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Embryology of the proximal femur

The proximal femur develops from a single chon-
droepiphysis that encompasses the femoral head, the
femoral neck and the greater and lesser
trochanters.[1] Growth and development occur by
appositional growth at the surface of the upper
femur and epiphyseal growth at the junction of the

cartilagenous upper femur and the femoral shaft.
Between the fourth and seventh months of life the
proximal femoral ossification center develops. This
center continues to enlarge until skeletal maturity,
when it is covered with only a thin layer of articular
cartilage. With progressive maturation of the proxi-
mal femur three main growth centers develop. These
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Proximal femoral growth disturbance, commonly
referred to as avascular necrosis (AVN) of the femoral
head in the literature, is a potentially devastating com-
plication in the treatment of developmental dysplasia of
the hip (DDH). The early onset of debilitating degener-
ative changes in the hip joint when treatment options are
limited remains the biggest fear. Controversy exists
regarding the pathophysiology of this disorder, as well as
exactly defining and diagnosing this problem. The natur-
al history of AVN in the setting of DDH is very variable.
Current practice concentrates primarily on prevention of
this disorder, as there are no reliable ways to intervene
at an early stage when changes are potentially
reversible. Newer techniques using magnetic resonance
imaging may have a role in early diagnosis of this con-
dition before irreversible damage has occurred, and
allow for interventions that will favorably affect the nat-
ural history of AVN. Treatment options for established
AVN in DDH concentrate on improving the biomechan-
ics of the proximal femur but unfortunately do not obvi-
ate the need for arthrodesis or arthroplasty at a later
date.

Literatürde s›kl›kla femur bafl› avasküler nekrozu (AVN)
olarak adland›r›lan proksimal femoral büyüme bozuklu-
¤u, geliflimsel kalça displazisinin tedavisinde potansiyel
olarak y›k›c› bir komplikasyondur. Tedavi seçeneklerinin
s›n›rl› oldu¤u bir dönemde kalça eklemindeki dejeneratif
de¤iflikliklerin erken bafllang›c› en büyük korku olarak
kalmaktad›r. Bu sorunun kesin tan›m›n› yap›p tan›s›n›
koymak kadar, hastal›¤›n patofizyolojisi hakk›nda da an-
laflmazl›klar vard›r. Geliflimsel kalça displazisi zemininde
geliflen AVN’nin do¤al seyri oldukça de¤iflkendir. Günü-
müzdeki uygulamalar öncelikle bu sorunun önlenmesinde
odaklanmaktad›r; çünkü, de¤iflikliklerin potansiyel ola-
rak geri dönebilir oldu¤u erken evrede giriflimde buluna-
bilmek için güvenilir bir yol bulunmamaktad›r. Manyetik
rezonans görüntülemenin kullan›ld›¤› yeni teknikler, geri
dönüflümsüz hasar oluflmadan önce bu durumun erken ta-
n›s›nda rol oynayabilir ve AVN’nin do¤al seyrini olumlu
etkileyecek giriflimlerin önünü açabilir. Geliflimsel kalça
displazisinde AVN’nin tedavisindeki seçenekler proksimal
femurun biyomekani¤ini iyilefltirmede yo¤unlaflmaktad›r;
ne yaz›k ki, daha sonraki evrelerde artrodez ya da artrop-
lasti ihtiyac›n› ortadan kald›rmamaktad›r.
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are the physeal plate of the proximal femur, the
growth plate of the greater trochanter and the growth
plate along the femoral neck isthmus. Growth pat-
terns in these three physes will determine the adult
proximal femoral shape. Growth disturbances of any
of these three centers, by whatever mechanism, will
alter the shape of the proximal part of the femur. 

Other factors also influence the development of
the proximal femur. Forces across the joint that
occur during weight bearing, muscle forces around
the joint, joint nutrition and circulation all affect
proximal femur development. Abnormal or exces-
sive pressure on the femoral head will adversely
affect cartilage perfusion and the subsequent devel-
opment of this portion of the proximal femur.
Abnormal growth patterns that occur depend on the
portion of the proximal physis that is injured.
Usually the physis of the greater trochanter is unaf-
fected by these processes and it continues to grow
normally resulting in relative trochanteric over-
growth.[2, 3]

Growth disturbances of the proximal 

femur

Growth disturbances of the proximal femoral epi-
physis, also referred to as avascular necrosis (AVN)
of the femoral head, remains a major complication
following treatment of developmental hip dysplasia
(DDH).[4,5,6] Potential sequelae that result from this
problem include femoral head deformity, acetabular
dysplasia and early onset of degenerative changes in
the affected hip.[7] The incidence of this complication
varies from 3% to 60%[8] Part of this large variabili-
ty relates to the fact that the definition of what con-
stitutes avascular necrosis is not agreed upon. Even
the term AVN is disputed as it implies a pathophysi-
ology that has not been correlated with any patholog-
ical specimen.[9]

The diagnosis of AVN is also a controversial area.
The most commonly used criteria for diagnosing
AVN are those established by Salter in 1969.[10] AVN
is said to be present when there is failure of the
femoral head to ossify or grow within one year of
being reduced. Other radiological findings sugges-
tive of a growth disturbance are widening of the
femoral neck, changes in bone density of the femoral
head and residual deformity suggestive of a growth
disturbance. Postulated mechanisms for proximal

femoral growth disturbances associated with DDH
treatment include, excessive pressure applied to the
femoral head that adversely affects the germinal cell
layer of the physis. This is believed to be caused by
sustained compressive forces transmitted through the
epiphysis.[11] Another theory suggests possible extrin-
sic compression of the capsular blood supply of the
hip thereby inhibiting perfusion.[5]

Two of the most commonly cited classification
systems of AVN of the proximal femur associated
with DDH treatment are those by Bucholz and
Ogden[5], and Kalamachi and MacEwen.[12] The
Bucholz/Ogden system is a 4-point classification
system. Type 1 refers to irregular ossification of
femoral head. No significant growth disturbance
occurs and a good outcome results. Occasionally
growth arrest lines may be visualized in the metaph-
ysis that demonstrates growth is occurring.[10,13] Type
II refers to a lateral metaphyseal injury. The femoral
neck and head grow in to a valgus position because
of premature lateral physeal closure. With a type III
injury the entire metaphysis is affected and the result
is a shortened femoral neck. Type IV refers to a
medial growth plate injury where a radiolucent defect
is observed along the medial metaphyseal area. This
type of injury results in a varus deformity of the
proximal femur. In types II, III and IV the greater
trochanteric physis continues to grow normally
resulting in relative trochanteric overgrowth.

Kalamachi and MacEwen’s classification is also a
four point scale. Similar to the Bucholz and Ogden
classification, grade 1 refers to changes confined to
the femoral head only and grade 2 involves a lateral
growth plate arrest. A grade 3 injury refers to damage
to the central physis and grade 4 indicates total phy-
seal and head involvement.

Natural history

The natural history of proximal femoral growth
disturbances varies enormously and it is difficult to
separate it out from the underlying DDH process.
Currently, it is only possible to diagnose AVN after a
period of time has elapsed from the time of a specif-
ic intervention to the time radiologic evidence of
AVN is present. Most reports in the literature have
not controlled for variables that may affect the natur-
al history of this diseas eprocess, such as age at pre-
sentation and the effects concomitant treatment have
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on DDH. Cooperman et al.[14] reviewed the long-term
results of AVN in the setting of DDH treated by
closed reduction. 30 hips (25 patients) were followed
for an average of thirty-nine years. Twenty-four of
the thirty hips had moderate or severe osteoarthritis
and twenty-two of the twenty-five patients had sig-
nificant pain or loss of function, or both, by the time
they were forty-two years old. The authors reported
that the deformities produced by avascular necrosis
that were related to osteoarthritis included loss of
sphericity of the femoral head, persistent lateral and
proximal subluxation, irregularity of the medial part
of the femoral head, and acetabular dysplasia. Other
authors suggest that patients with more extensive
damage to the physis and/or persistent acetabular
dysplasia have an increased risk of a poor out-
come.[15,16] 

Kim et al.[17] reported on acetabular development
in DDH complicated by the most common type of
proximal femoral growth arrest, Bucholz/Ogden type
II. Their report studied forty-eight patients (fifty eight
hips) treated by both open and closed methods. The
average age at reduction was twenty-two months
(range three to ninety seven months) and average age
at follow up was twenty-one years (range ten to fifty
years). Based on Severin classification thirty-four
hips or 59% had a satisfactory outcome and were
rated as Severin Class I or II. Twenty-four hips were
rated as unsatisfactory, severin class III or IV. The
authors concluded that proximal femoral growth dis-
turbances are not always associated with poor acetab-
ular development, those that are likely to have poor
acetabular development are usually identifiable by
age seven. They recommended close follow up of
children who had treatment for DDH to identify those
who may benefit from further intervention.

Treatment of DDH has evolved over the years in
an attempt to improve on the natural history of the
disease process. The main course of treatment of
proximal femoral growth disturbances has been to try
and prevent this problem from occurring. Earlier
treatments using the Frejka pillow or immobilization
in a position of forced internal rotation and/or wide
abduction have been abandoned due to their associa-
tion with higher incidences of AVN.[18,19,20]

Another controversial issue affecting the natural
history of DDH is the timing of closed or open reduc-
tion with regard to the presence or absence of the cap-

ital femoral ossific nucleus. Segal et al.[21] in 1999
suggested that the ossific nucleus might have a pro-
tective role in decreasing the incidence of AVN when
it is present on radiographs. In their study, they noted
1 case of AVN out of 25 treated hips when the ossif-
ic nucleus was present. While the incidence of AVN
was 17 out of 32 hips when there was no ossific
nucleus visible on x-ray. This group developed a
porcine model in an attempt to demonstrate the pro-
tective role of the ossific nucleus.[22] Other authors
have contradicted Segal’s clinical findings. Both
Luhmann et al.[23] and Ilfeld et al.[20] in their studies
looking at 124 and 166 patients respectively failed to
demonstrate any statistical difference in the rate of
AVN that occurs between hips treated regardless of
whether the ossific nucleus was present or not.

A major argument proposed against delaying
reduction of a hip in the setting of DDH, is the idea
that the greatest capacity for acetabular remodeling
occurs when a hip can be reduced at an early age. A
concentrically reduced femoral head acts as a stimu-
lus for the acetabular cartilage to develop a spherical
acetabulum. Delaying reduction to allow the ossific
nucleus to develop may adversely affect the long-
term outcome of acetabular development by delaying
this opportunity for modeling to occur. In a study by
Malvitz and Weinstein.[6] an increased incidence of
AVN was seen when reduction was delayed. It is gen-
erally accepted now that early treatment of DDH is
more important than waiting for the ossific nucleus to
develop.

Traction in DDH

Pre-reduction traction was commonly used in
the past in an attempt to avoid or reduce the risk of
AVN in DDH. The theory behind this mode of
treatment was that traction would allow gradual
stretching of soft tissues that potentially create
excessive pressure on the femoral head when it is
reduced into the acetabulum, thereby reducing the
risk of AVN. The arguments for, and against pre-
reduction traction have been discussed by
Weinstein.[24] He pointed out that traction in the set-
ting of a dislocated hip has no real effect on intra-
articular obstacles to reduction, and, as commonly
used, probably has little effect on extra-articular
obstacles to reduction. Previous studies reporting
on the results of pre-reduction traction in DDH
were poorly controlled for multiple parameters
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such as position of immobilization, duration in
traction, direction of traction and weight of traction
used.[9,25] Other more rigorous studies have
shown no real benefit in terms of a decreased inci-
dence of AVN by using pre-reduction trac-
tion.[4,26] For a variety of reasons, including cost
implications, pre-reduction traction is not as wide-
ly utilized in North America by paediatric
orthopaedists as it has been in the past. Many now
prefer to proceed directly to open reduction.
Prereduction traction continues to be used in some
European centers.[27]

Another method utilized by surgeons in the
operative treatment of DDH in an attempt to mini-
mize the risk of AVN occurring is concomitant
femoral shortening at the time of performing an
open reduction. This procedure has been demon-
strated to decrease the incidence of AVN when per-
formed in older children by Schoenecker and
Strecker.[28] These authors compared femoral short-
ening directly with traction and demonstrated in a
small series that femoral shortening was more
effective in preventing AVN. Wenger has expanded
the role of femoral shortening by utilizing this
option in children as young as 5 months.[29] The
indications for this procedure are evolving, but it
clearly allows for reduction to be achieved without
undue pressure being exerted on the femoral head.
It can also be combined with varus or derotation to
improve coverage of the femoral head.

A current major difficulty in treating AVN of
the femoral head in the setting of DDH is the time
delay that occurs in making the diagnosis.
Unfortunately, a significant amount of time must
elapse from the time an ischaemic insult occurs to
the onset of radiologic changes that allow the diag-
nosis to be made. This situation makes treatment
interventions at a time when ischaemia is potential-
ly reversible very difficult to implement. It is theo-
retically possible to alter the course of AVN of the
femoral head in DDH if the lesion could be identi-
fied at an early stage, before irreversible damage
occurs. Preliminary work by Jaramillio et al. using
MRI scans and diffusion weighted images in a
piglet model have demonstrated differences in per-
fusion of the normal and ischaemic epiphysis.[30]

With refinement, this work may become applicable
in the human setting in helping to identify at an
early stage, the reduced hip that may be at risk of

developing ischaemia and AVN thereby allowing
treatment to be altered appropriately.

Treatment of Established AVN

Treatment options for established AVN in the set-
ting of DDH are limited and primarily attempt to
optimize the biomechanics of the affected hip. The
relative height of the greater trochanter and the
length of the femoral neck determine the mechanical
function of the hip abductor musculature. When the
tip of the greater trohcanter reaches the level of the
femoral head the patient usually develops a limp
because the functional distance over which the hip
abductor muscle fibers act is shortened, and the ten-
sion that is generated by these muscle during con-
traction is decreased.

Numerous procedures have been described to
alter the anatomy of the proximal femur to improve
the biomechanical function of the hip in the treat-
ment of AVN associated with DDH. Procedures such
as greater trochanteric epiphysiodesis, trochanteric
advancement, and varus and valgus osteotomies are
among the more commonly performed procedures
attempting to address this complex problem.
Trochanteric epiphysiodesis addresses relative over-
growth of the greater trochanter and is ideally per-
formed when the child is around five years old. It is
less effective if the child is more than eight years
old.[31,32] The option of trochanteric advancement is
available for the older child/adult when there is con-
centric reduction of the hip and a positive
Trendelenberg sign due to relative trochanteric over-
growth. This procedure should be avoided if there is
any radiological evidence of subluxation or signifi-
cant dysplasia.[33]

A proximal femoral varus osteotomy can address
the common deformity of increased hip valgus seen
in Bucholz-Ogden type II injuries. Valgus
osteotomies may be indicated for increased hip
varus, this procedure can be combined with a greater
trochanter transfer to improve hip biomechanics.

A theoretical intervention in the treatment of type
II injuries that are recognized early is some form of
growth arrest of the medial proximal femoral physis.
However, this procedure has not been reported in the
literature.

Other more complicated proximal femoral
osteotomies such as the Wagner intertrochanteric



double osteotomy have been described to address
the biomechanical problems associated with AVN of
the hip in the setting of DDH.[34] Procedures com-
bining both pelvic osteotomies and osteotomies of
the proximal femur also attempt to positively influ-
ence the natural outcome of AVN by addressing bio-
mechanical issues and improving coverage of the
femoral head. Despite these interventions, the long-
term prognosis of hips significantly affected by AVN
in DDH is guarded. Ideally, the procedures
described to treat AVN in this setting would prevent
the need for hip arthrodesis or arthroplasty at a later
date, but unfortunately, they may only defer this
need.

Conclusion

Currently the best treatment of AVN associated
with DDH is prevention. Research attempting to
identify ischaemia of the femoral head before irre-
versible damage has occurred is at an early stage
and is not yet applicable in the clinical setting.
Treatments to primarily influence early proximal
femoral growth disturbances by repairing physeal
injuries or altering the blood supply to the physis
also are not yet available. As a result, our current
treatments can only secondarily address biome-
chanical issues that occur because of growth distur-
bances of the proximal femur in DDH, and not
reverse these problems.
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