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Abstract 

Background: The purpose of this retrospective study was to check sonographic hip types according to 

the Graf technique and to compare the results related to large newborns with those related to the 

normal and small ones based on their Gestational Age (GA); and to investigate the influence of birth 

weight on the incidence of Developmental Dysplasia of the Hip (DDH). 

Methods: Between 1993 and 2003 Ultrasonography (US) of the hips was performed in 7417 

consecutive newborns at 34-42 gestational weeks using the Graf method during the first week of life. 

Results: The US showed pathological findings in 168 hips (2.3%). 139 of these cases were girls 

(82.7%) and 29 were boys (17.3%). According to Graf types, there were 63 type IIc, 56 type D, 46 

type III, and 3 type IV hips. Except for one boy (type III) all were successfully treated by conservative 

orthopedic methods. Being overweight (large for GA) in association with breech presentation showed 

the highest risk for pathological hips requiring treatment (15.6%), followed by normal weight and 

breech presentation (7.6%), and then came the term newborns large for GA (5%). The lowest 

percentage need of subsequent orthopedic treatment was in 66 in small newborns for GA with breech 

presentation (1.5%). There were no associations with DDH in 230 small GA newborns at term, and in 

174 twins. 

Conclusion: The results, according to the sonographic types, suggest that high birth weight is a major 

risk factor of DDH, especially when combined with breech presentation; and an almost 5:1 female 

preponderance was observed. 
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1- INTRODUCTION 

Developmental Dysplasia of the Hip 

(DDH) is a serious and the most frequent 

developmental disorder of the 

musculoskeletal system in infants. Ortolani 

and Barlow tests are standard techniques 

for clinical detection of hip instability and 

hip dysplasia in newborns (1, 2). However, 

immature and dysplastic hips may often be 

clinically asymptomatic and, therefore, not 

be detected by manual examinations (3, 4, 

7, 10). So, ultrasonographic screening of 

the hip during the first weeks of life has 

been established as a gold standard to 

enable prompt treatment and full recovery 

of hip dysplasia in several countries (3, 4, 

6-16). 

Ultrasound (US) of the hip was introduced 

in 1980 by Reinhard Graf MD (15) in view 

of early detection of DDH. Quality and 

standard of hip sonography have since 

been much improved by higher quality 

equipment and training (7, 19, 21). Since 

the introduction of US hip screening, the 

incidence of late presenting DDH and 

surgical intervention has been significantly 

reduced (5, 7, 9-12, 18). 

Several authors have advocated screening 

during the first 6 weeks of life (3, 6, 11, 

12). It has been also stated that improved 

training of doctors would reduce 

unnecessarily repeated examinations and, 

thus, costs; and as a result of such training 

no cases of late presenting DDH were 

detected (7, 11, 12, 17). The triumph of hip 

sonography according to the Graf 

technique, when performed correctly, 

helps the detection of hips with clinically 

silent dysplasia which could subsequently 

develop a dislocation, or persistent 

dysplasia, if not treated (Graf type IIc). 

They account for the majority of 

previously, so called, clinically missed 

congenital dislocations. Hip 

ultrasonography can be performed as often 

as required until about the end of the first 

year of life, without any risk to the child. 

This is important for the assessment of 

therapeutic progress. Ultrasound has 

virtually replaced conventional x-rays 

including diagnostic arthrography in the 

first 6 months of life. Furthermore, the US 

technique is thought to be more sensitive 

than clinical examination in the detection 

of DDH (4, 14). 

In German speaking countries, hip 

ultrasonography is performed by 

pediatricians, radiologists or orthopedists. 

The cooperation of these groups is 

important for the treatment and follow up 

of Children; also, training of examiners is 

important to avoid wrong diagnosis and 

treatment (27). 

Ultrasonographic evaluation (US) 

according to the Graf technique determines 

the maturation stage of the hip joint by 

quantifying the bony and cartilaginous 

acetabular roof with its spectrum of 

physiological variants (4, 10, 19, 21). It 

allows for differentiation from 

pathological morphology, i.e. dysplasia. 

Moreover, by its dynamic use, it detects 

the presence of joint instability; and 

separates pathological and harmless 

movements (elastic whipping) (19, 21). 

2- MATERIALS AND METHODS 

From January 1993 to December 

2003, hip ultrasound screening according 

to Graf method was performed during the 

first week of life (day 2-5) in all newborns 

(GA 34-42 weeks). All examinations were 

performed by one experienced ultrasound 

examiner, the first author (MS), using a 7.5 

MHz linear transducer (Siemens Sonoline 

SI-250). 

Amongst the 7417 evaluated newborns, 

there were 3596 females and 3821 males. 

All ultrasound data were analyzed 

retrospectively. Birth weight percentiles 

were calculated by Denver standards 

according to Lubchenco (29). Newborns 

between the 10th and 90th percentiles were 

classified as normal for GA, those above 

the 90th percentile as large for GA, and 
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those below the 10th percentile as small for 

GA. 

A precise diagnosis can only be achieved 

if the following key steps of the Graf 

method are carefully fulfilled: 

- Correct lateral position of the quiet infant 

in the cradle and standardized examination 

is key to a high-quality US image. 

- Good visibility of anatomical structures 

(anatomical identification) and the most 

important ones include three landmarks in 

the US image: Lower limb of the os ilium 

(8.), Mid-Section of the bony acetabular 

roof (9), and Acetabular labrum (5). For a 

diagnostic, measurable sonogram, the three 

landmarks must be present and in a 

standard plane. Exception: decentred 

joints. 

Hip type’s classification according to Graf 

technique depends on age, degree of 

ossification and degree of displacement: 

1) Type I: mature hip (bony roof angle α 

above 60°); 

2) Type II a: physiologically immature, 

appropriate for ages below 12 weeks (α= 

50-60°); 

3) Type II c: critical range, bony roof is 

severely deficient (α= 43-49°; 

cartilaginous roof angle β = below 77°); 

4) Type D: decentring hip (first stage of 

dislocation) (α=43-49°; β=above 77°); 

5) Types III and IV are dislocated hips 

(α=below 43°) with cartilaginous roof 

directed cranially (type III) or caudally 

(type IV) (4, 10, 19, 21). 

If all the hip types with their alpha and 

beta angles are entered in a line, they 

provide us with a table called a sonometer. 

Using this, all joints can be classified 

according to their types. Alpha value 

(bony roof angle) determines the hip type, 

and beta (cartilage roof angle) is 

responsible for precise differentiation 

within the type and is used for 

classification in one circumstance (type II 

c and type D). 

Type II a (α=50-59) joints can be 

subdivided into type II a (+) or type II a 

(─), depending on the age. During the first 

3 months of life, the hip joint matures in an 

exponential fashion. In a newborn, the 

minimum alpha value, that can be 

expected to become a type 1 by the end of 

the third month, is alpha 50°. After 6 

weeks the hip joint should reach the 

minimum degree of maturation or more 

(alpha value of 55° or more) = type II a 

(+). If alpha is less than 55°, it is called 

type II a (─) with maturation deficit. The 

differentiation between type II a (+) and II 

a (─) should not be made before the 6th 

week. Type II b, is dysplastic hip with 

delay of ossification (α= 50°-59°) after 12 

weeks Type II a (─) and type II b need 

orthopedic treatment. 

Comparison has been made between 

newborns with and without risk factors for 

DDH: breech presentation, twin 

pregnancy, prematurity, large, normal and 

small for gestational age (GA) babies, and 

female sex. Since family data were not 

consistently available, this risk factor (5, 6, 

20) was not included. 

With one single exception, one boy (type 

III), all babies with pathological hips: 

types IIc, D, III, and IV were successfully 

treated by conservative orthopedic 

methods, until their hips became Type I 

(mature hip) within 2-3 months of therapy. 

The therapy and follow up of children until 

the end of puberty has been carried out by 

two pediatric orthopaedists (co-authors RV 

and HM). 

3- RESULTS 

Among 7417 neonates, 

sonographically mature hips of type I were 

found in 5.529 (74.5%) and physiological 

immature type IIa hips in 1.720 cases 

(23.2%). In 1720 cases there were 1014 

girls (13.7%) and 706 boys (9.5%). 
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In 168 (2.3%) newborns, pathological hips 

of types IIc, D, III, and IV were diagnosed. 

Type IIc was found in 63 cases (o.85%) 

with 54 in female and 9 in male newborns. 

Type D hips were diagnosed in 56 cases 

(0.75%), of which 44 were observed in 

females and 12 in males. Dislocation of the 

hip (type III and IV) were diagnosed in a 

total of 49 cases (type III in 46 and IV in 3 

cases) with 41 female and 8 male cases. 

Among these cases which required 

treatment (n=168) there were 139 girls 

(3.86%) and 29 boys (0.76%) (Table 1 and 

2). 

 

Table-1: Sonographic hip types in relation to sex distribution 

Variable Female Male 

Mature hips (type La/lb) 67.94 % (n=2443) 80.76 % (n=3086) 

Physiologically immature hips (type IIa) 28.2 % (n=1014) 18.48 % (n=706) 

Hips requiring treatment (type IIc, D, III a, IV) 3.86 % (n=139) 0.76 % (n=29) 

 

Table-2: Sonographic hip types: summarized and detailed sex distribution 

Sonographic hip types Total Grils Boys 

Ia/Ib 5529=74.54% 2443=32.94% 3086=41.60% 

IIa 1720=23.2% 1014=13.67% 706=9.52% 

IIc 63=0.85% 54=0.73% 9=0.12% 

D 56=0.75% 44=0.60% 120.16% 

IIIa 46=0.62% 39=0.53% 7=0.09% 

IV 3=0.04% 2=0.03% 1=0.01% 

 

Among the newborns with known breech 

presentation, 15.6% of those diagnosed 

with pathological hips were large for GA, 

7.6% were normal for GA, and 1.5% small 

for GA. 

Among the newborns which were born at 

term, no case of pathological hips was 

observed in those small for GA. While 

1.8% pathological hips were observed in 

those normal for GA, and in cases 

specified as large for GA, there were 5% 

pathological hips. 

In premature newborns there were no 

pathological hips when they were small for 

GA. there were 0.7% with pathological 

hips in those specified as normal for GA 

and among the cases who were large for 

GA, there were 2.5% pathological hips. 

Twins and newborns that were small for 

gestational age did not show any 

pathological hips, even when twins were 

born large for GA, or had breech position 

in the uterus. 

In addition, among 7417 newborns, 410 

had low and 574 high birth weights. Birth 

weight was differentiated as below 2500 g 

(low birth weight) and above 4000 g (high 

birth weight) regardless of GA, sex, 

intrauterine position, and twin birth. 

Normal hips were found in 81.2% of the 

babies in the low weight group and 46.5% 

of those in the high weight group. In 

newborns with a birth weight below 

2500g, 18.5% had physiologically 

immature hips, while this hip type was 

found in 48, 6% in those babies with birth 

weights over 4000g. Babies with low birth 

weight showed 0.2% pathological hips 

compared to 4.9% in the high birth weight 

group. 

Even low birth weight babies with breech 

presentation rarely had pathological hips. 
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4- DISCUSSION 

The result obtained from the 

investigation on this large number of 

patients confirms the frequency of DDH 

(2.3) as previously reported (3, 4, 5, 6, 8). 

According to this study, breech 

presentation, high birth weight and female 

sex were found to be clear risk factors for 

DDH in the newborns, and a combination 

of these factors increased the risk (5, 6, 20, 

23, 24). Female newborn babies showed 

more pathological hips (4.8 times) and also 

more physiologically immature hips (1.4 

times) compared with males. Almost half 

of the sonographically pathological hips 

(48.8%) had known risk factors. 

The ethology of DDH is multifactorial. 

The usual causes of DDH are lack of space 

and malposition in uterus. Mechanical 

factors such as breech presentation, high 

birth weight, oligohydramnios with 

limitation of fetal mobility in the uterus, 

applying non physiological shearing forces 

caudo-cranial on the acetabular roof before 

ossification, and deform not only 

cartilaginous acetabular roof, also destroy 

chondro-osseous junction, which is 

responsible for impaired ossification and 

growth of the acetabulum (18, 20, 26). 

Other factors with a negative influence on 

hip development include positive family 

history, female sex, genetic and socio-

cultural factors, vaginal delivery, small 

uterus, primipara, and older maternal age. 

Moreover, certain maternal pregnancy 

hormones such as Relaxin may affect the 

stability of the hip joint in girls through 

capsule laxity (5, 20, 22). 

Small for GA newborns have no space 

restrictions in the uterus, resulting in fewer 

biomechanical forces and, therefore, less 

pathological hips. Premature newborns and 

especially twins are usually small and 

more mobile due to increased amounts of 

amniotic fluid. 

Despite frequent breech presentation, 

twins have virtually no pathological hips, 

because they have a flexed position of the 

knee in the uterus. This position is adapted 

shortly before delivery; while singletons 

with breech presentation lie with extended 

knees in the uterus, for a longer period of 

time, and with biomechanical restriction 

(20, 26). 

Our results are consistent with the theory 

that being small for GA protects against 

hip dysplasia, while being large for GA 

increases the risk of hip dysplasia, 

particularly in girls and breech 

presentation. 

Follow up studies on children with initial 

physiologically immature hips have been 

performed by several authors. Tönnis et al. 

(4) showed that 8.9% of physiologically 

immature hips led to maturity deficits 

(type II a-) 4-6 weeks after the initial 

screening. Falliner et al. (3) described that 

11% of physiologically immature hips 

became maturity deficits after 6 weeks and 

needed treatment. 

Some of the published literature reviews 

on screening for DDH (11, 13, 16, 30) 

suffer from controversial screening 

policies in several countries with different 

screening methods, general screening or 

screening the at risk for DDH newborns, 

different times of screening, different 

technical equipment, and the experience 

and number of examiners doing the 

screening process. 

According to our experience, it is 

important to come to an agreement about 

the standards of an experienced team for 

clinical and sonographic screening, 

treatment and follow up of children until 

the end of puberty. In German speaking 

countries, hip ultrasonography is 

performed by pediatricians, radiologists or 

orthopedists. However, cooperation of 

these groups is important for the treatment 

and follow up of children. In addition, 

knowledge and training of examiners are 

needed to obtain reliable results (27). 
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Sonography in the Graf technique and 

classification, if used correctly, reduces the 

number of false positive results leading to 

overtreatment and false negative results 

associated with late presentations of DDH 

(7, 10, 12, 19, 27). 

5- SUMMARY AND CONCLUSION 

Developmental dysplasia of hip (DDH) is 

a frequent disorder of the newborns (2.3%) 

with a five-time higher female 

preponderance. 

Breech presentation and being large for 

GA were found to be the highest risk 

factors for physiological hip. Then came 

immaturity and pathological hip followed 

by normal weight breech position. 

None of the twins in this study had 

pathological hips. Twins had the lowest 

percentage of physiological hip immaturity 

among all the listed groups. 

Premature newborns rarely have 

physiological immature or pathological 

hips. 

Small for GA, premature, and twin 

newborns had no pathological hips. 

Large for GA newborns in all groups 

demonstrated higher percentages of 

physiological hip immaturity and 

pathological hips. 

High birth weight should be considered as 

a major risk factor for DDH, especially in 

combination with other risk factors. 

Due to high prevalence of DDH with its 

significant morbidity, efficiency of early 

treatment, the known inaccuracy of clinical 

findings and the difficulties in collecting 

precise familial data, we recommend, if 

infrastructure and trained examiners are 

available, that all newborns should be 

screened clinically and by ultrasound in 

the first week of life or at most in the first 

6 weeks. About half of the cases requiring 

treatment will not be diagnosed if general 

screening is not implemented (3, 4, 10, 

11). 

If general screening in the Graf technique 

is not possible, newborns with risk factors 

for DDH (positive family history, breech 

presentation, clinical instability of the hip, 

large for GA and girls) should have 

ultrasound hip screening during the first 

week of life, and the remaining newborns 

during their 4 to 6 weeks of life (7, 10, 11, 

12). 
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