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1. Introduction

Developmental Dysplasia of the Hip (DDH) is a common musculoskeletal prob-
lem affecting newborn infants. DDH includes dislocation of femoral head from
the acetabulum, subluxation of the femoral head and dysplasia of femoral head
and acetabulum [1]. The incidence rates of DDH vary from 0.5% to 25% based
on the geographical and ethnical origin [2]. DDH has been associated with mul-

tiple risk factors such as breech presentation, female sex, positive family history,
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first born baby, oligohydramnios and associated postural deformities such as
torticollis and club foot [3]. Studies have shown that the risk of developing DDH
is two-times higher in infants with at least one risk factor, compared with infants
with no risk factors [4]. Genetically inherited abnormal hip development and/or
joint laxity has commonly been considered as one of the main causes of DDH. It
has been reported that there is a 12-times increased risk for developing DDH if a
newborn has a first-degree relative with DDH [5]. In addition to that, infants
with positive family history of DDH have been found to have a slightly higher
rate of failure in brace treatment than those without family history of DDH [5].

Early diagnosis and management is important to avoid an unfavourable
long-term outcome. However, various studies revealed that surgery is not com-
pletely avoidable even if DDH was diagnosed and treated early. Ortolani and
Barlow tests are most common screening tests which are commonly performed
as a part of clinical examination of newborn infants [6]. These two tests are not
useful in infants older than 6 - 8 weeks as muscle strength increases, and capsule
laxity reduces [7]. Dysplasia of the acetabulum can be missed by clinical exami-
nations and can be diagnosed only by imaging [8].

Hips ultrasound is the investigation of choice within the first 3 months of age,
and it is highly recommended for infants with risk factors for DDH or abnormal
clinical examinations of the hips [9]. Various studies confirmed the high effec-
tiveness of ultrasound scanning to evaluate DDH, especially when compared
with plain radiographs [10]. However, according to the American Academy of
Pediatrics (AAP) guidelines, hip ultrasound and radiograph are equally effective
imaging modalities for detecting DDH in infants with age of 4 - 6 months [8]. By
4 months of age, hip radiographs become more reliable, particularly when the

ossification centre develops in the femoral head [8].

2. Ultrasound Screening for DDH

Ultrasound imaging allows the visualisation of the femoral head location relative
to the acetabulum, and specific anatomic parameters, such as the depth of the
acetabulum and inclination of the acetabular roof [11]. Ultrasound provides de-
tailed visualisation of the cartilaginous anatomy of the hip that is not revealed by
plain X-rays and allows early detection of DDH. Evidence is conflicting regard-
ing the usage of ultrasound as standard screening test for DDH [12]. It has been
reported that since the introduction of clinical and ultrasound screening of hips,
the incidence of DDH has increased, which can be explained by the possibility of
overdiagnosis of DDH [13]. In a Cochrane review on the effectiveness of differ-
ent screening programs for DDH in newborn infants, it was found that the uni-
versal ultrasound screening is associated with an increased treatment rate with
no significant change in the rate of late detected dysplasia or surgery [14].
Moreover, they revealed that targeted hips ultrasound to newborns at high risk
of DDH did not significantly increase the treatment rate but also did not signifi-

cantly reduce the rate of late detected dysplasia or surgery.
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Timing of ultrasound screening as part of the neonatal screening program for
DDH remains an ongoing topic of debate. It is said that early ultrasound
screenings can lead to a high incidence of false-positive or false-negative results,
resulting in unnecessary anxiety, follow-up examinations, and financial burden
[13] [14]. Universal ultrasound screening would cause an increased burden for
studying a condition that affects 1 per 1000 newborns [15]. Studies have been
conducted to identify the earliest possible time that ultrasound screening can be
performed reliably for DDH. Gokharman et al. [16] chose the fourth and eighth
weeks of life as the timepoints for their study because of the observation from
their clinical practice that most of ultrasound examinations performed during
the first 4 - 8 weeks of life. While, Lussier et al [11] chose the threshold of 28
days for their study because most screenings at their institutions were performed
either in the first week of life or after 28 days of life. Both studies were then un-
able to give a precise time point for the earliest timing that ultrasound screening
could be reliably performed, since their comparison groups included patients
from a wide range of time points before versus after the fourth week or 28 days
of life. Controversy remains regarding which risk factors should be considered
for performing an ultrasound screening. The European Society of Paediatrics
Radiology considers breech presentation and positive family history as the only
risk factors that indicate the necessity of performing a hip ultrasound when the

neonatal physical examination is normal [17].

3. Graf Classification

Graf ultrasound has been used to evaluate DDH in children since the early 1980s
[18]. Graf method is the most used in Europe and it allows for classification of
the degree of severity of the anomalies of the hip. The infant remains in a lateral
decubitus position and coronal images are taken with subsequent measurement
of alpha and beta angles. The alpha angle refers to the angle between the
acetabular roof and vertical cortex of the ilium. The beta angle is the angle
formed between the vertical cortex of the ilium and the triangular labral fibro-
cartilage [19]. According to Graf Ultrasound, hips are classified to mature, im-
mature, or dislocated. Type I hips are deemed mature, type III hips are referred
to as immature (Table 1). In patients with early diagnosis, within 3 to 6 months
of life, the treatment is usually conservative and involves the use of dynamic
harness. The indication for the use of the Tubingen hip flexion splint is a dys-
plastic hip without instability, even if it could be utilised for hips types III and IV
with a close sonographic surveillance, shifting to other different treatments if the

results obtained, within 4 weeks, are not satisfactory [20].

4. Graflla

Hips with a slightly shallow acetabulum and rounded bony rim before 3 months
of age are considered developmentally immature and are classified as Graf type
ITa (Figure 1) [22]. The a angle is 50" - 59°, whereas the £ angle is 55° - 77°.
These hips are clinically reduced and stable [23].
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Table 1. Graf classification [21].

Graf type Angle Incidence rate
All type I Alpha angle > 60 degrees (normal)
Type Ila Beta angle < 55 degrees 89%
Type IIb Beta angle > 55 degrees
All type II Alpha angle 50 - 59 degrees 10.3%
Type Ila Alpha angle 50 - 59 degrees
Type IIb Alpha angle 43 - 49 degrees
Type Ilc Beta angle < 77 degrees 0.2%

Alpha angle 43 - 49 degrees

0.4%
Beta angle > 77 degrees

Type D (“about to decenter”)
Type III
Type IIIa and IIIb distinguished on
the grounds of structural alteration
of the cartilaginous roof

Alpha angle < 43 degrees 0.08%

Type IV (dislocated with labrum
interposed between femoral head
and acetabulum)

Alpha angle < 43 degrees 0.02%

747W€ks old

Figure 1. Graf Ultrasound showing Graf IIa DDH [21].

The prevalence of type Ila hips ranges from 10% to 45% depending on the age
of the population [22]. The rate of spontaneous normalization in type IIa hips is
reported to be 90% - 97%, whereas dysplasia persists or worsens in 3% - 10% of
cases [22] [23]. Type IIa hips have been divided into two subtypes to differenti-
ate hips that tend to deteriorate; type IIa(+) (physiologically immature) and type
ITa(-) (maturational deficit), which should be decided according to the age in
weeks and the a angle. Type Ila(+) hips are still within the acceptable limits for
age. If a type Ila hip does not reach the minimum linear maturation rate, then it
is called a type IIa(-) hip. The rate of missing the compulsory follow-up in type
ITa hip is about one-third in the present series; this ratio is remarkably high.
Very importantly, Graf type Ila hip should be carefully handled in newborn

DOI: 10.4236/0jped.2020.102025

250 Open Journal of Pediatrics


https://doi.org/10.4236/ojped.2020.102025

A. A. Raba, Q. Gasibat

girls, as its natural history is not as good in girls as in boys [23].

5. Management of Graf Ila

The management of the infants with Graf Type Ila dysplastic hip is controver-
sial. Some advocate early treatment with a harness whilst others adopt watchful
waiting. The incidence of instability changes of infants with Graf Ila hip de-
pending on the timing of the ultrasound examination because it commonly re-
solves as the infant gets older. The spontaneous normalization rate of type ITa(+)
hip until the age of 3 months is about 95% [24]. Management of type IIa(-) hips
remains controversial and these hips always carry the risk of either overtreat-
ment or development of true hip dysplasia due to delay in the required treat-
ment [22]. About 85% of type IIa(-) hips reach normality without any treatment
at the end of 3 months [24]. Therefore, Graf recommends treating the type
ITa(-) hip by an abduction orthosis in order not to miss the valuable time win-
dow for normal acetabular development [24].

We have been following Graf’s suggestion concerning the routine treatment of
the type IIa(—) hip for many years. In the present series, among the completely
followed type Ila hips, 15.6% became type IIa(-), so we began immediate treat-
ment using Pavlik’s method at the age of 6 - 7 weeks. It is obvious that prospec-
tive controlled studies comparing the effects of wait-and-see regimen and ab-
duction orthosis treatment on the long-term outcome of the type Ila(—) hip are
needed [20]. There is always the risk of missing physiologically immature and
pathologic hips (Graf types IIa and IIb) by physical examination [24]. It has been
observed that, after being informed about the benign nature of type Ila hips in
most of the newborns, the parents commonly believe that their baby’s minor hip

problem will be completely resolved without any additional tests or treatments.

6. The Effect of Risk Factors on the Natural Course of Graf Ila

The correlation between DDH and different risk factors has been assessed, and
inconsistent conclusions have been reported for many years. Although, the in-
fluence of various causative factors on the occurrence of DDH has widely been
accepted, it is still not possible to put precisely one or more of these factors for-
ward as the main cause(s) of DDH due to heterogeneity of the patient data and
methodologies in different studies. Besides, to our knowledge, the correlation
between the risk factors and the ultrasonographic types of hip pathology in pa-
tients [4]. Therefore, identifying the newborn infants with a higher risk of per-
sistence or worsening of dysplasia is an important issue. Kosar et al [22] re-
ported that 5.6% of type Ila hips worsen sonographically at follow-up. Central
nervous system anomalies, instability, and unilateral type IIa hips were predic-
tors of worsening in their series [4]. This transition was more likely to occur in
type Ila(—) patients according to the initial a angle measurements. Also, girls are
said to have a higher treatment rate than boys in type Ila hips of the present
study. This is an expected finding as girls have a 5 - 8 times higher incidence of
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DDH than boys. In addition, acetabular development in girls may be more defi-
cient than that of boys during infancy.

Based on the findings, we can suggest that the type IIa hip should be carefully
followed, especially in newborn girls; in the existence of a type Ila(-) hip in a
girl, immediate treatment is always safer than a wait-and-see regimen to lessen
the rate of possible complications including residual hip dysplasia and AVN [4]
[20]. Both Pavlik harness and double nappies are safe treatment modalities for
Type Ila hip dysplasia. However, sonographic deterioration was observed in
both groups with surgical intervention required in the minority, supporting the

ongoing treatment of these immature hips.

7. Conclusion

The incidence of type Ila hips ranges from 5% - 12% according to the time of the
ultrasound examination. It has been reported that most cases with Ila hips
spontaneously resolve when they get older. However, it is difficult to ascertain
that all infants with Graf type Ila hips should be observed and evaluated for the
natural course of type Ila hips using Graf perspective of physiological immatur-
ity. Furthermore, ultrasound follow-up is necessary for all Graf type IIa hips;
however, treatment is not necessary for all Graf type Ila hips. An a angle < 55°
on the initial ultrasound was an independent predictor for worsening, and this
cut-off value should be considered to prevent future dysplasia. These patients
usually require treatment with an orthosis, along with a more careful follow-up.
Also, we see from various studies that type Ila hips were more common in new-
born girls than in boys. Newborn boys” hips had a higher rate of spontaneous
normalization than girls’ hips at 6 - 7 weeks of age. More studies required to as-
sess the natural course of the type Ila hips and to evaluate the effect of the risk

factors for DDH on that course.
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