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A B S T R A C T 
 

 

Introduction: Developmental Dysplasia of the Hip (DDH) is the most common notifiable musculoskeletal birth defect in South 

Australia (SA). Despite routine screening by physical examination of the hips in the neonatal period and at 6 weeks of age, the risk of 

late diagnosis is increased in rural areas. It is assumed this is due to the examining doctors’ reduced clinical expertise. Introducing 

Anterior Dynamic Ultrasound (ADUS) has reduced the late detection rates in Sweden to almost zero, and may benefit Australian 

infants in rural areas if routine screening was introduced. This study reports on a small implementation pilot in a SA regional hospital 

where volunteer postnatal mothers consented to their babies having ADUS examinations. 

Methods: The pilot was evaluated by collecting results of physical examination, ADUS, and surveying parental impressions of the 

screening test. 

Results: Hips of 86 infants underwent ADUS during the implementation pilot. Parents’ perceptions were mainly very positive and 

indicated ADUS was an accessible and acceptable screening test. Of the hips scanned, three were found to have maximum 
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movement of the femoral head of >3 mm and were deemed to demonstrate increased laxity. Four hips described as loose or mobile 

on clinical examination were found to be within normal limits of maximum mobility on ADUS. 

Conclusions: This study has demonstrated that a larger scale implementation project would be feasible in regional Australia, and 

would enable researchers to better understand how to reduce the late diagnosis rate of DDH in rural areas. 
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Introduction 
 

Developmental dysplasia of the hip (DDH) is a condition 

occurring in infants, in which the surface of the femoral head 

has an abnormal relationship to the acetabulum. 

Developmental dysplasia of the hip is cited as the most 

common notifiable musculoskeletal birth defect by the South 

Australian Birth Defects Register at 7.0 per 1000 live births1. 

Failure to diagnose instability in the neonatal hip can lead to 

persistent excess movement in the joint, with poor 

development of the acetabulum and subsequent displacement 

of the head. If DDH is detected and treated at birth with an 

abduction brace the outcome is usually very favourable; 

however, if diagnosis is delayed until 3 months of age or 

older, the likelihood of requiring surgery to correct the 

problem is high2. If the condition is not diagnosed until the 

child demonstrates some motor difficulties, such as inability 

to bear weight on one leg or unilateral Trendelenburg gait, 

the child usually requires major hip surgery and 

immobilization to correct the position of the hip joint and 

gain better function. For these children there is the added risk 

of the comorbid effects of lessened activity including 

cardiovascular disease, and further surgery at an early age3. 

 

Currently in South Australia (SA) all babies’ hips are 

examined by a doctor in the neonatal period to screen for 

DDH using Barlow’s test (flexion, adduction and posterior 

force attempting to subluxate or dislocate the infant’s hip 

posteriorly)4, or Ortalani’s manoeuvre (flexion, abduction 

and anterior force on the greater trochanter attempting to 

reduce a dislocated hip)5. If any abnormality is detected or 

there are risk factors (breech presentation at term, or family 

history), the baby may be referred for an ultrasound 

examination using the Graf method6. This is a static lateral-

coronal view ultrasound which looks at the morphology of 

the developing acetabulum and specifically measures coverage 

of the femoral head7. Babies’ hips are also re-examined at a  

6 week visit to either the GP or the Child and Youth Health 

Services Nurse. 

 

Despite this process, occurrences of DDH are still being 

missed8. One South Australian study concluded that birth in 

rural settings increases the risk of late diagnosis of DDH with 

an odds ratio of 3.89 (95% CI 1.61- 9.25, p=0.002)9. This 

may relate specifically to the context of maternity services in 

SA. Of the 19 766 births in hospitals in SA in 2009, 4.4% 

were delivered in one of two regional hospitals which have 

resident paediatric specialists and are situated more than  

350 km from the city. Another 15.7% were delivered in 

more than 20 small rural hospitals where there are between 

10 and 300 births per year, serviced almost exclusively by 

rural GPs with procedural skills10. In view of this context, 

one proposed explanation for the increase late diagnosis of 

DDH is that screening by physical examination in the 

newborn period is reliant on the clinical skills of rural 

generalists who perform neonatal screening examinations 

with less frequency than urban specialists8. This hypothesis is 

consistent with previous studies which have shown that less 

experienced clinicians have more false negative and false 

positive examination findings11-13.  

 

Andersson et al showed conclusively that routine Anterior 

Dynamic Ultrasound (ADUS) screening for DDH in Sweden 

has increased sensitivity and specificity of screening for DDH 

in comparison with physical examination alone14,15. These 
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findings have been confirmed in further studies in the USA, 

UK and Europe; however, routine screening has not been 

introduced in all countries for economic reasons, because 

even for infants with known risk factors (eg breech, family 

history) the number of ADUS needed to alter treatment 

prescribed as a result of physical examination alone can be as 

high as 20013,16,17. 

 

Taking the hypothesis that rural doctors with less expertise miss 

more cases of DDH, a targeted screening program introducing 

ADUS to rural maternity units may improve the early detection 

rates of DDH in Australia. The aim of this study was to report on a 

small implementation pilot to provide ADUS screening of 

newborn hips in an Australian regional hospital with a view to 

understanding the feasibility of ADUS in rural hospitals, and the 

acceptability of screening to rural parents. 

 

Methods 
 

Anterior Dynamic Ultrasound is a dynamic, real-time scan 

which measures the maximum anterior–posterior movement 

of the femoral head within the acetabulum during hip 

abduction (MM)15. This study was designed as a Phase 1 

effectiveness trial18 as the first step in implementing a large 

scale program in rural Australia to screen for DDH using 

ADUS. The research protocol with focussed management 

(Fig1) based on the ADUS results included: 

 

• reassuring parents with infants who have MM of ≤ 3 

mm  

• providing focused counseling regarding the 

posturing of infants with hips abducted and follow-

up screening for infants with MM of ≥ 3 mm  

• referring infants with dislocatable hips for definitive 

treatment as per the current Australian protocol. 

 

Infants born of mothers over 18 years of age at a single regional 

hospital in SA during the 17 week study period in 2011 were 

eligible to participate in the study. Exclusion criteria included: 

residential address outside the local district, unable to give 

informed consent (eg non-English speaking), and infants with an 

evident dislocatable hip found on clinical examination.  

 

The ADUSs were provided on one morning per week at the 

regional hospital radiology department. Parents accompanied 

their baby to the radiology suite for the dynamic ultrasound. 

Collected for each infant were demographic data: sex, 

gestation at birth, birth weight, age at ultrasound; and 

relevant history of DDH, breech presentation and method of 

delivery. The ADUS was performed by an ultrasonographer 

using a 11-4 MHz curved linear array probe from an anterior 

position in the groin. The pelvis was stabilized and the leg 

flexed, abducted and pressure exerted posteriorly by a 

second clinician (Barlow’s procedure5). Each femoral head 

was visualized in the acetabulum in the resting position and 

then as the hip joint was provoked with Barlow’s test. The 

ADUS was captured by video, and the movement of the 

femoral head from a line along the femur to the pelvis across 

the upper joint capsule was measured from the ultrasound 

image (called maximum movement [MM]). 

 

Once the ultrasound was completed the parents completed a 

brief survey assessing their anxiety levels. This included the 

short form of the Spielberger State Anxiety Scale19, which 

grades six statements regarding the emotions felt by the 

participant on a four-point likert scale (0=not at all, 

1=somewhat, 2=moderate, 3=very much so). The survey 

included six questions about the acceptability of the 

procedure and convenience of attending for the ultrasound.  

 

The research protocol then prescribed that, on completion of the 

survey, the health professionals performing the ADUS provided 

the parent/s with the results of the ultrasound. If the ultrasound 

indicated that movement within both hip joints was less than 3 

mm, they were told that their child’s hips were normal. If the 

ultrasound indicated the baby had a dislocated hip on the initial 

ADUS, the child and parents were to be immediately referred to a 

paediatric orthopaedic surgeon. If the ultrasound indicated that 

movement within one or both hips was greater than or equal to 3 

mm, the parent/s were told their child’s hip/s had increased hip 

laxity and was at risk of DDH. The parent/s were given advice 

about positioning the child prone with 'frog legs' during the 
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wakeful time each day, and using a cloth nappy over their first 

nappy, to encourage optimal hip positioning for hip development 

in the neonatal period. They were asked to return at 4 weeks for 

follow-up investigations consisting of Graf-method ultrasound (as 

per current management protocols9), and repeat ADUS. The 

parent/infant’s GP was sent a copy of the ADUS results. Those 

babies who still had excessive movement on the second ADUS at 4 

weeks, or abnormal anatomical findings on Graf ultrasound 

examination were offered appropriate treatment in line with 

current treatment protocols. A summary of this process is 

provided (Fig1).  

 

Following ADUS, patient records were reviewed to 

determine the results of the physical examination of each 

infant’s hips. 

 

Differences for parental anxiety levels were tested using 

ANOVA, combining respondents into three groups (agreed, 

uncertain, disagreed) for the items concerning the 

acceptability of the ultrasound. The relationship between 

these items was tested using Spearman’s Rho correlation 

coefficient. Differences between left and right hip were 

tested using a simple paired samples t-test. Significance was 

accepted as p<.05 for all analyses, which was undertaken 

using IBM SPPS Statistics 19 (www.spss.com). 

 

Ethics approval 
 

The study was approved by the Southern Adelaide Clinical 

Human Research Ethics Committee (Project 387.10). 

 

Results 
 

During the 17 weeks of the study, there were 168 births in the SA 

regional hospital, from which 138 infants (82%) were eligible to 

participate in the study. Of these, 86 (62%) attended for 

screening. Mothers were a mean age of 29 years (SD 5.7 years). 

 

All ADUS were provided by a single ultrasongrapher using a pre-

programmed package. Her feedback was that most modern 

ultrasound machines would have the capability to record video 

clips and perform the necessary measurements; and that would it 

be quite an easy ultrasound examination to teach a clinician. 

 

Only 2% of parents agreed that it was very inconvenient to 

attend the hospital radiology department for the ADUS, and 

90% of participants reported they were pleased to see the 

pictures of their baby’s hips (Table 1). Only 6% of 

participants did not agree that the ADUS was quick and did 

not seem to hurt the baby. 

 

Parents who agreed or strongly agreed that their child was 

distressed during ADUS reported greater levels of anxiety 

(F=3.21, df=4 [p=0.017]) than those who were uncertain or 

disagreed that their child was distressed during the 

procedure. Parental gender was not a significant confounding 

factor for level of parental anxiety in this study; however, 

there were only 11 fathers involved in the study. There was a 

weak positive correlation between parents who reported 

knowing babies who had trouble with their hips and how 

pleased parents were to see the picture of their baby’s hips 

(r=0.19, n=84, p=0.04. 

 

In this pilot 45% of babies were female. Infants had a mean 

femoral head movement of 1.27 mm (SD 0.66 mm) in their 

left hip and a mean femoral head movement of 1.05 mm (SD 

0.8 mm) in their right hip. This difference in left and right 

hip movement was significant (t=2.071; df=81; p [2-

tailed]=0.04). There were no significant differences in hip 

movement by sex, gestational age, infant age at scan, method 

of delivery or family history. 

 

Of the infants in the study, two were referred for follow-up 

scans at four weeks (Table 2). One met the criteria for a 

follow-up scan based on femoral head movement of both hips 

(left 3.4 mm; right 4.1 mm). The second met the criteria on 

maximum movement of the left hip (left 3.3 mm; right 0.9 

mm). The second child also had a strong family history of 

developmental dysplasia of the hip but was not reported in 

the record to have a detectable abnormality on clinical 

examination at birth. The three hips with increased hip 

movement at the initial ADUS were found to be normal at 

the four week review. 
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Figure 1: Anterior Dynamic Ultrasound (ADUS) research protocol. GRAF, Graf method; MM, maximum 

movement of femoral head in relation to acetabulum. 

 

 

 

Table 1: Parents’ perceptions of scan, and knowledge of baby problems 

 
Item Parents’ perception – n (%) Tota

l 

N 

Strongly 
disagree 

Disagree Uncertain Agree Strongly 
agree 

My child was distressed during  the 
ultrasound 

21 (25) 24 (29) 14 (17) 21 (25) 4 (5) 84 

It was very inconvenient to come for the scan 58 (68) 22 (26) 3 (4) 2 (2) 0 85 
The ultrasound was quick and did not seem 
to hurt the baby 

3 (4) 2 (2) 4 (5) 25 (29) 51 (60) 85 

My baby did not like lying unwrapped on the 
table 

16 (19) 15 (18) 7 (8) 34 (41) 12 (14) 84 

I was pleased to see the pictures of my baby’s 
hips 

2 (2) 0 6 (7) 38 (45) 38 (45) 84 

I know babies who have had trouble with 
their hips 

18 (21) 12 (14) 14 (17) 18 (21) 22 (26) 84 
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Table 2: Maximum movement femoral head results of Anterior Dynamic Ultrasound (ADUS) 

 
Finding On physical hip examination 

n hips 
No 

abnormality 
Described as 

loose or mobile† 
Normal ADUS with maximum movement of 
femur head <3 mm 

165  4  

Increased maximum movement of femur 
head ≥3 mm 

1  2  

Hip found to be dislocatable on ADUS 0 0 
ADUS, Anterior Dynamic Ultrasound. 
†Hips found to be dislocatable on physical examination were excluded from the screening  
study and referred directly to a paediatric orthopaedic surgeon in the city 450 km away. 

 

 

 

The maternity doctors identified three infants with hips 

'loose/mobile' in the infants’ medical records. One of these 

was confirmed by ultrasound (left 3.4 mm; right 4.1 mm), 

but the other two did not demonstrate abnormal movement 

under ultrasound (left 0.7 mm; right 0.6 mm vs left 2.2 mm; 

right 2.4 mm).  

 

Discussion 
 

The 2010 Australian Cochrane review on screening for DDH 

found insufficient evidence to recommend routine ADUS 

screening of all neonates20 but the study did not take into 

account the higher rates of late diagnosis in rural areas. As the 

cause for this finding is presumed to be reduced expertise in 

physical examination by rural generalist doctors8, the authors 

considered additional clinical training as a potential 

intervention21. However this intervention was considered 

unlikely to be cost-effective and efficient, because rural 

doctors already have significant ongoing professional 

development demands to maintain their broad range of 

clinical skills22. Recognizing this, it is important to consider 

the potential for a ADUS screening program in rural areas in 

Australia. 

 

This pilot study of neonates for DDH has demonstrated that 

it is logistically feasible in an Australian regional hospital to 

introduce an ADUS screening program. During this small 

pilot study there was no cost to participants; however, with 

no Medicare (universal government health insurance) rebate 

currently available for ADUS screening in rural Australia, the 

financial cost of ultrasonography, particularly as an assistant is 

required to perform Barlow’s manoeuvre, is inhibiting. Costs 

could potentially be reduced through role substitution. A 

recent study showed that clinical staff could, with focussed 

training, perform a Graf ultrasound with equivalent accuracy 

of results to experienced ultrasonographers23. 

 

The ADUS was found to be an accessible screening test, with 

the small minority of study participants reporting attendance 

to be inconvenient. One weakness of this implementation 

pilot is that further information was not sought from parents 

who did not bring their infant for screening. However, 

having 62% of eligible patients attend an ADUS session 

provided on only one day per week suggests that the 

prevalence of neonatal screening would be increased should 

this service be available throughout the week. Providing this 

access in a multi-site trial will require careful measurement of 

human and financial resource implications for rural health 

services. 

 

Acceptability of the ADUS was high, with the majority of 

participants finding the scan to be quick, perceiving it as 

comfortable for their baby (except that their baby did not like 

lying unwrapped), and being pleased to see the picture of 

their baby’s hips. A total of 30% of babies demonstrated 
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some level of distress during the ADUS and this did increase 

parental anxiety for a short time, but not to an unacceptable 

level. These results are consistent with previous study 

findings which highlighted the importance of the provision of 

clear information prior to ultrasound screening and effective 

communication during screening24. 

 

The incidence of hips found to have increased maximum 

femoral head movement (>3 mm) in this study was 1.7%, 

which is close to the incidence of hip instability found on 

clinical examination in the neonatal population in a previous 

Australian regional study (19 per 1000 births)25; however, it 

is important to recognise that this represents reduced hip 

stability, requiring further follow up, not DDH. The 

likelihood of false positive ADUS results in this study was 

considerable because the researchers were deliberately very 

conservative with MM threshold of 3 mm, due to the initial 

inexperience of the ADUS screening team. In previous 

studies by Andersson and others the threshold for diagnosis of 

hip instability has been a maximum movement of 4 mm to 

6.5 mm14,26. The increased risk of false positives was deemed 

acceptable in the pilot because the intervention experienced 

by these neonates was non-invasive, consisting only of double 

nappies, posturing and further ultrasound examination at 4 

weeks (ADUS and Graf). If a future, large-scale study is 

conducted, it would be possible to increase the MM threshold 

for diagnosis provided an adequate quality assurance program 

existed for all rural ADUS providers. Electronic recording 

and storage of scans used in this implementation pilot 

demonstrates that this would be feasible. The optimal cut-off 

value for MM would have to be determined prospectively 

during any large scale study in order to be reliable. 

 

In this pilot there were four hips (2.3%) reported as loose or 

mobile on physical examination which were found to be 

normal on ADUS. This suggests a high number of clinical 

examination false positives. This might be explained as a 

Hawthorn effect, with GP obstetricians more likely to report 

instability during the study period when their examinations 

were being scrutinized. It is more likely that this result 

confirms the findings of other studies that clinical 

examination can result in false positives when the pelvis is not 

fully stabilised with the Barlow manoeuvre4, and that 

movement is misinterpreted as intra-articular by less 

experienced clinicians12. There is, however, the possibility 

that these four hip results represented ADUS false negative 

results, but the study design did not allow the researchers to 

calculate the rate of these. They are unlikely to represent 

false negatives because the MM threshold in this pilot was so 

low (3 mm). Previous studies have not reported significant 

false negative rates7. 

 

Finally, Andersson proposes that there is no evidence that 

DDH can occur if hip instability is not present at birth14. 

Despite this bold claim, ADUS screening has not eliminated 

the late diagnosis of DDH in some countries14,20,27. It is 

possible that the late diagnosis of DDH is caused by a 

mechanism other than failure of diagnosis at birth. This is 

supported by the evidence that while the majority of infants 

with high hip laxity at birth improve spontaneously, a few do 

not, and to date it has not been possible to predict these 

reliably7,27. An alternative explanation for the high frequency 

of late diagnosis of DDH in rural compared with urban SA 

areas is that high compliance with Sudden Infant Deaths 

(SIDS) nursing protocols (to posture infants swaddled on 

their back during sleep) potentially increases hip instability 

and results in poor femoral head coverage by the acetabulum 

in the postnatal period28,29. It is certainly true that babies 

wrapped with their legs held in adduction and extension are 

more at risk30. These issues complicate the story and 

demonstrate the importance of rigorous follow-up studies in 

rural Australia. 

 

Conclusionc  
 

This implementation pilot has demonstrated that a research 

protocol is feasible for a large scale rollout of Anterior 

Dynamic Ultrasound (ADUS) in regional Australia to test 

whether more effective neonatal screening and a focused 

education program can reduce the number of infants with 

DDH late diagnosis and associated considerable morbidity. 
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