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Äàíå äîñë³äæåííÿ º ôðàãìåíòîì íàóêîâî-äî-
ñë³äíî¿ ðîáîòè êàôåäðè òåðàïåâòè÷íî¿ ñòîìàòîëîã³¿ 
ÔÏÄÎ Ëüâ³âñüêîãî íàö³îíàëüíîãî ìåäè÷íîãî óí³-
âåðñèòåòó ³ìåí³ Äàíèëà Ãàëèöüêîãî «Åêîëîã³ÿ òà ïà-
ðîäîíò. Âçàºìîçâ’ÿçîê çàõâîðþâàíü ïàðîäîíòà òà 
çàãàëüíî ñîìàòè÷íî¿ ïàòîëîã³¿. Äèñôóíêö³¿ ñêðîíåâî-
íèæíüîùåëåïîâîãî ñóãëîáó», ¹ äåðæàâíî¿ ðåºñòðà-
ö³¿ 0114U000112; ²Í. 30.000. 004.15. 

Âñòóï. Àòîìíî-ñèëîâèé ì³êðîñêîï (ÀÑÌ) – öå âè-
ñîêîòåõíîëîã³÷íèé íàóêîâèé ïðèëàä, ùî äîçâîëÿº 
îòðèìóâàòè çá³ëüøåíå çîáðàæåííÿ ïîâåðõí³ ìàòå-
ð³àë³â (ÿê ô³çèêî-õ³ì³÷íèõ òàê ³ ìåäèêî-á³îëîã³÷íèõ) 
³ç ðîçä³ëüíîþ çäàòí³ñòþ ïîðÿäêó ê³ëüêîõ íàíîìåòð³â 
òà ìàí³ïóëþâàòè íàíîñêîï³÷íèìè îá’ºêòàìè, íàïðè-
êëàä, îêðåìèìè ìîëåêóëàìè. Ðîáîòà ÀÑÌ áàçóºòüñÿ 
íà âçàºìîä³¿ çîíäà (çîíäîâîãî äàò÷èêà) ç ïîâåðõíåþ 
äîñë³äæóâàíîãî çðàçêà. Ï³ä âçàºìîä³ºþ ðîçóì³ºòüñÿ 
â³äøòîâõóâàííÿ ÷è ïðèòÿãóâàííÿ çîíäà äî ïîâåðõí³ 
çà ðàõóíîê áëèçüêîä³éíèõ ñèë Âàí-äåð-Âàëüñà. Â³äõè-
ëåííÿ çîíäà ðåºñòðóºòüñÿ â³äêàë³áðîâàíîþ îïòè÷íîþ 
ñèñòåìîþ, ÿêà ñêëàäàºòüñÿ ç ëàçåðà òà ïðîñòîðîâî 
ðîçä³ëåíîãî îïòè÷íîãî ñåíñîðà. ÀÑÌ çàñòîñîâóºòüñÿ 
äëÿ îäåðæàííÿ ïðîô³ëþ ïîâåðõí³ çðàçêà ³ äëÿ çì³íè 
éîãî ðåëüºôó, à òàêîæ äëÿ ìàí³ïóëþâàííÿ ì³êðî- ³ íà-
íîñêîï³÷íèìè îá’ºêòàìè íà ïîâåðõí³. ÀÑÌ äîçâîëÿº 
îòðèìàòè çîáðàæåííÿ ä³éñíî òðèâèì³ðíîãî ðåëüº-
ôó ïîâåðõí³, à íåïðîâ³äíà ïîâåðõíÿ íå ïîòðåáóº äî-
äàòêîâîãî íàíåñåííÿ òîíêîãî ìåòàë³÷íîãî øàðó, ÿêå 
÷àñòî ïðèçâîäèòü äî çì³í íà ïîâåðõí³. Êð³ì öüîãî, äëÿ 
ðîáîòè ÀÑÌ íå ïîòð³áåí âàêóóì, äîñë³äæåííÿ â îñíî-
âíîìó âèêîíóþòüñÿ ó ïîâ³òðÿí³é àòìîñôåð³. Òàêèì 
÷èíîì àòîìíî-ñèëîâà ì³êðîñêîï³ÿ (ÀÑ-ì³êðîñêîï³ÿ) 
º îäíèì ³ç ïîòóæíèõ ñó÷àñíèõ ìåòîä³â äîñë³äæåííÿ 
ìîðôîëîã³¿ ïîâåðõí³ ìàòåð³àë³â òà ëîêàëüíèõ âëàñòè-
âîñòåé ³ç âèñîêîþ ïðîñòîðîâîþ ðîçä³ëüíîþ çäàòí³ñ-
òþ. Ñüîãîäí³ ïðàêòè÷íî æîäíå äîñë³äæåííÿ â îáëàñò³ 
ìàòåð³àëîçíàâñòâà, ô³çèêè ïîâåðõí³, òîíêîïë³âêîâèõ 
òà íàíîñòðóêòóðîâàíèõ òåõíîëîã³é íå âèêîíóºòüñÿ áåç 
ìåòîä³â ÀÑÌ. 

Ó öüîìó çâ’ÿçêó ÀÑ-ì³êðîñêîï³ÿ ìîæå ñòàíîâèòè 
ÿê íàóêîâèé òàê ³ ïðàêòè÷íèé ³íòåðåñ äëÿ ñòîìàòîëî-
ã³¿ [1, 4, 5]. Çîêðåìà öå ñòîñóºòüñÿ äîñë³äæåííÿ òàêî¿ 
âàæëèâî¿ õàðàêòåðèñòèêè çóáíî¿ åìàë³ ÿê øîðñòê³ñòü ¿¿ 
ïîâåðõí³. Ó ïîðîæíèí³ ðîòà çóáíà åìàëü ïîñò³éíî ï³ä-
ëÿãàº ð³çíèì âïëèâàì ô³çè÷íî¿ ³ õ³ì³÷íî¿ ïðèðîäè [2, 
3, 6], ùî çàêîíîì³ðíî âïëèâàº íà ñòàí ¿¿ ïîâåðõí³. Äî 
÷èííèê³â, ÿê³ ïðèçâîäÿòü äî çì³íè ìîðôîëîã³¿ ïîâåðõí³ 
çóáíî¿ åìàë³, íàëåæàòü åíäîãåíí³ êèñëîòè. Ïîÿâà êèñ-
ëîò ó ïîðîæíèí³ ðîòà ìîæå áóòè âèêëèêàíà ð³çíèìè 

ïðè÷èíàìè: öå – ïàðè ïðîìèñëîâèõ êèñëîò; íàäì³ð-
íå âæèâàííÿ êèñëèõ ñîê³â, íàïî¿â, ôðóêò³â, ðåôëþêñ 
øëóíêîâîãî âì³ñòó òîùî. Çì³íè øîðñòêîñò³ ïîâåðõí³ 
åìàë³ ïðè öüîìó ó ì³êðî- ³ íàíîðîçì³ðíèõ ìàñøòàáàõ 
äåòàëüíî ùå íå âèâ÷åí³. 

Ìåòà äîñë³äæåííÿ. Àïðîáàö³ÿ çàñòîñóâàííÿ ìå-
òîäó ÀÑ-ì³êðîñêîï³¿ äëÿ âèâ÷åííÿ òîïîãðàô³¿ ïîâåðõí³ 
íîðìàëüíî¿ çóáíî¿ åìàë³ òà åìàë³, ùî ï³äëÿãëà êèñëîò-
í³é ä³¿ ç ð³çíèì ÷àñîì åêñïîçèö³¿ êèñëîòè. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äëÿ ïðîâåäåííÿ 
àòîìíî-ñèëîâî¿ ì³êðîñêîï³¿ áóëî âèãîòîâëåíî çðàçêè 
çð³ëî¿ çóáíî¿ åìàë³ äåâ’ÿòè òðåò³õ ìîëÿð³â áåç áóäü-
ÿêèõ çàõâîðþâàíü òâåðäèõ òêàíèí. Çóáè äëÿ âèãîòîâ-
ëåííÿ çðàçê³â åìàë³ áóëî âçÿòî ï³ñëÿ ¿õ âèäàëåííÿ ó 
ïàö³ºíò³â ÷îëîâ³÷î¿ ñòàò³ â³êîì 25 ðîê³â. 

Ùîéíî âèäàëåí³ çóáè îáðîáëÿëè 13 % ðîç÷èíîì 
ïåðåêèñó âîäíþ, ðåòåëüíî ïðîìèâàëè äèñòèëüîâàíîþ 
âîäîþ, âèñóøóâàëè. Ù³÷íó ïîâåðõíþ åìàë³ ðîçð³çàëè 
íà çðàçêè çà äîïîìîãîþ àëìàçíîãî äèñêà. 

Ç êîæíîãî çóáà ãîòóâàëè òðè çðàçêè åìàë³: 1 çðàçîê 
– çäîðîâà åìàëü; 2 çðàçîê – ïîâåðõíÿ åìàë³ îáðîáëå-
íà 0,1 % ðîç÷èíîì õëîðèñòîâîäíåâî¿ êèñëîòè ïðîòÿ-
ãîì 15ñ; 3 çðàçîê – ïîâåðõíÿ åìàë³ îáðîáëåíà 0,1 % 
ðîç÷èíîì õëîðèñòîâîäíåâî¿ êèñëîòè ïðîòÿãîì 30 ñ. 

Òîïîëîã³÷í³ çîáðàæåííÿ ïîâåðõí³ çðàçê³â åìàë³ 
çóáà îòðèìóâàëè çà äîïîìîãîþ àòîìíî-ñèëîâîãî ì³-
êðîñêîïà Solver P47-PRO (NT-MDT) ó íàï³âêîíòàêòíî-
ìó ðåæèì³ ðîáîòè ç ÷àñòîòîþ ðîçãîðòêè 1Ãö. Ó ðîáîò³ 
âèêîðèñòîâóâàëè çîíäîâ³ äàò÷èêè NSG10-A ç ðàä³ó-
ñîì çàîêðóãëåííÿ â³ñòðÿ 10 íì. Ó ðåçóëüòàò³ îòðèìàíî 
íèçêó çîáðàæåíü ïîâåðõí³ åìàë³ ð³çíîãî ìàñøòàáó òà 
ðîçä³ëüíîþ çäàòí³ñòþ 256´256 òî÷îê. Îïðàöþâàííÿ 
åêñïåðèìåíòàëüíèõ äàíèõ ³ âèêîíàííÿ îá÷èñëåíü ïà-
ðàìåòð³â ìîðôîëîã³¿ ïîâåðõí³ äîñë³äæóâàíèõ çðàçê³â 
åìàë³ çóá³â çä³éñíþâàëèñü ç äîïîìîãîþ ïðîãðàìíî-
ãî ïàêåòó Image Analysis (ÍÒ-ÌÄÒ). Òîïîëîã³÷í³ äîñë³-
äæåííÿ çðàçê³â åìàë³ âèêîíàí³ ó ÍÍÖ «Ôðàêòàë» Ëüâ³â-
ñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ²âàíà Ôðàíêà 
êàíäèäàòîì ô³çèêî-ìàòåìàòè÷íèõ íàóê Êóëèêîì Á. ß. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Íà 
ðèñ. 1 ïðåäñòàâëåíî çîáðàæåííÿ çðàçê³â åìàë³ çäî-
ðîâî¿ ³ åìàë³ ïðîòðàâëåíî¿ 0,1 % ðîç÷èíîì õëîðèñòî-
âîäíåâî¿ êèñëîòè (ç ð³çíèì ÷àñîì åêñïîçèö³¿ êèñëîòè). 
Çîáðàæåííÿ çðàçê³â åìàë³ ïîäàíî ó äâîõ ìàñøòàáàõ 
äëÿ êîæíîãî çðàçêà: 1×1 ìêì òà 2,5×2,5 ìêì. Ñòðóêòóðà 
ïîâåðõí³ çäîðîâî¿ åìàë³ (à) ïðåäñòàâëÿº ñîáîþ ñóêóï-
í³ñòü ù³ëüíîóïàêîâàíèõ åìàëåâèõ ïðèçì. Ïðè öüîìó 
ãîëîâêè ïðèçì âèñòóïàþòü íàä ïîâåðõíåþ åìàë³; ëå-
æàòü íà îäíîìó ç íåþ ð³âí³ ³ âèäí³ ò³ëüêè ¿õí³ êîíòóðè; 
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ð³äøå – ïðåäñòàâëÿþòü ñîáîþ 
çàãëèáëåííÿ. Ðåëüºô ïîâåðõí³ 
åìàë³ îñîáëèâî äîáðå âèäíî 
íà çîáðàæåííÿõ ä³ëÿíîê ðîç-
ì³ðîì 1×1 ìêì (âèùà êðàòí³ñòü 
çá³ëüøåííÿ). 

Ïðîòðàâëåí³ êèñëîòîþ 
çðàç êè åìàë³ (ðèñ. 1 – á, â) â³-
çóàëüíî íåçíà÷íî â³äð³çíÿþòü-
ñÿ â³ä ïîâåðõí³ çäîðîâî¿ åìàë³. 

Äëÿ âèçíà÷åííÿ ãåîìå-
òðè÷íèõ ðîçì³ð³â åìàëåâèõ 
ïðèçì íà äîñë³äæóâàíèõ ïî-
âåðõíÿõ åìàë³ ñêîðèñòàëèñÿ 
ïðîô³ëÿìè, ÿê³ â³äòâîðþþòü 
ïåðåð³ç òðèâèì³ðíîãî çîáðà-
æåííÿ ç ïëîùèíîþ. Òàê³ ïðî-
ô³ë³ ïðåäñòàâëåí³ íà ðèñ. 2 
íà â³äð³çêó 2,5 ìêì äëÿ êîæ-
íîãî ç äîñë³äæóâàíèõ çðàçê³â. 
Ïðèçìè åìàë³ â íàøèõ ÀÑÌ-
çîáðàæåííÿõ íå º îäíàêîâîãî 
ðîçì³ðó, ¿õíÿ âèñîòà ñêëàäàº 
äåñÿòêè íàíîìåòð³â, â òîé ÷àñ 
ÿê ä³àìåòð (øèðèíà) ìîæå 
áóòè á³ëüøèì 100 íì. 

Àíàë³ç ïðîô³ëþ ïîâåðõ-
í³ ÀÑ-ì³êðîñêîï³ºþ äîçâîëÿº 
îö³íèòè äåôåêòè ó ñòðóêòóð³ 
äîñë³äæóâàíî¿ ïîâåðõí³, çî-
êðåìà âñòàíîâèòè ðîçì³ðè 
«óùåëèí», ÿê³ óòâîðþþòüñÿ ïðè 
ä³¿ íà ïîâåðõíþ àãðåñèâíèõ 
÷èííèê³â. Òîìó ìàêñèìàëüí³ 
çíà÷åííÿ ð³çíèö³ ì³æ ìàêñèìó-
ìîì ³ ì³í³ìóìîì íà ã³ñòîãðàì³ 
ìîæóòü ñâ³ä÷èòè, ïðî ðåçóëü-
òàò òàêî¿ ä³¿. Ó íàøîìó äîñë³-
äæåíí³ âëàñíå ìàêñèìàëüí³ 
ïåðåïàäè âèñîòè, îá÷èñëåí³ ç 
ïðîô³ë³â, â³äïîâ³äàëè çðàçêàì 
åìàë³, ÿê³ ï³äëÿãàëè îáðîáö³ 
êèñëîòîþ, à ì³í³ìàëüí³ – çðàç-
êó çäîðîâî¿ åìàë³. 

Ðèñ. 1. Òðèâèì³ðí³ çîáðàæåííÿ ïîâåðõí³ åìàë³ çóáà ä³ëÿíîê ðîçì³ðàìè 
2,5×2,5 ìêì ³ 1×1 ìêì îòðèìàí³ çà äîïîìîãîþ ÀÑÌ äëÿ çðàçê³â: à) çðàçîê 1; 

á) çðàçîê 2; â) çðàçîê 3. 

)   

)  

)  

Ðèñ. 2. Ïðîô³ë³ ïîâåðõí³ åìàë³ çðàçê³â 

1-3 íà â³äð³çêó 2,5 ìêì. 

  

  

Äëÿ îá÷èñëåííÿ ñåðåäíüî¿ âèñîòè åìàëåâèõ ïðèçì áóëà ïîáóäî-
âàíà òàê çâàíà ã³ñòîãðàìà – çàëåæí³ñòü ê³ëüêîñò³ òî÷îê â³ä ¿õíüî¿ âè-
ñîòè íà ïîâåðõí³. Äëÿ ïîáóäîâè ã³ñòîãðàìè áóëî âèêîðèñòàíî çîáðà-
æåííÿ ä³ëÿíîê ïîâåðõí³ ðîçì³ðîì 2,5´2,5 ìêì, ÿê³ ðîçáèâàëèñü íà 65 
òèñ. òî÷îê. Íà ðèñ. 3 çîáðàæåíà òàêà ã³ñòîãðàìà äëÿ íåîáðîáëåíîãî 
êèñëîòîþ çðàçêà åìàë³ çóáà. Ìàêñèìóì ã³ñòîãðàìè â³äïîâ³äàº ñå-
ðåäíüîìó (íàéá³ëüø éìîâ³ðíîìó) çíà÷åííþ âåðòèêàëüíîãî ðîçì³ðó 
ïðèçìè. 

Ñåðåäíüîêâàäðàòè÷íà øîðñòê³ñòü ïîâåðõí³ R
q
, âèçíà÷àëàñü çà 

ôîðìóëîþ:

 2

1

N

i ave
i

q

Z Z
R

N




 ,  (1)

äå Z
i
 – âèñîòà òî÷êè, Z

ave
 – ñåðåäíÿ âèñîòà ïî ïîâåðõí³, N – ê³ëü-

ê³ñòü òî÷îê. 
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Ðèñ. 3. Ã³ñòîãðàìà-ðîçïîä³ë íåîäíîð³äíîñòåé çà 
¿õíüîþ âèñîòîþ íà ïîâåðõí³ íåîáðîáëåíîãî êèñëîòîþ 

çðàçêà çóáíî¿ åìàë³. 
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Ðèñ. 4. Ðåçóëüòàòè îá÷èñëåííÿ ïîâåðõíåâèõ ïàðà-
ìåòð³â ä³ëÿíêè åìàë³ ðîçì³ðîì 2,5*2,5 ìêì ó òðüîõ 

çðàçêàõ (íì). 

Îòðèìàí³ çíà÷åííÿ ñåðåäíüî¿ âèñîòè ïðèçì ³ ñå-

ðåäíüî-êâàäðàòè÷íî¿ øîðñòêîñò³ ïîâåðõí³ çðàçê³â 

åìàë³ ïðåäñòàâëåí³ ó âèãëÿä³ ä³àãðàìè (ðèñ. 4). 

Ñåðåäíüî-êâàäðàòè÷íà øîðñòê³ñòü ÿê ïîêàçíèê 

íåîäíîð³äíîñò³, «ãðóáîñò³» ÷è äåôåêòíîñò³ ïîâåðõí³ 

åìàë³ ó çðàçêàõ, ÿê³ ï³ääàâàëèñü âïëèâó ðîç÷èíó õëî-

ðèñòîâîäíåâî¿ êèñëîòè º âèùîþ í³æ â íåîáðîáëåíîìó 

êèñëîòîþ çðàçêó. Àíàëîã³÷íà ïîâåä³íêà ñïîñòåð³ãàºòü-

ñÿ ïðè îö³íö³ ñåðåäíüî¿ âèñîòè ïðèçì åìàë³. Çðîçó-

ì³ëî, ùî êèñëîòà íå ïðèçâîäèòü äî ðîñòó êðèñòàë³ò³â, 

çá³ëüøåííÿ âèñîòè çóìîâëåíå âèìèâàííÿì êèñëîòîþ 

îêðåìèõ ì³ñöü íà ïîâåðõí³, ùî ïðèçâîäèòü äî çá³ëü-

øåííÿ â³äíîñíèõ ïåðåïàä³â âèñîòè íà ïîâåðõí³. 

Âèñíîâêè. 
1. ÀÑ-ì³êðîñêîï³ÿ â³äêðèâàº íîâ³ ìîæëèâîñò³ 

äîñë³äæåííÿ ñòàíó ïîâåðõí³ çóáíî¿ åìàë³, âèâ÷åí-
íÿ ¿¿ ñòðóêòóðè, ìîðôîëîã³¿ ³ îá÷èñëåííÿ ïàðàìåòð³â 
ïîâåðõí³. 

2. ÀÑ-ì³êðîñêîï³ÿ ìîæå áóòè âèêîðèñòàíà â 
íàóêîâ³é ðîáîò³ çîêðåìà äëÿ åêñïåðèìåíòàëüíîãî 
âèâ÷åííÿ ïðîöåñ³â äåì³íåðàë³çàö³¿ çóá³â íåêàð³ îçíîãî 
ïîõîäæåííÿ. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïëàíó-
ºòüñÿ ïîäàëüøå âèâ÷åííÿ çì³í òîïîãðàô³¿ ïîâåðõí³ 
åìàë³ ïðè âïëèâ³ åêçîãåííèõ êèñëîò ç ìåòîþ óäîñêî-
íàëåííÿ ä³àãíîñòèêè, ðîçðîáêè òà äîñë³äæåííÿ åôåê-
òèâíîñò³ ìåòîä³â ë³êóâàííÿ ³ ïðîô³ëàêòèêè íåêàð³îçíèõ 
óðàæåíü çóá³â. 
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Ì²ÊÐÎÑÊÎÏ²ß
Ì³íüêî Ë. Þ. 
Ðåçþìå. Ó ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè äîñë³äæåííÿ ïîâåðõí³ åìàë³ çóáà ï³ñëÿ âïëèâó êèñëîòè ç ð³çíèì 

÷àñîì åêñïîçèö³¿ ç çàñòîñóâàííÿì àòîìíî-ñèëîâî¿ ì³êðîñêîï³¿. Âñòàíîâëåíî, ùî ïðîòðàâëåí³ êèñëîòîþ çðàçêè 
åìàë³ â³çóàëüíî íåçíà÷íî â³äð³çíÿþòüñÿ â³ä ïîâåðõí³ çäîðîâî¿ åìàë³. Ðåçóëüòàòè äîñë³äæåíü ïðîô³ëþ âêàçóþòü, 
ùî ìàêñèìàëüí³ ïåðåïàäè âèñîòè, îá÷èñëåí³ ç ïðîô³ë³â, â³äïîâ³äàëè çðàçêàì åìàë³, ÿê³ ï³äëÿãàëè îáðîáö³ êèñ-
ëîòîþ, à ì³í³ìàëüí³ – çðàçêó çäîðîâî¿ åìàë³. Ñåðåäíüî-êâàäðàòè÷íà øîðñòê³ñòü ïîâåðõí³ åìàë³ ó çðàçêàõ, ÿê³ ï³ä-
äàâàëèñü âïëèâó ðîç÷èíó õëîðèñòîâîäíåâî¿ êèñëîòè º âèùîþ í³æ â íåîáðîáëåíîìó êèñëîòîþ çðàçêó. Â³äïîâ³äí³ 
ïîêàçíèêè ñïîñòåð³ãàëèñÿ ïðè îö³íö³ ñåðåäíüî¿ âèñîòè ïðèçì åìàë³. 

Êëþ÷îâ³ ñëîâà: ìîðôîëîã³ÿ ïîâåðõí³ åìàë³, êèñëîòíå ðîç÷èíåííÿ åìàë³, àòîìíî-ñèëîâà ì³êðîñêîï³ÿ. 
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ÝÊÑÏÎÇÈÖÈÈ: ÀÒÎÌÍÎ-ÑÈËÎÂÀß ÌÈÊÐÎÑÊÐÏÈß
Ìèíüêî Ë. Þ. 
Ðåçþìå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ïîâåðõíîñòè ýìàëè çóáà ïîñëå âîçäåéñòâèÿ 

êèñëîòû ñ ðàçíûì âðåìåíåì ýêñïîçèöèè ñ ïðèìåíåíèåì àòîìíî-ñèëîâîé ìèêðîñêîïèè. Óñòàíîâëåíî, ÷òî 
ïðîòðàâëåííûå êèñëîòîé îáðàçöû ýìàëè âèçóàëüíî íåçíà÷èòåëüíî îòëè÷àþòñÿ îò ïîâåðõíîñòè çäîðîâîé 
ýìàëè. Ðåçóëüòàòû èññëåäîâàíèé ïðîôèëÿ óêàçûâàþò, ÷òî ìàêñèìàëüíûå ïåðåïàäû âûñîòû, âû÷èñëåííûå èç 
ïðîôèëåé, îòâå÷àëè îáðàçöàì ýìàëè, ïîäëåæàùèõ îáðàáîòêå êèñëîòîé, à ìèíèìàëüíûå – îáðàçöó çäîðîâîé 
ýìàëè. Ñðåäíåêâàäðàòè÷åñêàÿ øåðîõîâàòîñòü ïîâåðõíîñòè ýìàëè â îáðàçöàõ, êîòîðûå ïîäâåðãàëèñü âîçäåé-
ñòâèþ ðàñòâîðà ñîëÿíîé êèñëîòû âûøå, ÷åì â íåîáðàáîòàííîì êèñëîòîé îáðàçöå. Ñîîòâåòñòâóþùèå ïîêàçàòå-
ëè íàáëþäàëèñü ïðè îöåíêå ñðåäíåé âûñîòû ïðèçì ýìàëè. 

Êëþ÷åâûå ñëîâà: ìîðôîëîãèÿ ïîâåðõíîñòè ýìàëè, êèñëîòíîå ðàñòâîðåíèå ýìàëè, àòîìíî-ñèëîâàÿ 
ìèêðîñêîïèÿ. 
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The Surface of Tooth Enamel and Its Reaction to Acid with Different Time Exposure: Atomic Force 

Microscopy
MinkoL. Yu. 
Abstract. The article presents study results of tooth enamel surface after immersion in acid with different time ex-

posure. Introduction. Atomic force microscopy (AFM) is one of the most powerful modern methods to research the mor-
phology of material surfaces and their local properties with high spatial resolution. In this regard, AFM may be of scientific 
and practical interest for dentists. In particular this refers to the study of such important characteristics as enamel surface 
roughness. The tooth enamel in the mouth cavity is constantly being subject to various influences of physical and chem-
ical nature, which naturally affects the state of the surface. Among the factors that lead to changes in the morphology of 
dental enamel surface, are endogenous acids. Changes in surface roughness of enamel while in micro- and nanosized 
scale are not yet fully examined. The aim of study is to test the application of the method of AFM in order to investigate 
the topography of normal tooth enamel surface, and enamel that was subject to acid action with different exposure time. 
Object and methods. To carry out the atomic force microscopy procedure samples were taken from mature enamel of 
nine third molars with no diseases of hard tissues. Teeth for making enamel samples were taken after their removal in 
male patients aged 25. 

Once removed teeth were treated with 13 % hydrogen peroxide solution, carefully washed with distilled water and 
dried. Buccal enamel surface was cut into samples with diamond disc. 3 enamel samples were prepared from each 
tooth: 1st sample – healthy enamel; 2nd sample – enamel surface treated with 0.1 % solution of hydrochloric acid for 
15seconds; 3rd sample – enamel surface treated with 0.1 % solution of hydrochloric acid for 30 seconds. 

Topological images of tooth enamel surface samples were obtained using an atomic force microscope SolverP47-
PRO (NT-MDT) in semi contact mode with a scanning frequency of 1 Hz. During the experiment probe sensors NSG10-
A with a radius of the tip curvature of 10 nm were used. As a result, a series of images of the enamel surface of various 
scale and resolution of 256´256 points were generated. Processing of experimental data and performing calculations 
of morphology parameters of studied samples of tooth enamel surface were carried out using the software package 
Image Analysis (NT-MDT). 

Results of study and discussion. Images of samples of healthy enamel and enamel etched with 0.1 % solution of 
hydrochloric acid (with different exposure times) are presented in two scales for each sample: 1 × 1 μm and 2,5 × 2,5 
μm. The surface structure of healthy enamel is a collection of tightly packed enamel prisms. The prism heads protrude 
above the enamel surface, or are on the same level with it and only their contours can be seen; seldom they look like 
dents. The relief of enamel surface is especially well seen in the areas of images sized 1 × 1 μm (higher magnification). 
Acid etched enamel surface samples visually only slightly differ from the samples with healthy enamel surface. In order 
to determine the geometrical dimensions of enamel prisms on the studied enamel surfaces the profiles that reflect 
the cross-section of the three-dimensional image on the segment of 2.5 μm for each of the samples were used. The 
research results indicate that the maximum height differences calculated from the profiles, correspond to the enamel 
samples which were subject to acid treatment, and minimal –to samples of healthy enamel. To calculate the average 
height of enamel prisms a histogram was built, for the construction of which the images of surface areas sized 2,5´2,5 
μm, breaking into 65 thousand points, were used. Maximum of the histogram corresponds to the average (most likely) 
value of the vertical size of the prism. Medium-square roughness as an indicator of heterogeneity, «rudeness» or de-
fectiveness in the enamel surface samples that were exposed to hydrochloric acid solution is higher than in untreated 
acid samples. A similar behavior is observed when evaluating the average height of enamel prisms. It is clear that the 
acid does not lead to the growth of crystallites, the increase in height is caused by acid leaching of some areas on the 
surface, which leads to an increase in the relative height difference. 

Conclusions. Atomic force microscopy (AFM) opens up new possibilities for investigating the state of the sur-
face enamel, study its structure, morphology and calculates surface parameters. Atomic force microscopy (AFM) 
can be used in scientific research, especially in experimental studies concerning tooth demineralization process of 
non-cariousorigin. 

Key words: enamel surface morphology, acid dissolution of enamel, atomic force microscopy (AFM). 
Ðåöåíçåíò – ïðîô. Ñêðèïí³êîâ Ï. Ì. 
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