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OBSTACLES TO REDUCTION IN INFANTILE DEVELOPMENTAL DYSPLASIA OF THE HIP

JOURNAL OF
CHILDREN’S ORTHOPAEDICS

of the superior acetabulum may contribute to ongoing
instability.™ Instability and difficult reductions are likely
to occur in the presence of femoroacetabular mismatch,
where there is deformity of the femoral head and ace-
tabular dysplasia.’'¢ This is difficult to measure but was
seen in a number of our cases, where the acetabulum was
almost convex, with reduced volume, and associated with
a small, flattened femoral head (Fig. 2).

In 37% of the hips that remained subluxated after
closed reduction, the labrum was interpreted as inverted
and acting as a main obstacle in the post-operative MRI.
In only one case was the pathological labrum seen in ret-
rospect on the arthrogram and in no case was the patho-
logical labrum identified intra-operatively by the surgeon
performing the arthrogram. All of these patients had a late
diagnosis of DDH. None of these hips developed a mature
acetabulum within the first four years of age. The acetab-
ular index was increased and the teardrop delayed or even
absent. All four patients underwent later pelvic osteotomy
to address residual acetabular dysplasia with acetabu-
lar index greater than 30°. Controversy exists regarding
the potential for soft-tissue interposition to resolve with
time.722 |t has been suggested that an inverted labrum
may resolve with time, if itis not large, and fibrous changes
at the acetabular floor are not advanced.' In the study by
Hattori et al,° the inverted labrum disappeared in 71% of
patients by the age of five years.

The results of our study suggest that when persistent
subluxation in association with an inverted labrum is iden-
tified on post-reduction MRI in a child with late-diagnosed
DDH, this should be addressed in order to achieve ongo-
ing optimal acetabular development and perhaps mini-
mise later surgeries. ‘Docking’ of the femoral head into
the acetabulum following closed reduction in these cases
did not occur, even though the hips were appropriately
immobilised and positioned. We hypothesise that the
dense fibrous labrum was incapable of resolution in these
cases and continued to ‘push’ the femoral head out of the
acetabulum. It is, of course, not easy to surgically address
a pathological labrum without damaging this structure,
and early diagnosis and treatment of DDH remains the
best option to minimise such complications.”

The arthrogram has historically been a valuable tool
during closed reduction of DDH and a reduction with a
widening of the hip joint < 7 mm is said to be satisfactory.*
However, the performance of an arthrogram can be diffi-
cultin a true dislocated hip, especially after previous inva-
sive procedures around the hip and interpretation of this
2D imaging modality can pose difficulties. MRI offers an
alternative tool and allows ongoing surveillance, particu-
larly when the child is immobilised and does not require
anaesthesia.?® It also protects the child from ionising radia-
tion. Medial pooling > 7 mm on arthrogram correlated with
non-concentric reduction on post-procedure MRI scan. In
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Fig. 2 MRI of six-month-old girl after closed reduction showing
femoro-acetabular mismatch and hypertrophied transverse
acetabular ligament.

six hips that demonstrated medial pooling at the time of
closed reduction, the post-procedure MRI identified at
least one obstacle to concentric reduction. The structures
identified on our retrospective review of five arthrograms
included infolded labrum (one case), enlarged ligamen-
tum teres (three cases) and pulvinar (one case). In other
cases, there was only a suspicion. The interpretation of
obstacles in the arthrogram was therefore less sensitive
than MRI.™® This limitation of arthrogram, in addition to its
invasive nature?* and requirement for general anaesthesia,
may lead clinicians to establish MRI as their preferred tool
for select cases. In our institution, repeat rapid sequence
MRI in spica cast at the end of cast treatment, in con-
junction with a standard clinical examination out of cast,
has replaced repeat examination under anaesthetic and
arthrograms for most cases. This has reduced our anaes-
thesia and operating theatre requirements. However, the
dynamic nature of arthrography, unavailable with MRI,
means that the arthrogram is likely to continue to play an
important role in the management of DDH.

Currently, there is no consensus on how to define an
adequate concentric reduction on MRI. Kawaguchi et al*
considered that the same limits as in arthrograms could
be used.* While this question lies beyond the scope of our
study, visualisation of the femoral head in both the coronal
and axial planes is important to establish that a concentric
reduction has been achieved.?®* A simple visualisation of
the capital femoral epiphysis in contact with the posterior
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Fig. 3 Five-month-old girl with post-operative MRI after closed
reduction: inverted labrum (arrow with star), hypertrophied
transverse acetabular ligament (simple arrow), prominent
pulvinar (arrow with triangle).

margin of the acetabulum®2%?” may not be sufficient. Lat-
eral subluxation of the capital femoral epiphysis seems to
be the most sensitive indicator of persistent subluxation
on MRI.Z The femoral head is less likely to subsequently
reduce into the acetabulum from the lateral position.
Obstacles which prevent a concentric reduction in the
coronal plane such as the labrum appear less likely to
resolve than obstacles preventing concentric reduction
in the transverse plane. Further evidence of this phenom-
enon is provided by Duffy et al,?® who reported sponta-
neous resolution at one year of all but 10% of the 58%
of cases that showed initial post-procedure subluxation in
the transverse plane. In our study, lateral subluxation was
more difficult to manage, as evidenced in five cases of lat-
eral subluxation which needed a revision closed reduction
and one required open reduction. In one case of lateral
subluxation, the hypertrophied TAL and inverted labrum,
in addition to the enlarged pulvinar, were interpreted as
blocks to concentric reduction (Fig. 3). At the 28-month
follow-up, the teardrop did not develop (Fig. 4). In two
of the subluxated hips, severe AVN developed. The results
of this study suggest lateral subluxation on MRI should
not be accepted and provides further evidence that ana-
tomical structures such as inverted labrum or thickened
ligamentum teres may not resolve, whereas the enlarged
pulvinar may resolve if the hip is well immobilised and the
hip shows a concentric reduction. Our findings suggest
that the pulvinar is not a sole obstacle to reduction, but
may be seen in addition to other obstacles. In the case
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Fig. 4 Anteroposterior radiograph of the pelvis: 28 months after
closed reduction without development of teardrop.

of a concentric reduction, the femoral head appears to
have the ability to push down the fibro-fatty tissue of the
pulvinar (mostly fat).

Teardrop development on radiographs is a good
marker for a successful concentric reduction of the fem-
oral head and development of the acetabulum.?3° In our
study, nine hips showed a V-shaped teardrop after closed
reduction as a sign of residual acetabular dysplasia.>* Of
these, one-third had a possible obstacle in the post-op-
erative MRI: thickened labrum/and or hypertrophied car-
tilage (two hips) and thickened ligamentum teres (one
hip). All of these hips had a borderline increased acetabu-
lar index at the age of 30 months and are being observed
for a possible later reconstructive procedure.® Our indica-
tions for surgery are commonly the absence of the tear-
drop, acetabular angle > 30° at the age of three years and/
or signs of non-concentric position of the femoral head in
the acetabulum.

Our study demonstrates the challenges of interpreting
complex imaging, even for specialist surgeons and radiol-
ogists. The capsule and TAL were reliably identified by
an adult orthopedic surgeon specialising in hip surgery
but the ligamentum teres (reliability of 43%) and labrum
(38%) were more difficult to interpret for an orthopaedic
surgeon not specialising in paediatric orthopaedic sur-
gery. There is a learning curve for interpretation of MRI
of the infant hip after closed reduction and scans should
always be reviewed by someone with familiarity and
expertise in this area.

Rapid sequence non-GA MRI is a reproducible method
of identifying pathological structures following closed
reduction for DDH. It is a useful adjunct to the manage-
ment of the DDH patient and provides information to
improve our understanding of the patho-anatomy of
this condition. In our series of late-treated DDH, lateral
subluxation on post-reduction MRI, particularly in asso-
ciation with an inverted labrum, did not resolve sponta-
neously and was associated with a worse outcome. The
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