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Paediatric hip fractures : A systematic review of incidence,
treatment options and complications
Richard BIMMEL, Alex BAKKER, Ben BOSMA, Joseph MICHIELSEN

From Algemeen Ziekenhuis Monica, Deurne, Belgium

Hip fractures in children are rare ; when not properly treated, they can be disastrous for the growing
child. We present the incidence, causes, treatment
options and possible complications.
A good understanding of classification and treatment
options is of great importance to minimize complications. A clear evidence- based algorithm, however,
cannot be proposed. Further multi-centre studies
should be performed to come to such a consensus on
the treatment of pediatric hip fractures.
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INTRODUCTION
Hip fractures in children are rare ; they account
for less than one percent of all paediatric fractures.
The incidence of paediatric hip fractures is highest
in children above the age of eleven. The most common cause is a high-energy trauma such as motor
vehicle accidents and falls from a height. There is a
thirty percent chance of associated injuries (12).
Fractures can also occur spontaneously, after lowenergy trauma or through proximal femoral bone
cysts as described by Roposh et al and Vigler et
al (34,43). Hip fractures can be part of a “battered
child syndrome”. A very rare cause is a stress fracture of the neck of the femur (33). Hormone based
Slipped Upper Femoral Epiphysis (SUFE) has also
been described incidentally as a cause of hip fractures (3). Standard radiographs of hip and pelvis are
usually sufficient to make the diagnosis. If radioNo benefits or funds were received in support of this study

graphs are not conclusive CAT scan, MRI or bone
scan can be used.
Hip fractures can have important implications
on hip development. The vascular anatomy of
the proximal femoral physis is therefore of great
importance when dealing with these fractures.
Complications are avascular necrosis (AVN), nonunion, malunion and premature closure of the
proximal femoral physis leading to leg length
discrepancy.
Treatment related complications are infection,
skin problems and chondrolysis.
To come to a better understanding of this type of
fracture and its implications, a classification system
was proposed. The classification by Delbet (in 3) is
the most frequently used. This review article will
give an overview of the literature on treatment and
complications of hip fractures in children.
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VASCULARISATION
Vascularisation of the femoral head in children
differs from the blood supply to the adult hip. This
makes the femoral head particularly vulnerable to
trauma to the proximal femur. The blood supply to
the femoral head has been studied extensively and
described (37,40,41,42). Post mortem injection and
micro angiographic studies have provided us with
insights as to how the vascular anatomy changes
with age. The vessels from the ligamentum teres
contribute little to the vascularisation of the femoral
head until the age of eight years. In adults, their
contribution is around twenty percent and further
decreases with age.
At birth the branches of the medial and lateral
femoral circumflex arteries traverse the femoral
neck and predominantly supply the femoral head.
With increasing size of the cartilaginous physis,
these vessels diminish gradually and this blood supply is practically non-existing from the age of four.
The lateral epiphyseal vessels predominate and the
femoral head is primarily irrigated by these vessels,
which bypass the physeal barrier (27).
Two branches arise from the lateral circumflex
artery, the postero-superior (PS) and the posteroinferior (PI) branch. The medial circumflex artery
anastomoses with the posterosuperior branch of the
lateral circumflex artery. At the intertrochanteric
groove the medial circumflex artery ends into a retinacular system and enters the capsule. This vascular web ascends along the neck of the femur to irrigate the head of the femur. An anterior capsulotomy
will therefore not damage the blood supply of the
femoral head when stopped at this level. Damage to
the notch or lateral ascending arteries however, will
leave the head avascular. From the age of three to
four, the lateral postero-superior vessels appear to
predominate and supply the entire antero-lateral
portion of the capital femoral epiphysis (9). The
postero-inferior and postero-superior vessels persist
throughout life and supply the femoral head. The
multiple small vessels of the young child join to
form a limited number of larger vessels ; as a result,
damage to a single vessel may lead to AVN in the
older child. From the age of fourteen to seventeen
the physis closes and the epiphyseal and metaphyActa Orthopædica Belgica, Vol. 76 - 1 - 2010

Fig. 1. — Delbet Classification

seal vessels join to supply the femoral head and
neck. In adults there is one system that irrigates the
entire head of the femur.
DELBET’S CLASSIFICATION
Delbet’s classification (fig 1) was described in
1928 and popularized in 1929 by Colonna (10). It
describes four different types of proximal femoral
fractures in children. It is widely used to classify
hip fractures in children.
Type I
A type I fracture is a transepiphyseal fracture
with or without dislocation of the femoral head.
Dislocation occurs in about fifty percent of these
cases. This type of fracture is the least common. In
a review study by Canale and Bourland (8) it represented a total of 8% of 471 fractures. Conversely, in
the infant, type I fractures were more common than
type II, III, and IV. Diagnosis of a type I fracture
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Fig. 2. — Type II fracture left, AP view

Fig. 3. — Type II fracture. Lateral view

may be difficult in an infant, as the femoral head is
not yet ossified. Clinically, the limb is usually positioned in flexion, abduction and internal rotation.
The differential diagnosis includes developmental
dislocation of the hip and septic arthritis of the hip
joint. An arthrogram and MRI may sometimes be
necessary. Type I fractures have also been described
following closed reduction of a traumatic dislocation of the hip (14).
Type II
Type II is described as a transcervical fracture
(fig 2, 3). This type represents the largest group of
fractures, about 45% (8). Transcervical fractures are
mostly due to a high-velocity accident involving
direct impact. The incidence of AVN after transcervical fracture varies from 16 to 78% (8,25,32). The
chance of AVN occurring is directly related to the
initial displacement.
Type III
Type III in Delbet’s classification presents as a
cervicotrochanteric fracture, it is found in approximately 25 to 34% (19,25,32). One quarter of type III
fractures is said to develop AVN (12,21,22,32).

Type IV
Type IV is an intertrochanteric hip fracture. In
Canale and Bourland’s review, it represented 12%.
This fracture type has been reported to have the
most favourable outcome (8,29,32).
TREATMENT OPTIONS
The low incidence of these injuries may be the
reason why a universal treatment protocol has not
yet become available. After the first description by
Cromwell (11) in 1885, only a few reports where
published until half of the 20th century, and all these
patients where treated non-operatively (28,44,45).
Until the 1970’s it was recommended that all
non- or minimally displaced fractures should be
treated with cast immobilization. Closed reduction
and a plaster spica cast were recommended for
displaced transcervical and cervico-trochanteric
fractures. A recently published paper shows that fair
results still can be obtained with conservative
Acta Orthopædica Belgica, Vol. 76 - 1 - 2010
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treatment ; however less adverse effects are noted
when operative treatment is used (25).
Type I
Fixation with smooth pins is indicated for fractures without displacement (35). Conservative management with plaster spica cast however remains an
option. In two papers by Feigenberg et al (13) and
Forlin et al (16), results of conservative treatment
with skin traction or hip spica were fair in most
patients. No comparison was made with operative
treatment.
For hip fractures with dislocation of the femoral
head, a gentle closed reduction can be attempted
after which the head is fixed with a smooth pin. If
closed reduction fails, an open reduction with pin
fixation is recommended. As described previously,
an anterior approach to the hip is best because it
spares the blood supply to the femoral head. An
additional benefit of open reduction is that the hip
joint is decompressed (6,36). However, there is still
no consensus that urgent decompression of the joint
reduces the rate of complications, such as AVN.
Type II and III
Type II fractures should be treated with anatomical reduction and stable fixation to minimize the
risk of late adverse effects (17,22). In type II
fractures without much displacement, good to fair
results have also been reported with conservative
treatment (13,16). In fractures with substantial
displacement results are poor with conservative
management. There is a high incidence of AVN,
coxa vara or secondary displacement (7,18,36).
Canale and Bourland (8) reported a decrease in
complications in all, undisplaced or displaced, type
II fractures, after reduction and internal fixation by
pins or screws. Heiser (18) stated that if it is necessary to bridge the physis, it is preferable to do so
with smooth Kirschner wires to prevent premature
closure of the physis. An anterior capsulotomy
could reduce the occurrence of AVN in these fractures. When an open reduction has to be performed,
the approach according to Watson-Jones is to be
Acta Orthopædica Belgica, Vol. 76 - 1 - 2010

preferred. The treatment options for type III are the
same as for type II.
Type IV
We will not discuss type IV fractures because of
the favourable outcome related to their inter- and
sub- subtrochanteric location.
COMPLICATIONS
Avascular Necrosis
Avascular necrosis (AVN) is the most frequent
and serious complication of proximal femoral
fractures in children. It has been reported to be the
primary cause of poor results. The chance of AVN
occurring after a fracture is directly related to the
amount of initial displacement, or the displacement
as a result of the reduction attempts. Most papers
report an incidence of about 17% of AVN, however
AVN has been described in up to 59% of all
paediatric hip fractures (39). As discussed above the
compromise to the blood supply is of eminent
importance and can occur either by disruption or
kinking of the vessels. Besides displacement of the
fracture (2), other risk factors for AVN include a
type I or displaced type II fracture and age of more
than ten years (25). However there are authors who
regard the type of treatment of greater importance
than the type of fracture (38). Delay in fracture treatment has also been postulated as a risk factor for
AVN (5). Early reduction and safe fixation are the
most important factors in reducing the risk of
AVN (15). The adjunct of decompression of the hip
joint has not yet been proven to reduce the incidence of AVN (1).
The first signs of AVN can be pain and limitation
of range of motion. It can be seen as early as one
and a half months after the trauma. Repeat radiographs and bone scan can result in the diagnosis.
Ogden (27) recommends repeat bone scan at three
and twelve months. Ratliff described three types of
AVN after a hip fracture (31). In type I the entire
femoral head is involved. Type II involves only a
portion of the head. When there is a zone of AVN
from the fracture line to the physis it is described as
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type III. The Ratcliff classification type I has the
worst prognosis.
The consequences of AVN can be devastating
and further treatment may be needed. If internal fixation is in place when AVN develops it should be
removed after union of the fracture. Remodeling of
the femoral head may occur, especially in the
younger child, but may take up to five years (20).
Maeda et al (23) proposed a non weight-bearing
regime for more than one year to avoid severe collapse. It may be necessary to perform a rotational
osteotomy or even a total hip replacement.
Mal-union
Mal-union may occur after conservative or invasive treatment of a proximal femoral fracture. Two
types have been described, coxa vara and coxa
valga. Coxa vara occurs in 20 to 30% of all paediatric hip fractures. The incidence of coxa vara
decreases when internal fixation is performed in
fractures with displacement (22). Coxa vara may
develop secondary to AVN, non-union and premature physeal closure, or a combination of all above.
Severe coxa vara shortens the limb. It causes abductor weakness and may result in early development
of osteoarthritis of the hip. Remodeling of the hip
can be expected in the very young child. If the neckshaft angle is 110° or less, a subtrochanteric valgus
osteotomy may be considered as suggested by
Canale and Bourland (8) and Morrissy (26). A very
rare type of malunion is coxa valga. Coxa valga has
been described in one study (24) in which the cause
of the mal- union was iatrogenic.
Non-union
Non-union may occur in hip fractures in children.
It has been reported in 6 to 10% of all paediatric hip
fractures (4,15,16,35). Primary cause of non-union is
failure to obtain, or maintain, anatomical reduction.
Most non-unions occur in displaced fractures.
In a series of 16 fractures in 16 children published by Forlin et al (16), seven non-unions were
described, six where in displaced type II fractures.
Four were treated with open reduction and internal
fixation, two were treated with closed reduction and

internal fixation and one was treated with traction
and an immobilization cast. Non-union should be
treated operatively, unlike AVN, as soon as possible. Valgus osteotomy usually leads to secondary
union. Bone grafts can be used if necessary. In an
attempt to minimize the occurrence of AVN and
non-union Qi et al used a vascularised greater
trochanter periosteal flap transposition (30). They
achieved excellent to good union rates in 87%.
They state that this method may accelerate union
and may decrease AVN.
Premature closure of the proximal femoral
physis
Premature closure of the proximal femoral
physis has been reported in 5 to 65% of all paediatric hip fractures. The prevalence increases when
the physis is bridged by osteosynthesic material. It
also increases in the presence of AVN. When crossing the physis with internal fixation is necessary,
pins are preferred to cannulated screws. A minimal
number of pins should be used. Beaty (2) however
stated that it is more important to have stable fixation than sparing the physis. Premature closure of
the physis leads to leg length discrepancy.
Contralateral epiphysiodesis may be necessary
when leg length difference becomes more than
2.5 centimeters.
CONCLUSION
Paediatric hip fracture is not a large burden in the
orthopaedic traumatology. The incidence is one percent of all paediatric fractures. An orthopaedic surgeon will however be, most likely, confronted in
his/her career with a paediatric hip fracture. It is
important to know how to treat these fractures.
Classifying these fractures according to Delbet
indicates the possible treatment options. The potential adverse events following these fractures are of
great implication to the growing child. Undisplaced
fractures can be treated conservatively. However,
Delbet’s type 2 and 3 fractures are known to have
greater risk for secondary displacement ; fixation of
these fractures gives a more predictable result. In
general the advice should be to reduce and stabilize
Acta Orthopædica Belgica, Vol. 76 - 1 - 2010

12

R. BIMMEL, A. BAKKER, B. BOSMA, J. MICHIELSEN

all displaced hip fractures, closed or open. Gentle
closed reduction should be tried first, with a
maximum of one or two reduction attempts. It is
important to prevent greater displacement with risk
of greater damage to the blood supply. After reduction, stable fixation is important. Stability is more
important than sparing the growth plate. The most
dangerous and frequent complication is avascular
necrosis. Frequent follow-up clinically, radiographically and with repeated bone scanning is recommended. Another less frequent complication is nonunion. A vascularised greater trochanter periosteal
flap transposition may be a solution. There is however no large follow-up study to make this treatment
the standard of care at this stage. Follow-up until
the child has reached skeletal maturity is necessary
to determine if mal-union or leg length discrepancy
is present. A prospective randomized multicenter
study may give answers to the question whether
standard decompression of the hip joint can lower
the risk of avascular necrosis. It would also be
interesting to have a standardised treatment protocol for hip fractures in children, mainly because of
their low frequency and their high rate of complications.
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