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Review article

Premature physeal arrest : A complication
following a growth plate injury

Nakorn Prakaivorakit, Noppachart Limpaphayom, Pathcarapa Osateerakun*

Department of Orthopaedics, Faculty of Medicine, Chulalongkorn University, King Chulalongkorn
Memorial Hospital, Thai Red Cross Society, Bangkok, Thailand

Abstract

Physeal injuries are a common complication in pediatric trauma. While most cases resolve without consequence,
a significant complication that can arise is premature physeal arrest, which results from the formation of a physeal bridge
crossing the physis. Although this condition is relatively uncommon, it presents complex management challenges and, if
left untreated, can lead to long-term morbidity such as limb length discrepancy and angular deformity. The primary
pathophysiological process involves the development of a physeal bridge that disrupts normal bone growth. Early
diagnosis is crucial and depends on careful patient follow-up after injury, supported by imaging modalities such as
X-rays, CT scans, or MRI to assess the location and extent of the physeal bridge. Management strategies are tailored
according to the size of the bar, the patient’s age, and the remaining growth potential. Treatment options include physeal
bar resection, material transplantation, and, in cases of established deformity, corrective procedures such as osteotomy or
limb lengthening. Thus this review aims to synthesize the current literature regarding the pathophysiology, diagnosis,
and management strategies for premature physeal arrest following pediatric physeal injuries.
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3. AUULITRINITUIALAL
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NSAIATIANINGTIRINET (imaging)

1. nﬂwdﬁﬂﬁﬁﬁa‘g’m (plain radiograph) ** %> *¥
M@T\amn‘ﬁ'mimmL%]‘wiﬂl,l,siw;iuﬁma‘m?mLﬁuim Tﬁ”@uvj
Aataauan nasldnandnefedluninddannnisiasa
m@qmaﬁ@ma‘mﬂ (physeal bridge) WAy TMATIAUN
mﬁumummamimmuim (growth disturbance)
¥ ausiluszes Fuduiouiaz WanTsug aLaznyLiuin
Aaude (premature physeal arrest) Imﬂ@nwmzmmm
'lumwdﬁm*q%ﬁugmﬁﬁq anwzlnemse (direct)
wazaneouzinedan (indirect) e

1.1 anwauclnanse (direct findings) A8 N1TNL
ﬁnwmmmmu%@miz@ﬂ‘lmﬂmq Theni9id aud i
aualunjasidneouzaainisiilunszgn (ossification)
LﬁuLﬂuﬁﬂwmva*ﬁqmemmmﬂ (trabecular bone
pattern) qummmvm’m Epiphysis WAz metaphy3|s
LLIFm"Iﬂ’WTL‘ﬁ‘ﬂNN‘IIu"IﬁL@ﬂ‘ﬂ"l@LﬂuLWﬂQU?LQmV}N@ﬂHmV
na‘z@ﬂwmwmu (sclerotic foci) TuUTLa04 Physis
7 annEnenarn s dasudullidenn faiu
N17A392UINN9IUNAUNN SRR L TR IR AN MUy Ined RN
azdagliaiusnamanunissununiaasyiuinseey
GuduldRuna

1.2 anwuelngaan (indirect findings) Ae
NIIWLANHLLADINITIUNIUNTLAT LA LA (growth
disturbance) 7iuaninanuudalaganaasnusiielaing
miﬁ@mix@n physeal bridge fanaaavzaluf ls
TnaasnLAN AT

- wu@“ﬂwmmmma‘m?mﬁuimﬁEmjﬂf?l
(deformity) @ﬁﬂﬂﬂ?ﬁgﬂ physeal bridge mﬁmﬁﬁ L1
wuANEauauan lwindu (limb length discrepancy)
wsaiANEALNAITN (angular deformity)

- Lﬁﬂﬂ")ﬁ‘ﬁﬂﬂﬂ’?ﬂﬁ?ﬂﬂﬁﬂfﬂ (growth recovery
line %58 Park-Harris line) Ao maﬁm‘@ﬂﬁﬂix@nmwﬁq
‘171'Lﬁﬂﬂ"l‘i‘]_l’ﬁﬂL’g‘]ﬂl‘ﬂ\ﬁLLﬂu@juﬂrﬂﬁﬁ‘L@?mLaUTm AIAGA
Lﬁmmnma‘mm@mmﬂwm‘%mLﬁuimfﬁ'“fma"nlwﬁqqmmﬁu
(Figure 7) Thenduil azaneiaaunuiy physis LA
Fvfsniia complete physeal arrest a1avi1 1131 lawy
Park-Harris line ndsannasananaliudrld wenannil
mﬂmmmmmﬂﬂmfmuu (angular deformity) A Azl
LLmuquﬂma‘mmLmuimwimumummmﬂ physeal bridge
Wi ulafaldannuuaid vt I aswud ne e
Park-Harris line 7l Physis e
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2, NInalEanTisgAaNnmas (computed
tomography - CT scan) ‘L%‘lumﬂ%ﬁﬁ@fiﬂm@?ﬁﬂum‘z@]ﬂ
‘*7';ﬁmmmLéﬁﬂ"l,aimmmLﬁuié’ﬁmiumwdﬁmﬁ%ﬁuﬁm
T,mmzl,ﬁul,ﬂua”ﬂwmz@;mmmmz@ﬂﬁ'ﬁmwmﬁq%u
(focal sclerotic area) fr]’wLﬁuﬁﬂwm:ﬂ@Q§WQLLﬁﬂ?:@ﬂ
(trabecular bone pattern) atialsf NN 289n I EE
T FuA LT e9a1nALTIa189ad (ionized
radiation) LL@:"LN'mm@mﬁuﬁﬂwmw@mﬂﬂLﬁﬂfd@u
InasaLaas physis I8 1 Wakla (fibrous tethering)
3 nngrgad wustuanlWwa  (magnetic
resonance imaging — MRI) Wuwmalanisdann
*7';mmmu“lummiuﬁumﬂ?ﬁﬂmix@ﬂ ilesann
A1N1TNUIATUVUSTRS physeal bridge laagNqudugn
wila CT scan uda feildeldiBauiaunsntlsziiu
ieif edoulnasanlduaraeladaeianaA oo fused
(ionized radiation) wAdaidea94 MRl Aamadldiaan
Tunasdnaninlued endunatun ﬁqfué’ﬂmﬁﬁ
aganaialiainnsalifarudoniialunisin MR
lAvTeenam el 15l ¥ aN4aaL LT 194N1T8 180N
laqiiuld MRI zi’ﬁm‘“un’]a‘ﬂ@zl,ﬁwnmmmmaﬁ@m@;@ﬂ
(physeal bridge mapping)

finsAnEnI9¥n MRI luszezusniFumdantg
v uF ek uAuan1sas eyt uln Smith BG. uay
Az @ lavin MRI Wigilae physeal injury lusyeizusn
3 - 17 FUAUMAILNALEY 3 amaanLdnEuEnng
3 aunilassadauiugudnisas A ulaliu
ﬂ’]ﬁ‘L%‘ﬂﬁJﬂﬁ‘:@jﬂ%ﬂLLﬁi‘ix?;IZLL‘mLLL[F]IWNE;I’:L%EIH%Q‘EIJ@@/QLﬂ[ﬁl
danrsutanai L anunsonuruuan1anisinenld
Lﬁmmﬂmmﬁuﬁdﬁmﬂﬁmmiﬁﬁl@ms:@n"l,aim@
i anisugaas A uinneudalugdaaynee
@ﬁﬂuﬁnﬂﬂuﬁﬁqﬁqiﬁﬁ%’@LLuxﬁﬂm% MR lytinausnisu
NAINITUIALR LA BLAUA NN TR IR
4. N1FATIANINITAVAAS HILAAES (bone
scintigraphy) N1389ATRANNNTANARTIUARYS (nuclear
medicine) aziiun19MI92TANITNNNULAS Physis
(Physeal activity) WUTiNNIA9a N9 RANEN L 7 LI
CT scan ¥3a MRI iazamadiadaainiaseainemis
NNYINIAAERS (anatomical structure) as1alsfimu
TuniansauLAaALaslFansndaisdaninanlszney
Waawm (Technetium-99m — Methyldiphosphonate %38
99mTc-MDP) lanrnaanniilu 2 U5 Wity vl
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Figure 7. (A) MNanan1efanasnisn wasanlasunnasneiniag physeal injury (Salter Harris type IV) WUANEOLE

varus deformity faufudnmuzaasdain uaz physis NENMsiagiuueanaIN Park-Harris line (gnAs) wanani

faNLANKUY trabecular bone density 13wt medial side 1849 ankle (¥agnes) W lAiun1ae Physeal bridge; (B)

U & a & v a o . a o U ! A o aa [ %
MNaNgLangLIeiARNNILEaT (CT-scan) sLugﬂamwmmmnu WU Physeal bridge TurFinasnane doatiugiinnaiads

sl s lagiannnisnsaasfing D eg1esn ol o
Weuiu CT scan se MRI Aasnndnisld Single-photon
emission computed tomography (SPECT) ﬁ%ﬂLﬁﬂﬁm
ANAINNT0 TUNNTluN1RdaduanMLEaa9 physeal
activity aanulunIwsaL9ng uaziileldinafinfanann
faufU conventional CT scan laidumaiin SPECT/CT
fianunsnandeRaeenssANIna physeal activity
faufudanuesnisAnunlaseasranieaniainiaes CT
scan aanuun AR T AN 90Ty A LI
physeal bridge ‘&

nvillﬁ‘zcﬁuaﬁgmﬁ‘z@n (skeletal age assessment)
nsdsziliuangnszanil mandr Ay lunasld
wansiuarisziiuparuainsnluniaes A ule
P | L. X I Y
nevaeat (growth remaining) 1edgtlaasnatiuiield
Tunnsansauniaannisinen lnefeuldniwnne§ed
2 Y A gy A~ o
reailauazdaiediy Wamauiulszuianinniuens
189 Greulich-Pyle sLuﬂ’liLﬁﬁ‘Lm’l?;ﬂmﬂiz@ﬂ (skeletal age)

MssNEINITUEATANURUANE MTIRsALTANaUTE

huNIgUBINITINHLALINATANITTN I

1. nsWunwnisiasauaule (growth restoration)
Taedswmandilunisnananusin i us o nu we uel
asasAulafifia physeal bridge T UURAIAIN1TD
navnas A uTald i ind A alnd 1 lduini ga
= o A a o o A o A o
an1sine sl Benyin lugdosn damaednanin

naAuiafunn InadaulunjAasazainnan 2 4@ %20

lurlaquiiiaznsluntsuynisssoyiutafi e g
a. mmemm%@m@z@n@am’quﬁﬂzﬁm
Lmu‘ﬁl (physeal bridge resection with Material
interposition)
b. n1sUgnanenszanean (transplantation of

physeal cartilage)
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2. nﬁﬁﬁ@?ﬂﬂﬁﬁuﬁﬂﬂnﬁ (deformity correction)

b

= a a a Ai?l s A 1 = a a
WadlAnuRaUNAIRATLLAY Yi3a ANAIIRTiANRALNG
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physeal bridge mumNVNLL‘LI‘LI complete physeal arrest
Aagwl limb length discrepancy Lo partial physeal arrest
flagwu angular deformity Tasunngilaseaiuaa
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Taurnndnuinmasian aninldineld 6 Fun1s5nen
A un1einE lnanisdngla Nl aUnR A euswen
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nisad i ulmiWaved 19in aqll af amnuly
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WARa181709 Ia A awd 357 Tl fesdialdaun

e

Aad o
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a. 3nuuulina (non-operative treatment)
iu n9Lasndusesin wialdniaginenl (orthosis)
TUANLAY ﬁn‘lﬁ’ﬁu@ﬂwﬁﬁ LLD 11NN91 2 LouFLNmg
Tuaurgauans doululauangiuuy 901991891190
LLD tieandn 6 wuiwms " ladfinatunisldany

b. ABUULENFR (operative treatment)

- nnstiauduguensaIuln (physeal
distraction)

- nw?ﬁﬂmmuquﬂ‘mm?tylﬁiﬂm (epiphysiodesis)

- NIAAUATAANTTAN (corrective osteotomy)

- nsEALaULN (limb lengthening)

- NIUALLLUAN (shortening)
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ifaqglun1sWaIsanannasni1ssn (factor influencing
choice of treatment)

aquudlififerisd sesuiaziinissnmetng
darau at19lsfininlunis@annisfnen wu ang,
AuvdsresuiuguenisasRLln au1nees Physeal
bridge w7 anmmzannagl vl Uaausazene
Hulvmnglunnssneniuansnaii detu e sni
mﬂfmn@uummmuﬂmmﬂumﬁnmLL@ @ann19snE
flunzaui agi Wussquluuned unnduazdlon
Faenng gu drlasengdanfinisazdesinnsinmiiaz

g - = . . 4
TaNUNNIATEYFALTA L TUNNIFANTTaNNTERAN (physeal

bridge resection) widntlogauAINa1al physeal bridge
Adaunlunilanagniianaan1avin physeal bridge
resection Ndaanadeanndnazlnnuialnfsauauan
luaanndsuasianis euiataaziavunanisine
Tnannsdngilanuialnfievatnghaaitu corrective
A . . . = LN P
osteotomy #78 epiphysiodesis m‘@iu@jﬂ‘mmmmﬁ‘
\watyiiu RN INwe (growth remaining) $aNALIENE
wiaAAdnazl AuRAgll (deformity) waatiufiana
v o v a a ‘ﬂ’l a a
ArF AT NEIA 83T NN wW nsaT A ule
faNAUN199AgUANEALNGR (combine approach)
Aesaat 19N natanInIsAneTadasag
lunsiansaunnisinEInIznueaas AL inneuds
dl 1 Z’/ A aa o
wadaalunied a1 vunauaziaanisnisinenlu
gﬂfmn@uuummmﬂm@mqm Tmﬂmwummmmm

dvd

AN (Table 1)

Table 1. agiiladelunissndulaidannisinunaesgilag physeal arrest WLLHNGR.

flaqelunisandulaildannissnunaasgilon physeal arrest wuLHIAR

1. masryiulmmaeninndn 2 T vise wnnen 2 uRmms

211A289 Physeal bridge Wagndnfagay 30 - 50

TIATDIANAAFLININNGT 20 89A7 Wea 10 aepnTuiFIanuan

2
3
4. ﬁmmmmwumiﬁmm@ (eluilaqiiuaznennsad) u1nngn 2 URWAT
5

Physeal bridge finluiiEnunfilinaninsanauiagilsn iy Distal femur
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1. 818 waz nisiasquAulanivaeeg JTaqiu
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naAnennnanasiAuimmaeninndd 2 1 wie

20,2629 {l gaanng 1 asangazlAnann
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Lﬁﬂq@ﬁniumﬁqmqﬁuﬂ’mfui{ﬂwﬁmﬁ@mm‘?m&uﬁuim
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Aan17iAm Premature Physeal arrest eadnidee i
aaldfinaniunisldau wazunniiia LLD vige angular
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atnglsfininlunsegnuandoutlany |y nszgn radius
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LLu:ﬁﬂﬁ’ﬁﬁmﬁﬂwﬂunQNﬁ physeal bridge {211

2. 2UInUa4 (physeal bridge size)

WWnndnfesar 50 1891UIALNUANE N1TAT YA LR
sann" 2 Taeinns3nenaiie physeal bridge resection
fifinnsti physeal bridge aunalunininfasas 50 aanii
wiuguinassiuinfvdestazlisunsasoyiul
selfatruiaame adelsfnnludiloai dengdas
7% physeal injury luu?mmﬁﬁﬁﬂﬂﬂﬁWﬂﬂiLﬁUTm@Jq LT
ulugugnsasyiiulnaeanszgnAuandcutlang vve
na‘x@nm’mﬁqzﬁ'quﬁu (distal femur waz proximal tibia)
uazd physeal bridge A central type WINMN physeal
bridge resection ANNGEAY physeal bridge mum‘lmg

& o A < (11) =2 IS a o
ASE IR Tuu1ennsAnEIANITNAN TN NEN

Tu physeal bridge 211ANINNINTRLAE 25 - 30 Lmu (26.29)
u@nmnu‘lunqugﬂqwm Physeal bridge 7iH1110
Wnndnfesar 10 warenguesfe anuanmue
physeal bridge ‘1‘7{ﬂﬁuzjmim?mﬁuimﬂnmﬁmq
(spontaneous resolution) "

3. ANEAzL (deformity) Taerialuudannssindn
physeal bridge resection LeNazN9LALANAINITLATTY
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osteotomy fausaeliall angular deformity 1MnnN9n 20
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wuzin 19in epiphysiodesis \WENAENNLAEINTBNITINNL
physeal bridge resection lun9ae correct angular
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4. Anugw a1 NN (limb length discrepancy
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5. sunusraskEuAudgnisias A ula diumisues
physeal arrest L1u ‘Lummnmuﬂmmmm fn

|
d o

radius ¥3@ femur Vluﬂlﬂmﬂﬂm@ﬁmﬁmﬂﬂﬂmw B

R

m@ﬁm"[oﬁ’é“umﬁﬂmﬁuwimm‘?umﬂﬂdm‘%mm@u

o

Aaunn9snEHilaafd physeal bridge AvssNdnaAula

o

Auilaaiesonduiaanaiinaaanisine liidniu

©

rzgﬂqmw&u
n155n%
ms?%;ﬂmm?mﬁufm (growth restoration)
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(physeal bridge resection with Material interposition)
ﬁ‘ﬂﬂ?ﬂﬂ‘dﬁ@d’] Langenskibld procedure N195N8A
Tmmma‘ﬁﬁﬁqﬁ@miz@ﬂ@m (physeal bridge resection )
fida1ie Ae fnnsiasny Fulnfisauae (growth remaining)
1NNan 2 1 vive 2 wuRWAT wazil physeal bridge
wnadesninfenaz 50 ustlaeifengiesidnanin
naiAulRwAaNINanani physeal bridge resection i
faugddn physeal bridge azfaualvnjninfeaas 50 @
LINGF UNTHA AT ARINA19A ¥ T e uA H A F At
physeal bridge aanwiniy lunnendsnudnfnnis
deunszgnaunniilugn AdEunnhanauunlddnll
Lmu‘ﬁ'u‘?mm physeal bridge ﬁgﬂﬁ’]ﬂﬂﬂ (material
interposition) Tael Langenskiold A. lull w.e. 2510 ©"
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A3 3l et alastuanunuazinnuesy as
(autologous buttock fat graft) 1 ldunuf nnenasd

nslddanaiinaununui (Figure 8)
un13dfm physeal bridge resection Husaal

e v = X °
n12emad 1N physeal bridge wazyinnisiatzenn
Tnetlenld vinnsantinaanuifaga (high speed burr) et
physeal bridge aanld Iaauwiniilu peripheral type
Juaunsadnfiesa physeal bridge sagmaTiAnIHNAR
w1msgau uid i central wie linear type Wuazdl
Andudaulun1sfneuinlw Wesannnisidina
. - AR
physeal bridge ugtiitucentral area UUAAINNIT
\lataganusannIznnaau metaphysis ¥3an1391
. 9y A A s .
metaphyseal window wazldimTasNaLdl dental mirror,
loupe 138 microscope Tun1smsmaLisian physeal bridge
& Y saal o a )
uanaNLeafeIln i3 AANITANLSIINL metaphysis
4 2 X
a8n (Wedge metaphyseal osteotomy) LWBLWHNLN
o ™ o A o vl P

N13RLAT A NTan N IERNNL AR LA aaLEe
Nty Aeduluilagiiuiinisfindumaianisinsda
afalud WWalddnasdanisid1fe physeal bridge
TAunnauussasannisunsaldusaiileitiad1anesas i
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nn3ldnaas arthroscopic/endoscopic assisted
daandasenudldly Metaphyseal window v3anasld
computer navigated Was computed-tomography guided
(CT-guided) lun13szyA1umiiand physeal bridge *!
wazgqe lunnsiaenAwelunnsHinuNaes (endoscope
. (35) dl 1 % o rdld o Y
entry point) ®® GenuanliuasnsnaLazanaANtutau
a9inAnaale
a4 ave o . o
ﬂ’]iL@ﬂﬂl‘meLw}uw (material interposition)
v @ oa « o e oA
gadudnuiledsziaun dnasAnelunisenfnoiadl
WaNaINa o lnsdlephyseal bridge Tuns@nsnsasy
RN Langenskif)ld A autologous buttock fat graft
nidannarnldanadas lidnislddanmauandalllu
1 Y a A A [~3 dl o 1
f19n1e wAdel@eAenNni LN fat graft Aana1asN1an
uFmuazinnaesdiles wanannil fat graft 1a9lad
AaNRAUNIUYALREA (hemostasis) vinlilianunsn
o o X A e ny  a v o
wegAlRanaanuIaNN U 1A le wasiuualiunay
a dl 1 v vl
wgnaanainusuilgnanalsd lnaaraudlalaenis
ld@nsidu fibrin glue %32 bone wax adldsandan
naun1sld fat graft " wananiladudeldanunsnlel

< v ¥ o ¥ o ¥
ﬁ’l’]llLL‘INLLﬁ‘\iﬂquIﬂN@i’]\iﬂUﬂﬁ‘t@lﬂiﬂ A uFasan

Figure 8. langene a1g) 12 I wu physeal bridge %ila central type N1tiF1ans distal femur f1uan 165un195nnTaeds

physeal bridge resection with dutologous fat graft (A) meﬁﬂ‘]ﬂmuﬂ’]ﬁamgﬂ (valgus deformity); (B) LiFtatu physeal

bridge NAULAZIAY resection WAy physeal bridge ineen: (C) autologous fat graft a7n buttock qnﬁ’]ml,muﬁ

171904 physeal bridge LA
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el (immobilize) uadn12eNFTARaeLHan ¢
Andaidesing o e liinAnfudanaununun
Ang iy iy ngld polymethylmethacrylate (PMMA)
P Ny o di .
Wasanidannnauniledy Tuisesaas hemostasis WAL
structural support ™" vinlsiEi PMMA Biasaariuiisin cavity
175 anlaenaantas i avd ARTILAUITNAING A

o A g oo 1% & & - 1%
uananidanaui lianaiiu nauiile vise silicone usiu
Wald material interposition UA9 U310 metaphyseal
window fazilamae cancellous bone Ny1aanNN
lumauwsn

agnelafinunadns1a9n195NE1IRA physeal
bridge resection with material interposition i
Aluanunsoaamn leasnaulugn n1snEaiaGanNaNnT
Lﬂwmmﬁﬂmmmmﬂmw,m‘um angular deformity LA

(11, 21)

limb length d|screpancy ﬂﬂ'ﬁq”l,a‘ﬁmw’iﬂwmﬁm
m@wummmm‘ﬂmqmmmﬂﬂmqmm@mmﬁﬂm
mmmmgﬂmmmﬂnméu y AN uAnsLET Y
dusaainvzanisldnieginend viasdadlasunisngn
corrective osteotomy an1-2 ﬂ‘j‘vlq %ﬁ’uﬂuﬁ’f@\‘iﬂ?ﬂﬂﬂ
a"fmﬁuﬁuQﬂQﬂiﬁéTVQLLﬁiﬁuLﬁ@ﬁﬁuumLﬂmmmmziﬂmm
TUnNEN TN

nazuNINdaueeddn physeal bridge resection
with material interposition T ma‘ﬁﬁﬂm@z@ﬂﬂﬁum
(s (bridge reformation)TﬂmﬁTﬂ@xwuﬂluﬂz{ﬂ'm‘ﬁlfl
physeal Dridge 1u1alugy Tnsanunsany |4 & sus
sveizusnuAsEnGRlauRa 5 101 udsrndngennsinmiy
m@‘v‘hma“ﬁhma‘ﬁﬁ@una‘:@ﬂ@ﬂﬂ%ﬂﬂ%@ (re-excision)
Tunguftloafideiinanainiulnvaeat 1§ wiedad
deformity ¥3a LLD #ir1ndnaziialiuinenasinda
correct deformity ?ﬂlu °] NALNU u@ﬂ@ﬁﬂﬁﬁﬁm@WUﬂ’]‘:z
uwnsndenfinide (infection) Dauganazwulsdaanan
WA K aeine3e5elun1s debridement wanEATe
LazenadasldATaL * lun13inm physeal arrest ol
2. n1sianaianszanaauy (physeal cartilage
transplantation)

uﬂﬂmnma‘“lﬂifffmml,muﬁm”qmaﬁﬁ physeal
bridge resection 71 ldnaalluda Fn151d 1 eid e
nszpndauNllgndunaen1sin physeal bridge
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resection Lﬁ@\‘iﬁ")ﬂml,ﬁﬁ]“ﬂ@\iﬂ’]?l,ﬁm physeal arrest
\inannnisil physeal bridge Lmu‘ﬁl Lma‘m‘z@ﬂ@'ﬂu
2183 physis 3\‘1ﬁﬂ’1ﬁf§lﬁ~lﬁ@ﬂ°ﬁ' physeal cartilage
dgnaadldluuimn physis Taadnazvinnng
dgnanaaslindennsin physeal bridge resection
%nmmaﬂ%’lﬁ”ﬁq autograft g allograft Inerntin autograft
fanunsnldldiauny SvaendeaNLa (vascularized)
vide uurliflvanaiden (non-vascularized) T9ilanenu
N9l autologous apophyseal cartilage A1n1TaU iliac
crest ¥i38 scapular tip WLaE epiphyseal autologous graft
anLi3nd proximal fibula "2 wafgeld A ey
Tunissneiiesannllanunsarinunenanisinen iduas
ﬂ"\aﬁmmﬁqm’tuﬁmqﬂ’m@?mLﬁuim‘ﬁ'LLMﬂﬁiwﬁ“umm
ﬂiz@ﬁ@uﬁmmﬁﬁ@m (donor site) Way U310
ﬂ@ﬂﬂ"m (recipient cartilage) 29uD9E 1A NNUNLR
physis mmmﬂ@ﬂmﬂmmmhmmunm@m‘lmﬂmma‘
Limmmmfﬁummmvmﬂﬂ@umimumm@mvmu‘mmm
physeal bridge mumLmu Tugauaag dllograft An13Ane
ludninnaeavinfu nsld allograft 114341@%‘&14
delifisneany wazuenanideinnsldiaadnszgneey
‘1‘7{ﬂzgﬂn'mluﬁ’mm@ﬂﬂuzﬁ“m‘mmm Wit Ty el

Taifnngvihan ldandus

n’lié/mgi/ﬂo’i&lﬁmllnﬁ (correction of deformity)
1. masFaxuduaugmaiasquiula (epiphysiodesis )
35014 lunnsanaauiiagl (deformity) Tneda

v
'

143Aa 1) Hiloesiasdl growth remaining waeaguINNgn
2 T vi3a 2 uRWRAI; 2) physeal bridge fawalug]
wnndnfenas 50 Hiasannnissnundae 33 physeal
bridge resection waaflantalilaua; 3) § LLD
viaA1Adnazdl LLD 1nnndn 2 mufimas Tnannsendni
azy IWiim physeal arrest Tusumafirnga

luﬂ@umﬂqwmm partial physeal arrest IIEAe
lumqﬂ%‘l,fﬁ@uLmuﬂuﬂma‘m@mmuimL‘wmmqmm
(hemi-epiphysiodesis) U1 physis AUATd0 TN
R aafuiigaaiifanimmeg amsasegdulaite il
physis fidavaei nnanaulin angular deformity
wilunquetlae complete physeal arrest wugtinliivin
epiphysiodesis Tunaundanssudui dadl physis
ﬂﬂf?lLﬁﬂ@mmm"taimmmmmmmLmumﬁ%lﬁmmn
gndrailng
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TusumatiAn TlNsA epiphysiodesis usnisu
aziilun196im physeal cartilage aan LAY NS U
#ngl bone block L‘ﬁl'aslﬁlﬁmm? fusion Wa¥ physeal arrest
138 Phemister technique (Figure 9) siannlun1auas
#n1sldginanilunnsdaeyinlifiia physeal arrest 1w
mﬂgmﬁm‘ﬁ'NﬁuLLNu@uﬂ’nq@L@?ﬂ;LﬁuTm (transphyseal

screw) My (staple) vire ululane (plate) TaaRsld

gunsnlivaiiuidenneliandudesinans Physeal
growth plate lANuAAzrgANITATayLALIALLUTIATI2
Tnaldanunuznnamilensy (tethering effect) anginsal
WAty Aslunisiigilnsalinanilaanfiaiunem
A ! a a 2

wanAugnisasiulelasialyl

wana1nn1s14is epiphysiodesis €9138n19
nezf uanlaanienszd wileunszgn (periosteal

stripping and periosteal division procedure) wWudnuila
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3 pauANNIsas AUl Uiy Tnaanuisnld
n

= e ~
AN uanseiwls Uszaunod 4 [umiung

L n—o =Hh
=)

—2

= B

‘Mﬁ‘ﬂ‘w'mﬁl’ﬂﬂﬂﬂ?LLfﬂ‘ﬂNﬁJﬂ@’]N’]?ﬂVﬂLﬂuﬂ’]ﬁ‘m’]ﬁlﬂﬂiuﬁm
Lﬂﬂﬁ:um‘:@mwmmmmm lunseiaas Peripheral physeal

arrest 913 Angular deformity Tmmﬁ@nﬁmmmmuquﬂ’

ﬂ’]?Lﬂ?‘ﬂ;LﬁUTmﬁﬁT\iﬂﬂaﬂ% (hemiperiosteal stripping and
periosteal division) *”

TunnsAnenfisauan §nsvinnssnga hemi-
eplphyS|odeS|s fauALN1INN physeal brldge resection
611\1‘1/\1‘1_|Q’1 deformity wag LLD @mmmﬂn@mm bridge

(37, 38)

resection LWENaENILAEA Taglunis@nuaiio

f§auUNaL (retrospective) 189 Xiao H. WasAUY
azuuzi 1vin Nemi-epiphysiodesis $aufy bridge

resection ‘lu@’ﬂwﬁﬁ angular deformity NIUIANINNIT

10°

(38)

Figure 9. wnanaang 14 T wunmazithidagidswli (genu valgus) 183a1nnisunaiauLsan distal femur 48 Salter

& Harris type IV 51 tneidannssinuazannszan (acute corrective osteotomy) $a8ril hemi - epiphysiodesis (phemister

technique) tHasannisasyiiulnavuaaliuinlugdaasail (A) aawdafs@neuddaudla;

(B)

nadrafsdndsnisiadauily wandliiusesdnnszgn acute corrective osteotomy uazmNfaalans (plate)

auiulAdnanezaae genu valgus amas; (C — D) N3N epiphysiodesis #ael bone block (phemister technique)

30l medial distal femur.
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2. n1sdauryAugn1gias A ule (physeal

distraction) "

]
A o A

ﬁﬂusg'ﬂqwmu growth remaining WaZ physeal
bridge Hauman taanistiaudugugdnisasosuls
aziflunisldlansiinmsansegnafinniauan (external
fixator) lun1s8ipgeneuaue A N6 physis
Tnalifinnasianszan (osteotomy) lesanniizn physeal
cartilage L‘fluu?‘mmﬁfrj@ugmdﬁm:@ﬂ%’ﬁqLﬁmv‘fﬂﬁ
au30dngilanniang le usidhgilaedl physeal bridge
1Al anann physeal bridge resection $augae
rawufiazyinig distraction Tmaﬁauﬁﬂunzﬁué’ﬂwﬁ‘lﬂﬁ
g nissaauindnde iasaannns distraction
21991 1%1Am premature physeal arrest 1oL uiu
wazddsananamesldlanzidldudnlndsedasae
Foduillentainntsiond e 1ldg usindeld
(septic arthritis) uﬂﬂ@’m‘ﬁﬂ’]ﬁ‘ﬁﬁ distraction fTu
fifadniadunsimansausaNdae 1y &1 deenisi
epiphysiodesis, osteotomy 138 bone lengthening
soudaetin §18nns distraction ¥ieundaenadnagng
Fpaenaadgiloadl growth remaining waaNINA~IN
flazaanisaluadws desnisudle ¥ laEa 145y
AN
3. n’:sm"’mmz@”mgtlnsz@n (correctiveosteotomy)

nsvinnsfanardanszgnluiui  (acute
corrective osteotomy) Aavnsdnglnszaniupsaien
¥nMnFaNil physeal bridge resection Tneildetisdae
angular deformity AuANA4Y 20° (We undn 10°

(30)

Tuu3aneLan) Tagan1saud lwATuANIT
Iuilunsrinfaasades ilesainansaiuesgs
fixeansutleldRausiusnudanisianszgn osteotomy
Tnauainfndngludndasinisniunszgninaainnsn
vnlgiartinanylinnelu (internal fixation) 38 A1&1LAN
(external fixation) 818 Taen12ld internal fixation
Adedemenasinfaudaliainisadsumainuanislaan
wsin13ld external fixation €NATN1ITNAANITIANNANT
18 nuaan '1ﬁmimﬂma‘ﬂ%uim‘m%qmﬂuﬂﬂ
Lmvmmﬂmmemﬂmmmmm@m acute corrective

osteotomy uummm L@ﬂﬂ‘ﬂﬂdﬂ’]ﬁ'ﬂﬁﬁﬁ‘ﬂﬁl@ﬁ@@ﬁL@’r]ﬂ

WnanisluanIAnann distraction instrument 1o wanannil
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waziduilszaanainnisilasuiuansegn taganny

e

ma*ﬂhﬁmﬁLﬂ?ﬁlﬂmmqnsx@ﬂ@ﬂwmﬂﬁ%ﬁmmLﬁﬂqqqmu

UBNAIN acute corrective osteotomy B}jﬂ']ﬂﬁﬁ
ohyseal bridge 71183Un"335n#358un"udfigunsn
NN corrective osteotomy VlﬁLﬁﬂ'ﬂivﬂﬂW?ﬂﬂxaﬂgﬂﬁﬁd
wadLanag
4. n1sgausauaAnssan (bone lengthening/
shortening)

d”mqﬂ?:mm’mmmﬁﬂmi Lﬁﬂ@mmmiﬂmm@
189411 211AEN19911 bone lengthening TAaufieu
11nN41 bone shortening Imﬂﬁm:ﬁﬂwgﬂmﬁmmwx
fanuldannaeauauan (LLD) NInNndn 5 ufmues
% amafiansindafianld external fixator a1aifluaile
TATaAF LA 819 (mono-lateral) ¥7a lA9&5F19WUL
29U (ring external fixator) WaNAINAILANNEND

aad o = = , .
A5HgsaNnraud lanngh ﬂg‘ﬂ'ﬂuj b angular deformity

prp o o % o ‘s' \
Aflaoududaulalnanistfunld auuuanszgniiau
external fixation 19711/ lun19nAaanis

LagAEAS T uWﬁn’;mmz?ﬂonﬁmﬁymﬁlﬂ
(regenerative medicine and tissue engineering)''* '®

NS NEAaY physeal bridge resection with
material interposition ﬁqmLﬂumﬁﬂmwﬁvﬂlumiﬁmj
navsdeinlluniei %ﬂﬁma‘ﬁﬂmmm%ﬂuﬂwﬂu
MR Adlanalnnisiina premature physeal arrest
N1NT U uazdnd dlilaud sz uinad agnedingnald
Tudauaasnalnnisiialsn wazuananmailanisinen
fgaenfunadnsTiaudaiy asunenanulunisinem
Arudanrinlud L‘ﬁymﬁ'@mﬁmﬁmwmﬂmﬁ’mwé’
FrBaonssniilaiiie e nsldimadafiafiiAsann
@Nﬁ‘mmé’a‘zﬁumm’iﬁﬂﬁﬂﬁmﬁlﬂ Physis fiunell
mmmﬁuvjmﬁ“umﬁwmﬁﬁqLﬁu 1sa nisanlaniaiin
physeal bridge mﬁﬂmoﬁ“@ﬂmqmgﬂﬁﬁqﬁ

1. n3fnenAaaEaga (cell therapy) Liu
nisdgnanensegneeu  (cartilage transplant)
M?‘@m@ﬂz;ﬂﬂ'mmm’m:@ﬂﬁﬂu‘ﬁ' Aaslufemanes
(cultured chondrocyte) sanlUDen sl maamundin
1UAR iU mesenchymal stem cells (MSCs)
anlanszgn vie Suldidedunszgniienseuliiin
nnsa$ha physis daudivnellal
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2. ﬂ’]ﬂ‘ffm??ﬁf;'fﬁm (biologic substance)
fnsAnelagld TGF-B Tunnsinmanganisiiusa
m@m@x@nfd@u (chondrogenesis) luU?LQmﬁﬁ
nsunalR s e LN uAutN1sRT AUl sondannsld
BMP inhibitor Lﬁ@@mmﬂﬁmm‘x@ﬂ (osteogenesis) ﬁLﬂu
fansrialfiAin physeal bridge wenaNREadinsAnEN
fannsld anti-inflammatory M4 non-steroidal anti-
inflammatory drugs (NSAIDS) Tunsdraanlanialin
physeal bridge TaendednisiAnnissniauianniauly
(over-inflammation) ¥AINITLIALALIABULEUAENTLATTY
wulnenanseauliiin abnormal physis healing 16t

3. Bioengineering In1rdamneiingasig
WTie1in (scaffolds) A& TUAR ] Lﬁ@‘lﬂfj’l,ﬂuf?m
Lmu‘ﬁ 1114 Poly-Lacti-co-Glycolic-acid (PLGA), agarose
38 chitin i

'lum'quzgmﬁmﬁlﬁmmnmﬁwmnmmm@ﬁ%
ﬂﬁ?%ﬂHﬁLL@:ﬁ@ﬁ/ﬂﬁi‘ﬁlﬁﬁﬁimqLaﬂﬂﬂ"lﬁvmﬁ”’m%‘it;ﬁﬂu
AWIWEWAN (Figure 10) eadaaindulalunisiaen
ma‘é‘“nm@’ﬂmmju’f‘i ﬂfjwiiﬁmmmumwﬁygﬂﬁﬂﬁ
anANEFauARE1INN nistaannissneniugas
fagessnilefeladedu q uazniedndulasantugias
dHusayang
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ag1/

N1TUIALA UA UK WA uE nIsLaT LA uln
(physeal injury) LﬂumsmmLfi«]‘mmniz@niwﬁnﬁwu
Fdey Faufdnnnzunsndeufidrdyuie premature
physeal arrest aznulatdesun wiafeiloywinasa
§Uosuari poindudaulunisfneininzdeana
feuddirnalnnnadalsedadufionideusingu Feses
NILALR LA NARALARA (disruption of blood supply)
Fuilui venfumudusdaunsuans TuA1UN199 Ua
Sneuilesarnnulddes nisdissdeuazlinissnem
f;“qu,m'smuwnL‘§mzmmimmmw;umwmimiﬁ’
Tnaazandunisldninadrafsdluntsnmainniunay
19239 Taeldn1sdUnAA N UL ARINITIUNAUNITLATTY
Fularannemsauazniedan ‘lun@iu@'ﬂmﬁﬁﬂ@ﬁmgm
maedsynns enadesiinnansaafiamiuii auand uuas
WINNANIIY physeal arrest WAINIINAITUINITANY
AsIAL MANT A1 Ayt MRI 9ie CT-scan saniia
nsulanazeansdensaail e n1siaennisinen
ﬁLummﬂugﬂqmm@mm warluA14189N195 N1
Fefasmidanladalunisaannisinedu a0y,
ﬂ'm‘m?‘a;tﬁuimﬁmﬁﬂ@ﬂg, UNAUDY physeal bridge WAy

Growth remaining > 2ys (or 2cm)

Bar < 50%

Bar > 50%

Growth remaining < 2ys (or 2cm)

Any bar size

Bar resection Angular deformity

with or without I

Presence or Predicted
limb length discrepancy

No deformity

Angular Deformity correction Correction deformity

Correction LLD Observe

~—

® Epiphysiodesis*

>5-10° > 10-20° k = .
- : : ® Physical distraction
Epiphysiodesis Osteotomy e Osteotomy
Unsuccessful
|
[an correction deformity]

Procedure depends on growth remaining

(If almost reach maturity -> option : Osteotomy, Shortening, Lengthening)

B+ Observe

= Develop deformity/LLD
* Orthosis, Shoe lift Yreat 36.1LLD or Detorrity
P2l - Contralateral

epiphysiodesis*
No deformity until
maturity

No further treatment

LUl - Limb lengthening

*epiphysiodesis require growth remaining

Figure 10. avsuduneulnadaarlrasnisiarsinisinenisiinnisugaasaiuinnends.
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FuMLNRuNuAuENSETIELTE uaznIEaNnsEan
wsiu atinelafimunisinenludaqiudalaiaiuisainli
L2 o = a a 2 A a
g Uasndunadnisia i ulalsd iud aulnd
= |4ﬂ” a a dl v

Weus W wynasasaAuini e li i AN L8
nsiagUusaninllang aresuauai ana

& - = . o vy a

wazuinnasW uynaaas A vuinliannnsori ldvie
= a dl < o o a a
HavuiagUngussiatnsaniunisdngladuinLng
gavinaudanisinuiniozaananodeld i 4o @
lunisdennisfnuuulauuunile n1sfnEnazmga
nswsaiulnewitatusias fnsnnudieuaanaunu
nsinudaniuliazy inadnsiduniinela
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