
Normal hip joint development requires a genetically deter-
mined balance of growth between the acetabular and tri-
radiate cartilage, and a well-centered femoral head. It is
unclear how and why this delicate balance becomes dis-
rupted, leading to abnormal development of the hip joint.
It is known that, without treatment, a certain number of
hips will become problematic later in life. This article out-
lines normal hip joint development and discusses the nat-
ural history of acetabular development in developmental
dysplasia of the hip (DDH). The natural history of DDH
depends on many factors including age of diagnosis, the
growth capacity of the involved structures, and the effects
of treatment interventions. Early identification and treat-
ment of hip instability maximizes the chance for normal
hip development to occur. However, close observation of
the child is crucial to identify individuals where normal
development is not occurring. Intervention may become
necessary in certain situations to positively affect hip joint
development.

Normal kalça ekleminin geliflimi, asetabuler ve triradiat
k›k›rdak ile iyi santralize olmufl femur bafl› aras›nda ge-
netik olarak belirlenmifl bir büyüme dengesini gerektirir.
Bu nazik dengenin, kalça ekleminin anormal geliflimine
yol açacak flekilde neden ve nas›l bozuldu¤u aç›k de¤ildir.
Tedavi edilmedi¤inde bir k›s›m kalçan›n yaflam›n daha
sonraki dönemlerinde sorunlu hale gelece¤i bilinmekte-
dir. Bu makalede normal kalça ekleminin geliflimi özetle-
nerek, geliflimsel kalça displazisinde asetabuler geliflme-
nin do¤al seyri üzerinde duruldu. Geliflimsel kalça disp-
lazisinin do¤al seyri, tan› yafl›, olayla ilgili yap›lar›n bü-
yüme kapasitesi ve tedavi için yap›lan giriflimlerin etkile-
rini içeren birçok faktöre ba¤l›d›r. Kalça instabilitesinin
erken tan›nmas› ve tedavisi normal kalça gelifliminin olu-
flabilme flans›n› azami derecede art›r›r. Ancak, geliflmenin
normal olmad›¤›n›n belirlenmesi için çocuklar›n yak›n ta-
kibi çok önemlidir. Kalça eklemi geliflimini olumlu etkile-
mek için, belirli durumlarda müdahale gerekli hale
gelebilir.
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Normal hip development

In order to understand the pathoanatomy of devel-
opmental dysplasia of the hip joint (DDH) it is benefi-
cial to review the normal development of the hip in the
embryo and fetus. The embryonic stage of develop-
ment occurs in the first two months of life, this phase
is followed by the fetal period. Tissue differentiation
predominantly occurs during the embryonic phase,
while during the fetal period, growth and development
are the main events.  

For the hip joint to develop normally there must be
a balanced and harmonious relationship between the

growth of the acetabular and triradiate cartilages and
the femoral head.

Early in development primitive mesenchymal cells
give rise to limb buds that differentiate into an infan-
tile extremity during the embryonic period.[1] The
mesoderm layer gives rise to the bony structures, car-
tilage, muscles and tendons. At the seventh week of
intrauterine life a cleft develops in the primitive carti-
lage, defining the future femoral head and acetabulum.
By the end of the embryonic period (8th week of ges-
tation) a cartilaginous model of the hip joint is present
and by the 10 -11th week all the components of the hip
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joint – a spherical femoral head, a cup shaped acetab-
ulum, ligamentum teres, synovium and capsule are
present and fully formed. During the fetal period of
development the hip joint enlarges and becomes more
mature. With continuous development the femoral
head becomes deeply seated in the growing acetabu-
lum.[2]

Postnatallly the acetabular cartilage complex is
interposed between the ilium superiorly, the ischium
inferiorly and the pubis anteriorly. The outer two thirds
of this structure form the acetabular cartilage. The
medial one third is referred to as the non-articular
medial wall. 

The acetabular cartilage is very cellular hyaline
cartilage, and is covered with articular cartilage where
it articulates with the femoral head. At the periphery of
the acetabular cartilage is a fibrocartilagenous struc-
ture or labrum that adds depth to the acetabulum. The
joint capsule inserts above the labrum. The capsular
insertion is continuous with the labrum below and the
periosteum covering the pelvic bones.

The lateral portion of the acetabular cartilage com-
plex is similar to any other epiphyseal cartilages in the
skeleton. A growth plate is located on the portion of
this structure that faces away from the articular surface
of the hip joint and lays down a cartilaginous template
that becomes ossified. Growth of the acetabular carti-
lage complex occurs by interstitial growth within the
cartilage and by appositional growth under the peri-
chondrium.[3]

The triradiate cartilage is the conjoined physeal
plates of the three pelvic bones. It is composed of hya-
line cartilage. Interstitial growth occurring in the three
limbs of the triradiate cartilage allows the acetabulum
to expand during growth.[4]

Much data exists, both clinical and experimental,
supporting the concept that the main stimulus for con-
cave acetabular growth is the presence of a spherical
femoral head within the acetabulum during develop-
ment.[5,6] Other factors such as normal interstitial and
appositional growth in the acetabular cartilage, and
periosteal new bone formation must occur in the adja-
cent pelvic bones to allow for the acetabulum to devel-
op normally during growth.

During puberty acetabular depth is further
increased by the development of three secondary ossi-
fication centers. The os acetabulum is a secondary epi-
physis in the pubis and contributes to the anterior wall

of the acetabulum. The acetabular epiphysis is the sec-
ondary growth centre of the ilium and forms a major
portion of the superior edge of the acetabulum. The
ischium also contains a small unnamed secondary
growth centre that contributes to the acetabuluar
growth.[4,7]

Normal development of the proximal femur is cru-
cial in order for normal acetabular growth and devel-
opment to occur. A delicate balance exists between the
growing proximal femur, the acetabular and tri-radiate
cartilages and adjacent bones that allows the acetabu-
lum to develop. It is not fully understood what controls
this balance, but it likely has some genetic involve-
ment and there is also evidence suggesting that an
adverse intrauterine environment may play a role in
the pathogenesis of hip dysplasia.[8,9]

DDH refers to a spectrum of disorders, ranging
from mild dysplastic changes to severe high disloca-
tions associated with abnormal pathoanatomic find-
ings. In the normal hip at birth, there is a tight fit
between the femoral head and acetabulum, such that,
even after the hip joint capsule is completely sectioned
it is difficult to dislocate the femoral head. In the case
of a dysplastic hip this tight fit no longer exists, and it
is quite easy to push the femoral head out of the
acetabulum.[7] When this occurs, it is commonly asso-
ciated with a palpable sensation or clunk as the
femoral head glides over an abnormal rim of articular
cartilage, the Ortholani sign.[10] This ridge of hypertro-
phied articular cartilage located in the posterior and
superior and inferior part of the acetabulum is referred
to as the neolimbus.

Most of the primary pathological changes observed
in DDH are found on the acetabular side of the joint.
Abnormal growth and development of the acetabulum
is related to primary pathology of the acetabular
growth plates and/or secondary changes due to abnor-
mal pressures from the femoral head. Secondary
changes in the acetabulum may also occur as a result
of treatment interventions.[7,11]

Changes on the femoral side are believed to be due
to secondary changes that occur as a result of pressure
changes on the proximal femoral physis usually asso-
ciated with treatment interventions. 

Natural history of acetabular 
development in DDH

The natural history of DDH results in one of four
possible outcomes.
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The hip may become normal, the hip may dislo-
cate, the hip may become subluxated (retain some
partial joint contact) or finally the hip may stay
located but go on to become dysplastic.

Most unstable hips identified in the newborn
period will stabilize. Barlows original paper report-
ed that it is possible to demonstrate hip instability in
1 in 60 newborns. 60% or more of these “unstable”
hips will stabilize in the first week without any treat-
ment, and 88% will stabilize within the first 2
months. The remaining 12% are true congenital dis-
locations and will persist without treatment.[12] Other
authors have also reported normalization of previ-
ously documented unstable hips. Coleman reported
on 23 Navajo children with unstable hips. 5 of the 23
hips spontaneously corrected, 18 remained abnor-
mal. Over the following 3 years, 9 hips in this group
of 18 remained dysplastic, 3 were subluxated and 6
were dislocated.[13]

Because it is not possible on an individual basis
to say which of the four outcomes outlined above
will occur for a specific patient, all identified cases
of hip instability detected at birth are treated.
Empiric evidence exists suggesting that most abnor-
malities of the hip joint are reversible if detected
early in the newborn period. Devices such as the
Pavlik harness or Von Rosen splint are successful in
treating this condition in 95% of cases if used early
in the course of the disease.[14]

If there is a delay in the diagnosis of DDH in a
child, reduction can become more difficult, and the
results of treatment more unpredictable. Both extra-
articular and intra-articular obstacles to reduction
exist that make successful reduction more difficult
to achieve. As the child becomes older non-opera-
tive methods of obtaining a reduction are less likely
to be successful.[15,16] Extra articular obstacles include
the adductor longus and iliopsoas muscles, while
intra-articular obstacles include the antero-medial
joint capsule, the ligamentum teres, the transverse
acetabular ligament and rarely, an in folding of the
acetabular rim or neolimbus.

The neolimbus occurs as a result of the dislocat-
ed/subluxed femoral head abutting against the carti-
laginous acetabulum and distorting it. The true
acetabular labrum is a thin cartilaginous rim around
the periphery of the acetabulum that rarely if ever is

a barrier to reduction. It is important to realize that
the main restriction to reduction of the femoral head
is due to constriction of the hip capsule, not because
of the infolded acetabular labrum or the neolimbus.
The cartilaginous acetabulum and labrum are crucial
structures for normal acetabular development and
should not be excised during reduction attempts.

Obtaining and maintaining an early reduction
maximizes the chance for normal acetabular devel-
opment.[17,18] However, the maximum age of reduc-
tion, which will result in normal acetabular develop-
ment is not known. Other factors apart from the age
at which reduction occurred, such as the inherent
growth capacity of the developing acetabular carti-
lage and the developing proximal femur, whether
either side of the hip joint sustained any growth dis-
turbance as a result of being subluxed or dislocated
or was damaged during attempts at closed or open
reduction, will all influence how the joint develops. 

Dynamic arthrography with fluoroscopy at the
time of attempted closed reduction is useful to assess
the quality of reduction, amount of femoral head
coverage and the stable zone of reduction. Debate
exists regarding whether soft tissue interposition
between the femoral head and acetabulum adversely
affects future acetabular development. If the femoral
head is not fully reduced in the acetabulum contrast
material will collect medially, this is referred to as
“medial dye pooling” A study by Race and Herring
[19] reported that pooling of between 5 to 7 millime-
ters was associated with good outcome in 11 of 13
hips while 5 out of 23 hips with a larger dye pool had
an unacceptable outcome. However, there are limita-
tions in using the size of the medial dye pool of con-
trast material to assess quality of reduction in DDH.
It is prone to subjectivity, and it is also affected by
image magnification and quality. 

It is the senior author’s current practice not to
accept any medial dye pooling during arthrography
when performing a closed reduction. If a concentric
reduction is not achieved, open reduction is per-
formed through a modified medial approach utiliz-
ing the interval between the pectineus and the neu-
rovascular bundle.[20] This approach can be safely
and predictably used up to age eighteen months.[21]

After this results may be more unpredictable.



In the case of late diagnosis of DDH acetabular
development may differ significantly from that
observed in the normal hip. The normal stimulus of
the reduced femoral head is lacking and growth and
development of the acetabulum will be abnormal. In
this setting secondary centers of ossification con-
tribute to acetabular development. These centers are
seen in 2-3% of normal hips and rarely occur before
age 11 years. In patients treated for DDH they may
be present in upwards of 60% of cases most often
appearing between 6 months and 10 years after
reduction has been achieved.[22, 23] These accessory
centers of ossification most likely represent areas
where ossification has occurred in the peripheral
acetabular cartilage as a result of pressure from the
subluxated or dislocated femoral head, or during
attempts at closed or open reduction. These centers
should be actively sought on sequential radiographs
of cases of DDH, as their presence is indicative of
progressive acetabular development. However, their
presence does not guarantee that normal acetabular
development will occur, and therefore it is essential
that all patients with DDH be followed until skeletal
maturity. 

If a hip remains dislocated additional changes
occur in the growth and development of the acetab-
ulum. The roof of the acetabulum becomes more
oblique, and acetabular depth fails to develop. The
medial wall thickens. This can be observed on radi-
ographs by alteration in the shape of the teardrop
(24). To a point these changes are reversible, but the
exact age at which hip reduction will result in nor-
mal acetabular development is not known. 

The natural history of untreated complete dislo-
cations depends on two factors: bilaterality and on
whether or not a false acetabulum develops. 

Reports exist documenting that bilateral com-
pletely dislocated hips in a “high riding” position
may remain free of degenerative changes for many
years or even for the individual’s life.[25] These
patients may develop low back pain over time. In
cases where the femoral head retains some contact
with the acetabulum (subluxated), or a dislocated
hip forms a “false acetabulum”, degenerative
changes are more likely to occur and become symp-
tomatic. Also, patients with unilateral hip disloca-
tions will have difficulties with leg length discrep-
ancies and possible ipsilateral knee problems.[26]

Natural history of dysplasia and 
subluxation

It is imperative that terminology is accurately
defined when discussing the natural history of dys-
plasia and subluxation of the hip. Dysplasia has both
an anatomical and radiological definition. Anatomic
dysplasia refers to inadequate development of the
femoral head and/or acetabulum. The radiographic
definition is determined by the presence or absence
of an intact Shenton’s line. Anatomic dysplasia
exists where there are abnormalities of the femoral
head and/or acetabulum but where Shenton’s line is
intact. Subluxation occurs when the patient has these
abnormalities of the femoral head and/or acetabulum
as well as having disruption of Shenton’s line. 

The natural history of hip subluxation is usually
the occurance of significant degenerative changes
around the third or fourth decade of life.[27, 28] 

The natural history of hip dysplasia is not fully
known. Patients usually present because of an inci-
dental finding of dysplasia on a radiograph, or
because they become symptomatic. Evidence exists
supporting the idea that dysplasia will result in
degenerative joint disease in adults particularly in
females.[29] Increased contact stresses at the joint
interface are postulated as being the cause of articu-
lar degeneration.[30]

Albinana et al.[31] reported that the Severin classi-
fication of hip dysplasia at skeletal maturity could be
used to predict long-term radiological and function-
al outcomes of dysplastic hips treated by closed or
open reduction. In this study of 72 hips 47 (65%)
were classified as Severin classes I/II  and 25 (35%)
as Severin class III/IV. With follow up of 40 years in
this patient group, the probability of having a total
hip replacement was 7% for Severin class I/II hips,
29% for class III hips and 49% for Severin class IV
hips. The authors also noted that the age at which
reduction was achieved was the most important fac-
tor in predicting the Severin class of the affected hip
at maturity, and postulated that an earlier age at
reduction allowed more acetabular remodeling to
occur. 

Conclusion

The fate of an unstable hip remains impossible to
predict. It is known that every attempt should be
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made to reduce the hip as early as possible to allow
for restoration of a normal environment for hip joint
development to occur. The resumption and adequa-
cy of acetabular development depend on the age at
reduction and the growth potential of the acetabular
cartilage and the proximal femur. An appreciation of
the natural history of acetabular development in
DDH is helpful in understanding the pathophysiolo-
gy of this condition. Close monitoring of patients
with hip instability and of patients who have under
gone reduction of the hip joint by either a closed or
open means is crucial to assess the development of
the joint as the individual ages. Occasionally, some
intervention is necessary to positively influence the
development of the hip joint and ideally allow nor-
mal hip joint development to occur.
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