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Raphaël Vialle

Received: 29 June 2011 / Accepted: 3 January 2012 / Published online: 11 January 2012

� EPOS 2012

Abstract

Purpose Magnetic resonance imaging (MRI) has been

successfully used in the determination of the adequacy of

the surgical reduction of congenitally dislocated hips in

children. We present the results of a prospective series of

patients treated conservatively. MRI was performed in all

hips after positioning was deemed adequate on radiographs

after spica cast application. The goal of this study was to

evaluate the usefulness of MRI in this indication.

Methods After the study was approved by our local ethics

committee, 31 patients for a total of 36 dislocated hips

were included. After the traction period, hip testing was

performed and a hip spica cast was applied under general

anaesthesia. All children had MRI within 1 week of

reduction, without the need for contention or general

anaesthesia. Hip reduction was assessed on axial and

coronal MRI images.

Results The concentric reduction of the hip was con-

firmed in 30 cases out of 36. In three cases, the dislocation

was retrospectively suspected on radiographs and then

confirmed. In the three remaining cases, hip dislocation

was only diagnosed on MRI.

Conclusions MRI screening of congenitally dislocated

hips after reduction procedures is a safe and reliable

procedure to assess the concentric reduction of the hip.

Even in doubtful cases, MRI detected persistent hip dis-

locations and was conducive to iterative reduction and

satisfactory outcome and result.

Keywords Congenital dislocation of the hip � MRI �
Conservative treatment � Hip spica cast � Traction

Introduction

Assessment of the reduction of developmental dysplasia of

the hip (DDH) has depended on radiography [1], arthrog-

raphy [2, 3], ultrasound [4–6] or computed tomography

(CT) examination [1, 7]. Neither radiography nor CT

adequately images the cartilaginous femoral head, and its

position must be extrapolated from that of the proximal

femoral metaphysis [2, 8]. Even if the femoral head is

partially ossified, its position cannot be assumed to be

central. In conservative treatment, the interpretation of

plain radiographs is even more demanding, especially due

to spica cast interpositions and poorly ossified femoral

head. In conservative treatment, arthrography was pro-

posed but requires general anaesthesia [2]. Other alterna-

tive techniques such as ultrasonography remain of poor

reliability [2]. Magnetic resonance imaging (MRI) has

already been used in the determination of the adequacy of

the surgical reduction of the dislocation of an immature hip

[9–13]. Hip MRI protocols in post-reduction DDH patient

assessment provides fast and adequate images without

additional anaesthesia requirements or radiation exposure

[9–13]. Since 2004, we have routinely used two-dimen-

sional MRI in the coronal and axial planes to evaluate the

adequacy of closed reduction of DDH in children. We

present the results of a prospective series of patients treated
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Curie Paris6, Armand Trousseau Hospital, 26 avenue du Dr.

Arnold Netter, 75571 Paris Cedex 12, France

e-mail: raphael.vialle@trs.aphp.fr

H. Ducou Le Pointe

Department of Radiology, Université Pierre et Marie Curie
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conservatively for a DDH. Because in such treatment, the

adequacy of reduction of the femoral head could be diffi-

cult to assess by conventional radiographs, MRI was per-

formed after hip position was deemed adequate on

radiographs after spica cast application. The aim of this

study was to evaluate the usefulness of MRI in the deter-

mination of the adequacy of conservative reduction of the

dislocation of an immature hip.

Materials and methods

After approval of the study by our local ethics committee,

31 children (4 boys and 27 girls) aged from 2.1 to

33.9 months were enrolled from 2004 to 2010. The diag-

nosis of DDH was made at birth in six cases and at various

ages (from 2 weeks to 31 months) in the other cases. The

DDH was right-sided in ten cases, left-sided in 16 cases

and bilateral in five cases (Fig. 2a). A total of 36 dislocated

hips was then included in the study. In 12 patients, a first

conservative treatment by abduction diaper, traction or

Pavlik harness was attempted but did not achieve and

maintain concentric reduction of the dislocated hip. Con-

servative treatment was attempted in all the cases by zenith

(90� hip flexed) traction over a period of 15 days in chil-

dren under the age of 10 months (21 patients) or bed

longitudinal traction over a period of 30 days (Somerville

technique) in children older than 10 months (10 patients).

The mean age at the onset of treatment was 9.7 months

(range 2.1–33.9 months). After the traction period, hip

testing was performed under general anaesthesia, con-

firming subluxation of the hip, and documenting reduc-

ibility and stability of the hip in various positions. Then, a

hip spica cast was applied, taking into account the best

stability position. A frontal radiograph of the pelvis was

performed in every case before (Figs. 1a and 2b) and after

hip a spica cast was applied (Figs. 1b and 2c) to assess the

quality of hip reduction.

All children had MRI within 1 week of reduction. Ima-

ges were obtained using a 1.5-T MRI system (Achieva�;

Royal Philips Electronics, the Netherlands). Both hips were

explored with the same protocol. The MRI examination was

carried without any sedation or general anaesthesia. All

children were fed immediately prior to imaging and some

examinations were then made during natural sleep in good

conditions. In the other cases, the children were placed in a

supine position in the hip spica cast and some restraints

were applied (wrap around technique). After a localiser,

axial and coronal sequences in T2-weighted fast field echo

[repetition time (TR) 226 ms; echo time (TE) 9.6 ms; flip

angle 25�; voxel size 1.12 9 1.39 9 3.5 mm; a time of

acquisition of 3 min 02 s was obtained in all cases.

Fig. 1 Left unilateral developmental dysplasia of the hip (DDH) in a

9-month-old girl (patient 20). a Post-traction frontal radiograph under

general anaesthesia before hip spica cast application. b Same

incidence after hip spica cast application showing concentric

reduction of the left hip. c Axial magnetic resonance imaging

(MRI) scan showing concentric reduction of the left hip. d Coronal

MRI image showing concentric reduction of the left hip
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Additional sequences at the radiologist’s request were

performed: coronal and/or sagittal T1-weighted (T1-W)

turbo-spin-echo (TSE) images (TR/TE 732/18 ms; voxel

size 0.9 9 1.17 9 4 mm; turbo factor 3; time of acquisition

1 min 35 s).

All MRI scans were evaluated by three senior surgeons

(MB, CT-L and RV). Analysis was performed on a dedi-

cated workstation (Kodak Carestream� PACS). Hip

reduction was studied in the axial and coronal planes by

assessing the position of the femoral head in relation to the

triradiate cartilage of the acetabulum.

Results

The hip reduction was documented by frontal radiographs

made under general anaesthesia prior to and after the

application of a hip spica cast in all the cases. In 12 cases, the

quality of radiographs was noted as being poor and respon-

sible for difficulties in assessing the concentric reduction of

the hip. In three cases, persistent dislocation was suspected

on frontal radiographs made after cast application. In all the

cases, MRI was done without the need for contention or

general anaesthesia. The quality of MRI scans was noted as

being good in all the cases by the three examiners. The

concentric reduction of the hip was confirmed in 30 cases out

of 36 (Fig. 1c, d). In six cases, hip dislocation was diagnosed

on coronal (Fig. 2d) and axial (Fig. 2e) images. In three

cases, the dislocation was previously suspected on radio-

graphs and then confirmed. In the three remaining cases,

despite good-quality radiographs in two cases, hip disloca-

tion was only diagnosed on MRI (Table 1).

Patients diagnosed with persistent hip dislocation had

another hip testing and hip spica cast application under

general anaesthesia and then MRI scanning to assess hip

reduction. In three cases, the hip reduction was successful

using conservative treatment. In the three other cases,

because of remaining hip instability following closed

reduction, an open reduction and stabilisation was per-

formed. All patients who were treated conservatively wore

Fig. 2 a Frontal radiograph of bilateral DDH in a 5-month-old girl

(patient 18). b Post-traction frontal radiograph under general anaes-

thesia before hip spica cast application. c Same incidence after hip

spica cast application showing concentric reduction in both hips.

d Axial MRI image showing persistent dislocation of the right hip and

reduction of the left hip e Coronal MRI image showing persistent

dislocation of the right hip and reduction of the left hip
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Table 1 Epidemiological data

Patient

number

Gender Side Age at

diagnosis

(months)

First

treatment

Age at

treatment

(months)

Treatment Frontal

radiographs

quality

X-ray result Delay

before

MRI

(days)

MRI result

1 M Right 0 Traction 7.6 Zenith traction

(15 days)—

spica cast

Poor Reduction

OK

1 Hip

dislocation

2 F Left 0.5 None 5.6 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction

3 F Left 13 None 15.8 Axial traction and

progressive

reduction

(30 days)—

spica cast

Poor Reduction

OK

1 Concentric

reduction

4 F Left 1 Abduction

diaper/

traction/

Pavlik

harness

5.4 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

0 Concentric

reduction

5 F Right 0 Abduction

diaper/

traction/

Pavlik

harness

9.7 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

2 Concentric

reduction

6 M Left 1 None 8.4 Zenith traction

(15 days)—

spica cast

Poor Reduction

OK

0 Concentric

reduction

7 F Left 3 Abduction

diaper/

traction/

Pavlik

harness

4.5 Zenith traction

(15 days)—

spica cast

Poor Dislocation

suspected

0 Hip

dislocation

8 F Left 0 None 30.6 Axial traction and

progressive

reduction

(30 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction

9 F Left 8 Abduction

diaper/

traction

13.8 Axial traction and

progressive

reduction

(30 days)—

spica cast

Good Dislocation

suspected

1 Hip

dislocation

10 F Right 8 None 10.4 Axial traction and

progressive

reduction

(30 days)—

spica cast

Poor Reduction

OK

2 Concentric

reduction

11 F Bilateral 5 None 10.2 Axial traction and

progressive

reduction

(30 days)—

spica cast

Poor Reduction

OK

1 Concentric

reduction

12 F Right 0 None 33.9 Axial traction and

progressive

reduction

(30 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction
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Table 1 continued

Patient

number

Gender Side Age at

diagnosis

(months)

First

treatment

Age at

treatment

(months)

Treatment Frontal

radiographs

quality

X-ray result Delay

before

MRI

(days)

MRI result

13 F Right 10 None 12.0 Axial traction and

progressive

reduction

(30 days)—

spica cast

Good Reduction

OK

8 Concentric

reduction

14 F Right 1.5 None 2.1 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction

15 F Left 4 None 5.4 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

2 Concentric

reduction

16 F Right 0 None 6.6 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

0 Concentric

reduction

17 F Bilateral 0 Abduction

diaper

5.0 Zenith traction

(15 days)—

spica cast

Poor Reduction

OK

2 Concentric

reduction

18 F Bilateral 0 Abduction

diaper

5.0 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Hip

dislocation

19 F Bilateral 0 Abduction

diaper

4.7 Zenith traction

(15 days)—

spica cast

Poor Reduction

OK

1 Concentric

reduction

20 F Left 0.5 None 9.0 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

2 Concentric

reduction

21 F Left 3 None 4.6 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction

22 F Left 4 None 6.5 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction

23 F Right 18 None 19.9 Axial traction and

progressive

reduction

(30 days)—

spica cast

Poor Reduction

OK

1 Concentric

reduction

24 F Right 6 Abduction

diaper

7.5 Zenith traction

(15 days)—

spica cast

Poor Reduction

OK

0 Concentric

reduction

25 F Left 0 None 5.3 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

2 Concentric

reduction

26 F Left 0 Abduction

diaper

5.8 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

0 Concentric

reduction

27 F Right 4 Pavlik

harness

6.2 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Concentric

reduction

28 F Left 0 None 11.6 Axial traction and

progressive

reduction

(30 days)—

spica cast

Poor Reduction

OK

2 Concentric

reduction
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two successive hip spica casts for a total period of

3 months and then progressive return to weight-bearing

and normal gait and activities.

At final follow-up (from 18 to 76 months), no patient

had persistent hip dislocation. Four patients have under-

gone pelvic innominate osteotomy of Salter for residual

acetabular dysplasia around the age of 5 months.

Discussion

Imaging methods of DDH include frontal radiographs,

arthrography, ultrasonography or CT scan. If neither

radiographs nor CT scan adequately shows the cartilagi-

nous femoral head in younger patients, then its position

must be extrapolated from that of the proximal femoral

metaphysis [11]. Even if the bony nucleus of the femoral

head is present, its position cannot be assumed to be cen-

tral, which then leads to misdiagnoses of the hip and

unsatisfactory reduction. Arthrography is an invasive

technique that requires general anaesthesia and articular

function. It is widely used before the reduction of a dis-

located hip, but it cannot be repeated once the spica is in

place [11]. CT scan is responsible for pelvis X-ray expo-

sure and must be avoided in routine practice, especially in

young children [7]. Although ultrasonography is informa-

tive about the position of the femoral head in newborns, the

accuracy of this technique drastically decreases in older

children with calcified structures. In young children, it is

possible to use ultrasound to assess the hip after reduction,

but it is difficult once a spica has been applied [5]. MRI is a

superior soft-tissue contrast resolution which allows dif-

ferentiation between articular structures such as bone,

hyaline and fibrous cartilage, ligaments, joint capsule,

intra-articular tissues and fluids [14–16]. The appearance of

the paediatric hip has been widely documented in control

patients and in DDH cases [9–13, 17–24].

The ability to carry out some angular measurements of

bony and cartilaginous landmarks of the acetabulum should

be kept in mind. As a matter of fact, MRI could be a

powerful examination to quantify the degree of dysplasia

found in dislocated hips [25]. Such information could be

obtained from this series in terms of head coverage and a

study is currently being conducted in our department to

assess which anatomical factors are determinants for hips

requiring early osteotomy.

In our study, the advantage of the post-operative hip

spica in keeping an infant still for MRI investigation must

be stressed. No child taking part in this study required

sedation for their MRI screening thanks to the presence of

the spica. For children not in a spica undergoing MRI

examination for other conditions, general anaesthesia is

required.

We found MRI to be a precise and useful way for

assessing the adequacy of reduction of the femoral head in

DDH. Despite the fact that we used limited pelvic

sequences, we reported a total pelvic MRI charge of

approximately $450. Although pelvic MRI is more

expensive than CT or conventional radiograph examina-

tions, we feel that such reduced charges are reasonable.

Concentric reduction and dislocation are easily docu-

mented, especially in difficult cases or in case of poor-

quality radiographs. In the current series, 12 patients had

poor-quality radiographs made after hip spica cast appli-

cation, making it difficult to prove the concentric reduction

of the hip. Especially in the three suspicious cases, MRI

was able to clearly depict residual dislocation. The three

remaining dislocated hips had not been suspected by hip

testing or frontal radiographs made under general anaes-

thesia, even if radiographs made after hip spica cast

applications were considered as informative and of good

quality. In these three remaining cases, MRI detected

persistent hip dislocations and was conducive to iterative

reduction and satisfactory outcome and result. Because

Table 1 continued

Patient

number

Gender Side Age at

diagnosis

(months)

First

treatment

Age at

treatment

(months)

Treatment Frontal

radiographs

quality

X-ray result Delay

before

MRI

(days)

MRI result

29 F Left 17 None 19.3 Axial traction and

progressive

reduction

(30 days)—

spica cast

Poor Dislocation

suspected

1 Hip

dislocation

30 M Left 1 None 3.2 Zenith traction

(15 days)—

spica cast

Good Reduction

OK

1 Hip

dislocation

31 M Bilateral 1.5 Pavlik

harness

6.3 Zenith traction

(15 days)—

spica cast

Poor Reduction

OK

1 Concentric

reduction
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proximal femoral focal deficiency can masquerade as hip

dysplasia, because the femoral head does not ossify and

because of plaster superposition, the radiographic appear-

ance may also be deceiving and be responsible for a high

false-negative rate and failure to detect hip luxation.

We stress the importance of such systematic MRI

screening of congenitally dislocated hips after reduction

procedures in order to avoid occult dislocation or incom-

plete reduction responsible for inadequate acetabular

remodelling or persistent dislocation. We do not agree with

Laor et al. that a simple visualisation of the capital femoral

epiphysis in contact with the posterior margin of the ace-

tabulum is sufficient to confirm adequate reduction of the

hip [26]. We found it mandatory to confirm the centred

position of the femoral head into the acetabulum on coronal

and axial views passing through the triradiate cartilage. An

interposition of labral elements, between the epiphysis and

the fossa, even if the head itself is centred, could be

recognised on MRI and lead to supplementary reposition-

ing procedures. A key component to implement this pro-

cedure in one institution is the timely communication

between the surgical team and the MRI technologists to

reduce the delay between the DDH reduction and MRI

assessment. The MRI department has to be notified of the

time of the spica cast procedure in advance. Nevertheless,

some technical or medical reasons could generate schedule

disturbances and additional delay before MRI screening.

This was the case in one of our patients (patient 13) who

had MRI on day 8 because of technical reasons. In these

cases, clinicians should be aware of the possibility of

secondary hip dislocation in a severe hip dysplasia, in

which the spica cast was not efficient enough to maintain

centralisation of the hip.

In conclusion, our MRI protocol in post-reduction DDH

patient assessment provides fast and adequate images

without additional anaesthesia requirements or radiation

exposure. MRI appears as a ‘‘gold standard’’ to early depict

residual dislocation after closed treatment of DDH. In these

cases, another hip testing and hip spica cast application

under general anaesthesia should be performed.
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