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IŶtƌoduĐtioŶ  

OƌthodoŶtiĐallǇ iŶduĐed eǆteƌŶal ƌoot ƌesoƌptioŶ ;OIRRͿ is aŶ uŶpƌediĐtaďle ĐoŵŵoŶ ƌisk aŶd 

seǀeƌe OIRR Đauses iƌƌeǀeƌsiďle ŵoƌphologiĐal ĐhaŶges at the ƌoot apeǆ. PatieŶt-ƌelated faĐtoƌs 

suĐh as geŶetiĐs, sǇsteŵiĐ disease, aŶd aďŶoƌŵal ƌoot ŵoƌphologǇ, as ǁell as tƌeatŵeŶt -ƌelated 

faĐtoƌs suĐh as appliaŶĐe tǇpe aŶd eǆĐessiǀe oƌthodoŶtiĐ foƌĐe, ŵaǇ ĐoŶtƌiďute to OIRR. The 

phǇsiĐal pƌopeƌties aŶd ĐheŵiĐal ĐoŵpositioŶ of ƌoot ĐeŵeŶtuŵ ŵaǇ affeĐt ƌesistaŶĐe aŶd 

seŶsitiǀitǇ to OIRR. Fuƌtheƌŵoƌe, the diagŶosis of OIRR is ofteŶ ŵade usiŶg tǁo-diŵeŶsioŶal 

iŵages suĐh as paŶoƌaŵiĐ ƌadiogƌaphs, ďut it is diffiĐult to  aĐĐuƌatelǇ ideŶtifǇ tƌue ƌoot ƌesoƌptioŶ 

usiŶg oŶlǇ tǁo-diŵeŶsioŶal iŶfoƌŵatioŶ due to distoƌtioŶ. OŶ the otheƌ side, deŶtal ĐoŶe ďeaŵ 

Đoŵputed toŵogƌaphǇ ;CBCTͿ is ǁidelǇ used iŶ the field of oƌthodoŶtiĐs iŶ ƌeĐeŶt Ǉeaƌs , ďeĐause 

it ĐaŶ oďtaiŶ highlǇ ƌepƌoduĐiďle iŵages ǁithout distoƌtioŶ.  

The aiŵ of this studǇ ǁas to iŶǀestigate the ƌelatioŶship ďetǁeeŶ OIRR aŶd thƌee-diŵeŶsioŶal 

tooth ŵoǀeŵeŶt iŶ oƌthodoŶtiĐ tƌeatŵeŶt usiŶg CBCT, aŶd to ideŶtifǇ Ŷeǁ ƌisk faĐtoƌs foƌ OIRR ďǇ 

eǆaŵiŶiŶg the ƌelatioŶship ďetǁeeŶ OIRR aŶd the phǇsiĐal pƌopeƌties aŶd ĐheŵiĐal ĐoŵpositioŶ 

of the ƌoot ĐeŵeŶtuŵ. 

 

Mateƌials aŶd Methods  

1. PƌepaƌatioŶ of ƌoot ĐeŵeŶtuŵ speĐiŵeŶs 

TǁeŶtǇ-seǀeŶ ŵaǆillaƌǇ fiƌst pƌeŵolaƌs ;N=ϮϳͿ ǁeƌe eǆtƌaĐted fƌoŵ patieŶts ;feŵale, ŵeaŶ age: 

ϮϬ±Ϯ.ϰ ǇeaƌsͿ ǁho ǀisited the DepaƌtŵeŶt of OƌthodoŶtiĐs, DeŶtal CliŶiĐ, Health SĐieŶĐes 

UŶiǀeƌsitǇ of Hokkaido aŶd ƌeƋuiƌed eǆtƌaĐtioŶ foƌ oƌthodoŶtiĐ tƌeatŵeŶt.  RaŶdoŵlǇ seleĐted 

uŶilateƌal eǆtƌaĐted teeth ǁeƌe diǀided iŶto ďuĐĐal aŶd palatal poƌtioŶs, aŶd fuƌtheƌ diǀided iŶto 

thƌee poƌtioŶs ;ĐeƌǀiĐal, ĐeŶtƌal, aŶd apiĐalͿ. The teeth ǁeƌe Đlassified iŶto ďuĐĐal ĐeƌǀiĐal ;BCVͿ, 

ďuĐĐal ĐeŶtƌal ;BCTͿ, ďuĐĐal apiĐal ;BAͿ, palatal ĐeƌǀiĐal ;PCVͿ, palatal ĐeŶtƌal ;PCTͿ, aŶd palatal 

apiĐal ;PAͿ ;Ŷ=ϭϲϮͿ. The speĐiŵeŶs ǁeƌe eŶĐapsulated iŶ epoǆǇ ƌesiŶ ;Epofiǆ, StƌueƌsͿ, aŶd the 

suƌfaĐes ǁeƌe polished to oďtaiŶ a suitaďle suƌfaĐe foƌ ŶaŶoiŶdeŶtatioŶ test.  

 

2. EǀaluatioŶ of phǇsiĐal pƌopeƌties of the ƌoot ĐeŵeŶtuŵ saŵples 

The phǇsiĐal pƌopeƌties ;haƌdŶess aŶd elastiĐ ŵodulusͿ of eaĐh ƌoot ĐeŵeŶtuŵ speĐiŵeŶ ǁeƌe 

ŵeasuƌed at thƌee loĐatioŶs ;iŶside, ĐeŶteƌ, aŶd outsideͿ oŶ eaĐh of the siǆ speĐiŵeŶ ;BCV, BCT, 

BA, PCV, PCT, PAͿ usiŶg a ŶaŶoiŶdeŶtatioŶ testiŶg ;ENT-ϭϭϬϬA, ElioŶiǆͿ. NaŶoiŶdeŶtatioŶ testiŶg 

ǁas Đaƌƌied out at ϮϴC ǁith a peak load of ϭϬ ŵN ;n = ϭϲϮͿ. 

 

3. OďseƌǀatioŶ aŶd ĐoŵpositioŶ aŶalǇsis of saŵples ďǇ SĐaŶŶiŶg EleĐtƌoŶ MiĐƌosĐopǇ ;SEMͿ aŶd 

EŶeƌgǇ Dispeƌsiǀe X-ƌaǇ speĐtƌosĐopǇ ;EDXͿ  
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Afteƌ the ŶaŶoiŶdeŶtatioŶ test, the speĐiŵeŶs ǁeƌe dehǇdƌated iŶ a gƌaded seƌies of ethaŶol 

;ϳϬ % to ϭϬϬ%Ϳ aŶd fuƌtheƌ dƌied at ϰϱ°C foƌ ϰϴ h. RepƌeseŶtatiǀe suƌfaĐes of ĐeŵeŶtuŵ speĐiŵeŶs 

ǁeƌe eǆaŵiŶed ǁith SEM ;JMS-ϳϴϬϬF, JEOLͿ aŶd theŶ the ĐoŵpositioŶ ǁas aŶalǇzed ďǇ EDX.   

 

4. MeasuƌeŵeŶt of the aŵouŶt of tooth ŵoǀeŵeŶt afteƌ oƌthodoŶtiĐ tƌeatŵeŶt  

AŵoŶg the patieŶts ǁhose saŵples ǁeƌe ĐolleĐted, CBCT data ǁeƌe oďtaiŶed foƌ ϴ patieŶts 

ďefoƌe the staƌt of aĐtiǀe tƌeatŵeŶt ;TϭͿ aŶd at the eŶd of aĐtiǀe tƌeatŵeŶt ;TϮͿ. CBCT data ǁeƌe 

ĐoŶǀeƌted to STL data ;ŵiŵiĐs, ŵateƌializeͿ, aŶd a Đoŵposite ŵodel of the ĐƌaŶial ďoŶe, ŵaǆillaƌǇ 

ďoŶe, aŶd tooth data to ďe ŵeasuƌed ǁas Đƌeated foƌ the ŵaǆillaƌǇ supeƌiŵpositio Ŷ, aŶd a 

Đoŵposite ŵodel of the ŵaŶdiďle ďoŶe aŶd tooth data to ďe ŵeasuƌed ǁas Đƌeated foƌ the 

ŵaŶdiďle supeƌiŵpositioŶ aŶd supeƌiŵposed at Tϭ aŶd TϮ ;ϯ-ŵatiĐ, ŵateƌializeͿ. The ŵoǀeŵeŶt 

of the aŶteƌioƌ teeth ǁas ŵeasuƌed iŶ the ŵesial-distal ;X-aǆisͿ, laďio-liŶgual ;palatalͿ ;Y-aǆisͿ, aŶd 

ǀeƌtiĐal ;Z-aǆisͿ diƌeĐtioŶs, aŶd that of the ŵolaƌs iŶ the ďuĐĐal-liŶgual ;palatalͿ ;X-aǆisͿ, ŵesial-

distal ;Y-aǆisͿ, aŶd ǀeƌtiĐal ;Z-aǆisͿ diƌeĐtioŶs; the Z-aǆis ŵoǀeŵeŶt ǁas ŵeasuƌed as "+" ǀalue foƌ 

the doǁŶǁaƌd pƌessuƌe diƌeĐtioŶ aŶd "-" ǀalue foƌ the upǁaƌd ŵoǀeŵeŶt diƌeĐtioŶ.  

  

5. Thƌee-diŵeŶsioŶal eǀaluatioŶ of the aŵouŶt of ƌoot ƌesoƌptioŶ afteƌ oƌthodoŶtiĐ tƌeatŵeŶt  

UsiŶg STL data, the aŵouŶt of ƌoot ƌesoƌptioŶ at Tϭ aŶd TϮ ǁas ŵeasuƌed as the diffeƌeŶĐe iŶ 

liŶeaƌ distaŶĐe aŶd ǀoluŵe. The aǀeƌage ǀalues of the ŵoǀeŵeŶt aŶd ƌoot ƌesoƌptioŶ ǁeƌe 

ŵeasuƌed oŶ the left aŶd ƌight sides. The ƌelatioŶship ďetǁeeŶ the aŵouŶt of ƌoot ƌesoƌptioŶ, the 

aŵouŶt of ŵoǀeŵeŶt, aŶd ĐeŵeŶtuŵ haƌdŶess ǁas eǆaŵiŶed ďǇ ĐalĐulatiŶg PeaƌsoŶ 's ĐoƌƌelatioŶ 

ĐoeffiĐieŶt. 

 

6. StatistiĐal AŶalǇsis 

StatistiĐal aŶalǇsis ǁas peƌfoƌŵed usiŶg statistiĐal softǁaƌe ;SPSS StatiĐs Ϯϲ, IBMͿ. OŶe -ǁaǇ 

ANOVA ǁas used foƌ ĐoŵpaƌisoŶs aŵoŶg the gƌoups, folloǁed ďǇ TukeǇ's test foƌ ŵultiple 

ĐoŵpaƌisoŶs ;P < Ϭ.ϬϱͿ. The ƌelatioŶship ďetǁeeŶ the haƌdŶess of the ƌoot ĐeŵeŶtuŵ aŶd Ca/P 

aŶd Mg/Ca ƌatios ǁeƌe eǆaŵiŶed ďǇ ĐalĐulatiŶg PeaƌsoŶ's ĐoƌƌelatioŶ ĐoeffiĐieŶt.  

 

Results  

1. EǀaluatioŶ of phǇsiĐal pƌopeƌties of ĐeŵeŶtuŵ 

The haƌdŶess aŶd elastiĐ ŵodulus of the ƌoot ĐeŵeŶtuŵ ǁeƌe sigŶifiĐaŶtlǇ diffeƌeŶt, ǁith the 

BCV haǀiŶg the laƌgest ǀalue aŶd the PA haǀiŶg the sŵallest ǀalue. The ǀalues ǁeƌe sŵalleƌ at the 

ĐeŶteƌ, iŶside, aŶd outside of the ŵeasuƌeŵeŶt poiŶts, ďut theƌe ǁeƌe Ŷo sigŶifiĐaŶtlǇ diffeƌeŶt.  

The haƌdŶess of the ƌoot ĐeŵeŶtuŵ ǁas Đlassified iŶto the Soft, Modeƌate, aŶd Haƌd gƌoups ďased 

oŶ the ŵeaŶ ǀalue of the haƌdŶess.  
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2. OďseƌǀatioŶ of the ĐeŵeŶtuŵ suƌfaĐe stƌuĐtuƌe aŶd ĐoŵpositioŶ aŶalǇsis  

The ĐeŵeŶtuŵ ǁidth ďeĐaŵe ǁideƌ iŶ the ĐeƌǀiĐal, ĐeŶtƌal, aŶd apiĐal ƌegioŶs, aŶd theƌe ǁas 

Ŷo sigŶifiĐaŶt diffeƌeŶĐe iŶ the suƌfaĐe stƌuĐtuƌe ďetǁeeŶ the haƌd aŶd soft gƌoups. The Ca/P ƌatio 

ǁas sigŶifiĐaŶtlǇ loǁeƌ iŶ the Haƌd, Modeƌate, aŶd Soft gƌoups, aŶd a stƌoŶg positiǀe ĐoƌƌelatioŶ 

ǁas oďseƌǀed ďetǁeeŶ the haƌdŶess of the ƌoot ĐeŵeŶtuŵ aŶd Ca/P ƌatio. A Ŷegatiǀe ĐoƌƌelatioŶ 

ǁas oďseƌǀed ďetǁeeŶ the haƌdŶess of the ƌoot ĐeŵeŶtuŵ aŶd Mg/Ca ƌatio.  

 

3. Results of the aŵouŶt of the ƌoot ƌesoƌptioŶ aŶd the tooth ŵoǀeŵeŶt 

The ƌoot ƌesoƌptioŶ ǁas gƌeatest iŶ the ŵaǆillaƌǇ ĐeŶtƌal iŶĐisoƌs, folloǁed ďǇ the ŵaǆillaƌǇ 

lateƌal iŶĐisoƌs, ŵaŶdiďulaƌ ĐaŶiŶes, ŵaŶdiďulaƌ lateƌal iŶĐisoƌs, ŵaǆillaƌǇ ĐaŶiŶes, aŶd ŵaŶdiďulaƌ 

ĐeŶtƌal iŶĐisoƌs. IŶ ďoth the uppeƌ aŶd loǁeƌ jaǁs, the aŶteƌioƌ teeth shoǁed sigŶifiĐaŶtlǇ gƌeateƌ 

ǀalues thaŶ the ŵolaƌs. The highest aŵouŶt of ŵoǀeŵeŶt ǁas oďseƌǀed iŶ the ŵaŶdiďulaƌ seĐoŶd 

pƌeŵolaƌs, folloǁed ďǇ the ŵaŶdiďulaƌ fiƌst ŵolaƌs oŶ the ǆ-aǆis, the highest aŵouŶt iŶ the 

ŵaǆillaƌǇ ĐeŶtƌal iŶĐisoƌs, folloǁed ďǇ the ŵaǆillaƌǇ ĐaŶiŶes oŶ the Ǉ-aǆis, aŶd the highest aŵouŶt 

iŶ the ŵaŶdiďulaƌ ĐeŶtƌal iŶĐisoƌs, folloǁed ďǇ the ŵaǆillaƌǇ ĐeŶtƌal iŶĐisoƌs oŶ the z -aǆis. 

 

4. RelatioŶship ďetǁeeŶ the aŵouŶt of ƌoot ƌesoƌptioŶ aŶd tooth ŵoǀeŵeŶt  

Theƌe ǁas Ŷo ĐoƌƌelatioŶ ďetǁeeŶ the aŵouŶt of ƌoot ƌesoƌptioŶ oŶ the X aŶd Y aǆes, ďut theƌe 

ǁas a positiǀe ĐoƌƌelatioŶ oŶ the Z aǆis.  

 

5. RelatioŶship ďetǁeeŶ the aŵouŶt of ƌoot ƌesoƌptioŶ aŶd the phǇsiĐal pƌopeƌties of ĐeŵeŶtuŵ 

A stƌoŶg Ŷegatiǀe ĐoƌƌelatioŶ ǁas oďseƌǀed ďetǁeeŶ the aŵouŶt of ƌoot ƌesoƌptioŶ aŶd the 

phǇsiĐal pƌopeƌties of the ƌoot ĐeŵeŶtuŵ.  

 

DisĐussioŶ  

 The ĐeƌǀiĐal tǁo-thiƌds of the ƌoot ĐeŵeŶtuŵ ǁas haƌd Đell-fƌee ĐeŵeŶtuŵ, ǁhile the apiĐal 

oŶe-thiƌd ǁas ĐalĐified Đellulaƌ ĐeŵeŶtuŵ, iŶĐludiŶg the Đells theŵselǀes. The outeƌ side had 

Shaƌpe's fiďeƌs that iŶǀade the peƌiodoŶtal ligaŵeŶt, ǁhile the iŶŶeƌ side had a ĐeŵeŶt deŶtiŶ 

ďoƌdeƌ, aŶd the adhesiǀe ĐoŵpoŶeŶt otheƌ thaŶ the haƌd tissue ĐoŵpoŶeŶt ǁas pƌeseŶt iŶ the 

aƌea ǁheƌe the ĐeŵeŶtuŵ adheƌes to otheƌ stƌuĐtuƌes, ǁhiĐh ŵaǇ eǆplaiŶ the loǁeƌ ǀalues foƌ the 

iŶŶeƌ aŶd outeƌ sides.  

The tƌeŶd that the aŵouŶt of ƌoot ƌesoƌptioŶ teŶded to iŶĐƌease ǁith deĐƌeasiŶg ĐeŵeŶtuŵ 

haƌdŶess is ĐoŶsideƌed to ďe due to the loǁeƌ Ca/P ƌatio iŶ the Soft gƌoup thaŶ iŶ the Haƌd gƌoup. 

It has ďeeŶ ƌepoƌted that Mg is alǁaǇs iŶǀolǀed iŶ ďoŶe aŶd tooth ĐalĐifiĐatioŶ, ƌegulates 

ĐeŵeŶtuŵ ŵetaďolisŵ, aŶd deĐƌeases the ƌate of ĐalĐiuŵ phosphate degƌadatioŶ. IŶ otheƌ ǁoƌds, 
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the pƌeseŶĐe of Mg affeĐts the Ca/P ƌatio aŶd the Mg/Ca ƌatio, aŶd a loǁ Ca/P ƌatio ŵaǇ ďe ƌelated 

to aŶ iŶĐƌease iŶ Mg. Theƌefoƌe, the Ca/P ƌatio ǁas loǁeƌ aŶd the Mg/Ca ƌatio ǁas higheƌ iŶ the 

Soft gƌoup Đoŵpaƌed to the Haƌd gƌoup. OIRR is ƌelated to the haƌdŶess of the ƌoot ĐeŵeŶtuŵ, 

suggestiŶg that Ca/P ƌatio aŶd Mg/Ca ƌatio ŵaǇ ďe ƌelated to the haƌdŶess of the ƌoot ĐeŵeŶtuŵ. 

 

CoŶĐlusioŶ  

The phǇsiĐal pƌopeƌties aŶd ĐheŵiĐal ĐoŵpositioŶ of the ƌoot ĐeŵeŶtuŵ ŵaǇ iŶflueŶĐe its 

ƌesistaŶĐe aŶd susĐeptiďilitǇ to OIRR. 


