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LiKer regenera"ion is a )om@.e( @ro)ess5 ,aKing eKo.Ked "o @ro"e)" anima.s 1rom ",e )onseZ
Puen)es o1 .iKer .oss )aused EI 1ood "o(ins Q=i),a.o@ou.os and de Xran)es5 <TTUR. ]e es"aEZ
.is,ed a ma",ema"i)a. s@a"ia.Z"em@ora. mode. o1 ",e .iKer .oEu.e regenera"ing a1"er )arEon "eZ
"ra),.oride Q--./R in"o(i)a"ion. N,e aim o1 mode.ing ",e regenera"ion @ro)ess EI ma"),ing e(@eZ
rimen"a. oEserKa"ions +i", ",ose 1rom ",e ma",ema"i)a. mode. is "o gain a Ee""er unders"anding 
o1 ",e @ro)ess and "o re)ogniMe +,i), @arame"ers are re.eKan" 1or s@e)i1i) @,enomena.  
 
���!"�!#[ ^rigina. @i)"ure 
o1 a 2ema"o(i.inZYosin 
s"ained .iKer se)"ion. $[ 
LoEu.e in +,i), im@orZ
"an" 1un)"iona. e.emen"s 
are ,ig,.ig,"ed. N,e E.ue 
do"s deno"e ,e@a"o)I"e 
nu).ei. _` deno"es ",e 
)en"ra. Kein5 P` ",e @eriZ
@or"a. Keins. N,e sinusoZ
ids are ,ig,.ig,"ed in 
green. N,eI are radia..I 
orien"ed "o+ards ",e )enZ
"ra. Kein. 0inusoids ",a" 
)ome 1rom ",e P` @airZ
+ise merge and in ",is 
+aI a@@ro(ima"e.I mainZ
"ain ",e sinusoid densi"I. 
N,e @osi"ion o1 ",e .oEu.e 
Eorder is marGed EI )Ian 
s"raig," Ears indi)a"ing 
",e a@@ro(ima"e.I ,e(Z
agona. s,a@e. N,e .o)aZ
"ion o1 ",e )e.. nu).ei 
sugges"s ",a" a )e..Z)o.umn Ee"+een "+o adaa)en" sinusoids is main.I oneZ)e.. ",i)G. %&'[ 0imu.a"ed reZ
genera"ion s)enario a1"er --./ in"o(i)a"ion in a s),ema"iMed .iKer .oEu.e a" "bT Q-R5 "bA QFR and "bV QYR 
daIs. B1"er in"o(i)a"ion5 an inner ring o1 ,e@a"o)I"es dies indi)a"ed EI Ero+n )o.or Q-R. N,is is 1o..o+ed 
EI @ro.i1era"ion QFR5 1irs" more @ronoun)ed ).ose "o ",e )en"ra. Kein5 ",en gradua..I s@reading "o+ards ",e 
@eri@or"a. Mone QdarG Ero+n )e.. )o.or indi)a"es @ro.i1era"ionR. B1"er seKen daIs ",e mi)roar),i"e)"ure 
),ara)"eriMed EI )o.umns o1 ,e@a"o)I"es is a.mos" )om@.e"e.I res"ored QYR.



Hn order "o se" u@ a rea.is"i) mode. +e 1irs" re)ons"ru)"ed a s),ema"iMed .iKer .oEu.e a1"er de"erZ
mina"ion o1 QiR ",e mean numEer o1 ,e@a"o)I"es Ee"+een ",e )en"ra. Kein and ",e @eri@,erI o1 ",e 
.oEu.e5 QiiR ",e mean siMe o1 ",e ,e@a"o)I"es and QiiiR ",e mean numEer o1 ,e@a"o)I"e )o.umns in 
",e inner5 midMona. and @eri@,era. ring o1 ",e .oEu.e QXig.4BZ>R. Hn a ne(" s"e@ +e de"ermined 
",e "ime )ourse o1 )e.. dea", and >rdJ in)or@ora"ion a1"er in"o(i)a"ion o1 ma.e 0@rague Fa+.eI 
ra"s +i", --./5 ",ereEI di11eren"ia"ing Ee"+een inner5 midMona. and @eri@,era. ,e@a"o)I"es Q8eEZ
,ard" and >urger5 4cWVR. N,e in1orma"ion a)Puired ana.IMing ",e e(@erimen"a. da"a +as used "o 
@arame"eriMe ",e mode.ing.  
 
N,e Easi) uni" o1 ",e mode. QFrasdo and 2oe,me5 <TTUR is ",e indiKidua. )e... 0in)e 1res,.I isoZ
.a"ed ,e@a"o)I"es in sus@ension ,aKe a s@,eri)a. s,a@e +e assume ea), mode. )e.. "o Ee s@,eriZ
)a. in ",e in"er@,ase and "o de1orm in"o a dumEZEe.. during mi"osis. Hn our ana.Isis5 +e )onsider 
a <FZse)"ion o1 an didea.e ,e(agona. .iKer .oEu.e )om@osed o1 a@@ro(ima"e.I ATT mode. )e..s 
+i", ",e )en"ra. Kein in ",e midd.e QXig.4-R. ]e assume an aKerage in"rinsi) )e.. )I).e "ime ! "o 
Ee in1.uen)ed a" ",e .eKe. o1 indiKidua. )e..s EI regu.a"orI 1a)"ors and me),ani)a. s"ress and 
mode. ",e a""ra)"iKe and re@u.siKe in"era)"ions due "o ",e 2er"M mode. Q8a..e e". a..5 <TTUR ",a" 
Iie.ds an a@@ro@ria"e des)ri@"ion o1 ",e )e..Z)e.. in"era)"ions Q=a,a11I e". a..5 <TTTR. ^ur mode. 
is @arame"eriMed EI measuraE.e Puan"i"ies. ]e sIs"ema"i)a..I ana.IMe ",e in1.uen)e o1 Q4R ",e 
@roEaEi.i"I o1 )e.. diKision a" de1ined @osi"ions o1 ",e .oEu.e a" a giKen "ime5 Q<R ",e aEi.i"I o1 ",e 
)e..s "o )oordina"e.I a.ign during ",e regenera"ion @ro)ess in"o )o.umns "o+ards ",e )en"ra. Kein 
o1 a .iKer .oEu.e5 QAR ",e dura"ion o1 ",e )e.. )I).e5 Q/R ",e migra"ion a)"iKi"I and QUR ",e @o.ari"I 
o1 ",e ,e@a"o)I"es resu."ing in @o.ar )e..Z)e.. ad,esion Ee"+een ",em.  
 
^ur mode. s,o+s ",a" --./ ini"ia..I indu)ed )e.. dea", o1 a @eri)en"ra. ring o1 ,e@a"o)I"es5 1o.Z
.o+ed EI a +aKe o1 @ro.i1era"ion ",a" s"ar"s in ",e surKiKing ,e@a"o)I"es ne(" "o ",e inner ring o1 
dead )e..s and )on"inues "o ",e @eri@,era. ,e@a"o)I"es5 1ina..I res"oring ",e ),ara)"eris"i) mi)roZ
ar),i"e)"ure o1 ",e .oEu.e in a seKen daI @ro)ess QXig.4-ZYR.  
 

(
)*+!,[ N,e "ime un"i. ",e iniZ
"ia. .esion ).ose "o ",e )en"ra. 
Kein is regenera"ed de)reases 
+i", in)reasing migra"ion 
a)"iKi"I Qa is a mu."i@.i)a"iKe 
1a)"or5 ab4.T[ re1eren)e miZ
gra"ion o1 ,e@a"o)I"esR and 
+i", in)reasing aEi.i"I o1 ",e 
)e..s "o )oordina"e.I o@"imiMe 
",eir a.ignmen" Q--^[ )oorZ
dina"ed )e.. a.ignmen"5 D-^[ 
random )e.. orien"a"ion a1"er 
diKision and no )oordina"ed 
)e.. a.ignmen"R. 
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Hn"eres"ing.I5 )oordina"ed )e.. a.ignmen" and )e.. @o.ari"I +ere iden"i1ied "o Ee ",e mos" )ri"i)a. 
@arame"ers QXig.<R +,ose e.imina"ion .ed "o des"ru)"ion o1 ",e ),ara)"eris"i) mi)roZar),i"e)"ure 
o1 ",e .oEu.e and "o a ,ig, degree o1 disorder ),ara)"eriMed EI ,e(agona. )e.. s"ru)"ures. ^ur 
mode. sugges"s ",a" ",e aEi.i"I o1 ,e@a"o)I"es "o rea.ign a1"er )e.. diKision in )omEina"ion +i", 
)e.. @o.ari"I maI Ee a" .eas" as )ri"i)a. as ,e@a"o)I"e @ro.i1era"ion i"se.1. 
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!) Frasdo F and 2oe,me5 0. Q<TTUR B sing.eZ)e.. Eased mode. o1 "umor gro+", in Ki"ro[ 
mono.aIers and s@,eroids. !"#s% '()*. <5 4AAZ4/V. 

 
!) 8a..e 75 Loe11.er = and Frasdo F. Q<TTUR =ode.ing ",e e11e)" o1 deregu.a"ed @ro.i1eraZ

"ion and a@o@"osis on ",e gro+", dInami)s o1 e@i",e.ia. )e.. @o@u.a"ions in Ki"ro. '()+"#s 
,% WWQ4R5 f<ZVU. 

 
!) 8eE,ard" D and >urger 27. Q4cWVR 0e.e)"iKe .oss o1 ,ormona. indu)"ion o1 g.u"ama"e 

"rans@or" in @rimarI )u."ures o1 ,e@a"o)I"es 1rom ra"s "rea"ed +i", --./. , -e+/0)*. /QAR5 
AW4Zc. 

 
!) 2oe,me5 05 2engs".er 785 >ru.@or" =5 0),g1er =5 >auer B5 8eE,ard" D and Frasdo F. 

Q<TTVR =a",ema"i)a. mode.ing o1 .iKer regenera"ion a1"er in"o(i)a"ion +i", --./ 1"e2(3
c)3'()*)5(c/* 6n0er/c0()n9 4fW5 V/ZcA. 

 
!) =a,a11I DY5 0,i, -h5 =a)hin"os, X- and has 7. Q<TTTR 0)anning @roEeZEased 1reZ

Puen)I de@enden" mi)ror,eo.ogI o1 @o.Imer ge.s and Eio.ogi)a. )e..s. !"#s%Re;%<e00.5 WU5 
WWTZWWA. 

 
!) =i),a.o@ou.os 8h and de Xran)es =. Q<TTUR LiKer regenera"ion. =>; '()c"e2 ?n5 '()3

0ec"n)*% cA5 4T4ZA/. 
 
 
 


