) | ) ) J Korean Soc Radiol 2020;81(4):806-831
o | Review Article https://doi.org/10.3348/jksr.2020.81.4.806
jpckizs PISSN 1738-2637 / elSSN 2288-2928

Radiological Manifestations
of Childhood Fractures
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Musculoskeletal injury is the most common cause of children visiting the department of emer-
gency medicine. Since the bone is still developing, pediatric patients have characteristic radio-
logical manifestations, including plastic deformation, greenstick fractures, and buckle (or torus)
fractures. Furthermore, growth arrest can occur in those with physeal fractures. Various mecha-
nisms are responsible for pediatric musculoskeletal injury since children have different ranges
of activities, depending on their age, such as birth injury and fall and traffic accidents. Some
fractures have characteristic locations and radiological manifestations. In this review, we will
discuss various radiological manifestations of fractures involving both upper and lower limbs in
pediatric patients.
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Fig. 1. Plastic deformation and greenstick fracture.

The plain radiograph of the forearm shows plastic deformation in the
ulna (arrow) and greenstick fracture in the distal radius (arrowhead). Note
the angulation of the distal radius.
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of provisional calcification @ & o] £0]2] Q]ti(Supplementary Fig. 1 in the online-only Data
Supplement). ©] & zone of hypertrophy2} zone of provisional calcification©] 2]2of| 7}
Floket Fgo g AR ot A3]2lrt o] Foi 7l Sxttol 77k B2 AT A o2 &4l S
7] wjZoll A7t /32 zone of hypertrophy 22 zone of hypertrophy<t zone of provisional
calcification®] A F-9]ol| ] 717 2 Ayt

7t /-2 v A7 7ol 2] of| o] w253t Salter-Harris 277+ 7H @2l o] 851 Qlok
(Fig. 3). 12} /9] o &5 ol 5T wioll= g3 &/4d9] FF1ETho] ofzt &4 5] A
o] sfjFerARl Fx, P 5= A sljof §Hk(e).

A|1% Salter-Harris =82 d7duto]] Z4o] YA 27t Zdo] falu = &/dolH, &712o]
U7 ol A 7hg EokA EAISHEH(7). R ol = A9l (displace) H =2 WO =4
e 4= lott Ztho] 291w 7] o2 7-foll= Addwe] S|yt dedh AR x4 Bk Hl
I THFig. 4).

Fig. 3. Salter-Harris classification of physeal injuries.

Normal

Type lll Type VI TypeV
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Fig. 4. Type 1 Salter-Harris injury.

A. The plain radiograph shows irregular widening (arrow) of the growth plate of the right distal tibia (left image). The right image represents a
normal growth plate.

B. The fat-suppressed T2-weighted image shows increased signal intensity of the growth plate (arrow).

Fig. 5. Type 2 Salter-Harris injury.

A. The plain radiograph shows widening of the anterior portion of the growth plate of the distal tibia, accompanied by fractures in the me-
taphysis.

B. The sagittal fat-suppressed T2-weighted image shows hyperintensity of the growth plate (arrow) and a fracture line in the metaphysis.

C. The sagittal T2-weighted image shows entrapment of the disrupted periosteum within the physeal fracture (arrowhead).
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Fig. 6. Tillaux fracture (type 3 Salter-Harris injury) in a 10-year-old child.
A, B. The plain radiograph (mortise view) (A) and coronal reformatted CT image (B) show vertical fracture of
the epiphysis and widening of the growth plate (arrows) of the distal tibia.
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ol Al 271730l Zy e 73 ARt EFollA Adduke] Hke 7 Y (cupped appearance) 2

Fig. 7. Type 4 Salter-Harris injury.
A, B. The plain radiograph (A) and volume rendering CT image (B) show a fracture involving the epiphysis
and metaphysis crossing the growth plate in the distal tibia (arrows).

Fig. 8. Type 5 Salter-Harris injury.
The plain radiograph (leftimage) shows
obliteration and marginal irregularity
of the growth plate in the distal radi-
us (arrow). Note the associated buck-
ling of the cortex (arrowhead). The
right image reveals a normal left dis-
tal radius.

812 jksronline.org



cHﬁ‘_I-oéleI-glﬁ_ll-zlxl

CHetH Abolts|X| 2020;81(4):806-831

& R E]o] foo] EAyH Felo) Zth} 4ol Xt B9l 2 55 %= EY(Supplementary
Fig. 2 in the online-only Data Supplement)2 E0]5(12, 14), AFA] Z 0] 9] 2}o| & FHIs}= 79
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(Supplementary Fig. 3 in the online-only Data Supplement) (12, 15).
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Fig. 9. Premature physeal closure of the peripheral portion of the growth plate.

A. The plain radiograph shows focal sclerotic changes in the anterior portion of the growth plate of the dis-
tal tibia (arrow).

B. The sagittal T1-weighted image reveals a bone bridge in the anterior portion of the growth plate of the
distal tibia, isointense with the bone marrow (arrow).
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Fig. 10. Type 1 Salter-Harris injury in a neonate as a birth injury.

A. The plain radiograph shows lateral displacement of the right humerus (left image). The right image re-
veals a normal left humerus.

B. Ultrasonography shows a fracture involving the growth plate and metaphysis of the right proximal hu-
merus (arrow). Note the displacement of the humeral head (H) from the metaphysis (M) and soft tissue
swelling, including the deltoid muscle.

814 jksronline.org



EH'b'LFOéI/\OF2|'6;!'E|X|

CHetE Aol a3 X| 2020;81(4):806-831

£ A2 7NRIntet Zol 7} )lg 4= o, U= oAl= 79] At o] 2Rkl e e =
A upHo g QQIg 4 Qlo] F9o)7t & 95t} (Supplementary Fig. 4 in the online-only Data
RS o] F= wi= obA] Za} EA] R Fhgo] W] ufZol ARt

ok
9ol w0l ohc el WAl oIS 4 slolobBs) wel, 15, U 4wt A &4
o}

242l

UW] Cily l *7‘401‘% AR 2 52 IREEGollA & Bolx] ¢k 4= 17 wiiol TEerd
Al (elbow joint effusion) 7} o5 H7Ish= Zio] 2ol =2o] Hot. A/ Taado] SH 2
ol A= AbehE o|Ro] gZ o g @ B35} W ok(sliverlike, concave) S-S AFzFe moFo] ok}
S} & (anterior fat pad)& & 4= Ut} Lo Zgaha o] Z71et 4 A = BEES e
£ HolHA| 7%= A7(sail sign)o] EFE 4= QU SHH /dehE A9 R HEY] Ami e
%] 2-=(olecranon fossa)ell 7HHA 42 0 2= HolA] o}, T o] F7kek 9o

£ 59 2 9)r(Fig. 11).

LE2| S o] 2w o] -2 HubAkekau] 2 A (anterior humeral line)2h @ =424 (radio-
capitellar line) 0 & 73t 4= Qlth(Supplementary Fig. 5 in the orﬂine-only Data Supplement).
Apdemmd i e 4 o8 wet 12 4o, ol= i—'uz—(capitellum)—cﬂ F1F1/3 A

2 2ok o]~—E1] 4A)| olsollAl= o et O FF0 B A e STk, @3/ FEA R 220
SAHolIA &S weh a8 dojw, o Zonp S 2o OE‘”OH/H F5 Aok stk A
o)A A2 34 T (supracondylar fracture)Q] Hdhol] 5-851H, @ TAREA2 @ ZAket

=Y (radiocapitellar dislocation), 2|7+ &4 (lateral condylar fracture), 2= F(radial head)

Fig. 11. Type 1 supracondylar fracture.

A. The anteroposterior view shows a transverse fracture (arrow) in the distal humerus.

B. The lateral view (left image) reveals elevation of the anterior fat pad (sail sign) and appearance of the
posterior fat pad (arrowheads). Normally (right image), the anterior fat pad shows a concave or triangular
shape (curved arrow), and the posterior fat pad should not be seen.

https://doi.org/10.3348/jksr.2020.81.4.806 815



1Ak ZF(Supracondylar Fracture)

A (supracondylar fracture) 40| 4otz Y98 24 F 71 S5 EAYsH= FEY
ojct. tiF2o] 3 =2 &3t ol w3l Az Y g wf LAYSH=T|(FOOSH-fall onto
outstretched hand) (16), ‘&2t& &0l HZ2] =™ 2| (olecranon)ol 2JalA] 522 WHA| &
A Z-o] WS, g &S itohs 9= EEAITH B ol 24 o g o
A b gtof gty 22 AREY 02 £4H Gartland 70l 9J8iA] 4714] El(Figs. 11, 12,
Supplementary Figs. 6, 7 in the online-only ata Supplement)& Table 13} Zro] 1235 4
ATH17-20). BpHe] &5 SRtoh= 4= S5t 4o AokA] &al M7t gl 49
HFEGollA Zho] ojf & 4= )l o, M b= ol Hg x| Al =0 ’SEE S0 Z1A]
o H = Zlo] Meho| 20| Htk(Fig. 11, Supplementary Fig. 6 in the online-only Data

=
oz
(T

10
=}

(0]

e

Supplement).

9|1t ZH(Lateral Condylar Fracture)
97} =4 (lateral condylar fracture)2 AofofjA] = M2 S35+ 4ehd 9 Z-om(21),
ofzfjho] 3] 9% (supination) o] 131, FH2]7} 37 (extension) A efoilA] UHE (varus stress)

Fig. 12. Type 3 supracondylar fracture.
A, B. Anteroposterior (A) and lateral view (B) images reveal fractures in both anterior and posterior aspects
of the distal humerus, accompanied by mild displacement.
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o] 7}l S wf et o)1k 2L = o] H9jet @Sk (lateral condyle)2] 9] of Fofl wa}
Al FESE Jakob =5(Fig. 13, Supplementary Figs. 8, 9 in the online-only Data Supplement)
£ ¥ 0 = ARESHH Table 29} 7o) SHERHH(2, 22, 23). AF0] f-8fo] eHd5] o] Foi#[A] &F
2 Zofol| A= ks 23T} A Abolol| A St oyt kel 24S & 4 ok F4x
fo] /3eha2] Fe|=(posterolateral)ol] $1x|5}7] w20l W&7GAR Yol A (internal oblique
view) 28-& ¢ H&5] & 4= rh(Fig. 13B) (21).

N

Table 1. Modified Gartland Classification of Supracondylar Fracture (18, 19)

Type Description Radiological Findings
1 Noorminimal (<2 mm) posterior displacement or angulation Fat pad elevation
2 Posterior displacement or angulation, intact posterior cortex Anterior humeral line anterior to the mid 1/3 of the capitellum
3 Completely displaced Complete cortical disruption
4 Nointact periosteal hinge Multiplanar instability

Fig. 13. Type 1 lateral condylar fracture.

A. The anteroposterior view shows a fracture of the lateral condyle of the distal humerus (arrow), with no dis-
placement.

B. The fracture (arrow) is more evident in the internal oblique view.

Table 2. Jakob Classification of Lateral Condylar Fracture (22, 23)

Type Description Radiological Findings
1Incomplete Displaced <2 mm, intact articular cartilage Fracture line enters between the capitellum and trochlear
2 Complete Displaced = 2 mm, intact articular surface Fracture line extends to the articular surface
3 Complete, displaced Displaced = 2 mm, displaced articular surface Completely displaced lateral condyle

https://doi.org/10.3348/jksr.2020.81.4.806 817
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JEollA 2lRte (valgus stress)o] 2H-8-3 m Weheh Wk 22 A A Rl 4 (Fig. 14)°1ut

H2)7]9F 22 WHEA Q1 gy of ARg-0 & QlsfiA] Z4E =4 (avulsion fracture)o] HA8 e

%0 of

CH(Little leaguer’s elbow) (Supplementary Fig. 10 in the online-only Data Supplement).
o) 978 A5 SSE) 2ol FAol A BETEY] S7sh AT Z9ol Wit 2
12 M%) Wrlstolob st BB 7e] £4S 4k S ATH24)

L ZFol| A 9l =4 2ol Ul wiE7] (apophysis) & Wtz Jdket 4 910
UHFig. 14), 1917} 52 7ol wzdo] olalg 4= 9lo] 4t 23} ] mahe wEsH Aol
Z23lth(Supplementary Fig. 10 in the online-only Data Supplement). B3t ZH-2Hd €10
T Gl A W7 473412 1x|of] HolA] b= 7 folle =4 2Zolu W3t wiE 717}

2~
T
ot
=
S

ﬂﬂﬂ

)

¢E

ER o] mHE|o] Qx| AT W7} 9k MREE &SRl 2417 ¢4t ofx
FEP 2|24 4kl AFekZol ) 2 Ze] Wl 244 osteochondral injury), 24 25 5]
57}0] 583},

% (Radial Head) % A& (Radial Neck) =&
AotofAl @F F(head)H AH-(neck) 9] 242 F=2 §7] 24 &2, Al1golLt A2 Salter-

o
RSy
Harris =4 9] Fei= WAgshH, 25 2959 2ot A9l & Sk 4 lth(Fig. 15). 274

Fig. 14. Medial epicondyle avulsion fracture in a 6-year-old child after a fall.

A, B. The anteroposterior view (A) and lateral view (B) show avulsion and displacement of the apophysis of
the medial epicondyle (arrows). Note the disruption of the radiocapitellar line that suggest dislocation of
the radiocapitellar joint.
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o] g2 SRIsh: 9= S5k BAIR FEAH Y (olecranon)d W HE =4
52 4 ek

ZrEX|H2Z|(Olecranon) =X

R me] 342 A 24, 7F2 I (transverse fracture), A+ 24 (oblique freture), £41
=7 (comminuted fracture) 5 et el = WY 4> }lom, S7 Fgo] ZA 9| 7tel 71
F-85itt. Aotol|l A BEAHE] T -2 =E57] ufjfol F8F &4 B7ehe Aol Sa5tH,
ok 1/30014 2 Fu Wzt Za1e}E7](coronoid process)2] 282 FHFITH25). AotollAl=
A FEA e FEEA S 2EA £ 5T 4 ——Ez~17} Qsih 242 BE I3}
SAECE G, AL ErElske, FE| v o] AT gt Wasta, wjda-g HolX g
CHFig. 16).

Ot

: | 714 717 w2
ERelol7|E sk 85 F7h Mg 27te] 2e %Aloﬂ H“Hok— Ae7rEoH, 83 Asw
o] T £44-2 A2 Salter-Harris 30] 71 S3ltt. 2.3 9jo] 2k Ha| 34 vt

Fig. 15. Radial head fracture.

The anteroposterior view shows the type 2 Salter-Harris
injury involving the proximal radius (arrow). Note the
angulation and dislocation of the radial head.
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Fig. 16. Olecranon fracture.

A. The lateral view shows a fracture in the metaphyseal-equivalent zone of the olecranon (arrow). The frac-
ture shows a thin, sliver-like appearance and an irregular border with lack of cortication.

B. The lateral view of the normal ossification center of the olecranon. Note the smooth border and cortica-
tion of the apophysis.
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Fig. 17. Monteggia fracture.

The anteroposterior view shows a fracture involving the diaphysis
of the proximal ulna (arrow) and dislocation of the radiocapitellar
joint (arrowhead).

%
ox

Mo 1J ofr

g
B o

i)

+ 7241t (scapholunate ligament) 2] £/-2 2] AlslioF 511, ol= e 3= 18
(scapholunate advanced collapse, SLAC)2} -2 gt 53t ddto] Qltt, = 52 19
Al Z91=(proximal pole)] WaFo = F3o}7| wjFol|, T-9]=-2] =2 AKosteonecrosis)
2H(non-union) 2t 22 eHH S0 FA 4= St} ZAF Y A -Roll= =2 F3Hd
9! A=} o] \FAd W3} B3 (collapse) 52 AU ES & 4= AUtHSupplementary Fig. 11 in
the online-only Data Supplement).

=2

k>

et 2

0] =42 Aol A 14410l 7Hg S| 'EAIRHER(30). /7w £432] B Hto] S5k ol ARk
i /g7ge] ol = sk 4= dridl oz Eath e elR &7 Ato] - (distal interpha-
langeal joint)] == (hyperflexion) 2.2 15} Eutt]u(distal phalanx) 714} -2] S=fof| @AY
St 3% Salter-Harris ¥ 24-& Mallet fingergtal F-2HSupplementary Fig. 12 in the
online-only Data Supplement). o= &7F24o] 2pilzdof ofsiia] 371 Eapr]uu} Sk
(middle phalanx)2] <712t3 <& = (flexor digitorum tendon) F2F £-91Q1 =H}gH(volar
plate)oll = 4|33 Salter-Harris <~/go] @/d& 4= JlthSupplementary Fig. 13 in the online-only
Data Supplement). 20t 9] =42 ofdl Aofof|A] SobA| Wi 4 =t 5 22 52
9]0l &712o] 7o) A Agsh= A&/ (crushing injury)ell 2lgt 7497+ ‘E%L‘:}(Supplementary
Fig. 14 in the online-only Data Supplement). A}&7|0ll+= TH A 5<4~Z(metacarpal bone)
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2] o] Z7do] EskA| st (Boxer's fracture) = 9= SHHZR 02 2 S A 07]=
761 =L

SH(Supplementary Fig. 15 in the online-only Data Supplement).

CHE|SFZtH2 2|5 (Slipped Capital Femoral Epiphysis)
&) & F=thE 2] Z(slipped capital femoral epiphysis)-S- tE] &5F& THcapital femoral epiph-

Fig. 18. Galeazzi fracture.

The anteroposterior view shows a fracture involving the diaphysis of
the distal radius (arrow) and dislocation of the distal radioulnar and
ulnocarpal joints (arrowhead).

Fig. 19. Scaphoid fracture.

A, B. The scaphoid view (A) and volume-rendering CT (B) images show a fracture involving the scaphoid waist (arrows). The scapholunate in-

terval is normal (<3 mm).

C. The coronal fat-suppressed T2-weighted image reveals a fracture (arrow) and combined bone marrow edema involving the scaphoid bone.

Note the normal scapholunate ligament (arrowhead).
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IRt} AREZ] Al719] v A7t Ato] QLo ool UliaH] 22 5] Atk Aol 9l
oh &2 AR e HEE T2 59 1 2% Foll shuto|n, ¥4 Ao Wl = of
60%= LA ATH31). 2 dell 2J et A|17 Salter-Harris =0l 5HE & S FZ T2 2j et 1=
Sh7] & SHH(32). fAPF i 72 B 7| glo] FRAIE A 4= leA]o] of Fof wfEhA
QHY/d (stable slip)a} &<H4/d (unstable slip) 220 = FL23HTH(33).

HEEFEtHEe S H7Fol] fleiA e tiElvd e /g2t Zite o2 24| S5 9 (frog
leg lateral view)E 74 7 Foh= 70| S5t thE| 1 X5 G/dollA] thE]= 747 (femoral
neck)2] 22 w2} 18 A2 Klein Al(Klein's line)o|2tal 220 A2 0 & o] Klein A1-2 tf
o] HPZE-S At} 7HY thE] 32} Klein A1o] RhA] o= 7-9ofl= tiEj &5 U

| S LK Supplementary Fig. 16 in the online-only Data Supplement), T
919 =7t A2 A folle AT FidolM o] o3& 4= ek tiEl=
Z0 2 24915]7] wiiol HEH F/dollA thElETe] UiE 297 Holx] k=7
ol 7T H A SH F/dol tiElEFo £= 95 Hrkshe tl f-8sith(Fig. 20A, B).
cho] 917} Qlofutr] A (pre-slip phase)olls the| 2w Aake] 4 2 2725k 7
o] AR Rk WIS} 0] Azigho] B 4 glo], A EedollA o)A 47lo] | 2
7% MRIE 11efg 4= QITh(Fig. 20C).
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ot} Yol oJsiAl EAoh= &2 24E folr|ad® do] ghol, 2ol fobrlo] A7l
thejut ko] 24 i fopr| 24 ATER 0 2 Hay|w Jirt fobr| 24 AB E-o|M =4
9| ZHo| 71 Eatar v Zolut Y (cuboid) ] 4 = ¥HAYE 4= QIThH(2, 35-38).

fol7] 2L Jul 2ol A 544] 711 (long bone)o] F7ro|ut Z7to| A AR oLt LA
9] ZAE Holo o7l 2] 2 9)= BHlsHA] =th(Supplementary Fig. 18 in the online-
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k
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row) of the right femoral head.

the right capital femoral epiphysis.

the right hip joint.
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Fig. 20. Slipped capital femoral epiphysis.
A. The anteroposterior view shows widening of the growth plate (ar-

B. The frog lateral view more clearly depicts posterior displacement of
C. The coronal fat-suppressed T2-weighted image reveals widening

and high signal intensity of the growth plate and bone marrow edema
of the head and neck of the right proximal femur. Note the effusion in
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Fig. 21. Tibial tuberosity avulsion fracture.

A, B. The plain radiograph (A) and sagittal reformatted CT (B) image show an avulsion fracture of the tibial
tuberosity extending to the proximal tibial epiphysis (arrow). The fracture can be regarded as the type 3
Salter-Harris fracture.

et 4] QoM =HA Fre] ZJeld wHal Bl wu=e o] wi /g (periosteal new bone for-
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’EHZH =L 92 ZH0A = (o] W™ (coronal plane) 1aFe] =4Eo] 71 %
= 2

QR Zeko] Al (sagittal plane) 24, 2) A%

o
fu)

o

FH o Al 7% Wtel

ﬂll'-l

-L4
\"__'/
o

https://doi.org/10.3348/jksr.2020.81.4.806 825



} Fo =I Iﬁl-ilxl

=] = — o
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i3}
)
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i
ot
2
k1

Harrs 3480|871 QA5 20 Q21,34 $9p 1 212 Lishe 3l A Sl
Harris 242 2578 4 9lth(32)

st ol BT 3| o] Wl oo} R 2o WIS Wokel ) olel g
4=9)om o]2}3t ¢ CTL} MRIZH 2+ T2 4fo] 2 o] wojol e, Tam e o2 A
ot R £ge] fg7tel f-8sitt
7{Z(Talus) 23

7 (talus)2] 42 LotollA= E514] ghout-fobr] =4 (toddler fracture)o] B == 79
of shjolch. A 2dolu 2d= =4, 7159 Folu 55 SollA] =Ho] 2y 4 glow
(Supplementary Fig. 19A in the online-only Data Supplement), o2 Aoloj| A= 4] ZHo]
A7) = S 27100l 2915014 A 4= e, oF 2701 F F4] GdeliA A
=7 (talar dome) 2] H-&Zs} AMI FHd-S%Y (subchondral radiolucency)o] E.o]H(Hawkins
sign) ZAF Y] 9]9o] e Zlo 2 oA 9ltk(Supplementary Fig. 19B in the online-
only Data Supplement) (39).

ofy

Fig. 22. Triplane fracture involving the distal tibia in a 10-year-old child.

A. The mortise view shows a fracture in the distal tibial epiphysis in the sagittal plane (arrow) and widening
of the growth plate in the lateral aspect.

B. The lateral view reveals a fracture involving the metaphysis of the distal tibia (arrow) in the coronal plane.
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QI8t=E(Cuboid) =2E
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Data Supplement).
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Aeholl A wugh npzHig-2 ol Houl™ ) A5 ¥Agktkar shof 20 ol =74 (bunk bed
fracture) 2 £2|7|% gttt Aut HJollAl= A HAl 53 7125 0jdo] 7| L AHP S =
4= Qlth(Fig. 23).

SHA =27 %19 (5th metatarsal tuberosity)2] ¥ 2742 gho] 1=k ¥ (inversion)©]
L W7 (adduction)ell 2JsiA] st ZH-2F-ok2](Peroneus brevis)o|u A7 ™ ZH(Adduc-
tor digiti minimi), === 2HHPEd $Z (plantar aponeurosis)oll 2J5) §& F2H-9]7} G 2

ote Aoz A QUth43, 4). H L2 5220 5 Yoz WARITHFig. 24). -5 SHA

0

Fig. 23. Buckle fracture involving the 1st metatarsal
base (bunk bed fracture).
Note the buckling of the 1st metatarsal base (arrow).
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