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Developmental dysplasia of the hip is a condition characterized by hip joint instability due
to acetabular dysplasia in infancy, necessitating precise ultrasound examination. Legg-
Calvé-Perthes disease is caused by a temporary disruption in blood flow to the femoral head
during childhood, progressing through avascular, fragmentation, re-ossification, and residu-
al stages. Slipped capital femoral epiphysis is a condition where the femoral head shifts me-
dially along the epiphyseal line during adolescence due to stress, such as weight-bearing.
Differentiating between transient hip synovitis and septic arthritis may require joint fluid as-
piration. Osteomyelitis can be associated with soft tissue edema and osteolysis. When mul-
tiple lesions are present, it is essential to distinguish between Langerhans cell histiocytosis
and metastatic neuroblastoma. This review will introduce imaging techniques and typical
findings for these conditions.

Index terms Femoral Head; Developmental Dysplasia of the Hip; Legg-Calvé-Perthes Disease;
Slipped Capital Femoral Epiphysis; Osteomyelitis

= =22
35} 7020 920 510] So] SIOILE 21571 Qo] cfske] ol
Si-40] 2ol7] Ao A el He A 98 590 49 2 A2 F 2

= = e 4 Aok A Aeke iy ﬂ%‘l} %‘EH *@EV—‘] £
/do] th2, EdbY tiE]3F 784 FAKLegg-Calvé-Perthes disease; ©|3} LCP)2} th
&% 225 (slipped capital femoral epiphysis; ©|5t SCFE)©] thiE2{ o] =}

Copyrights © 2024 The Korean Society of Radiology

JOURNAL of
THE KOREAN SOCIETY of
RADIOLOGY

Received January 24,2024
Revised February 19,2024
Accepted March 14,2024
Published Online May 23,2024

*Corresponding author
Seunghyun Lee, MD

Department of Radiology,

Seoul National University Hospital,
101 Daehak-ro, Jongno-gu,

Seoul 03080, Korea.

Tel 82-2-2072-3608
Fax 82-2-747-5781
E-mail sh22@snu.ac.kr

This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(https://creativecommons.org/
licenses/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.

531


http://crossmark.crossref.org/dialog/?doi=10.3348/jksr.2024.0021&domain=pdf&date_stamp=2024-05-28

JOURNAL of

THE KOREAN SOCIETY of

RADIOLOGY

Pediatric Hip Disorders

o}

A0 the]
7hEuye get )

=z
=

2 &'t A=sh 2ed 7] A7)

L Z]
T =

02 n|1neA G =4 FEHIZ HolA ¥

=
=

thE=F

3

]

o
slo|r}. % 71X A B o

=

5

= H
o T

<f)

o

H

2] 42 (frog-leg) £ WA (radiography)

% (transient synovi-

= O
E=

PPt Q4 Ak Ao R F20] of@i7lol,

A
o

4] T (septic arthritis)2

o

tis) =}

QI 79 aeof FExfollM A 7}

& (osteomyelitis) 2]

A
=T

=

)

H
=

el

oj
ol

oy

ol

L
fite)

ot

Jo|

A
o

= H]7(acetabulum) &

X5

e 7

4 Ao we} theke

(dysplasia), &l 2 (femoral head) Y7} H] 7ol 4] o|ghs] = ofeh i (subluxation), = THE]

QA7) olg k= E-(dislocation)”} F2E 4= ATk, 2). THE2 100089 1.5-2015 2

a1
=T

sol &

=, = (breech presentation), F41+4F(oligohydramnios)

=
=

&

(ligament laxity)

1TH(3-5). 33%011A4]

ol

2Rlo]H, ofotof| A

&

Tl AJEioll M T2 Alzle

[
=y

o},

g

s} 53l AEjoA 7

1
.

, @E2H](Ortolani) Ak

t‘lDH]:g o

low)

(Bar-

HIF W2 g5 A7

=
2T =

T HiE

o =

o)
=

A B2 R

F= AARECIEH2, 6).

k9

&

T=

ofufo} 2

HHelE T2 ojakzakE4lo] Hol7] Al

Hilgenreiner A1, Perkin
t}. Hilgenreiner A2 %

A=

S

AR AM 7R 9

P
hLs

o] 7hsatTHA). B

A, Shenton 41, |72} (acetabular angle)ol|

=
=

5t

il HEEA] ook

S

Alo] 11, Perkin A1

H| L] 7gAleol|A] Hilgenreiner Aol 4] o] Bl =2 1121 Ao]rk(1). Perkin A2 7/ thE]

3

)

(triradiate cartilage)2] 9|

P
L

& H|

L

o
-

I, Hilgenreiner A3} Perkin 410]

olo} 5

of gt

=
=

jksronline.org

532



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(3):531-548 RADIOLOGY

£ HojlA U= ofefZo] thElZF7} QJA]8ljoF gt Shenton A2 9] tiE] Z7Hch(proximal
femoral metaphysis)2] W= w3} H23-(obturator foramen)2] /4S &= 4191, = A
27 lo] o]ofxjof A do|tt. Perkin 413} Shenton Al 0]-83}0] thE|FFo] SHIE QX & F
7tk 4= Qlot. ]2 (acetabular index)+= B+ A]5-(acetabular roof)#} Hilgenreiner A Ato]<]
71 g 30° n]Rtojojof ghek, g 1k o|g/dFol US B, BT 30° ol e & F7tst
11, Shenton A1 F-EA| o]oj x| 2] 23t 2l ZojA|A| Eo|H, Perkin A2 HHE|ZF @52 AU
A oL, HElEF ol X z3l7 X3 S A9 o3 k=2lE4) o] Hhlimof] v]sh 21A] Eolck(Fig. 1).
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Foll tiEEFE AH & 4 e Aol Ak, 4). olsHy] A £70] BoshA L 9 22l
o] A= 4% A HAR [-85HA]Th &4 A Soll= AJe]4] Il o]2k(ligamentous laxity) 2=
Al 1 EQFEA 0l s 4= Qlof, AT 4-65 o] o0t AAE Aldfohs As HAR
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7] AT, HIEA] H= w gAlS oz REHA, A Y Bl F(triangular
labral fibrocartilage, triradiate cartilage)¥} & ek(labrum)o] Eo|A| RH= JEolA] AAFS:
ZIggsliof shct, gl &0 &t =& H7Fok= FJENer2] ¥ (morphologic technique, Graf
)2 L 2=, vleh 24, vl U el R 23 =5 S45hs W o|thFig. 24). Yut 2=
+ H]F A& (acetabular roof) 2} = (ilium) o2 A7 Atole] ZtE =2 60° o]/o] Aol

Fig. 1. Plain radiograph illustrating left developmental dysplasia of
the hip. Anteroposterior radiography of a 2-month-old girl with left
developmental dysplasia of the hip reveals an abnormally elevated
left acetabular index (star), defined as the angle between the Hil-
genreiner line (H line) and a line connecting the inferomedial and
superolateral rims of the acetabular roof. The Perkin line (P line),
drawn perpendicular to the Hilgenreiner line (H line), intersects the
lateral rim of the acetabulum. The Shenton arc, depicted by dotted
white lines, is formed by the medial cortex of the femoral neck and
the inferior cortex of the superior pubic ramus. While the normal
right hip displays the femoral head within the inferomedial quad-
rant and a continuous Shenton arc, the abnormal left hip shows
the dislocated femoral head in the superolateral quadrant with a
disrupted Shenton arc.
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Fig. 2. Hip ultrasonography with coronal and transverse views.

A. The coronal view of the hip joint in the standard plane displays a low-echoic FH within the bony acetabulum. Measurements of alpha/
beta angles and the FH coverage index are conducted at the plane where the triradiate cartilage (arrowhead), an echogenic tip of the la-
brum (arrow), and the horizontal extension of the iliac bony cortex (line) coexist. This view illustrates a horizontal line along the iliac bone,
which then outlines the cartilaginous FH to calculate the percent coverage of the FH (d [thin double-headed arrow]/D [thick double head-
ed arrow] X 100%).

B. Transverse ultrasonography of the hip, with the hip joint flexed at 90°, reveals a low-echoic FH positioned between the femur shaft and
ischium.

C. During the Barlow test, hip joint instability is induced by adducting the hip and exerting strong force on the FH toward the floor, push-
ing it away from the acetabulum (arrow). Hip instability is indicated when the FH moves laterally and posteriorly, losing contact with the
ischium and resulting in the widening of the space between the FH and pubis (double-headed arrow).
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Fig. 3. Normal and developmental dysplasia of the hip joint.

A-H. Radiographic findings of normal (A-D) and developmental dysplasia (E-H) of the hip are presented. (A) The acetabular index (red
star) should be less than 30° (B) Given the iliac cortess slight inclination, the upper edge of the transducer must be rotated slightly towards
the rear of the ilium to render the iliac cortex extension horizontal in the ultrasound plane (green line). The alpha angle, defined by the in-
tersection of the acetabular roof (red line) and the iliac cortex extension (green line), contrasts with the beta angle, which is the angle be-
tween the iliac cortex extension (green line) and the fibrocartilaginous triangular labrum (yellow line). (C) Rotating the image 90° simu-
lates a view from an actual hip ultrasound, where an alpha angle over 60° and a beta angle under 55° are considered normal. The superior
acetabular rim appears sharply defined (arrowhead). (D) The coronal view further indicates FH coverage, where more than 50% coverage
of the FH within the acetabulum is normal. (E) In contrast, the abnormal hip join anteroposterior radiograph displays a steeper left acetab-
ular roof and a more rounded left superior acetabular rim compared to (A), with the acetabular index (red star) exceeding 30 (F, G) Coronal
ultrasound of the dysplastic hip shows superior and lateral subluxation of the left FH from the shallow acetabulum, characterized by an al-
pha angle of less than 60° and a beta angle of more than 55° The bony acetabuluns lateral edge exhibits a rounded appearance (arrow-
head), indicating bony acetabular dysplasia. (H) Subluxation is defined as 0%-50% coverage of the FH by the acetabulum but in contact,
whereas dislocation is characterized by 0% coverage with complete loss of contact of the FH with the acetabulum.
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Fig. 4. Post-treatment hip ultrasonography for developmental dysplasia of the hip.

A. Follow-up ultrasonography two months post-application of the Pavlik harness demonstrates the correct-
ly positioned FH (dotted circle) and improved acetabulum lateral edge appearance (arrowheads).

B. Despite the use of the Pavlik harness, ultrasonography reveals a dislocated FH with an inverted labrum (ar-
rows) and pulvinar fat hypertrophy (star) in both the coronal (left column) and transverse (right column) views.
C. Positioning the transducer over the superior ramus of the pubis in front of the hip (line) and verifying the
anatomical placement of the FH (dotted circle), ultrasonography (right column) can depict the FH located
within the acetabulum (arrowheads). The ultrasound image in the left column indicates a posterior disloca-
tion of the left FH.
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Edg tiElEF 8/ IAHLCP) = ¥e 54T 4 gle dEEF 87 o= Qe =
AHKosteonecrosis)7} -G o] BHAYGH= éio]‘:}(lo) A YoM = AL fdohe o E

91 o]l2 Sof WA E 1 (sick cell disease), ¥&H (leukemia), &7]7Fe] AH|Zo]E AR 11
¥ (Gaucher disease) 5 22 thAHg 2k %—Ol v =] ofof SH}H(11). 53] UE el =57t
SOl FEFs e A9, thiA S o] F 22 24 o|F/dT Aghe] 7hsAdol ol &
HRIghol] Fol5 7] gofof SitH(11, 12). Bl/d<% thElZFe] 184 £/d0l oJal Zahat 2] Al
3L ApEo] ZefElo] S8 Ag7o] A= o] tiElEF7t X WshA| AL 24 SK(fragmentation) & ©]
oj2|H, E7 Aoz} 318 = o] AlgZo] FAd=E = oA 7|A1A AE=AR ThrjQto} thE| %

<]

Q.

Fig. 5. MRimaging for developmental dysplasia of the hip.

A. A medial joint space distance (dotted line) of 3 mm or less, measured between the triradiate cartilage (ar-
rowheads) and the femoral capital epiphysis, indicates a concentric reduction state.

B. Post-contrast T1-weighted imaging with fat suppression in a two-month-old boy, following the closed re-
duction of the left hip, reveals punctate enhancement of the posteriorly displaced left femoral head (dotted
circle) and elongated thickening of the ligament teres (arrows).

C. An axial T1-weighted image in a 12-month-old girl also displays a widening of the medial joint space (ar-
row) with a shallow acetabulum and the femoral head (dotted circle) in an eccentric reduction state.

D. A contrast-enhanced axial T1-weighted image in a 15-month-old girl after closed reduction of the left hip
demonstrates globally decreased enhancement of the left femoral head (arrow).
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Fig. 6. Initial plain radiography in Legg-Calvé-Perthes disease.

A. Initial radiograph of a 6-year-old boy with a left limping gait reveals asymmetrical size and increased den-
sity of the femoral head epiphysis (arrowheads) and medial joint space widening (double-headed arrows).
B. Follow-up radiograph displays irregular sclerotic and lytic lesions (arrows) in the left femoral head.

C. Additional initial radiograph of an 11-year-old boy with a right limping gait shows subtle asymmetry and
increased density of the femoral head epiphysis (arrowhead).

D. A frog-leg radiograph demonstrates crescentic subchondral radiolucency in the right femoral epiphysis
(arrow).
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4 AoH, @53 AZRE &30 oW Q55 wo| &4 H|E2 TS| ol 4t E
& AR o] . Stulberg FFH-2 AT} 7ite] o] £ AR Aol A Hol= tiEl=
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Fig. 7. Changes in plain radiography in Legg-Calvé-Perthes disease.

A. Initial radiograph of a 5-year-old boy with a limping gait dipicts asymmetrical size and increased density
of the femoral head epiphysis (arrowhead).

B, C. After one and five months of traction and the application of a Petrie cast, the radiographs show pro-
gressive fragmentation and collapse of the right femoral head, along with a radiolucent area around the
physis (arrows).

D. Lateral pillar support (arrow) becomes visible in the re-ossification stage after 12 months.

E. Eighteen months later, bony remodeling is evident, characterized by coxa plana and magna and widen-
ing of the femur neck.

https://doi.org/10.3348/jksr.2024.0021 539



THE KOREAN SOCIETY of

JOURNAL of
RADIOLOGY

Pediatric Hip Disorders

A= 2710l

CER

a4

It} =5

o

A
= T

She o Ak

who] onle 49t 44 F oI5 S W7k

b

Al

}

5 Ho|7] wZo

NiCRA LS

L}O.
v

-~

0y

7oz 5

=

7}

=
o

3

ol A4 Zol )

Feh

)

(apparent diffusion coefficient)= 2% Z9] =

2~
na

ofo

o}
H

JJ
—_

AA

Rl

|

27

ki

A

ETh(23). 5F

Hleie o

k==

F

A
o

S AP AR

2| 7} Sk,

JERIS

fl, chE] 7+ (fem-

S

Fig. 8. MRimaging in the avascular stage of Legg-Calvé-Perthes disease.
A. Aninitial radiograph reveals the asymmetrical size and increased density of the left femoral head epiphy-

sis (lateral pillar B).

B. A coronal T2-weighted MR image displays heterogeneous signal intensity in the left proximal femoral

epiphysis and diffuse increased signal intensity in the left proximal femoral metaphysis, indicative of bone

marrow edema. Additionally, the left proximal femoral growth plate presents a saw-tooth appearance with-

out focal obliteration.

C. The ADC map shows an elevated metaphyseal ADC ratio.

D. Contrast-enhanced T1-weighted imaging depicts near-total avascular necrosis of the epiphysis (> 80% of
the epiphyseal area) with a nodular enhancing portion in the peripheral area of the epiphysis (arrow).
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Fig. 9. MR imaging in the avascular and fragmentation stage of Legg-Calvé-Perthes disease.

A. An initial anteroposterior radiograph reveals the asymmetrical size and increased density of the right femoral head epiphysis (lateral
pillar B), with a metaphyseal cyst (arrows) more apparent in the frog-leg radiograph.

B. The coronal T2-weighted MR image (left column) displays heterogeneous signal intensity of the right femoral epiphysis and diffuse in-
creased signal intensity in the metaphysis and metaphyseal cyst (arrow). A subtraction contrast-enhanced T1-weighted image (right col-
umn) shows near-total avascular necrosis of the epiphysis (> 80% of the epiphyseal area).

C. After five months of traction, the plain radiograph demonstrates progressed fragmentation and collapse of the right femoral head.

D. Coronal T2-weighted (left column) and contrast-enhanced T1-weighted subtraction images (right column) reveal partially avascular
epiphysis (50%-60% of the epiphyseal area) with a nodular enhancing portion (arrow) in the peripheral area of the epiphysis.
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Fig. 10. Plain radiography in slipped capital femoral epiphysis disease.

A. A 12-year-old baseball player with acute-onset left hip pain and a high body mass index of 25.7 kg/m”.
Anteroposterior and frog-leg radiographs reveal an abnormally widened proximal femoral physis (arrow-
head) and diminished height of the epiphysis (double-headed arrow) compared to the unaffected contra-
lateral right femoral head. The Klein line, drawn along the lateral border of the femoral neck (dotted line),
fails to intersect the femoral head, unlike the unaffected right femoral head, where a small portion lies later-
al to the Klein line. The frog-leg radiograph also shows a loss of concavity at the anterior femoral head-neck
junction (arrows).

B. Anteroposterior and frog-leg radiographs of another 12-year-old boy with several months of right hip
pain following a fall display similar abnormalities in the femoral epiphysis as seen in (A): widened proximal
femoral physis (arrowhead), diminished height of the epiphysis (double-headed arrows), the Klein line (dot-
ted line) not intersecting the femoral head, and a loss of concavity at the anterior femoral head-neck junc-
tion (arrows), along with ill-defined sclerosis in the right proximal metaphysis (dotted circle).
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Fig. 11. Imaging findings in SCFE disease.

A. A 12-year-old baseball player with acute-onset right hip pain and a high BMI of 23.7 kg/m?. Plain radiographs reveal an abnormally wid-
ened proximal femoral physis (arrowhead) and posterior displacement of the femoral head (arrow). Coronal T2-weighted image shows
asymmetric widening of the right proximal femur physis, mild metaphyseal and epiphyseal bone marrow edema, and joint effusion.

B. Plain radiographs of a 12-year-old girl with left hip pain following intense exercise and a BMI of 23.3 kg/m? show display SCFE charac-
teristics, such as mild physeal widening (arrowhead) and posterior slipping of the epiphysis (arrow). Coronal T2-weighted image clearly
shows the asymmetric widening of the left proximal femoral growth plate.

C. A 14-year-old boy with right hip pain after a fall was seen in the emergency room. Plain radiography reveals subtle asymmetric physeal
widening on the right side (arrowhead), ultrasound imaging indicates a subtle anterior physeal slip (arrow) and joint effusion (arrow-
head), and MRI shows physeal widening and joint effusion, suggestive of SCFE.

BMI = body mass index, SCFE = slipped capital femoral epiphysis
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Fig. 12. Bilateral slipped capital femoral epiphysis.
A. Anteroposterior and frog-leg radiographs of a 10-year-old boy with acute-onset right hip pain and a high body mass index of 28.0 kg/m?
reveal bilateral widened proximal femoral physis (arrowheads), but only the right femoral head shows posterior slipping (arrow) on the
frog-leg radiography. Coronal T2-weighted image demonstrates asymmetric widening of the right proximal femoral physis along with
mild metaphyseal and epiphyseal bone marrow edema.
B. Seven months post-screw insertion on the right side, the patient develops left-side hip pain. Follow-up plain radiographs show further
physis widening (arrowhead) on the anteroposterior view and no slipping (arrow) on frog-leg and CT examinations.

> " g0 F

Fig. 13. Ultrasound-guided effusion aspiration.

A. Allongitudinal view of the hip ultrasound displays a widened anechoic joint space (star) with a convex an-
terior margin and synovial thickening (arrowheads) along the femoral neck.

B. In cases of suspected septic arthritis, the needle (arrows) is accurately targeted to the effusion for aspira-
tion under ultrasound guidance.
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o= Qs 3/ =4} Ado] gk 22 54 BlRt Aofol|xf o] A7 BA|ZZ(neuro-
blastoma), FAI23A MEL A5 (Langerhans histiocytosis)7t 3L, & ] &2 Ao A

oAM= 7Y SF(Ewing sarcoma), BiEH (leukemia), =5 (osteosarcoma) 5-°] ATH33). 5}

Fig. 14. Osteomyelitis and conditions that can mimic it.

A. A plain radiograph of an 11-year-old boy with fever and left hip pain reveals a subtle radiolucent area at the left acetabulum (arrows).
Coronal T2-weighted and contrast-enhanced T1-weighted images show bone marrow edema with microabscess formation (arrowhead)
and synovial thickening and enhancement in the left hip joint, with Staphylococcus aureus confirmed by fluid analysis.

B. MR images of a 4-year-old girl with fever, bilateral hip pain, and elevated C-reactive protein depict multifocal bone marrow signal ab-
normalities with heterogeneous enhancement (arrows). CT examination to investigate the cause of bone marrow abnormality reveals a
retroperitoneal mass with internal calcification, confirmed as neuroblastoma (arrowheads).

C. A plain radiograph of a 9-year-old boy with right hip pain shows a radiolucent area in the ischium (arrows). MRI reveals expansile T1 hy-
pointense areas and enhancement involving both ilia and the right ischium (arrows), confirmed as Langerhans cell histiocytosis.
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