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Normal Development and

Variants in Pediatric Bone
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Normal variants refer to imaging findings that are generally asymptomatic and discovered
incidentally, yet may exhibit findings similar to those observed in pathological conditions.
Recognizing normal variants in pediatric bone requires comprehension of the developmen-
tal process of long tubular bones and secondary ossification centers. Familiarity with vari-
ous radiological findings of normal variants can prevent unnecessary follow-up imaging
tests, as well as incorrect diagnosis and treatment. In this review, we will discuss the char-
acteristic imaging findings of normal variants seen in growing pediatric bones, along with
strategies for distinguishing them from pathologic conditions.
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= &M (Bone Formation)
AZ 2 (cartilage model) FYHoll 22 FA=+= 23t A= YAF =23t Sl (primary
ossification center)°|2tal 5HH EfAY 1257} EH 7o) B.E AJ51A] Fof] A} &} F4]o] LE}

Ut} o|ef o] AZ Byo] PAH & Zo] FAE= IS A= ZZHenchondral ossifica-
tion)2} SFct, A Zstof oJf chiE o] = Z(long tubular bone)¥t T Z(short bone)©]
Rt

8 22 S7Hdiaphysis), 2 H(metaphysis), 12|11 SO 2 Lol ZItt, Aat 25+ F4lo|
olsl| RS0 A= ZXhe At 29| T F-flolth FThe At Fo] RO & o3} 23t F4lol
o} ghso]XIch FX e (metaphysis) 27t ZTHE (physis) Ato] 7122 Hlofxl FEo|c},

o2} 3} FAlF YA} Z3F S0l ol FAHE = Aolo]l =& Fof = FEQl SHuh
4 =2] Zo] JH(longitudinal growth)ol] %235+ &gk S},

ojzt 23} FAle 2Tt AQlS Tl e, tiElZ 491 U A= 29R SdolAM s o
g ol Ueh e, 24 & the FelolM e dg
AYS Tk A1 H7t He
ZAQlZrhe 280U} glZ0] Ba} Kol ofahS sH= #] 525 (prominence)ol] 9|5}, Itk
Tt B|55HA| o] xF B3 FAlo] A7 A= ZAjo gt AQIET2 29| Zo] g7l 7]of
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2ot ZZA%}1E (Physiologic Osteosclerosis of the Newborn)

Aldorel 3 =2 vol7h B2 of=do] 9] wik e F5-3t s Al (spongiosa) 2 = o 2lo]
5 AF oz T4 wda} ehy HekE Boltk(Fig. 1). o|213 Wshe A% 9 ol A4
Azp AR I A 2-3719 Aol 2A1FL) o]2|gt Aol ZH31E-S 2314 Z(osteopetrosis)

U 2k W Aoz @018 4+ IR Algot 3755 ollxs A i RARE Hol1 4
Z3to] BEx|o] wio] Zjopgo] §l7] wiizoll S3HAFat A T TH4).

AlMdote| Mz|X Zat 2kZ(Physiologic Periosteal Reaction in the Newborn)
A% 1-4719 Gokinfant)ol A B Fo] Z3F WiZolLt 228 ufet Hol tig#el gk
(< 2 mm) =9} §-(periosteal reaction)2 ©| Al7|oll= /o2 IHErHFig. 2). Ad=214 =4t
/d(physiologic subperiosteal new bone formation)e]2til® &=t g A]7]

9] 7+ Zuko] Z A2 (osteoblast)e] Tr&SHintramembranous ossification)o]] 2J3F &<;
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Fig. 1. Physiologic osteosclerosis of newborn.
A. All bones appear dense on day 1 radiograph.
B. Follow-up radiograph on day 14 shows resolution of sclerotic features.

Fig. 2. Thin periosteal reaction (arrows) along
the lateral aspect of both femoral diaphyses in a
3-month-old girl.
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GotollA] 1A = (cortical hyperostosis) 272 £ 0= ot o] IZ-F(infantile cor-
tical hyperostosis)el2tale L%l Caffey W (Caffey disease)x} HIEF A I}rh5-(hypervitamin-
osis A)ol|A] Hol=t|, gto}e] Aggn} B o] Far7} ZhARIdof| =go] Hr}. 57) oju] ot st
of= 2 Caffey B2, 1171€ ©]% Fote] 5= 32 HIEF A NS5 AXRITHZ, 6).

<
EE‘

T2 (Elbow)2| O|x} =3} F4

T elbow)oll U= 6712] o]2F =3 T4 UHH 0 & oS 753 oA = YERITH2). T
Al A5 (capitellum), 2= F(radial head), WeaH(internal/medial epicondyle), 2=Htrochlea),
F(olecranon) 9 9|d7Hexternal/lateral epicondyle)?] <=2 E£335}7| w2l A ZA=
whA] CRITOEZFAL 7|5h= Zlo] 7Hg Wol A Arh(Fig. 3). UldrH(I) 2] =3 42 E2KH(T)
R w1z Uehd7] wiZel uldatelA] Holz] eis 27t ExtollA] EolokH M eje gt =
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Fig. 3. Anteroposterior (A) and lateral (B) elbow radiograph shows normal ossification centers.
C = capitulum, E = lateral epicondyle, | = internal epicondyle, O = olecranon, R = radius head, T = trochlea

Ao] 7hs/d& arefsljof sttt o|F A ojxt =3 T4l £ «AE 7lelshe A2 WAL SR
s 1z Wrtol| 295},

FHAL ofzk 23t T4 @ Al7]= A, g ,OJ}—OH w2t 2pol & Helokal dafA Qlon
ofotoilA LA L}EM% 73%Fo] Qi 20170l HRE Aol wEH - I3t F4le &3
gl g3 A2 ZF7F 25 (0-14], 10-154]), 2F F(2-6 ﬂ 12-16A), Wdh(2-8Al, 13-17A), 2
2H(5-1141, 10-18A1)), F=F(6-11A], 13-16A), 2)4d7H(8-13A4], 12-16A)°]ch(7).

T oIzt 23 FA Y A9 A HolE 5, F0)Y =3 Aol KT ETE WA
UEh= ®Hol7h 7P &6A] BAlE|Q{TH7-11). CRITOES 485 o] My 5 245 AAL
SHA| &0} =27t B st ulda(I) =8t S0l 2= F(R) Brh HA UEhs Holk Hilk
ATHO, 11) o] ¥lolo] CRITOES: 2}-&5HH Wi+ (internal/medial condyle) 42 Q1€ 4
Aol Fo)7F B asit

71 Stt(Pseudoepiphysis)

P E2 FF 2ol 2] AL, o =2 T 2ol S| ok Wik drbd o s Fagat
FE5Z9 0|z} I3} FAI2 TE 2ol /oM A WA= F9lRel, 11 o= Y9l gt =
o =3} SA] 0] oflidE]A] ek ]2 (nonepiphyseal) Btol| Al Hol= I3t F418 7H] 2d
of2}ar g}, o 45470l 2 Ho|il FZo| A&kl = A7) wo] g TtH(12). $H= v 1541 1
UF Aot F4F 71 Fhe] R E(prevalence) 13. 1%0515'-, A1 F4E9.6%)0l A 7H &5}
ohal B EQITK13). 20 E & B2 5 WEche AS9AS ST fARHA Bl 7+
=Tt Fo] == F7F tY (notch) = Z2H (cleft) Hol7| ufj 2ol 4= 9915 4
°
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Fig. 4. Pseudoepiphysis at the base of second
metacarpalin an 11-year-old boy.

The hand radiograph shows notches (arrows) at
pseudoepiphysis that can mimic fractures.

Mz " X| M (Growth Arrest Line)
Parks-HarrisAl = 43743854 (growth recovery line)ol2tile E2]& A4 A4S ARt

A0 2 A AEF AL T Agao] tieh =44 Q1 Aofj(disturbance) = Q15H A
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ox

go] HohE RhgRIth(@3). of2iet o] ’AIx| 2]z dee] /g 41|, 12|al o] 7o) /g%
GAIRUA] o™ A SlE<RIA|ol| thet =rho] HoIA|T, o] Age] A = dAA =
Sof| Tl A A JlTH(14).
AR Aol A & S3bee] AAE 7h=A| 2 STl gaeh ek 7
ol 9| =3t 29 FEolM &5ttt o] 2382 a8 HA| e £ 7Iktol LSt
+ =7 &% (trabeculae) 9] A12|SHE LFERITH(14). o= 184] o] st Axobd A 75 RPART A
Kol A ¢35 EHHE A A2 4.8%2] HIEE WEE UL 80% ©)/de] 104] o]} ool
Thal A ITH(15). 74784 R1 ofol5ollA o]l Ado] of2] 7) yehd 4= Rla1, dibz oz |2
YA F I gF2 Aobd Ado] w2 ERIth(Fig. 5). SHAIRE 1L Ado] 17 BT 4|, g
& 7Fs7g0l Ath2). o139 A, o = B ARAR0|E &
o1& LER7| = Qttk(16). =t et 47 slado] Bol= 22 tiyg A<l /4% A E L}
oF AoAL 2| 2o tieh HHg-2 %

fu

X|Ust 2N Z7HCt M(Dense Transverse Metaphyseal Line)

ofglo]e] Bigio] Uil I Wsk 84 419] 7 B4 911 o] oigt o] Zteke
= A3A A Fdae] 3 AJs]st(provisional calcification zone)gkil LA
ATHe). L tHEZ2 9] dZollA] Holil 9] HlZolA= Hol#] g=tk17). o] A& & 5
Eoj|A] Hol= x|Wskal W M(lead line)} 584l oF Fct. W 542 Ux} sfjHA||oA] A
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Fig. 5. Anteroposterior knee radiograph shows
multiple thin sclerotic lines in the distal femur and
proximal tibia in a healthy 8-year-old boy.

7 Azjetthol 38l 171 wizell, /g2 oz Zdehd Z3bd Alo] Aol Ao 37 Ae|et
tholl GollM 22 Eeh Aol 7hssith2).

st Azo &4 A5k UL, o|7lo] Aol T M S RHETH AL 20 A

2lx Z7ich uhALM E3kM (Radiolucent Transverse Metaphyseal Lines)

A F3b4d (radiolucent line)2 th7l B] &0 40| 2|9t = F-5-olut oHf(limping)©] U= 2+
Aol Al g = APl A Hol= A AP Fabde A4 widwe] 535k 7] Ao, o]
7o) ujgy Aeke] A WA w7} B 4 97) whio) TM [3lrhe). 72 99l e, =

wof] T}"é ﬂ.@%‘ Ak —‘—5.—0157 7\:}_4-5_“1}(18 . A1%1/3 vl (congenital syphi-
lis)ollA] G 9Ieh =4 IR o= thefet Qe 24de B 4= e, & =2 IJrlsk=

A= Ze(Ischiopubic Synchondrosis)
L2 o H5 B (synarthrosis) o4 d22 AZ2H S AF Ad(syn-
chondrosis)ol2tal st} 2 2= & ATH(ischiopubic synchondrosis; ©|5} IPS)2 2=t
x| Zo| ge=7] Hof oflo]oflA] ekt AAIAQ] #Hdolnt IPSe] &8} £k miE]2 ¢
ohgstaL, oizh 10tioll gt SEH)
IPS®] Etll(enlargement)= 1™ Zx0fol|A] tiA] F5d0]aL, & 1 Uo7} B2 Aotollis &

>
e
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=+t 571 B-9] (metaphyseal equivalents)°]7 | 2ol 77t Lg|ar Fito] Wol Fargo]
Aol gz St Ak 24 2 2ol FHoksithl).
H

e %2 swollen) EOI% 0@54 IPSE w o) W 3H4ol7] whgol Sl leidsl 4
_%

MRIO|A 229} o135} ﬁ?n:lloﬂ 1 AT ‘Eﬂi}(signal alteration)ﬁl} E_%‘%—%L% B 4 7] )
2ol T, 249, B 3 7HEsl| o5& 4 THFig. 6) (21).

CHE| =5 (Femoral Head)

HElZF9] ojxt 23t T4l BT 467l el dehdth 23} A7y 23 S4]2] 37]0 ot
o] o]z} Q= AL A/t 3-671Y Gotel Zf 30%0lA] FZ Ateloll 24 2 mme] Zfo|7}
EAett . BaEQeh22). thElZ o] F3he A% (coarse) A/dE Y(stippled appearance) 2
2 AR 4 qlon, 3717 371stol| uket 7Rt & whek B EletA| K1ad 4= Qlok(Fig. 7).
o] FA(bifid) thE]ZF= =& A Ho| x| T Legg-Calvé-Perthes B (Legg-Calvé-Perthes dis-
ease; ©|5} LCPD)S &3k 4 Q1 7] w20l LCPD7} 45| A= ofof 4t o] 2 ZThsict,

22| CHE|Z TR 1214 (Distal Femoral Cortical Irregularity)

A9 thElZ o] E572]/d(distal femoral cortical irregularity; 15} DFCI)2 =3 U]
ZojlA Eol= Zlo] EFZoln Aoz 991E 4 9l 53 A7o|th thAlE vl HERY
71A1% (origin of the medial head of the gastrocnemius muscle) = T2 A1 % (adduc-
tor magnus insertion)2] T3 7% (traction)#t Hado] ol oA AEA w]He| &34
(avulsive cortical irregularity)]2tal E2]7]| % Stk BARd AFoA AI7F Rodh Exbdll
defined lucency), &-213F 7Fg=te], ool 42|91 2/ %/ (osseous spiculation) & T+t

il

Fig. 6. Unilateral enlargement of the ischiopubic synchondrosis in a 7-year-old boy with left hip pain.

A. Radiograph of the pelvis shows radiolucent swelling (arrow) of the right IPS.

B. Axial fat-suppressed T2-weighted image shows hyperintensity (arrow) of the right IPS indicating edema.
IPS= |sch|opu bIC synchondr05|s
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Fig. 7. Radiograph shows the stippled appear
ance of the ossification center of femoral heads
(arrows) in a 6-month-old girl.

Fig. 8. Distal femoral cortical irregularity in an 11-year-old girl with transient patellar dislocation (not shown).

A. Lateral radiograph shows cortical irregularity (arrow) of the posterior aspect of the distal femoral metaphysis.

B, C. Axial fat-suppressed T2-weighted image (B) and sagittal multi-echo GRE T2*-weighted image (C) show hyperintense cortical scallop-
ing (short arrows) and a sclerotic margin (long arrow in B).

A

| 2olch MRICIA & sHd ElFalet 37 T1 42 dolAle AR SHEE T2 332G dolA
= IASHEE Hol= 12 Z4(cortical scalloping)= EQIth(Fig. 8) (23). Cortical desmoid
2l E2]7|% AR glA o] =E(desmoid tumor) s AEAI7E glon ) 2 AskA o2

HoHA] 9]2|7} 3R] Y= DFCIQF FEEITH?25).

A2l CHEIZ SEte| E+ &t =23
(Irregular Ossification of the Distal Femoral Epiphysis)

HiElZ 99] 2] o2k =3t F4-2 2-6A] Alelol] ke E(width) 7= sHIA WS &5
Higlo] S5l &t Alstal 2 5= oMl ERlth(Fig. 9) (2). 5 =2 =2t =8h= 184 1]
gko] ZU| Aol AFoA] 6.7% HIE R Ho| 1 F & 44 njutol| A Uehdtial B v E]Qlek(15).
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= thE]Z (lateral femoral condyle) Z8F FA419] FH& WA T o Hygotal E47-2]5H
4> ATHFig. 10A, B). 0|22 7443t ofgdo] o] oF 30%0i4] LFERdTh. thi-22] #3150lA]
g Hol & “e] tiE]E S| 5 5Pkl Aojsh=t, “tiElE o SRpo) =5t
o]/ (subchondral anomalies of the posterior part of the femoral condyles)o]2tal HHsH=
= AATK(16). o] 27 = SO HiA)7} WY HA Akl = Aol EUH AR
A= R 7PgARR ol olxt =8 FA] o] A& 4= AL AT ARIof| A dEste] Bk

E5h= OCDeJA Bolz dZst ZHoR o919 4 glo] F0)7F B asirh(2). WA ARIgte 2

=

Fig. 9. Irregular ossification of the distal femoral
epiphysis in a 3-year-old boy.

Normal irregularities (arrows) along the medial
and lateral margins of the distal femoral epiphy-
sis, known as epiphyseal cortical irregularity, are
visible.

Fig. 10. Irregular ossification of the distal femoral epiphysis in a 7-year-old boy.

A. Anteroposterior knee radiograph shows subchondralirregularity (arrow) in the lateral femoral condyle.

B. Lateral knee radiograph shows subchondral irregularity (arrow) at the posterior lateral femoral condyle with bone fragment (long arrow).
C. Sagittal multi-echo GRE T2*-weighted image shows corresponding subchondral irregularity (arrow) with intact overlying cartilage (long
arrow) and no bone marrow edema.
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g/ #1012t OCDE H8sh= 22 ofe]& 4 UA|TH Hoto] Lol B o] 9]%], 5l MRI 474 (H
Holl 9179t T4 W S il Qle(overlying] A22] A= He} 5 0CDY 4 Hol=
Fsk=t] =go] He 9 7] 54E0] ATk, 2). OCD= HA| 10-154] Atolol teht=),
sl Hlol= YrbA o= OCDETH of & Lol (104l mleke] ofof gl 134 n]rke] Hopol] Helrt
(26). MRICIA] 91 == B A=o] YA Mo wel AlF Fob7t gl 2l2(lateral condyle)]
Silol] fIx|sh= A& 4 Hol& AlAkshe 7ol th(Fig. 10C). ¥HH OCD= AlF Fohs e

W= thElE YHmedial femoral condyle)2] 2|= (lateral aspet)ollA] 71 &3] WHdstaL(27)
MRICIA Q17 Z4= BE}h &9 &4 Hol7] wjZol 7h Xdo] 7hssiet.

0|2 £7i=(Bipartite Patella)

EME2 HEAREE] B1F /boll 9= AlAolA 71 2 $4H2 sesamoid boneelth E7iE
9] A} E8h= 2-64] Aol of2] 7He| F3 SAEo] A 02 A UM W), S7H=
9] ot F3} F4d2 thAl AdelSol A 124173 Bolit, g3 AR o] = M/t e7E
o] S 4= ek, o] 7122 A72] 1%-6%0A] EAYERIL 90%= F/dolH 60% = D54
ofch A ARRlof M= x4 BE9] 57 glo] Aol nidh 7PgAEl S Kole SO
BTk oiRE F4 St e 4 QlthFig. 11). 5FATE S4do] ok el S 2wt &7
= A Afole] Rl Aete] AEA Sdolut G4 FHES wefsliof st F Aol Holdle

A 52 A2t 2 Aol B4 B B Yol 912 ] 27120 ofdFel WAIE 4 9l OCD
of 2hae 4= Slck. o) 2 &72 0} 5 Alof Lhebd 4 Slck(Fig, 12).

Fig. 11. Anteroposterior (A) and sunrise view (B) of knee radiograph show bone fragment (arrow on A, B)
with smooth margin at superolateral aspect of patella in a 12-year-old boy.
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Fig. 12. Dorsal defect of patella in a 16-year-old boy.

A. Sunrise view shows well-defined subchondral radiolucent subchondral bone defect (arrow) in lateral fac-
et of the patella.

B. Axial fat-suppressed T2-weighted image shows a subchondral bone defect (arrow) in the superolateral
facet of the patella with intact overlying cartilage (long arrow).

Fig. 13. Lateral knee radiograph shows fragmen
tary appearance of ossification centers of tibial
tuberosity (arrow) without soft tissue swelling in
an 11-year-old boy.

A= ZH(Tibial Tuberosity)
ofote] @Twﬂ dote] %% 12458 st olgo] o]z} 28 F4lo] ABA AT Ade) 9

. 28} SAl 5ol AgtE7] Mol A 2 (avulsion fracture) FHOZE @
2 AaF 2717F S7ekaL A= A 55 gl olde
4710]7] w0l Osgood-Schlatter ¥ (Osgood-Schlatter disease)2t &
AR B3 BE2 HlohH A 448 arste] Osgood-

.
= 383

ro,
e
4>
%9,
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é?
M
BelRe)
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nZ
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Schlatter B X8 4= Qlch. A=
Sh= Osgood-Schlatter H2 T2 = &
oh. MRICIA] 4= 24 Ul 550 FHE F= %E&WW 4 4= a1, otz Hoffa 2%l (inferi-
or Hoffa’s fat pad) F&oluf A2 2% =

AL ZHoJME AT A Zof Ay = M (curvilinear) 249 =4 THHS Ho| AU A= 2

=
A A7} S0 SRl E 42742 HolA| "ok

ZZ H2I=EH Calcaneal Apophysis)

29 AxF 23 S S Al B 4 Qlok vl HE wd2 AlEwe] I3 F4lol U
ER}7] Holl 23 B 2k Bk zAQlathe] I3k o] 7ie] Rald =3t FAollA]

AlZtE]o] Shte] 4o g Tt ofolollA] ol 2 o] 2 5240l S3F AR 2
ojotoll A 104, FotollA 144170l S TH29). A= = BAlete] 5o ead wir}
A Aoz Aot a A PEiE B 4 AtkFig. 14). T2 =9 % (calcaneal apophy-
sitis; Sever disease)ollA] 7 AQIETe] I3 FAL FAFSE AHS B 4= Ql7] wiEol WA
A ARIRES 2= 22 Z0S de}r] offd 1, MRICIA ARlEHe] Bg AS Eolstd 7+

8 Aol = go] Hr.

ZH FA=(Tarsal Navicular Bone)
25k A=l Z2hs 22 S0l = Ul 4= Sl ofdofol Sof|AlA] Hol= =4t

2| gt F5 F/d=(tarsal navicular bone)o] 7L of]o]th(30). F/d=2] o2t =3} F4l2 ofotellA &
opR T} 14| whEA] Bt 1.5-2417 Hol7| AlAlsto] Tt o= Fshtal B gt} 5
5, UE 59 S0l glof= AN ARl Eqtletal RASHE A3 SR 4SS HY
A7) wol] ’ARA ARzIRko 2 Kohler B (Kohler disease) 22 ZtksP QF HTk(31-33). 2F 54171
A= Er2lekal 245 FElE Hol= 7497t WrkFig. 15) (2). MRICIA F/¢20] T1 4=
FollA F2 A e, Eofl RIFEE YoM w2 Aot 29T T4 24S Eelokd
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Fig. 14. Lateral foot radiograph for evaluation of
pes planus in a 12-year-old boy shows normal
sclerotic and fragmented calcaneal apophysis

# (arrow).
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Fig. 15. Anteroposterior foot radiograph shows
normal irregular sclerotic and fragmented right
navicular bone (arrow) in a 5-year-old girl.

Fig. 16. Oblique foot radiograph shows the longi-
tudinally oriented scalelike secondary ossifica-
tion center of the proximal fifth metatarsal apoph-
- ysis (arrow) in an 11-year-old boy.

Kohler ¥ dhol] =22 BH = UTH34).

HI5E&S HQISTH(Fifth Metatarsal Apophysis)
FE7] S AR o] ulis mop ofxt 2ot FAl0] chal WAl B3] 9] AT AT
Ujol] Yrehdth(Fig. 16). ofotollA] 84, FotellA] 104170l LFERFAL ofotoflA] 1441, Fotol| ] 154
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R
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7ol SHECHES). A5FET 71410 A Tavto] Zhio] MR, AATUL FETo| %
Zoll Y W 2 22 2Ol YA WSR2 02 UeiA s AY BHL FE2o|
4 W9l Zlo] EHolth. YYH O 2w H5EES 7elBthe] Fehuo] Wl BY 4 917) o
ol A=t Bre|7} Qi Hrt FAsh ApMlE Hget it /gt vlalste] Q1= the]
=ao] {olil 2 Eelsk= Zlo] 1ol =20 HTh(3s, 36).

M2|H Ljgk&(Physiologic Bowing)
LHH**(genuvamm bow leg)2 o] B2Z 02 Flojl el 2, ZZolut tislZe) U
2 PAte] Wy o 2 HhAEStet A4 ot B 24 b]Rt of=lofojjA] Hol= ujk&e] o2 A
94 2 Wek& (physiologic bowing)oltt. 27] 3 ofxa]7bA| vi=Ql 9 |7} ofFol|A] & &5}
A Yepdthal By Eed)]) o718 2k ER (Blount disease; Tibia Vara; WEH 2ol A% ]
A BT, whok 24)] o] ol 2|4k = URESS H Itk oy (infantile type) E2H

Er o 2 0] XS vfA|sHof ghrt(2).
ZpA9] ZA T AR Aol A S f1%19] tiElE A=) FH5-2 et A" S
the] AF 2% (tibiofemoral angle) = ‘—HHU He2 ARSI} or|e] HAF
15°-20°0] 31 2% 2-31d FCF °F 10°9] eHhe = ehe 7] ufZof 24 o] F7}1A]
H] 7% golct. ejgte] A i= 6-7Aol| 2pA A 0 &2 hasto] ek 6° 2 {2t

FoflA] Hol= te] 2} 4520 Anlgh S 9 o 2fofy], 9] diElz % 291 74
S wzh Hole 22 B (metaphyseal beak), W= 122 H|E 9] H= Ad7e]
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Fig. 17. Physiologic bowing in an 18-month-old
boy.

Standing anteroposterior radiograph shows var-
us angulation, metaphyseal beak in the proximal
tibia (arrow), thick medial tibial cortex (long ar-
row) and tilted ankle joint (dashed arrow). Tibio-
femoral angle (*) measured by axis of right femur
and tibiais 11°.
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Fig. 18. MDA measurement.

The MDA (*) is the angle between a line (thick line)
drawn perpendicular to the long axis of the tibia
(thin line) and a line through the widest portion of
the proximal tibial metaphysis (between the me-
dial and lateral beaks; dashed line). Measured
MDA (*) is 14° in a 27-month-old boy, suggesting
Blount disease.

MDA = metaphyseal-diaphyseal angle

SERRERL A3shs Uikt 4401 ’fiAM] s B wf do] 7hsotd|, ’AMT AR
oA 28] F=2] U5l Et2IeE 2] }ake] ato] Bef kg vh=rh(23). =xre=3t 7
(metaphyseal-diaphyseal angle; |5} MDA) 442} 4] UiRt&at Sefke-ER ] 7hHo] =go] &
ok 291 A= = 7 W2 B (WS FEleh oS B Ale))E sifohe A F=9] A=
of 202 1.2 A8 I8 SAJITH(Fig. 18). MDAE AJ2] 2] WiHlEolA] drbz o2 11° (Ht

Z2E
ok we] 4 Mol S-L Tl AR AbTlelA 98] WS 97} 7] mhRel Wt
o :

Author Contributions
Conceptualization, all authors; data curation, all authors; formal analysis, all authors; investigation,
all authors; methodology, all authors; supervision, all authors; validation, all authors; visualization, all

502 jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(3):488-504 RADIOLOGY

authors; writing—original draft, K.H.]J.; and writing—review & editing, all authors.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

ORCID iDs

Hee Jung Kim @ https://orcid.org/0009-0000-5069-6892
Sun Kyoung You @ https://orcid.org/0000-0002-1026-5809

Funding
None

REFERENCES

1. Augusto ACL, Goes PCK, Flores DV, Costa MAF, Takahashi MS, Rodrigues ACO, et al. Imaging review of nor-
mal and abnormal skeletal maturation. Radiographics 2022;42:861-879
2. Coley BD. Caffey’s pediatric diagnostic imaging. 13th ed. Philadelphia: Elsevier Health Sciences 2018
3. Walter WR, Goldman LH, Rosenberg ZS. Pitfalls in MRI of the developing pediatric ankle. Radiographics
2021;41:210-223
4. Calder AD, Arulkumaran S, D’Arco F. Imaging in osteopetrosis. Bone 2022;165:116560
5. Kwon DS, Spevak MR, Fletcher K, Kleinman PK. Physiologic subperiosteal new bone formation: prevalence,
distribution, and thickness in neonates and infants. AJR Am J Roentgenol 2002;179:985-988
6. Swischuk LE. Imaging of the newborn, infant, and young child. 5th ed. Philadelphia: Lippincott Williams &
Wilkins 2003
7. Miyazaki CS, Maranho DA, Agnollitto PM, Nogueira-Barbosa MH. Study of secondary ossification centers of
the elbow in the Brazilian population. Acta Ortop Bras 2017;25:279-282
8. Bae C, Kim BS. [Radiographic study on the time of appearance of the ossification centers in school aged
children]. J Korean Radiol Soc 1977;13:28-34. Korean
9. Lee SH, Park SW, Suh DH, Kim TH. [The sequential development of elbow-ossification centers in children]. J
Korean Orthop Assoc 2000,35:421-426. Korean
10. Cheng JC, Wing-Man K, Shen WY, Yurianto H, Xia G, Lau JT, et al. A new look at the sequential development
of elbow-ossification centers in children. J Pediatr Orthop 1998;18:161-167
11. Goodwin SJ, Irwin LJ, Irwin GJ. Gender differences in the order of appearance of elbow ossification centres.
Scott Med J 2019;64:2-9
12. Ogden JA, Ganey TM, Light TR, Belsole RJ, Greene TL. Ossification and pseudoepiphysis formation in the
“nonepiphyseal” end of bones of the hands and feet. Skeletal Radiol 1994;23:3-13
13. Lee HM, Kim JP, Kang S, Kim YS, Lee MY. [Radiologic prevalence and features of metacarpal pseudoepiphy-
sis on normal Korean children]. J Korean Orthop Assoc 2018;53:234-242. Korean
14. Georgiadis AG, Gannon NP. Park-Harris lines. J Am Acad Orthop Surg 2022;30:e1483-e1494
15. Seo SG, Sung KH, Chung CY, Lee KM, Lee SY, Choi Y, et al. Incidental findings on knee radiographs in children
and adolescents. Clin Orthop Surg 2014;6:305-311
16. Lerisson H, Tillaux C, Boutry N. Radiographic/MR imaging correlation of the pediatric knee growth. Magn
Reson Imaging Clin N Am 2019;27:737-751
17. Laor T, Jaramillo D. Metaphyseal abnormalities in children: pathophysiology and radiologic appearance.
AJRAm J Roentgenol 1993;161:1029-1036
18. Riquelme V, Garcia CB. Imaging studies in early diagnosis of childhood leukemia. Rev Chil Radiol 2012,
18:24-29
19. Herneth AM, Philipp MO, Pretterklieber ML, Balassy C, Winkelbauer FW, Beaulieu CF. Asymmetric closure of
ischiopubic synchondrosis in pediatric patients: correlation with foot dominance. AJR Am J Roentgenol
2004;182:361-365
20. Williams H. Normal anatomical variants and other mimics of skeletal trauma. In Johnson KJ, Bache E, eds.
Imaging in pediatric skeletal trauma: techniques and application. Berlin, Heidelberg: Springer 2008:91-118
21. Herneth AM, Trattnig S, Bader TR, Ba-Ssalamah A, Ponhold W, Wandl-Vergesslich K, et al. MR imaging of the

https://doi.org/10.3348/jksr.2024.0024 503



JOURNAL of
THE KOREAN SOCIETY of
Normal Variants in Pediatric Bones RADIOLOGY

ischiopubic synchondrosis. Magn Reson Imaging 2000;18:519-524

22. Lemperg R, Liliequist B, Mattsson S. Asymmetry of the epiphyseal nucleus in the femoral head in stable and
unstable hip joints. Pediatr Radiol 1973;1:191-195

23. Prince JS. The lower extremity: congenital and developmental conditions. In Stein-Wexler R, Wootton-Gorges
S, Ozonoff M, eds. Pediatric orthopedic imaging. Berlin, Heidelberg: Springer 2014:373-433

24. Stern C, Galley J, Frohlich S, Peterhans L, Sporri J, Sutter R. Distal femoral cortical irregularity at knee MRI:
increased prevalence in youth competitive alpine skiers. Radiology 2020;296:411-419

25. Pai DR, Strouse PJ. MRI of the pediatric knee. AJR Am J Roentgenol 2011;196:1019-1027

26. Jans LB, Jaremko JL, Ditchfield M, Huysse WC, Verstraete KL. MRI differentiates femoral condylar ossifica-
tion evolution from osteochondritis dissecans. A new sign. Eur Radiol 2011;21:1170-1179

27. Gorbachova T, Melenevsky Y, Cohen M, Cerniglia BW. Osteochondral lesions of the knee: differentiating the
most common entities at MRI. Radiographics 2018;38:1478-1495

28. Kim HG, Choi HY, Park JS, Ryu KN, Park SY, Jin W. [Clinical features and radiological differential diagnoses of
symptomatic sesamoid bones and accessory ossicles: a pictorial essay]. J Korean Soc Radiol 2021;82:82-98.
Korean

29. Blythe CS, Reynolds MS, Gregory LS. Quantifying the ossification and fusion of the calcaneal apophysis us-
ing computed tomography. J Anat 2022;241:484-499

30. Teo ELHJ. Pediatric nontraumatic musculoskeletal lesions: imaging pitfalls. In Peh W, ed. Pitfalls in muscu-
loskeletal radiology. Cham: Springer 2017:819-851

31. Rosenberg 7S, Beltran J, Bencardino JT. MR imaging of the ankle and foot. Radiographics 2000;20(suppl
1):S153-S179

32. Williams GA, Cowell HR. Kohler’s disease of the tarsal navicular. Clin Orthop Relat Res 1981;158:53-58

33. Tuthill HL, Finkelstein ER, Sanchez AM, Clifford PD, Subhawong TK, Jose J. Imaging of tarsal navicular disor-
ders: a pictorial review. Foot Ankle Spec 2014;7:210-224

34. Kan JH. Pediatric and adolescent musculoskeletal MRI. A case-based approach. New York: Springer 2010

35. Davies CM, Hackman L, Black S. The utility of the proximal epiphysis of the fifth metatarsal in age estima-
tion. J Forensic Sci 2013;58:436-442

36. Hammer MR, Pai DR. The foot and ankle: congenital and developmental conditions. In Stein-Wexler R,
Wootton-Gorges S, Ozonoff M, eds. Pediatric orthopedic imaging. Berlin, Heidelberg: Springer 2014:463-516

37. Cheema JI, Grissom LE, Harcke HT. Radiographic characteristics of lower-extremity bowing in children. Ra-
diographics 2003;23:871-880

] HiCk

A0F O] T4 YEm} HO|

Uiz qu"

A4 ol QlubH 0 2 T2 Afo|n] 9ols] WrlEl G4 2702 ojnlstel, WA Aot &
AR 4712 B 4 ik, Ao} o] B MolE QAIsk] SISk e F 9 ol %t B8
F40| W wol ciek ol a7t W e stct. A Ho| o] ke AAolala] 7ol oj4aial
CF 2 e 271 4 A D BRE AU RS YT 4 ek 2 FHoAE 4
Sh dsoko] wollA] ol 4 Mol So] YA B 2743} o] 2 A Aefet ]
9Jgh Sl chelAl ofstat sk

Frisha ojzioier Fgoistmy e JAelstat

504 jksronline.org



