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 Introduction

The hip of the child is not a miniature adult hip. In immature 
hips, the structures that later will result in the neck, head, and 
greater trochanter are initially cartilaginous and progressively 
ossify (Fig. 1a). The greater trochanter and the femoral head 
are completely ossified by the age of 12. The femoral head and 
greater trochanter share the same growth plate that closes only 
after puberty. The blood perfusion of the femoral head in chil-
dren depends solely on an arterial anastomotic network in the 
posterior region of the femoral neck. There is no flow to the 
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Figure 1 (a) Schematic representation of the growing human 
proximal femur, showing the femoral head and greater trochanter 
ossification centers at different ages. (b) Growth of the hip: The 
acetabulum grows in depth and width from the triradiate cartilage 
and by apposition from the edge. A secondary ossification center at 
the edge of the acetabulum appears in the early second decade, 
known as os acetabuli. The greater trochanter enlarges by physeal 
growth up to 8  years of age, after which growth is appositional. 
Acetabulum and greater trochanter growth is physeal and apposi-
tional. (With permission from Herregods et al. [1])
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femoral head due to the presence of a growth plate. Only in 
children below 18 months, there are transphyseal vessels to the 
epiphysis. There is growth in the transition area from the head 
to the femoral neck (growth cartilage), responsible for normal 
growth of the femoral head and neck lengthening, growth car-
tilage in the greater trochanter, and the triradiate growth carti-
lage of the acetabulum that grows in depth and width so as to 
maintain its sphericity and concavity and hold the femoral 
head in joint (Fig. 1b). Lesion or trauma of these regions may 
predispose to severe anomalies in the development of the 
femoral head or deformities of the acetabulum [1, 2].

 Developmental Dysplasia (DDH)

• In children >5–6 months of age, radiography is indicated 
because progressing ossification of the femoral head pre-
vents adequate evaluation with US [3].

• For infants <4–5 months of age, ultrasound (US) is still the 
imaging modality of choice [4, 5].

• Several lines and angles are used to diagnose and further 
characterize DDH: Hilgenreiner’s, Perkin’s, and Shenton’s 
line, and the acetabular and center-edge angle [1, 6].

• A second AP radiograph of the pelvis with the thighs in 
abduction, flexion, and external rotation (i.e., frog-leg lat-
eral projection) is performed to determine whether a dis-
placed or subluxed hip is reducible [7].

 Hip Acetabular Angle

• Measured on anteroposterior (AP) radiograph of the hips 
in a neutral position.

• Formed by a horizontal line connecting both triradiate 
cartilages (Hilgenreiner’s line) and a second line which 
extends along the acetabular roofs (Fig. 2).

• In adolescents where the triradiate cartilages are fused and 
therefore inapparent, the inferior margin of the pelvic 
teardrop is used instead.

• Normal values for different ages are shown in Table 1 [8].
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Figure 2 Anteroposterior radiograph showing Hilgenreiner’s, 
Perkin’s, and Shenton’s lines, and the acetabular angle. There is 
developmental dysplasia of the left hip with increased acetabular 
angle, a shallow acetabulum, and dislocation. Note delayed ossifica-
tion of the left femoral head epiphysis. The right hip joint is normal. 
(Permission from Herregods et al. [1])

Table 1 Normal values of acetabular angles for different ages and 
sexes [8]

Age
Acetabular angle 
females

Acetabular angle 
males

Newborn 28.8° ± 4.8° 26.4° ± 4.4°

3 months old 25° ± 3.5° 22° ± 4°

6 months old 23.2° ± 4.0° 20.3° ± 3.7°

1 year old 21.2° ± 3.8° 19.8° ± 3.6°

>2 years old 18° ± 4° 19° ± 3.6°
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• Perkin’s line is a line drawn perpendicular to Hilgenreiner’s 
line, intersecting the lateral most aspect of the acetabular 
roof. The upper femoral epiphysis should be seen in the 
inferomedial quadrant, below Hilgenreiner’s line, and 
medial to Perkin’s line.

• If the nucleus of the femoral head is not visible because it 
is not ossified yet, the femoral metaphysis should be used.

 Acetabular Coverage of the Femoral Head

The percent of the acetabular head coverage is calculated by 
dividing the distance between the acetabular floor line and a 
horizontal line extending from the iliac bone (d), by the dis-
tance between the acetabular floor and joint capsule line/
femoral head diameter (D) multiplied by 100. A cutoff value 
of 50% is advocated (Fig. 3a) [9].

 US Alpha-Beta Angle

• The American College of Radiology recommends that a 
standard US examination includes static images in two 
orthogonal planes and dynamic imaging.

• A coronal view in the “Graf standard plane” with three 
essential landmarks: the inferior border of the ilium, osse-
ous acetabular roof, and labrum (Fig. 3a); transverse views 
of the flexed hip with and without stress and dynamic 
assessment to determine the position and stability of the 
femoral head, with a technique similar to the clinical 
Barlow examination.

• The Graf α and β angles are measured on a coronal image 
(Fig. 3a, b): the osseous acetabular roof angle (α angle) and 
acetabular cartilaginous (labrum) angle (β angle) [10, 11].
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Figure 3 (a) Coronal ultrasound image in the “Graf standard 
plane” through the mid-hip joint with flat iliac wing, round femoral 
head, os ilium and os ischium visible, showing the measurement of 
the Graf α angle and acetabular coverage (d/D) and (b) Graf α 
(alpha) and β (beta) angles. (c) Automated identification of acetabu-
lum and femoral head (segmentation) by artificial intelligence from 
3D ultrasound, with (d) the corresponding 3D shape model. (Credit: 
Medo.ai)

• The modified Graf grading classification (four types listed 
in Table 2) is based on the α angle and degree of acetabu-
lar roof coverage [3].

• Three-dimensional (3D) US is an emerging imaging 
modality for infant’s hips. 3D shape indices can be gener-
ated to diagnose hip dysplasia more reliably and offer 
further insight into the 3D aspects of the deformity 
(Fig. 3c, d) [12].
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Table 2 Modified Graf classification scale (Permission from 
Herregods et al. [1])
Graf 
type Description α and β angle
Type 1 Normal, mature hip with 

more than 50% acetabular 
roof coverage

α angle ≥60°  
β angle <55°

Type 2a Physiologic immaturity at 
younger than 3 months

α angle 50–59°

Type 2b Immature at age 3 months 
or older

α angle 50–59°

Type 2c Extremely deficient bony 
acetabulum; femoral head 
is concentric but not stable

α angle 43–49°  
β angle <77°

Type 2d Femoral head is grossly 
subluxed and labrum is 
everted, increasing β angle

α angle difficult 
to measure but is 
approximately 43–49° 
β angle >77°

Type 3 Dislocated femoral head 
with shallow acetabulum

α angle <43°

Type 4 Dislocated femoral head 
with severely shallow, 
dysplastic acetabulum and 
inverted labrum

• A scan protocol in which the whole hip joint is imaged by 
cine-sweep or 3D ultrasound improves reliability for non-
expert users [13]. This type of scan is also amenable to 
automated analysis by artificial intelligence (AI). An AI 
app called Medo Hip using this approach has been cleared 
by US-FDA (https://www.medo.ai/aria- hip). In the future, 
population screening for hip dysplasia could be done by 
portable ultrasound performed by nurses and interpreted 
automatically by AI.

Hip and Pelvis
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 Medial Joint Space (Teardrop Distance)

• The medial joint space is used to determine lateral dis-
placement of the femoral head on radiographs.

• It is defined as the distance measured from the medial 
edge of the femoral head ossification nucleus (where it is 
broadest just above the growth plate) to the adjacent ace-
tabular wall.

• When the ossification nucleus is absent or asymmetric, 
measurement is made from the femoral neck metaphysis 
just below the growth plate.

• This measurement is best made on the frog-lateral projec-
tion [14].

• Normal range from 6 months to 11 years = 5–12 mm.
• In side-to-side comparison, the difference between mea-

surements of the medial joint space should be less than 
1.5 mm.

 Shenton’s Line

• Shenton’s line is an imaginary curved line drawn along the 
inferior border of the superior pubic ramus (superior bor-
der of the obturator foramen) and along the inferomedial 
border of the neck of femur (Fig. 2).

• This line should be continuous and smooth.
• Interruption of the Shenton’s line can indicate DDH or 

fractured neck of femur.

 Perkin’s Line

• Perkin’s line is a line drawn perpendicular to Hilgenreiner’s 
line, intersecting the most lateral aspect of the acetabular 
roof (Fig. 2).

• The upper femoral epiphysis should be seen in the infero-
medial quadrant: it should lie below Hilgenreiner’s line, 
and medial to Perkin’s line.

N. Herregods et al.
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• If the nucleus of the femoral head is not visible because it 
is not ossified yet, the femoral metaphysis should be used 
as reference.

• Lateral displacement of the femoral head occurs in DDH.

 Lateral Center-Edge Angle (Wiberg)

• The lateral center-edge angle is a radiographic measure-
ment to evaluate lateral coverage of the femoral head by 
the acetabulum.

• This angle is calculated on AP pelvic radiographs by draw-
ing a best-fit circle for the inferior and medial margins of the 
femoral head. The angle is then measured between two lines 
drawn from the center of the circle, one running vertically 
along the longitudinal axis of the pelvis and the other one 
tangential to the lateral margin of the acetabular rim (Fig. 4).

Figure 4 Anteroposterior radiograph showing the lateral center-
edge angle (Wiberg) (dashed white lines), Tönnis angle (bold white 
lines), and femoral head- neck- shaft angle (bold black lines)

Hip and Pelvis
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• Reference lateral center edge angles are 25° for children 
aged 0 (neonates) to 8  years and 32° for children older 
than 8 years to aged 18 years [15].

• Values <20° indicate acetabular dysplasia, between 20° 
and 25°: borderline acetabular dysplasia.

• Values of >39°indicate overcoverage (pincer-type 
impingement).

 Vertical-Center-Anterior Angle

• The vertical-center-anterior angle is measured on a false 
profile view (Lequesne profile).

• This angle is used to evaluate anterior coverage of the 
femoral head and is formed by a vertical line through the 
femoral head center and a line connecting the femoral 
head center and anterior edge of the acetabular roof 
(Fig. 5).

• An angle of 20°–25° indicates borderline dysplasia, and an 
angle of less than 20° indicates dysplasia [6].

 Tönnis Angle

• The Tönnis angle is used to measure the acetabular surface 
and is formed by a horizontal line and a tangential line 
extending from the medial to lateral sclerotic edges of the 
acetabular roof (Fig. 4) [16].

• A Tönnis angle greater than 13° is abnormal.

 Pubofemoral Distance

• Pubofemoral distance (PFD) is a reproducible measure-
ment of hip instability; it is an easy sonographic screening 
test to avoid late diagnosis of developmental dysplasia of 
the hip.

N. Herregods et al.
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Figure 5 Image illustrating the vertical-center-anterior angle in the 
false profile view (Lequesne profile)

• PFD is measured between the medial margin of the epiph-
ysis and the pubic bone (Fig. 6).

• PFD >6  mm (at the age of 1  month) or a difference 
>1.5 mm should lead to expert referral [17].

Hip and Pelvis
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Figure 6 Ultrasound image illustrating the measurement of the 
pubofemoral distance (double-headed arrow) between the pubic 
bone and the femoral head. Arrowheads indicate the pubic cartilage 
thickness

 Femoral Head-Neck-Shaft Angle

• The femoral head-neck-shaft angle is formed by the inter-
section of the femoral neck axis and femoral long axis 
(Fig. 4).

• The normal femoral neck-shaft angle ranges between 120° 
and 135°, and it decreases from 150° in infants to 120° in 
adults [18].

• In coxa vara, the angle is decreased to <120°, and in coxa 
valga, the angle is increased to >135° (Fig. 7).

• External rotation of the femur should be avoided during 
patient positioning because as little as 7° of external rota-
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Figure 7 Femoral neck-shaft angle (black lines) in (a) coxa vara, (b) 
normal hip, and (c) coxa valga. (Permission from Herregods et al. [1])

tion may result in a >10° change in the measurement of the 
neck-shaft angle [19].

 Slipped Capital Femoral Epiphysis (SCFE)

 Klein’s Line

• The Klein’s line is a parallel line that is drawn along the 
lateral border of the femoral neck and intersects a small 
portion of the femoral epiphysis (FE) in normal hips.

• Hips with medial displacement of the FE lack this inter-
section (Fig.  8a). A 2-mm or greater difference in the 
epiphyseal width lateral to the Klein line between the hips 
strengthens the diagnosis of SCFE, with a sensitivity of 
79% [20].

Hip and Pelvis
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Figure 8 (a) Anteroposterior radiographs showing the Klein line 
and (b) Southwick SCFE measurement in the frog-leg lateral view

 Southwick’s Method

• The Southwick’s method measures angular epiphyseal 
displacement by using the epiphyseal shaft angle on a frog- 
leg lateral radiograph.

• The epiphyseal shaft angle is formed between a line that is 
perpendicular to a line that connects the anterior and pos-
terior margins of the FE and a line along the axis of the 
femoral shaft (Fig. 8b).

N. Herregods et al.
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• Subtraction of the epiphyseal shaft angle value on the 
unaffected side from that on the affected side yields the 
epiphyseal slippage grade; in cases of bilateral slippage, a 
12° angle is used as a normal reference.

• The severity of the slippage is classified as mild (<30° dif-
ference between angles), moderate (30°–50° difference), 
or severe (>50° difference).

• Three-dimensional imaging should be considered for 
patients with limited hip flexion or external hip rotation 
[21].

• MRI may depict very early physeal changes without evi-
dence of slippage during the “preslip” stage, when radio-
graphs and CT scans show normal findings [22].

 Femoroacetabular Impingement (FAI)

• There are two primary forms of FAI: cam type, which is a 
proximal femur abnormality, and pincer type, which is an 
acetabular component abnormality.

• For initial evaluation of the acetabulum, plain radiographs 
of the pelvis are recommended and an additional view of 
the femoral neck such as Dunn’s views, cross-table lateral, 
frog-leg lateral, or Meyer lateral for the assessment of the 
femoral head-neck junction [23].

• At anteroposterior radiography, characteristic cam 
impingement findings are sphericity and abnormal con-
tour of the femoral head and femoral neck junction [6].

• Cross-table lateral or Dunn’s radiographic view of the hip 
or oblique axial (CT or MR) images along the femoral 
neck are used for evaluation of the extent of the cam 
deformity by measuring the anterior offset distance and 
the α angle.

• For pincer-type FAI, lateral center-edge angle, Tönnis 
angle, ilioischial line, crossover sign, posterior wall sign, 
and acetabular anteversion can be measured or observed.

Hip and Pelvis
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 Anterior Offset Distance

• The anterior offset is the distance from two parallel lines 
to the femoral neck axis measured on an axial view of the 
femur. One line is traced tangential to the anterior contour 
of the femoral head. The second line is traced to the point 
where the femoral head becomes aspherical (is no longer 
spherical), at the same point of the α angle (Fig. 9).

• An anterior offset distance shorter than 10  mm suggests 
FAI.

 Alpha Angle

• The α angle is formed by the femoral neck axis and a line 
connecting the femoral head center to the point where the 
femoral head is no longer spherical (Fig. 9).

• An α angle of greater than 55°–60° is abnormal.

a

b c

Figure 9 (a) Schematic drawings, (b) axial radiographic view, and 
(c) axial CT view of the proximal femur illustrating the anterior 
offset distance (orange double-headed arrows on a, b and c) and the 
alpha angle (black lines, angle depicted in red in a and b)

N. Herregods et al.
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Figure 10 Measurements of acetabular anteversion

 Acetabular Anteversion

• Axial CT image is used for measuring acetabular antever-
sion at the level of the femoral head center. Acetabular 
anteversion refers to the angulation of the line between 
the anterior and posterior acetabular margins and a line 
perpendicular to either the intercapital line or a horizontal 
line between the posterior pelvic margins at the sciatic 
notch level (Anda’s method) (Fig. 10).

 Lines: Arcuate/Acetabular Roof-Teardrop

• The arcuate line marks the border between the corpus and 
ala of the iliac bone. It runs inferior, anterior, and medial 
to the articular surface of the area corresponding to the 
acetabulum (Fig. 11).

• The iliopectineal, or arcuate line is a landmark for the 
anterior column. The ilioischial line is a landmark for the 
posterior column. The acetabular roofline and “teardrop” 
are a landmark for the medial portion of the acetabulum.

• The acetabular teardrop (U-figure, “Köhler’s teardrop”) 
represents the projection of a bony ridge along the floor of 
the acetabular fossa (Fig. 11).

• An increased space of >11 mm increased distance between 
the pelvic teardrop and the femoral head or >2 mm in compari-
son to the contralateral hip indicates hip joint effusion [24].

Hip and Pelvis
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Figure 11 Anteroposterior radiograph showing the ilioischial line 
(dashed white line), the acetabular roof line (dashed black line), and 
acetabular “teardrop.” The bold white line is the posterior rim of the 
acetabulum, and the bold black line is the anterior acetabular rim

 Pelvic Tilt

• The pelvic tilt is easiest measured on a lateral view of the 
pelvis. Pelvic tilt is measured from the angle between a 
vertical line and the line joining the mid point of the upper 
sacral endplate and the hip axis (Fig. 12).

• Normal values for boys are 6.5 ± 7.5° (range: −10.2 to 30.0). 
Normal values for girls are 8.5 ± 8.3° (range: −17.2 to 29.7). 
Pelvic tilt tends to increase during growth.

• Numerous methods have been described for the estima-
tion of pelvic tilt on AP pelvis radiograph. The most reli-
able estimator that has been described is the sacrococcygeal 
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Figure 12 Lateral pelvic radiograph illustrating measurement of 
pelvic tilt. This is the angle between the vertical (bold white line) 
and a line joining the mid point of the upper sacral endplate and the 
hip axis (dotted white line)

joint to symphysis pubis distance; this is the distance 
between the midportion of the sacrococcygeal joint and 
the upper border of the public symphysis. The normal 
value is about 32 mm in men and 47 mm in women.

• Variation in the pelvic tilt on radiographs influences the 
acetabular measurements such as the acetabular index, 
lateral center-edge angle, crossover sign, Tönnis angle, or 
acetabular coverage [25–28].

 Pubic Symphyseal Width

• The transverse width of the symphysis pubis using a focus- 
film distance of 1 m is measured to the nearest tenth of a 
millimetre.

• Normal values gradually decrease from 7.4 + −1.3 mm aged 
0–6 months to 5.4 mm aged 16 years [9].

Hip and Pelvis
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