + CT scan)

planning of definitive
treatment

Fig. 2 Treatment algorithm in the emergency phase. Upon clinical

if available, rapid
CT scan

urgent open reduction in

the operating room and

treatment of concomitant
injuries

suspicion of a femoral head fracture after posterior hip dislocation,

thorough neurovascular assessment has to be performed. Afterwards, radiographs of the hip and pelvis can confirm the diagnosis.
Rapid closed reduction should be performed as soon as possible. If closed reduction is successful, novel imaging by means of
radiographs and CT scans must be performed to evaluate the definitive treatment approach. If closed reduction is unsuccessful or
contraindications for closed reduction are present (e.g. femoral neck fractures), urgent open reduction in the operating room is
indicated. CT scans for completing diagnostics should performed if possible; however, they must not hinder rapid surgical treatment.

Note. CT, computed tomography.

closed reduction.?#31 However, fairly poor results have
been reported with this treatment approach.' There-
fore, partial weight-bearing with crutches for a minimum
of six weeks is recommended nowadays.?’:32 Adduction
and internal rotation above neutral should be restricted
for approximately two months.> Regular repeated radio-
graphs should be obtained to evaluate maintenance of
reduction and hip joint congruency. At our institution we
perform control radiographs regularly after one, three and
six weeks, as well as three months. If there is any doubt
about secondary dislocation, as well as femoral head vas-
cularity, repeat CT or MRI diagnostics are performed as
required.

Surgical treatment

In case an adequate closed reduction of less than 1 mm
displacement cannot be achieved, a surgical approach
is indicated. In Pipkin type | and type Il fractures open

reduction and internal fixation (ORIF) is recommended
(Fig. 3). This is most commonly done with countersunk
screws, or headless compression screws. In these cases,
headless compression screws have the advantage that
they can be placed subchondrally, without causing addi-
tional damage to the articular cartilage in the process.833
Additionally, Hermus et al** and Prokop et al?* reported on
the fixation of femoral head fractures with bio-absorbable
screws. These bio-degradable implants provide fewer
artifacts during magnetic resonance imaging. In smaller
Pipkin type | injuries, outside the weight-bearing zone
removal of the fractured fragment can also be an option.

Pipkin type Il injuries have a poor prognosis in
general.?¢ Closed reduction in this injury is not feasible
as the femur is disconnected from the femoral head.
Hence, immediate ORIF through an anteromedial Smith-
Peterson, or in some cases an anterolateral Watson-Jones
approach should be undertaken.3¢ ORIF of the femoral
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femoral head fracture

Pipkin I/I1 Pipkin 11l Pipkin IV

closed reduction advanced signs of

arthritis of the hip

joint or immobilization

displacement
<1 mm

displacement
>1mm

non-operative

open reduction

non-displaced, displaced,
small fracture large fracture
segments segments

| arthroplasty |

| ORIF

non-operative

ORIF, anterior if

outside weight-
bearing zone)

treatment and internal approach in only femoral
fixation (ORIF), select patients head requires

or fragment treatment,

removal (if combined,

posterior, w/o
trochanteric-flip
approach

Fig. 3 Treatment algorithm according to the Pipkin classification. In Pipkin type | and type Il fractures, the treatment depends on

the degree of displacement after closed reduction. For fractures with a displacement of less than T mm a non-operative approach
should be considered. Fractures with a displacement of more than 1 mm should be addressed with open reduction and internal
fixation (ORIF) or fragment removal. In Pipkin type Ill fractures, surgical treatment depends on signs of arthritis in the hip joint and
the physical demands of the patient. If advanced signs of arthritis or immobilization are evident, a bipolar endoprosthesis or total hip
arthroplasty are advised. If not, ORIF with surgical hip dislocation is suggested, attempting to preserve the femoral head, especially
in younger patients. In Pipkin type IV fractures with non-displaced and small fracture segments, a non-operative approach with
weight-bearing of the hip joint is recommended. Displaced and large fracture segments are usually treated with ORIF by the Kocher-

Langenbeck approach with or without trochanteric-flip osteotomy.

neck and head fracture should be performed in younger
patients. A bipolar endoprosthesis or total hip arthro-
plasty, on the other hand, should be preferred in senes-
cent patients with signs of advanced arthritis and low
physical demands (THA) (Fig. 3).3”

Pipkin IV fractures must be addressed in tandem with
the associated acetabular fracture, with the latter deter-
mining a surgical approach. If the femoral head and
acetabular fracture are non-displaced, a non-operative
approach with restricted weight-bearing of the hip joint
is usually recommended. If the fractures are displaced,
ORIF of the acetabular and femoral head fracture should
be performed. A posterior wall fracture of the acetabulum
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is often associated with fractures of the femoral head. The
Kocher-Langenbeck approach allows the management of
both types of fracture.® In case of an injury to the anterior
column, an ilioinguinal or a modified Stoppa approach
with Smith-Peterson extension is usually chosen.>

Surgical approaches

For most Pipkin type | and Il injuries, the distal part of the
anteromedial Smith-Peterson approach represents the
preferred surgical exposure. This approach uses the inter-
muscular plane between the sartorius and tensor fascia
latae muscles38 to allow the direct visualization and inter-
nal fixation of femoral head fragments, which are often
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femoral head fracture

Pipkin 1/11 Pipkin 11

Pipkin IV

anteriomedial Smith-
Peterson approach

anterolateral Watson-
Jones approach

posterior
column/dislocations

anterior column

Stoppa Kocher-
approach with Langenbeck
Smith-Peterson approach or

extension Gibson
approach

Fig. 4 Algorithm for surgical approaches. For Pipkin type | and Il fractures, the anteromedial Smith-Peterson approach represents the
preferred surgical exposure. For Pipkin Ill fractures the Smith-Peterson and the anterolateral Watson-Jones approach is recommended.
Pipkin IV injuries with concomitant acetabular fractures of the anterior column should be addressed using the Stoppa approach with

Smith-Peterson extension. Pipkin IV fractures with injuries of the posterior column or posterior fragment dislocation should be treated
with the Kocher-Langenbeck approach or the modified Gibson approach in combination with trochanter osteotomy.

located anterior and medially. Moreover, the Smith-
Peterson approach is associated with a reduced surgery
duration and blood loss,’0 as well as a decreased rate of
avascular necrosis of the femoral head,” when compared
to posterior approaches. On the other hand, however,
heterotopic ossifications have been demonstrated to be
more frequent in anterior approaches,?® especially if the
more proximal extended part is utilized.

In addition to the Smith-Peterson approach, the ante-
rolateral Watson-Jones approach is particularly suitable
for the treatment of Pipkin type Ill fractures. The latter
approach uses the interval between the gluteus medius
and tensor fasciae latae muscles to address the femoral
neck and femoral head fracture at the same time.

For posterior dislocations, as well as cases with associ-
ated acetabularfractures of the posterior column and poste-
rior wall (Pipkin type IV), the Kocher-Langenbeck approach
is recommended.“° This approach provides excellent expo-
sure of the posterior wall of the acetabulum. However, it is
limited by an insufficient visualization of the femoral head
and can therefore hinder internal fixation of the femoral
head fracture fragments, especially if the hip joint has been
successfully reduced in the emergency room. Treatment
of the femoral head then either requires a separate anterior

exposure or, more elegantly, an extension of the posterior
approach via trochanteric-flip osteotomy. Various authors
have reported on this technique.#'-43 In fact, in a previous
study, Mostafa et al** demonstrated that an additional
trochanteric-flip osteotomy was associated with less oper-
ative time, reduced blood loss and improved visualization,
thus facilitating direct screw fixation of the femoral head
fracture. However, there was no significant difference in
the final clinical and radiological outcome. Notably, the
Gibson interval, between the gluteus maximus and tensor
fasciae latae muscles, may be favourable when perform-
ing the trochanteric-flip osteotomy in order to preserve the
integrity of the gluteus maximus muscle. In conclusion,
choosing the most suitable approach for surgical treat-
ment of femoral head fractures requires careful evaluation,
including the fracture pattern and location, concomitant
injures and, maybe most importantly, the preference of
the surgeon himself (Fig. 4).

Irreducible femoral head fractures

Femoral head fractures are rare injuries, and irreducible
cases are even less frequent. However, they represent a
critical surgical emergency, due to a high risk of osteone-
crosis of the femoral head. Irreducible dislocation should
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be distinguished from incomplete reductions, which may
be caused by a rotation of the fracture fragment around
the capitis femoris ligament, impaction of soft tissue or
an osteochondral fragment.?# Irreducible dislocations,
however, are due to a button-hole effect associated with
capsulolabral incarceration in the acetabulum and the fem-
oral head indented on the posterior acetabular rim.#> Uzel
et al* reported about two cases of irreducible Pipkin Il fem-
oral head fractures, which occurred after road accidents. In
both cases, closed reduction failed and the fracture dislo-
cation was treated using a transgluteal approach.*> A fem-
oral head extractor was introduced into the femoral neck
via the greater trochanter to disengage the femoral head
under muscle relaxation. The interposing soft tissue was
freed manually and instrumentally. Subsequently surgical
reduction was stabilized by screw osteosynthesis.*> Dam-
age to the acetabular labrum can be a potential source
of irreducibility of the femoral head fracture. In that case,
care should be taken to fixate and reconstruct the labrum,
in order to avoid future incarceration and damage to the
articular surface of the hip joint. Moreover, the acetabular
labrum is of crucial importance for hip joint stability and an
equal distribution of forces during loading, reducing the
demand on cartilage and compression in the main load-
ing area.*¢47 A posterior approach with a trochanteric-flip
osteotomy may be best used to address such an injury to
clearly identify all osteochondral lesions.

Fragment removal

There is ongoing controversy regarding the treatment of
fragments in femoral head injuries. Earlier literature advo-
cates the removal of all fragments, provided that the frag-
ment constitutes of less than one third of the femoral
head.3'* However, the bio-mechanical consequences of
removal of femoral head fragments remain unclear. Previ-
ous studies demonstrate similar outcomes between patients
treated with fragment removal and those treated with inter-
nal fixation.>8 In a case series focusing on the medium- and
long-term outcomes of femoral head fractures, Kokubo
et al*® suggest that fragments measuring less than 1 cm
could be removed, while larger fragments should be fixed in
all types of femoral head fractures. In general, factors influ-
encing the treatment decision are fragment size, degree of
comminution and the location of the fragment in relation
to the weight-bearing area.> Fragments which are large
enough for stable internal fixation should be fixed. On the
other hand, small or comminuted fragments that are not
located within the weight-bearing portion of the head can
be removed without compromising outcome.>

Role of hip arthroscopy

Hip arthroscopy has gained increasing popularity for
the management of various hip disorders, in particular
femora-acetabular impingement, in recent years.*° Its role
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in the management of fractures of the femoral head, how-
ever, is largely unexplored, with only a few case reports
in the literature and no long-term follow-up results.>':52
In a technical note, Kekatpure et al*° provided a stepwise
description for the arthroscopic reduction and internal
fixation of Pipkin type | femoral head fractures. This tech-
nique showed acceptable reduction with maintained joint
space, and may thus represent an alternative to the usu-
ally performed open reduction with the advantages of
minimal surgical soft tissue injury and early rehabilitation
in posttraumatic cases.>® Nonetheless, it requires reliable
and multi-centric follow-up studies to truly evaluate the
potential of minimally invasive hip arthroscopy for the
treatment of fractures of the femoral head.

Traumatic hip dislocation in children and adolescents

Traumatic hip dislocation in children and adolescents is a
particularly rare event.>3 This injury is typically the result
of a high-energy trauma, but can also occur after minor
trauma, due to the laxity of capsular ligament structures in
this age group.>* Similar to adults, traumatic hip disloca-
tions can ultimately lead to fractures of the femoral head
and acetabulum. Accordingly, the algorithm for diagnosis
and treatment of concomitant injuries should in general
follow the recommendations which are applied in adults.
However, MRI diagnostics play a greater role in children
and adolescents, not only for the evaluation long-term
complications but also for further diagnosis during the
acute phase after trauma. Concomitant injuries to the
labrum, osteochondral defects and lesions of the liga-
mentum capitis femoris are not uncommon among chil-
dren and adolescents and can only be reliably detected
by MRI. Therefore, MRI diagnostics in juvenile and ado-
lescent patients should be performed as soon as possible
after reduction, in order to detected all potential injuries
and initiate the necessary treatment to avoid long-term
complications.33

Rehabilitation

Early mobilization demonstrated equivalent or superior
results, when compared to prolonged bed rest and exten-
sion treatment in cases of both non-surgical and surgical
treatment of femoral head fractures, provided that the hip
joint is stable.’® Hence, early functional treatment with 20
kg partial weight-bearing with crutches is recommended
for a minimum of six weeks postoperatively. Continuous
passive motion devices may be used in the early postop-
erative period but it has not been confirmed to improve
clinical outcome.>¢ Moreover, in selected cases hip flex-
ion of more than 70 degrees can be avoided to reduce
shear forces on the structurally weak part of the poste-
rior acetabular rim. Patients should be assisted through
physical therapy to work on passive, active-assisted, and
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active range of motion (ROM) of the hip to regain range
of motion. If radiographic signs of fracture healing are evi-
dent after six weeks postoperatively, patients can wean off
crutches and gentle strengthening can be started. In gen-
eral, full weight-bearing is achieved approximately three
months postoperatively.

Complications and prognosis

Since fractures of the femoral head are usually caused by
high-energy trauma, the prognosis depends to a large
degree on associated injuries including traumatic brain
injury, thoracic and abdominal trauma, as well as unstable
pelvic injuries. However, isolated fractures of the femoral
head also carry the risk of a variety of complications, which
require special attention during clinical examination and
postoperative follow-up. The most frequent early compli-
cations in surgical cases of femoral head fractures represent
postoperative infections with a rate of 3.2%. Moreover,
sciatic nerve injury occurs in 4.0% of all fracture disloca-
tions.?6 Major late complications include avascular necro-
sis with an incidence rate of 11.8%, posttraumatic arthritis
with 20% and heterotopic ossification with 16.8%.26 Of
note, Mehlman et al** performed a long-term follow-up of
children suffering hip dislocation and found a comparable
rate of 12% of cases with avascular head necrosis. Another
common complication represented coxa magnain 27% of
all cases with radiographic follow-up averaging two years
and six months.>*

Two significant problems are evident when attempt-
ing to analyse the prognosis of femoral head fractures:
(1) inadequate follow-up in the percentage of patients
within the study series and (2) the lack of a uniform clas-
sification system with a satisfactory inter-observer and
intra-observer reliability.>” However, a reliable and stand-
ardized system for analysing end results is necessary to
evaluate the correlation between injury classification,
surgical treatment approach and clinical outcome. The
most commonly used criteria for functional assessment
after fractures of the femoral head were established by
Thompson and Epstein,'3 which include the radiographic
outcome as well as remaining pain and range of motion of
the hip joint. In a previously published systematic review
by Giannoudis et al,26 the authors evaluated the outcome
of femoral head fractures using Thompson and Epstein’s
criteria. The overall results, regardless of fracture classifica-
tion or treatment, showed excellent resultsin 14.3%, good
results in 39.8%, fair results in 19.3% and poor results in
26.5% of all cases. Interestingly, the authors found no sta-
tistical difference in the outcome among Pipkin subtypes.
Nonetheless, the analysis revealed a tendency towards a
superior outcome in Pipkin type | and Il fractures, when
compared to Pipkin type Ill and IV fractures.2¢ Moreover,
fractured segment removal showed better results in Pipkin

type | injuries, when compared to ORIF, whereas in Pip-
kin type Il fractures the principles of anatomic reduction
and internal fixation should be applied.?¢ It is noteworthy
that the data published by Giannoudis et al?6 are based on
rather a small number of patients and are compromised
by the absence of a validated outcome instrument and
the lack of high-quality randomized control (prospective
or retrospective) studies. Hence, there is an urgent need
for reliable, multi-centric, prospective clinical trials as well
as large-scale retrospective register studies based on an
uniform classification and outcome system to elucidate
prognostic factors determining the functional outcome
for each subtype of this injury independently.

Conclusion

Fractures of the femoral head represent a relatively uncom-
mon but severe injury that often occurs after posterior hip
dislocation in the context of a high-energy trauma. Treat-
ment options are conservative in cases of non-displaced
fractures with intact joint congruity and surgical treat-
ment in displaced fractures. Surgical treatment involves
open reduction and internal fixation of the fractured seg-
ments, fragment removal, as well as minimally invasive
approaches using hip arthroscopy. Depending on fracture
morphology and associated injuries of the femoral neck
or acetabulum, a suitable anterior, anterolateral or pos-
terior approach has to be chosen. However, due to a lack
of clinical trials, definite treatment recommendations for
specific fracture subtypes are currently hard to determine.
Accordingly, the major challenge for the future will be to
evaluate and compare the results of these different surgi-
cal approaches and internal fixation techniques for each
fracture subtype individually. If this succeeds, specific
treatment recommendations for each fracture subtype
may be developed to finally facilitate decision making for
the treating surgeon.
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