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4) (a) 
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Penemuan Projek/Abstrak 
(Perlu disediakan makluman di an tara 1 00 - 200 perkataan di dalam Bahasa Malaysia dan Bahasa 
lnggeris. lni kemudiannya akan dimuatkan ke dalam Laporan Tahunan Sahagian Penyelidikan & 
Pembangunan sebagai satu cara untuk menyampaikan dapatan projek tuan/puan kepada pihak 
Universlti). 

ABSTRAK 

Tujuan kajian ini ialah megenalpasti sudut-sudut alfa dan beta sendi 

pinggul di kalangan bayi baru lahir yang normal. Pemeriksaan ultrasound 

dalam pandangan koronal semasa rehat dan semasa tekanan diberikan 

menggunakan transduser linear berfrekuensi tinggi (S-7.5 MHz) dilakukan 

kepada 49 orang bayi. Purata sudut-sudut alfa bagi sendi pinggul kanan 

dan kiri tanpa tekanan ialah 62.0 darjah (SD ± 6.4 darjah) dan 62.0 darjah 

(SD ± 5.6 darjah), manakala dengan tekanan masing-masing ialah 63.3 

darjah (SD ± 7.2 darjah) dan 59.8 darjah (SD ± 8.0 darjah). 

Kesimpulan nilai normal sudut-sudut alfa dan beta bayi-bayi di Hospital 

Universiti Sains Malaysia bersamaan dengan nilai bayi-bayi di negara 

barat. Terdapat perbezaan nyata nilai alfa dan beta sebelum dan selepas 

dikenakan pada sendi pinggul. 



ABSTRACT 

This study is to determine the normal values of the alpha and beta angles 

in normal newborns and to describe the changes of the angles during stress 

maneuver by ultrasound. 

Coronal examinations of the hip at rest and stress were performed using a 

high frequency linear ultrasound probe (5-7.5 MHz) on 49 newborns at 

Hospital Universiti Sains Malaysia from January 2003 till March 2004. 

The means of the alpha angles of the right and left hips without stress were 

62.0 degrees (SD ± 6.4 degrees), 62.0 degrees (SD ± 5.6 degrees) 

respectively and with stress were 63.3 degrees (SD ± 7.2 degrees), 59.8 

degrees (SD ± 8.0 degrees). The means of the beta angles of the right and 

left hips without stress were 56.8 degrees (SD ± 7.4 degrees), 56.2 degrees 

(SD ± 7.0 degrees) respectively and with stress were 54.9 degrees (SD ± 

7.1 degrees), 58.2 degrees (SD ± 8.7 degrees). The normal alpha and beta 

angles of the hip joints were comparable with the Caucasians. There was 

significant difference in the alpha and beta angle without and with stress. 

USM J/P-06 - 2 

(b) Senaraikan Kata Kunci yang digunakan di dalam abstrak: 

Bahasa Malaysia Bahasa lnggeris 

displasia sendi pinggul .................. developmental dysplasia of the hip DDH 

bayi baru lahir ................................. newborn; ........................... .. 
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The Role of Ultrasound Examination in the 
Diagnosis of Developmental Dysplasia of the 
Hip 
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Summary 

Purpose of Study 

I. To dvtL'J'Illil1l' till' \':tllll' or till' :llph;r :IIHI hl't:l ;lllglt· .... ()r lht· hip jllilll :lll!Oilgst tilL· lll'\\'horns in 
I Jn~pit:ll t lni\'l'rsit i Sa in .... Mabysi:1. 
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Materials and Methods 
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dinit.·:tl l'\:IIIJin:ltil >ll. 

Results 
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ABSTRACT 

This study is to determine the normal values of the alpha and beta angles in normal 

newborns and to describe the changes of the angles during stress maneuver by ultrasound. 

Coronal examinations of the hip at rest and stress were performed using a high frequency 

linear ultrasound probe (5-7.5 MHz) on 49 newborns at Hospital Universiti Sains 

Malaysia from January 2003 till March 2004. The means of the alpha angles of the right 

and left hips without stress were 62.0 degrees (SD ± 6.4 degrees), 62.0 degrees (SD ± 5.6 

degrees) respectively and with stress were 63.3 degrees (SD ± 7.2 degrees), 59.8 degrees 

(SD ± 8.0 degrees). The means of the beta angles of the right and left hips without stress 

were 56.8 degrees (SD ± 7.4 degrees), 56.2 degrees (SD ± 7.0 degrees) respectively and 

with stress were 54.9 degrees (SD ± 7.1 degrees), 58.2 degrees (SD ± 8.7 degrees). The 

normal alpha and beta angles of the hip joints were comparable with the Caucasians. 

There was significant difference in the alpha and beta angle without and with stress. 



INTRODUCTION 

Developmental dysplasia of the hip (DDH) is a condition where the femoral head 

has an abnormal relationship with the acetabulum. It is a dynamic condition that occurs 

prenatally and postnatally. DDH includes hips that are unstable, subluxated, dislocated 

(luxated) and/or have malformed acetabula (Homer et a/., 2000). The Barlow and 

Ortolani tests are conventionally used clinically as screening examination to detect DDH 

in the neonate. The tests are not applicable when the baby is 8-12 weeks of life due to 

decreased capsule laxity and increased muscles tightness. There is a continuing incidence 

of late diagnosis despite rigorous clinical screening (Homer et a/., 2000). 

In 1980, Graf used ultrasound (US) to examine the neonatal hip. He proposed the 

bony roof angle, alpha and cartilage roof angle, as parameters for assessing acetabular 

development (Nimityongskul et al., 1995). The measurements are based on a coronal 

image. A reference for normal values, that is, the mean and range of the alpha angle has 

been established. The lower limit of normal for the alpha angle is 60 degrees 

(Weinthroub et al., 2000). A hip is considered definitely abnormal when the alpha angle 

is <50 degrees and recommended treatment. A beta angle of more than 77 degrees 

indicates eversion of the labrum and subluxation of the hip (Weinthroub et al., 2000). 

In 1990, Harcke developed the dynamic study of this technique. Later, Harcke, 

Graf and Clarke merged their methods and proposed a Dynamic Standard Minimum 

Examination (DSME), which combined morphological and stability criteria. The use of 

ultrasound for screening of all newborns can lead to over diagnosis. Studies have shown 



that ultrasound is recommended for initial examination of infants with abnormal clinical 

signs or at risk for DDH. Ultrasound is preferably used as adjunct to clinical evaluation. 

The earlier DDH is detected; the treatment is simpler, more effective and less costly. 

There has not been any study previously done to determine the local data for the hip 

angles in our local population. The aims of this study are to determine the alpha and beta 

angles of the normal hips among babies born in Hospital Universiti Sains Malaysia 

(HUSM) and to define the changes of alpha and beta angles following stress maneuvers. 

Materials and Methods 

A cross-sectional study was conducted from January 2003 to March 2004 in 

Hospital Universiti Sains Malaysia (HUSM), Kubang Kerian, Kelantan. The study 

methodology was approved by Ethical Committee, School of Medical Science, Universiti 

Sains Malaysia (USM), Kubang Kerian, Kelantan. Normal full-term newborns from 

Maternity Unit, HUSM delivered either spontaneous vaginal delivery (SVD) or lower 

segment Caesarean section (LSCS) was recruited in the study. Ultrasound of the hips was 

done at less than 2 months of age. Excluded in this study were ill newborns that 

hampered proper physical and/or ultrasound examinations, newborns with neuromuscular 

disorder, myelodysplasia or arthrogryposis. Non-probability sampling method was used. 

The participants of this study were parent volunteers from the Maternity Unit HUSM. 

Before proceeding to the proper study, a validation study was carried out. The aim of the 

validation study was to validate the technique of the researcher compared to a radiologist. 

Once the validation study had statistically proven that the researcher's technique was 

compatible to the radiologist level, the proper study was then carried out. 



The ultrasound examination of the hips was performed using a real time scanner 

Phillips (ATL) or Siemens Elegra with a broadband (5-12 MHz) linear-array transducer. 

The age of infant at the time of examination was less than two months. Written and 

informed consent was taken from the volunteer parents prior to the ultrasound 

examination. The infant was placed in lateral decubitus position (Figure 1) and the hip 

was in 35 degrees of flexion and 10 degrees of internal rotation (Weintraub eta/, 2000). 

For static technique, the coronal image was obtained. The bony landmarks used were the 

iliac bone parallel to the ultrasound probe, visualisation of greater trochanter and 

triradiate cartilage (Figure 3). The morphology was assessed by angular measurement. 

The alpha and beta angles were measured as described above (Figure 4 and 5) using 

tool, Cobb's angle available in digital image ofPathspeed TM Web (General Electric). 

The coronal image also obtained when the hip under stress (Figure 1 and 2). 

The stress manoeuvre that used was similar with clinical Barlow's test. While performing 

the manoeuvre, the baby should be comfortable and relax. Both of the subject's hips 

were flexed to 90 degrees and abducted. While one hip was kept in the abducted position 

to stabilize the pelvis, the other hip was gently adducted and pushed posteriorly. The 

coronal image obtained and alpha as well as beta angles were measured again. 



Figure 1: Coronal scan of the right hip 

Figure 2: Coronal scan during Barlow stress maneuver 
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Figure 4.3 : Coronal image of the hip without label (above) and with label (below). 



Figure 4.4: Measurement of alpha angle from coronal image 

Figure 4.5: Measurement of beta angle from coronal image 
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RESULTS 

Fourteen nine ( 49) subjects who fulfilled the inclusion criteria were chosen; they 

consisted of 32 male and 17 female. The mean and SD of the alpha angles of the right 

and left hips were 62.0 (SD ± 6.4) and 62.0 (SD ± 5.6) respectively. The means and SD 

of the beta angles of the right and left hips were 56.8 (SD ± 7.4) and 56.2 (SD ± 7.0). 

The mean, standard deviation and p values of the alpha and beta angles of both 

hips, before and after stress test were summarized Table 5.1. Distribution of alpha and 

beta values, before and after stress maneuver showed normal distribution for all variables 

with mild skewed of the distribution to the right and left. 

To determine the significant difference of the alpha and beta angles before and 

after the stress maneuver paired sample T -test was used. There was significant difference 

of the alpha and beta angles of the hips bilaterally, before and after stress maneuver. The 

p values of the right and left hips alpha angle were 0.03 and 0.001 respectively. The p 

values of the right and left hips beta angles were <0.001 and 0.001 respectively. The 

result summary was listed in Table 5.1. 

Table 5.1: Results of the alpha and beta angles, before and after stress maneuver 

Before stress maneouver After stress maneouver 
P value 
CI 95°/o 

Mean SD Mean SD 

RT 62.0 6.4 63.3 7.2 0.03 

Alpha 
62.0 5.6 59.8 8.0 0.001 LT 

,. 



RT 56.8 7.4 54.9 7.1 0.000 

Beta 
LT 56.2 7.0 58.2 8.7 0.001 

To determine the significant difference of the alpha and beta angle means between 

the right and left hips, the paired sample T -test was used. There was significant different 

of the alpha and beta angle means between the right and left hips, at 95% confidence 

interval (p alpha= 0.028, and p beta= 0.01). 

DISCUSSION 

Real-time ultrasonography has been established as an accurate method for hip 

imaging during the first few months of life. With ultrasound, the cartilage can be 

visualized and the hip viewed while assessing the stability of the hip and the morphologic 

features of the acetabulum. In some clinical settings, ultrasound could provide 

information comparable to arthrography, without the need for sedation, invasion, contrast 

medium, or ionizing radiation (Homer, 2000). 

Although the availability of equipment for ultrasound is widespread, accurate 

results in hip sonography require training and experience. Even though expertise in 

pediatric hip ultrasound is increasing, this examination may not always be available or 

obtained conveniently (Homer, 2000). Not all communities have such services and some 

orthopaedic surgeons find themselves without access to this technique. In many 

communities in the United States, there are three systems: radiology-based, radiology and 



orthopaedic-based, and orthopaedic-office based for providing ultrasonography for DDH. 

The orthopaedic-office based system was the most convenient, cost-effective, and 

efficient, for patients, families, and treating physicians (Wientroub and Grill, 2000). 

From 1996 to 2000, only 50 cases of congenital dislocation of the hip or DDH 

were recorded in HUSM. The age ranges from two days to 19 years old, with similar 

distribution for male and females (Unit Rekod Perubatan, HUSM). 

In HUSM, breech deliveries occured about 1- 2.8% (Unit Rekod Perubatan, 

HUSM), delivered either vaginally or by Caeserean Section (LSCS). There was no 

definite protocol in referring for ultrasound (in Radiology Department HUSM) of the 

infant with risk factors (including breech delivery) or those with abnormal physical 

findings for DDH. The diagnosis was mainly made by physical examination and pelvic 

radiograph. The referrals for ultrasound were made to selected cases only. Less than 50 

cases referred to radiology for ultrasound of the hip. So, the practice of using ultrasound 

in diagnosis ofDDH was not widespread in HUSM. 

The coronal image of the hip ultrasound is not difficult to produce; however, there 

have been controversies as to the reproducibility and reliability of alpha and beta angles 

in assessing the acetabular anatomy. With both static and dynamic techniques, there was 

considerable inter-observer variability, especially during the first 3 weeks of life (Homer, 

2000). 

In this study, the mean and standard deviation (SD) for alpha angles of right and 

left hips were 62.0 (SD 6.4) and 62.0 (SD 5.6) degrees respectively. The measurement of 

alpha angles ranged from 48.8 to 75.9 degree. The beta values were 56.8 (SD 7.4) and 

56.2 (SD 7.0) degrees for right and left hip respectively. The reading range was between 



38.2 to 76.8 degrees. Only few studies published discussed the means for alpha and beta. 

No local study was previously done to determine the local data for the angles. The results 

of this study were comparable with other studies performed elsewhere. 

Nimityongskul (1995) observed that the alpha measurement for normal Type 1a 

and 1 b (normal) was between 54.5 to 57 degrees, with standard deviation of 3.6 to 5.5. 

The beta reading for the same group was 46.4- 50.8 degrees with standard deviation of 

3.8- 8.3 degrees. Rosendahl (1994) gave alpha value of 59.0 degrees with SD of 5.5 for 

normal patients in neutral position. The corresponding beta value was 61.4 degrees and 

the standard deviation was 5.8 degrees. 

As initially described by Graf, the alpha angle of more than 60 degree and beta 

angle more than 55 degrees were used to classify the hip into Type 1 and 11a (< 3 

months). In this group of subjects who have normal hips clinically, the mean of alpha 

and beta angles followed the same trend. These results signified the local values of alpha 

and beta angles were not different from the western population. However, the number of 

subjects of this study was small, in which the result cannot be applied to the whole 

population. 

There was significant difference of the mean of alpha and beta angles between 

right and left hips (p= 0.028 and p= 0.01 respectively at 95% confidence interval). 

Differences between the right and left hips were only noted in the beta angles in study by 

Cheng et a/.(1994). The observation most likely contributed by the right hand as the 

dominant hand of the researcher. It was easier to hold the transducer with right hand and 

get the itnage while doing left hip ultrasound examination. 



For the result of alpha and beta angles before and after stress maneuver, this study 

showed difference of the measurement before and after stress maneuver of the hips 

bilaterally. For the alpha angle, the p value was significant, with the values of 0.03 and 

0.001 for right and left hip respectively. The p value of the right and left hips for beta 

angle were <0.001 and 0.001 respectively. The findings were not conflicting or 

compatible with the previous school of thoughts that ultrasound during first 4 weeks of 

life often revealed the presence of minor degrees of instability and acetabular immaturity 

(Homer, 2000). However, this study only stressed the difference of angles and no other 

morphological parameters were taken into account or tested. Again, the study was limited 

to a small number of samples, and may not be applicable to the population. In this study, 

no follow-up or re-examination of the infants hips after age of four (4) weeks. The 

reason was due to short duration of the study. 

Engesaeter et al. ( 1990) concluded in their study that alpha and beta angles could 

not be used as indices for treatment of DOH because they bore no relation to the final 

outcome. However, these authors believed that the dynamic ultrasound study was 

meaningful. They also found no significant correlation between clinical and ultrasound 

examination by dynamic technique observed for the right hip when compared to the left 

hip. Their opinion was a right-handed observer was less accurate in detecting minor hip 

instability when the non-dominant hand performed the examination. Their study also 

concluded that the dynamic component of the ultrasound examination of both hips 

showed a strong predictive value when compared with the outcome. Stable hips had a 

significantly better outcome than unstable hips (p<0.001). 



The technique of dynamic hip ultrasonography incorporate motion and stress 

.. maneuvers which based on accepted clinical examination techniques. Vendantam (1995) 

found the dynamic ultrasound technique to be valuable not only in the early detection of 

CDH but also in monitoring the effectiveness of splintage in the treatment of CDH. In 

this technique, an attempt was made to visualize the Barlow and Ortolani maneuvers on 

the ultrasound screen. The technique was dependent on ligamentous or capsular laxity, 

and, as with the physical examination, the study quality relied on the operator performing 

the stress test (Homer, 2000) and also required experience. The test should be performed 

when the baby is relax and not in distress. As the physical examination, the tests cannot 

be performed when the baby reached 8-12 weeks of age due to decreased capsule laxity 

and increased muscle tightness. At this age, however, the morphological technique can 

still be used to detect DOH and for follow-up of the cases. 

There was still conflicting issue either to do ultrasound to 'high-risk' groups or to 

do screening to the whole population of the newborns. Paton et a/. ( 1999) study 

concluded that routine ultrasound screening of the 'at-risk' groups on their own is of little 

value in significantly reducing the rate of 'late' dislocation, but screening clinically 

unstable hips alone or associated with 'at-risk' factors has a high rate of detection. 

Lewis et. a!. (1999) in their study had come to the conclusion that simple static 

ultrasound was an effective screening test for DDH but that it should be applied to the 

whole population and not simply to the 'at-risk' group. Holen et a!. (2002) concluded 

that if the neonatal clinical screening of the hip was of high quality as in their study, 

universal ultrasound screening is not needed. A selective screening policy for neonates 



with abnormal or suspicious clinical findings and those with risk factors for DDH should 

be recommended. 

Eastwood (2003) found that screening babies with risk factors alone would miss 

between 30-40% of clinically unstable hips. Therefore, where selective screening has 

been used, all babies with clinical instability and those with defined risk factors were 

screened once and this prevented late diagnosis. However, early diagnosis did not reduce 

the incidence of surgery (defined as a procedure requiring a general anesthesia). They 

suggested that increased clinical effectiveness during a study period was also an 

important factor when evaluating selective screening program. 

This issue was emphasized earlier by Paton et al. (2002), which summarized that 

targeted ultrasound screening did not reduce the overall rate of surgery compared with 

the best conventional clinical screening programs. The development of a national targeted 

ultrasound-screening program for 'at-risk' hips could not be justified on a cost or result 

basis. 



Figure 6.1: Coronal image of right hip at rest showed dislocation of the right hip 
joint. The labrum was inverted. The alpha and beta angles were 53.2 and 122.8 
degrees respectively. 

Figure 6.2: Coronal image of right hip following Ortolani stress maneuver. The 
femoral head was reduced. The alpha and beta angles were 61.3 and 82.3degrees 

~ 

respectively. 



Figure 6.3: Coronal image of left hip at rest showed dislocation of the right hip joint. 
The labrum was inverted. The alpha and beta angles were 51.6 and 110.5 degrees 
respectively. 

Figure 6.2: Coronal image of left hip with Ortolani stress maneuver. The femoral 
head reduced. The alpha and beta angles were 58.4 and ?6.6 degrees respectively. 
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ABSTRACT 

English 

Topic: Alpha and beta angles of the hip joints in nonnal newborns. 

Objective: To determine the alpha and beta angles in normal newborns and to define the 

changes of the angles following stress maneuver. 

Methodology: Coronal examinations at rest and stress were done using high frequency 

linear probe (5-7.5 MHz) ultrasound on 49 patients. 

Results: The means of the alpha angles means of the right and left hips without stress 

were 62.0 degrees (SD +/- 6.4 degrees) and 62.0 degrees (SD +/- 5.6 degrees) 

respectively and with stress were 63.3 degrees (SD +/- 7.2 degrees) and 59.8 degrees (SD 

+I- 8.0 degrees). The means of the beta angles of the right and left hips without stress 

were 56.8 degrees (SD +/- 7.4 degrees) and 56.2 degrees (SD +/- 7.0 degrees) 

respectively and with stress were 54.9 degrees (SD +/- 7.1 degrees) and 58.2 degrees (SD 

+/- 8.7 degrees). 

Conclusion: The normal alpha and beta angles of the hip joints were comparable with 

Western values. There was significant difference in the alpha and beta angle without and 

with stress. 
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ABSTRAK 

Bahasa Melayu 

Tajuk: Sudut-sudut alfa dan beta sendi pinggul di kalangan bayi baru lahir normal. 

Objektif:Untuk menentukan sudut-sudut alfa dan beta sendi pinggul di kalangan bayi 

baru lahir normal. 

Metodologi: Pemeriksaan ultrasound dalam pandangan koronal semasa rehat dan semasa 

tekanan diberikan menggunakan transduser linear berfrekuensi tinggi (5-7.5 MHz) 

dilakukan kepada 49 subjek. 

Keputusan: Purata sudut-sudut alfa bagi sendi pinggul kanan dan kiri tanpa tekanan 

adalah masing-masing 62.0 darjah (SD +/- 6.4 darjah) dan 62.0 darjah (SD +/- 5.6 

darjah), manakala dengan tekanan adalah masing-masing 63.3 darjah (SD +/- 7.2 darjah) 

and 59.8 darjah (SD +/- 8.0 darjah). Purata sudut-sudut beta kanan dan kiri tanpa 

tekanan adalah masing-masing 56.8 darjah (SD 7.4 +/- darjah) dan 56.2 darjah (SD +/-

7.0) darjah, manakala dengan tekanan adalah masing-masing 63.3 darjah (SD +/- 7.2) dan 

59.8 darjah (SD +/- 8.0 darjah). 

Kesimpulan: Nilai normal sudut-sudut alfa dan beta adalah sebanding dengan nilai pada 

populasi kanak-kanak barat. Terdapat perbezaan nyata nilai alfa dan beta sebelum dan 

selepas tekanan diberikan. 



CHAPTER ONE: 

INTRODUCTION 



1.0 INTRODUCTION 

Developmental dysplasia of the hip (DDH) is a term to describe the condition 

where the femoral head has an abnormal relationship with the acetabulum (Homer et al., 

2000). The condition was previously termed congenital dislocation of the hip (CDH). 

DDH is presently the preferred term since the acetabulum continues to develop 

postnatally. Furthermore, not all dysplasia present at birth. It is a dynamic condition that 

can occur prenatally and postnatally. The acronym DDH includes hips that are unstable, 

subluxated, dislocated (luxated) and/or have malformed acetabula (Homer eta/., 2000). 

DDH is an evolving process, and the physical findings change on clinical examination. 

The clinical tests of Barlow and Ortolani are conventionally used as screening 

examination to detect DDH in the neonate. The tests cannot be used when the baby is 8-

12 weeks of life due to decreased capsule laxity and increased muscles tightness. Despite 

early optimism of the tests, specificity and sensitivity have come under scrutiny. There is 

a continuing incidence of late diagnosis despite rigorous clinical screening (Homer et al., 

2000). 

The use of ultrasound (US) to examine the neonatal hip was introduced by Graf in 

1980 (static technique). Graf, proposed the bony roof angle, alpha and cartilage roof 

angle, beta as parameters for assessing acetabular development (Nimityongskul et al., 

1995). The measurements are based on a coronal image. Classification of hip dysplasia is 

based on morphology aspects and angle measurements (alpha and beta angles) which can 

be divided into 4 major types. The classification then has been subdivided (Engesaetar 

eta/., 1990). 



A reference for normal values, that is, the mean and range of the alpha angle has 

been established. The lower limit of normal for the alpha angle is 60 degrees 

(Weinthroub eta!., 2000). A hip is considered definitely abnormal when the alpha angle 

is <50 degrees and treatment is strongly recommended. A beta angle of more than 77 

degrees indicates eversion of the labrum and subluxation of the hip (Weinthroub eta/., 

2000). 

Later on dynamic study of this technique was developed by Harcke in 1990. In 

1993, Harcke, Graf and Clarke merged their methods and proposed a Dynamic Standard 

Minimum Examination (DSME), which combined morphological and stability criteria. 

The use of ultrasound for screening of all newborns can lead to over diagnosis. 

Moreover, the exercise is expensive. Studies have shown that ultrasound is 

recommended for initial examination of infants with abnormal clinical signs or at risk for 

DDH. Ultrasound is preferably used as adjunct to clinical evaluation. The earlier DDH 

is detected; the treatment is simpler, more effective and less costly. 

Only few studies published discussed the means for alpha and beta. No local 

study was previously done to determine the local data for the angles. 

The aims of this study are to determine the alpha and beta angles of the normal 

hips among babies born in Hospital Universiti Sains Malaysia (HUSM) and to define the 

changes of alpha and beta angles following stress maneuvers. This study hopefully will 

initiate the usage of ultrasound as an adjunct in diagnosis and management of the babies 

with abnormal finding and those with risk factors to develop DDH in HUSM. 



CHAPTER TWO: 

LITERATURE REVIEW 



2.0 LITERATURE REVIEW 

2.1 Terminology 

DDH was formerly called 'congenital dislocation of the hip' (CDH) as it used to 

be thought that infants were born with this problem. Though true in some instances, most 

infants developed hip dysplasia after birth (Teo, 2002). Therefore the preferred 

description is now developmental dysplasia of the hip (DOH), reflecting that not all 

dysplasias present at birth (Donaldson et al., 1997). In recent years various medical 

organisations have suggested this change in nomenclature to more accurately describe the 

pathogenesis of hip dysplasia. This change in terminology helped to eliminate the blame 

placed on pediatricians/neonatologists who performed the initial neonatal hip 

examination of a child and later found to have DDH (Donaldson et al., 1997). DDH 

indicates a dynamic condition, occurring prenatally or postnatally and potentially capable 

of getting better or worse. DDH is the term used to describe an abnormal relationship 

between the femoral head and the acetabulum. The term is used to describe dislocation, 

subluxation and instability when it is possible to dislocate and locate the femoral head 

into the acetabulum, and a whole array of abnormalities that expressed inadequate 

acetabular development (Wientroub et a!., 2000). 



2.2 Embryology and etiology 

Understanding the development nature of the DDH and subsequent spectrum of 

hip abnormalities requires knowledge of the growth and development of the hip joint 

(Arronson et al., 1994). Embryologically, the femoral head and acetabulum developed 

from the same block of primitive mesenchymal cells. A cleft developed to separate them 

at 7-8 weeks' gestational period. By 11 weeks' of gestation, the hip development was 

complete (Homer et al., 2000). The shape of acetabulum varied during gestational 

development and affected by genetic and hereditary factors (Donaldson et al., 1997). The 

femoral head grew disproportionately faster than the surrounding cartilage, so at birth the 

femoral head was less than 50% covered. Therefore, during late gestation and the first 

few months after birth, the femoral head has the least structural support from the 

acetabulum. The hip was at highest risk to subluxate or dislocate during this period 

(Donaldson et a/., 1997). Within a few weeks after birth, the acetabular cartilage 

developed more rapidly than the femoral head, resulting in progressive increased 

coverage. At birth, the femoral head and the acetabulum were primarily cartilaginous rim 

(the labrum) that surrounded the bony acetabulum and caused the socket to deepen. 

Development of the femoral head and acetabulum were intimately related, and normal 

adult hip joints depended on further growth of these structures. Hip dysplasia may occur 

in utero, perinatally, during infancy or childhood (Homer et a/., 2000). There were four 

periods the hip was most at risk of dislocation: 

1) The 12th gestational week 

2) The 18th gestational week 



3) The final4 weeks of gestation, and 

4) The postnatal period. 

During the 12th gestational week, the hip was at risk as the fetal lower limb rotates 

medially. All elements of the hip joint will develop abnormally. The hip muscles 

development begins around the 18th gestational week. Neuromuscular problems at this 

time, such as myelodysplasia and arthrogryposis, will lead to teratologic dislocations. 

During the final 4 weeks of pregnancy, mechanical forces have a role. Conditions such 

as oligohydramnios or breech position predispose to DDH (Hinderaker et a/., 1994 ). 

Postnatally, infant positioning such as swaddling, combined with laxity of the ligament, 

also has a role (Homer et a/., 2000). Ligament laxity was related to hormonal as well as 

genetic factors. It caused abnormal motion between the femoral head and the 

acetabulum, causing deterioration of both the cartilaginous and osseous structures. The 

abnormal motion prevented normal ossification of the acetabulum and contributed to 

dysplasia (Donaldson eta/., 1997). DDH was more likely to occur in infants who have a 

sibling or parent with DDH (van Holsbeeck eta/., 2001). 

Causative factors behind congenital hip dislocation have been disputed in the past. 

The pathophysiology remained very debatable and several concepts were propounded. 

For a better pathophysiologic understanding, Gomes et al. (1998) had carried out a study 

of the morphology and development of 22 prenatal and neonatal hips. At first, the 

acetabulum was cartilaginous and distorted by the moving femoral head; this acetabulum 

was histologically affected by the femoral pressure. The pathologic hip was characterized 

by defective posterior bony coverage of the femoral head by the acetabulum. The 

acetabulum was ossified during the 3 months following birth, fonning a cup-like cavity 



under the pressure of the femoral head (Gomes eta/., 1998). It remains unclear whether 

the pathogenesis was primarily caused by dysplasia or whether dysplasia was secondary 

to abnormal joint laxity (Reikeras eta/., 2002). 

The etiology of DDH was complex and multifactorial, with factors affecting both 

acetabular morphology and hip stability. If a shallow cartilaginous acetabulum provided 

poor structural support to the femoral head, the head was allowed to move, and stretching 

of the ligamentous support was lax, excess motion will cause deterioration of the 

acetabulum and progress to dysplasia. These two mechanisms were closely related 

(Donaldson eta/., 1997). The factors involved in the etiology of DDH included the small 

intrauterine space of the primipara, breech presentation, oligohydramnios, congenital 

dislocation of the knee, congenital muscular torticollis, and metatarsus adductus 

(Henrikus et a/., 1999). Breech position occurred in about 3% of births, and DDH 

occurred more frequently in breech presentations, reported as many as 23%. The frank 

breech position of hip flexion and knee extension placed a newborn or infant at the 

highest risk. 

Postnatally, infant positioning such as swaddling, combined with ligamentus 

laxity also has a role (Donaldson eta/., 1997 and Homer et. a/., 2000). In addition, in 

Native Americans, the postnatal practice of strapping a child's hip in extension 

contributed to DDH. Physiologic factors included ligament laxity in female infants. This 

laxity stemmed from the influence of the maternal hormones estrogen and relaxin and 

explained why DDH was six times commonner in females. A genetic influence on DDH 

was supported by studies of family history, siblings, and twins (Hennrikus et al., 1999). 

Wynne-Davies reported an increased risk with positive family history that was 6% for 



healthy parents and an affected child, 12% with affected parents, and 36% with an 

affected parent and one affected child. Apart from that, children with neonatal hip 

instability and a family history ofDDH seemed to represent a subgroup with an increased 

failure risk of primary treatment and may need prolonged abduction treatment (Hansson 

eta/., 1983). 

2.3 Incidence and prevalence 

The prevalence of DDH ranged from I in 10 to 1 in 100. The inclusion and 

exclusion of neonates with hip clicks or laxed hips that spontaneously become stable in 

the first week of life is the main reason for this wide variation of reported prevalence 

(Nimityongskul et al., 1995). The true incidence of DDH can only be presumed. There 

is no 'gold standard' for diagnosis during the newborn period. Physical examination, 

plain radiography, and US all are fraught with false-positive and false-negative results. 

Arthrography and magnetic resonance imaging, although accurate for determining the 

precise hip anatomy, are inappropriate methods for screening the newborn and infant 

(Homer et a/., 2000). The reported incidence of DDH ranges considerably (Reikeras et 

a/., 2002) and was very much influenced by genetic and racial factors, diagnostic criteria, 

the experience and training of the examiner, and the age of the child at the time of 

examination (Homer eta/., 2000). 

Palmen in 1961 reported that 20 in 1 000 newborns had unstable hips when 

stressed (Donaldson eta/., 1997). Barlow in 1962, found that 58% of neonatal instability 

spontaneously resolved by 7 days and 80% by 2 months (Donaldson et a!., 1997). 

Although the numbers vary? the prevalence of dislocation is approximately 1.3 in 1000, 

.• 



and that of dislocatable hips requiring treatment is about 1.2 in 1 000 newborns in North 

America and Western Europe. Barlow and Dunn reported about 2% of newborns are 

found to have some degree of hip instability, but only 0.2% will probably progress to 

dislocation if left untreated. Majority of these were detectable by the Ortolani and 

Barlow clinical examinations (Donaldson et al., 1997). Some newborn screening surveys 

suggested an incidence as high as 1 in 100 newborns with evidence of instability (Homer 

eta!., 2000). The incidence was higher in girls due to reason mentioned above. The left 

hip was involved 3 times as commonly as the right hip, perhaps related to the left occiput 

anterior positioning of most non-breech newborns. In this position, the left hip resided 

posteriorly against the mother's spine, potentially limiting abduction (Homer et a!., 

2000). Bialik (1999) reported sonographic DDH incidence of 55.1 per 1000. However, 

follow-up of those cases had given the true incidence of 5 per 1000 hips. It was 

suggested their approach for better founded the definition of DDH and for an appropriate 

determination of its incidence. 

Early detection of hip dysplasia has been a topic of interest since the mid-1900s. 

Roser (Donaldson et al, 1997) first described that '' flail'' hips could be dislocated by 

adduction of the leg and then reduced again by abduction. Ortolani, however, deserved 

the credit for his 1939 description of the abduction "scatto" or snapping of dislocated 

hip. Through his educational efforts, this test bore his name and now part of the 

widespread clinical screening for DDH. Barlow, Palmen and others contributed 

significantly to implementation of clinical screening in newborns (Donaldson et al 
' 

1997). Screening guidelines for CDH (not DDH) were introduced 30 years ago and 

updated in 1983 (Eastwood, 2003). The rationale was that early detection of these cases 



would allow prompt management. Prompt treatment of DDH was vital for optimum 

results, and reduced the need for surgical intervention. Therefore, neonatal screening 

programs using physical examination were highly recommended. This program has been 

widely practiced in an effort to reduce the morbidity of DDH. However, diagnosis 

remained difficult: neither clinical examination nor plain radiographs of the pelvis were 

reliable indicators ofDDH (Zieger et al., 1986, 1987). 

2.4 Diagnosis 

DDH is an evolving process, and its physical findings on clinical examination 

change (De Pellegrin et a/., 1991 Arronson et a/., 1994, and Stoffelen et a/., 1995). The 

newborn must be relaxed, warm, and comfortable, with diaper removed and preferably 

examined on a firm surfaced. A crying child will contract hip and leg muscles, which 

may disguise hip instability (Hennrikus et al., 1999). Patience and skills are required. 

There were no pathognomonic signs for a dislocated hip. The examiner must look for 

asymmetry. Indeed, bilateral dislocations are more difficult to diagnose than unilateral 

dislocation as symmetry is retained. Asymmetry of thigh or gluteal folds is better 

observed when the child is prone. Apparent limb length discrepancy, restricted motion 

especially abduction are significant, but not pathognomonic signs. With the infant supine 

and the pelvis stabilized, abduction to 75 degrees and adduction to 30 degrees should 

occur readily under normal circumstances (Homer et a/., 2000). Other features that will 

arouse suspicion include asymmetry of the thigh folds, a positive Allis or Galeazzi sign 

(relative shortness of the femur with the hips and knees flexed), and leg length 

discrepancy. 



From birth to approximately 2 months of age, the Barlow test and Ortolani sign 

(Hennrikus, 1999) are helpful in diagnosing hip instability. These tests were first 

described by Le Damany in 1908 (Clegg et a!., 1999). Both tests are no longer positive 

by 8 to 12 weeks of life due to decreased capsule laxity and increase muscles tightness. 

The maneuvers are perfonned one hip at a time. The Barlow (dislocation) test is 

provocative, and attempts to dislocate unstable hip. Both ofthe patient's hips are flexed 

to 90 degree and abducted. While one hip is kept in the abducted position to stabilize the 

pelvis, the other hip is gently adducted and pushed posteriorly. The unstable hip will be 

felt to dislocated or 'clunk' (not 'click') as the hip moves out of the acetabulum. A 

positive result on the Barlow test identifies a dislocated hip (Hennrikus, 1999). 

The significance of clicks has been a subject of controversy. Some authors 

believe that hip clicks are benign and have no pathological significance (Nimityongskul 

et a!., 1995). Other authors, however, reported that clicking hip in a newborn baby is not 

always benign and should not be ignored (Nimityongskul et a/., 1995). In Clinical 

Practice Guidelines by American Academy of Pediatrics, the decision that positive 

examination for Barlow and Ortolani will produce 'clunk' sound of dislocation or 

reduction (Homer eta/., 2000 ). 'Click' findings are related to soft tissue clicking from 

the ligamentum teres, iliopsoas tendon, labrum, or tensor fascia (Hennrikus, 1999). 

The Ortolani (relocation) maneuver attempts to relocate a dislocated a hip that 

rests posterior to the acetabulum. Again, one hip is held at 90 degree of flexion and in 

abduction to stabilize the pelvis. The hip to be examined is flexed to 90 degree and the 

examiner's long finger is placed posteriorly on the greater trochanter while moving the 

hip into abduction. If a palpable 'clunk' (not 'click')' is felt, the result of the Ortolani 



maneuver is positive and the dislocated hip has been returned to the acetabulum 

(Hennrikus, 1999). 

Both Ortolani and Barlow tests are legal requirement in every UK newborn baby 

(Eastwood, 2003). The specificity is high, essentially 100%, but the sensitivity is low 

with false-positive results leading to over-treatment and false negative results associated 

with a high late presentation rate. Sensitivity is improved significantly with the use of 

experience examiners (paediatricians, orthopaedic surgeons or physiotherapists) but it is 

not a legal requirement that the tests are performed by such people; nor in these days of 

clinical governance is necessary that the examiner has been trained to do them 

(Eastwood, 2003). 

Radiographs of the pelvis and hips have historically been used to assess an infant 

with suspected DDH. During the first few months of life when the femoral heads are 

composed entirely of cartilage, radiographs have a limited value. Displacement and 

instability may be undetectable, and evaluation of acetabular development is influenced 

by the infant's position at the time the radiograph is performed. Lefaure et al described 

that radiographic screening approach in France failed to improve early detection of DDH 

(Donaldson et a/., 1997). By 4-6 months of age, radiographs become more reliable, 

particularly when the ossification centre developed in the femoral head. Radiographs are 

readily available and relatively low in cost (Homer et a/., 2000). In setting where 

reliable ultrasound is not available, a radiograph after 3 months of age is indicated if 

DDH is suspected (Donaldson et a/., 1997). Various lines (Hilgenreiner, Shenton, 

Perkin) have been used to help assess the position of the femoral head and degree of 

dysplasia in infants. These lines are of limited help betause they represent indirect ways 



of assessing the hip. Generally the AP and frog-leg are adequate for evaluating this 

progressive type of hip dysplasia (Donaldson eta/., 1997). 

Computed tomography (CT) scan is used sometimes for children with DDH under 

special circumstances. If a child is placed in a spica cast, the ultrasound window is too 

small to adequately image the hips and much less to document reduction. Ten 

measurements were made on CT -scans including acetabular indices and anteversion, hip 

abduction angle, lateral and posterior displacement of the femur from the acetabulum, 

and femoral displacement from a modified Shenton's line drawn from the pubic rami 

(Smith et a/., 1997). CT is performed in children with severely dysplastic hips as a 

preoperative study to help the orthopedic surgeon plan for the proper corrective 

procedures. The 3DCT method used produced a 'topographic-map' that replicates the 

contact relation between the acetabulum and the femoral head. Analyzing the femoral 

head-acetabular contact relation and the type of acetabular deficiency allows the surgeon 

to plan better surgical correction of the hip dysplasia in children. 

Magnetic resonance imaging (MRI) is reserved for severely dysplastic hips, often 

if therapy has been unsuccessful in restoring concentric reduction. Generally Tl and 

gradient-echo sequences are all that is necessary to image both cartilaginous and osseous 

structures of the hip joint. Multiplanar capability is not possible with CT. MRI is helpful 

in assessing obstructions to reduction. The intracapsular obstructions consist of inverted 

limbus, interposition in the acetabulum, including thickened ligamentum teres and large 

pulvinar tissue, deformities of the femoral head, and contracted transverse ligaments. 

Extracapsular obstacles include formation of an isthmus by the iliopsoas muscle, thight 

iliopsoas tendon, shortening of the short external rotators and adhesion of the capsule to 



the ilium(Donaldson et a/., 1997, Kiyoshi et al., 1999). MRI also can be utilised in 

assessment of the adequacy of reduction of dislocated hip. It has the advantage of 

showing the immature femoral head so that its center can be adequately determined 

regardless of the presence of the ossific nucleus. The immature cartilaginous anlage of 

the acetabulum is also clearly visualised on MRI, allowing assessment of the morphology 

of the whole hip (Duffy et al., 2002). For assessment of stability, MRI also allows 

dynamic imaging while giving stress to the hips (Tennant eta/., 1999). 

2.5 Ultrasound diagnosis 

The use of ultrasound to examine neonatal hip was first report in 1980. Since 

then, there have been many publications on this subject. The most extensive study was 

done by Graf, who proposed the bony roof angle, alpha and cartilage roof angle, beta as 

parameters for assessing acetabular development (Nimityongskul et a/., 1995). The 

evaluation was based on a coronal image (equivalent to anteroposterior[AP] radiograph 

of the hip) obtained through a lateral approach when the infant is in lateral decubitus 

position (Figure 2.1 and 2.2) and the hip in 35 degrees of flexion and I 0 degrees of 

internal rotation (Weintroub et a/., 2002). Stressing morphological characteristics, his 

method emphasized measurements of angle to quantitate femoral head coverage on the 

basis of acetabular landmarks, in addition to the position of hip position (Table 2.1 ). 

Graf, an orthopedic surgeon, implemented widespread US screening performed in 

conjunction with clinical screening in Austria. Eighteen years later, he claimed that they 



no longer see late diagnosis of DOH in the Steirmach region of Austria (Donaldson et a/., 

1997). 

Critics of Graf s morphological technique reported limitations with regards to its 

accuracy as well as inter-observer and intra-observer variations that influenced the 

analysis (Cheng et a/., 1994, Dias et al., 1993 and Engesaeter et a/., 1990). Advocates of 

Graf s method believed that, when performed properly, the variability in measurement is 

not an important factor and standardization is easier to establish (Nimityongskul et a/., 

1995, Weinthroub et al., 2000). 

Real-time linear array transducers are preferred for the assessment of the hips in 

newborns and infants. Highly reproducible images can be generated, allowing seriel 

static quantitative assessment of hip development and maturation. The use of sector or 

curved-faced transducers should be limited to qualitative evaluation (Wientroub et a/., 

2000). 

Graf classification (1986) of hip dysplasia based on morphology aspects and 

angle measurements (alpha and beta angles) can be divided into 4 major types (Table 

2.1) which have since been subdivided (Engesaetar et al., 1990). Graf proposed a 60 

degree alpha as the cut-off point for normal hips. However, a hip is considered definitely 

abnormal when the alpha angle is <50 degrees and treatment is strongly recommended. 

An alpha between 50-60 degrees is considered physiologically immature (younger than 3 

months of age), and observation is recommended (Nimityongskul et al., 1995). Exner 

( 1988) studied the validity of Graf alpha and beta angles and found inter-observer 

difference of 5 degree for alpha and 7 degree for beta angles. He also noted that the 
tl 



image can be false positive. The alpha angle is more reliable because the bony roof is 

distinct and line drawing is more reproducible. However, variations in measurement 

ranging from 4.0 to 6.5 degrees were reported. The labral measurement (beta angle) had 

a high degree of variation (van Holsbeeck eta/., 2001). 

The alpha and beta· angles are obtained in a coronal image (Figure 2.2) with the 

construction of three lines which are: 1) a vertical line drawn parallel to the ossified lateral 

wall of the ilium; 2) a line drawn along the roof of the cartilaginous acetabulum, from the 

lateral osseous edge of the acetabulum to the labrum; 3)a line drawn from the inferior 

edge of the osseous acetabulum (the inferior iliac margin) at the roof of the triradiate 

cartilage to the most lateral point on the ilium (the superior osseous rim). The angles are 

calculated. The alpha angle is formed by the intersection of the line parallel to the lateral 

wall of the ilium and the line parallel to the osseous acetabulum (Figure 2.3). 

A reference for normal values, that is, the mean and range of the alpha angle has 

been established. The lower limit of normal for the alpha angle is 60 degrees. A 

maturation curve of spontaneous development has been established to characterize the 

measurement of the natural progression of acetabular growth in the normal hip joint. 

Since the alpha angle reflects osseous coverage of the femoral head by the acetabulum, 

the smaller the angle, the greater the degree of dislocation(Weinthroub eta/., 2000). 



Figure 2.1: Coronal scan of the right hip 
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Figure 2.2: Coronal image of the hip without label (abo.ve) and with label (below). 
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Table 2.1: Sonography Hip Types According to Graf (Bialik et aL, 1999) 

Type Bony roof Bony rim Cartilaginous Roof Angle alpha Angle beta 
(degree) (degree) 

I Mature hip joint Good Angular/blunt Narrow, covering >60 >55 

II [ <3 months] 
Physiologically immature ' 

Ila + [appropriate for age] Sufficient Round Wide, covering 50-59 >55 
Ila- [maturity deficit] Deficient Round 

lib [> 3 months] Deficient Round Wide, covering 50-59 >55 
Delay of ossification 

lie [any age] critical range Severely deficient Round to flat Wide, but still covering 43-49 <77 

D [any age] decentering hip Severely deficient Round to flat Displaced· 43-49 >77 

III Eccentric [decentered]hip <43 >77 
Ilia Poor Flat Displaced cranially, 

without structural 
alterations 
[hypoechoic] 

Illb Poor Flat Displaced cranially, <43 >77 
with structural 
alteration [ echogenic] 

IV Eccentric[ decentered]hip Poor Flat Displaced <43 >77 
inferomedially 



Figure 2.3: Measurement of alpha angle from coronal image 

Figure 2.4: Measurement of beta angle from coronal image 
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The beta angle (Figure 2.4) is formed by the intersection of the line parallel to 

the lateral wall of the ilium and the line parallel to the roof of the cartilaginous 

acetabulum. A beta angle of more than 77 degrees indicates eversion of the labrum and 

subluxation of the hip (Weinthroub et al., 2000). 

In contrast to the single-view approach of Grafs technique, Harcke et a/., (1984, 

1990 and 1994) developed a technique based on a dynamic multiplanar examination that 

assess the hip in positions produced by Ortolani and Barlow maneuvers. The dynamic 

approach can also be used to assess acetabular development; however, it placed the 

greatest emphasis on the position and stability of the femoral head (Wientroub et a/., 

2000). The technique is dependent on ligamentous or capsular laxity, and as with the 

physical examination, the ·study quality depends on the operator performing the stress 

test. Using these maneuvers, each hip was classified as stable, borderline unstable 

(subluxation), dislocatable or dislocated (Table 2.2) (Rosendahl eta/., 1992). When the 

femoral head is completely dislocated, fibrofatty tissue with increased echogenic 

properties fills the space between the head and the acetabulum (Weintroub eta!., 2000). 

Study by Engesaeter (1990) with a hundred infants showed only dynamic 

assessment of stability that had a significant relation with the outcome. The study 

concurred with the findings of Saeis, Foster and Lequensne in 1988. Reikeras (2002) 

concluded that sonographically, provoked instability in morphologically nonnal or 

immature hips has no clinical significance. In this study, infants with nonnal hips 

morphologically but with bilateral or unilateral instability, were divided into a group that 

received treatment with abduction splint and another group was left untreated. 



Assessment by repeat ultrasound and measurement of acetabular index by radiographs at 

16 weeks revealed normal hip development with no differences between the two groups. 

Table 2.2: Classification of hip stability by ultrasound (Rosendahl et at., 1996) 

Stability Comment 

1. Stable hip 

2. Borderline unstable hip A gap can be visualized between the femoral 
head and acetabulum 

3. Dislocatable hip The femoral head can be dislocated lateral to 
baseline, followed by a concentric reduction 
into the acetabulum 

4. Dislocated The femoral head is seen constantly lateral to 
the baseline 



Critics of the dynamic technique maintained that it was more prone to subjectivity 

on the part of the examiner and that standardization was difficult to establish. Advocates 

of dynamic ultrasound had pointed out that traditional clinical examinations were based 

on criteria of stability in addition to morphological characteristics (Weintroub et a/., 

2000). 

In 1993, Harcke, Graf and Clarke merged their methods and proposed a Dynamic 

Standard Minimum Examination (DSME), which combined morphological and stability 

criteria. The principle of this examination mandate that the hip be examined both at rest 

and when stressed. The essential elements of the DSME were assessment in the coronal 

plane with the hip at rest and assessment in the transverse plane with the hip under stress. 

With regards to the specifics of these elements, some options were left to the preference 

of the examiner (Weintroub eta/., 2000). 

Ultrasound during the first 4 weeks of life often reveals the presence of minor 

degrees of instability and acetabular immaturity. Studies (Castelein et a/., 1992, Homer 

et al, 2000 and Marks et a/., 1994) indicate that nearly all these mild early findings, 

which will not be apparent on physical examination, resolved spontaneously without 

treatment. A vi sse suggested neonatal screening tests such as sonography must take place 

in the first weeks of life since the acetabulum ossified during the 3 months following 

birth (Avisse eta/., 1997). 



2.6 Neonatal screening sonographically 

Barlow and Ortolani tests were conventionally used in screening of DDH. 

Despite early optimism about the effectiveness of these procedures, their specificity and 

sensitivity have been questioned (Weintroub et al., 2000). An important issue was 

whether ultrasound screening of newborns for DDH was justified on the basis of the 

degree of sensitivity, specificity and cost-effectiveness. Newborn screening with 

ultrasound has required a high frequency of repeated examination and resulted in a large 

number of hips being unnecessarily treated. One study (Rosendahl et al., 1994) 

demonstrated that a screening process with higher false-positive results yielded increased 

prevention of late cases. Study by Marks showed that routine ultrasound screening has 

detected cases which would otherwise have presented late (Marks et al., 1994 ). 

In many centers 'high-risk' babies were offered ultrasound screening. Selective 

screening program may appear similar but, again, there is problem with terminology. 

What constituted risk factors varied from group t.o group and the relevance of such 

factors had recently been questioned (Eastwood, 2003). Screening babies with risk 

factors alone would miss between 30-40% of clinically unstable hips (Eastwood, 2003). 

The study by Bache (2002) found that majority of babies requiring intervention would 

not have been identified utilizing present criteria for selective ultrasound screening. 

Bialik (1999) recommended that ultrasound examination to be performed for all 

newborns. Study by Rosenberg (1998) had evidence that combined clinical and 

ultrasonographic examination significantly improved the detection rate of dysplastic hips 

in newborns. Some European centres screened all newborns (Wientroub eta/., 2000). 
·" 


