
Abstract 

 

 Relationship between orthodontically induced  external root resorption and properties of root cementum 

 

 

 

 

 

 

 

 

 

 

2022 Graduate School of Dentistry, Health Sciences University of Hokkaido 

 Kana Egami 



1 

 

I t odu tio  

O thodo ti all  i du ed e te al oot eso ptio  OIRR  is a  u p edi ta le o o  isk a d 

se e e OIRR auses i e e si le o phologi al ha ges at the oot ape . Patie t- elated fa to s 

su h as ge eti s, s ste i  disease, a d a o al oot o pholog , as ell as t eat e t - elated 

fa to s su h as applia e t pe a d e essi e o thodo ti  fo e, a  o t i ute to OIRR. The 

ph si al p ope ties a d he i al o positio  of oot e e tu  a  affe t esista e a d 

se siti it  to OIRR. Fu the o e, the diag osis of OIRR is ofte  ade usi g t o -di e sio al 

i ages su h as pa o a i  adiog aphs, ut it is diffi ult to  a u atel  ide tif  t ue oot eso ptio  

usi g o l  t o-di e sio al i fo atio  due to disto tio . O  the othe  side, de tal o e ea  

o puted to og aph  CBCT  is idel  used i  the field of o thodo ti s i  e e t ea s , e ause 

it a  o tai  highl  ep odu i le i ages ithout disto tio .  

The ai  of this stud  as to i estigate the elatio ship et ee  OIRR a d th ee-di e sio al 

tooth o e e t i  o thodo ti  t eat e t usi g CBCT, a d to ide tif  e  isk fa to s fo  OIRR  

e a i i g the elatio ship et ee  OIRR a d the ph si al p ope ties a d he i al o positio  

of the oot e e tu . 

 

Mate ials a d Methods  

1. P epa atio  of oot e e tu  spe i e s 

T e t -se e  a illa  fi st p e ola s N=  e e e t a ted f o  patie ts fe ale, ea  age: 

± .  ea s  ho isited the Depa t e t of O thodo ti s, De tal Cli i , Health S ie es 

U i e sit  of Hokkaido a d e ui ed e t a tio  fo  o thodo ti  t eat e t.  Ra do l  sele ted 

u ilate al e t a ted teeth e e di ided i to u al a d palatal po tio s, a d fu the  di ided i to 

th ee po tio s e i al, e t al, a d api al . The teeth e e lassified i to u al e i al BCV , 

u al e t al BCT , u al api al BA , palatal e i al PCV , palatal e t al PCT , a d palatal 

api al PA  = . The spe i e s e e e apsulated i  epo  esi  Epofi , St ue s , a d the 

su fa es e e polished to o tai  a suita le su fa e fo  a oi de tatio  test.  

 

2. E aluatio  of ph si al p ope ties of the oot e e tu  sa ples 

The ph si al p ope ties ha d ess a d elasti  odulus  of ea h oot e e tu  spe i e  e e 

easu ed at th ee lo atio s i side, e te , a d outside  o  ea h of the si  spe i e  BCV, BCT, 

BA, PCV, PCT, PA  usi g a a oi de tatio  testi g ENT- A, Elio i . Na oi de tatio  testi g 

as a ied out at C ith a peak load of  N n = . 

 

3. O se atio  a d o positio  a al sis of sa ples  S a i g Ele t o  Mi os op  SEM  a d 

E e g  Dispe si e X- a  spe t os op  EDX  
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Afte  the a oi de tatio  test, the spe i e s e e deh d ated i  a g aded se ies of etha ol 

 % to %  a d fu the  d ied at °C fo   h. Rep ese tati e su fa es of e e tu  spe i e s 

e e e a i ed ith SEM JMS- F, JEOL  a d the  the o positio  as a al zed  EDX.   

 

4. Measu e e t of the a ou t of tooth o e e t afte  o thodo ti  t eat e t  

A o g the patie ts hose sa ples e e olle ted, CBCT data e e o tai ed fo   patie ts 

efo e the sta t of a ti e t eat e t T  a d at the e d of a ti e t eat e t T . CBCT data e e 

o e ted to STL data i i s, ate ialize , a d a o posite odel of the a ial o e, a illa  

o e, a d tooth data to e easu ed as eated fo  the a illa  supe i positio , a d a 

o posite odel of the a di le o e a d tooth data to e easu ed as eated fo  the 

a di le supe i positio  a d supe i posed at T  a d T  - ati , ate ialize . The o e e t 

of the a te io  teeth as easu ed i  the esial-distal X-a is , la io-li gual palatal  Y-a is , a d 

e ti al Z-a is  di e tio s, a d that of the ola s i  the u al-li gual palatal  X-a is , esial-

distal Y-a is , a d e ti al Z-a is  di e tio s; the Z-a is o e e t as easu ed as "+" alue fo  

the do a d p essu e di e tio  a d "-" alue fo  the up a d o e e t di e tio .  

  

5. Th ee-di e sio al e aluatio  of the a ou t of oot eso ptio  afte  o thodo ti  t eat e t  

Usi g STL data, the a ou t of oot eso ptio  at T  a d T  as easu ed as the diffe e e i  

li ea  dista e a d olu e. The a e age alues of the o e e t a d oot eso ptio  e e 

easu ed o  the left a d ight sides. The elatio ship et ee  the a ou t of oot eso ptio , the 

a ou t of o e e t, a d e e tu  ha d ess as e a i ed  al ulati g Pea so 's o elatio  

oeffi ie t. 

 

6. Statisti al A al sis 

Statisti al a al sis as pe fo ed usi g statisti al soft a e SPSS Stati s , IBM . O e - a  

ANOVA as used fo  o pa iso s a o g the g oups, follo ed  Tuke 's test fo  ultiple 

o pa iso s P < . . The elatio ship et ee  the ha d ess of the oot e e tu  a d Ca/P 

a d Mg/Ca atios e e e a i ed  al ulati g Pea so 's o elatio  oeffi ie t.  

 

Results  

1. E aluatio  of ph si al p ope ties of e e tu  

The ha d ess a d elasti  odulus of the oot e e tu  e e sig ifi a tl  diffe e t, ith the 

BCV ha i g the la gest alue a d the PA ha i g the s allest alue. The alues e e s alle  at the 

e te , i side, a d outside of the easu e e t poi ts, ut the e e e o sig ifi a tl  diffe e t.  

The ha d ess of the oot e e tu  as lassified i to the Soft, Mode ate, a d Ha d g oups ased 

o  the ea  alue of the ha d ess.  
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2. O se atio  of the e e tu  su fa e st u tu e a d o positio  a al sis  

The e e tu  idth e a e ide  i  the e i al, e t al, a d api al egio s, a d the e as 

o sig ifi a t diffe e e i  the su fa e st u tu e et ee  the ha d a d soft g oups. The Ca/P atio 

as sig ifi a tl  lo e  i  the Ha d, Mode ate, a d Soft g oups, a d a st o g positi e o elatio  

as o se ed et ee  the ha d ess of the oot e e tu  a d Ca/P atio. A egati e o elatio  

as o se ed et ee  the ha d ess of the oot e e tu  a d Mg/Ca atio.  

 

3. Results of the a ou t of the oot eso ptio  a d the tooth o e e t 

The oot eso ptio  as g eatest i  the a illa  e t al i iso s, follo ed  the a illa  

late al i iso s, a di ula  a i es, a di ula  late al i iso s, a illa  a i es, a d a di ula  

e t al i iso s. I  oth the uppe  a d lo e  ja s, the a te io  teeth sho ed sig ifi a tl  g eate  

alues tha  the ola s. The highest a ou t of o e e t as o se ed i  the a di ula  se o d 

p e ola s, follo ed  the a di ula  fi st ola s o  the -a is, the highest a ou t i  the 

a illa  e t al i iso s, follo ed  the a illa  a i es o  the -a is, a d the highest a ou t 

i  the a di ula  e t al i iso s, follo ed  the a illa  e t al i iso s o  the z -a is. 

 

4. Relatio ship et ee  the a ou t of oot eso ptio  a d tooth o e e t  

The e as o o elatio  et ee  the a ou t of oot eso ptio  o  the X a d Y a es, ut the e 

as a positi e o elatio  o  the Z a is.  

 

5. Relatio ship et ee  the a ou t of oot eso ptio  a d the ph si al p ope ties of e e tu  

A st o g egati e o elatio  as o se ed et ee  the a ou t of oot eso ptio  a d the 

ph si al p ope ties of the oot e e tu .  

 

Dis ussio  

 The e i al t o-thi ds of the oot e e tu  as ha d ell-f ee e e tu , hile the api al 

o e-thi d as al ified ellula  e e tu , i ludi g the ells the sel es. The oute  side had 

Sha pe's fi e s that i ade the pe iodo tal liga e t, hile the i e  side had a e e t de ti  

o de , a d the adhesi e o po e t othe  tha  the ha d tissue o po e t as p ese t i  the 

a ea he e the e e tu  adhe es to othe  st u tu es, hi h a  e plai  the lo e  alues fo  the 

i e  a d oute  sides.  

The t e d that the a ou t of oot eso ptio  te ded to i ease ith de easi g e e tu  

ha d ess is o side ed to e due to the lo e  Ca/P atio i  the Soft g oup tha  i  the Ha d g oup. 

It has ee  epo ted that Mg is al a s i ol ed i  o e a d tooth al ifi atio , egulates 

e e tu  eta olis , a d de eases the ate of al iu  phosphate deg adatio . I  othe  o ds, 
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the p ese e of Mg affe ts the Ca/P atio a d the Mg/Ca atio, a d a lo  Ca/P atio a  e elated 

to a  i ease i  Mg. The efo e, the Ca/P atio as lo e  a d the Mg/Ca atio as highe  i  the 

Soft g oup o pa ed to the Ha d g oup. OIRR is elated to the ha d ess of the oot e e tu , 

suggesti g that Ca/P atio a d Mg/Ca atio a  e elated to the ha d ess of the oot e e tu . 

 

Co lusio  

The ph si al p ope ties a d he i al o positio  of the oot e e tu  a  i flue e its 

esista e a d sus epti ilit  to OIRR. 


