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1. Ievads

1.1. Témas aktualitate

Zobi ir gremoSanas sistémas sastavdala, to galvena funkcija ir baribas
sasmalcinaiana. Totalas adentijas gadijuma ir stipri ietekméts ne tikai baribas
sasmalcinaanas process, kas atstaj iespaidu uz visu kunga — zarnu trakta darbibu, bet
ari izmainas veidojas zobus balstoSaja kaula. Pasaules Veselibas Organizacija (PVO)
noteikusi, ka cilvékam visu zobu zaud€Sana ir pielidzinama kadas kermepa dalas
zaudeSanai. P&c zobu zaudéSanas alveolaraja kaula veidojas progres€josa rezorbcija un
remodeléSands, lipas zaudé balstu, kas noved pie sejas formas izmaindm. Zobus
aizvietojoSo izpemamo prot€Zu izgatavosana (gan totalu, gan parcialu) pilniba nespgj
restaurét un nodro§inat funkciju, est€tiku un socidlo komfortu. Pilnigs zobu zaudgjums
ietekmé dzives kvalitati (Laurina un Soboleva, 2006).

Lai zaudetos zobus aizvietotu un muté izgatavotajam protetiskajam
konstrukcijam nodro§inatu stabilitati, balstu un retensiju, liels paversiens
zobarstniecibas attistibd bija osseointegrétu implantatu ievieSana kliniskaja prakse.
1965. gada profesors Per-Ingvar Branemark pirmo reizi kliniskaja limeni izmantoja
osseointegracijas tehniku — pacientam ar totalu adentiju apak§Zokli tika ievietoti vairaki
titana implantati, uz kuriem p&c dzifanas perioda tika izgatavota fiks&ta protétiska
konstrukcija.

Zobu implantati ir atzits un izplatits trukstofo zobu aizstdSanas veids.
Implantatus var izmantot gan atsevi§ku zaud€tu zobu aizstaSanai, gan arl pilna zobu
trikuma gadijuma. Toméer vairdki ar implantatiem saistiti aspekti vél joprojam ir
neskaidri. Viens no $adiem ar zobu implanticiju saistitiem jautdjumiem ir implantatu
efektivitate un iespaids uz koslasanas sistémas funkciju dazadas kliniskas situacijas.

Sagemot informaciju no receptoriem orofacidlaja rajond, galvas smadzenes
kontroleé oralas motoras funkcijas — ko$anu, ko$laSanu, runu u.c. (Trulsson, 2006).
Dabiga zoba sakni appemosas periodonta saites sastav no kolagéna Skiedram un
mikroneirovaskularas sistémas. Periodonta saites pames okluzalos (sakodiena raditos)
spekus uz augdZokla un apak$Zokla kaulu, darbojoties ka mehaniska bufersistéma
(Hoshino un lidzstr., 2004). Periodonta receptori uztver okluzalas slodzes spéku,
virzienu un atrumu. Periodonta receptoriem ir nozimiga loma sensoraja iz8kirtspgja un

zok]u kustibu funkcijas kontrole (Klineberg un Murray, 1999). Pé&c zoba ekstrakcijas



periodonta saites un receptori izzid, kas ietekmé sensoro uztveri (Abarca un Iidzstr.,

2006). Zoba ekstrakcijas gadijuma paziid bitisks informacijas uztveres avots, kas
varétu ietekmet atbildes reakciju uz kairinataju.

Dabigos zobus aizstajosie implantati kauld stiprinas bez 3o periodonta saisu
palidzibas. Saja siwacija periodonta receptori vairs nesniedz informaciju CNS par

slogojumu, kas ietekmé oralds motoras funkcijas regulaciju (Trulsson, 2006). Dzl

periodonta kompleksa trifkuma implantati biomehaniski atgkirigi no dabigiem zobiem

uztver okluzalos spekus. Implantatu balstitu konstrukeiju gadijuma sastopamas dazadas

komplikacijas — implantatu Gzumi, savienotdjdalu (abatmentu) lozumi, savienotajdalu

skrvju atskriivéSands un lizumi, porcelana plaisaSana un lizumi u.c. Pilnigaka
osseointegrett implantatu biomehanikas un fiziologijas izpratne lautu veiksmigak
noverst Kirurgiskas un protétiskas neveiksmes.

Implantatu osseointegracija ir plaSi pétita histologiski, biomehaniski un

mikrobiologiski, tatu fiziologiskajai implantatu integracij ai pievérsts mazak uzmanibas
(Abarca un lidzstr., 2006). Nav precizi izpétits, ka yoklu kustibas veicoSie

neiroﬁzioloéiSkie mehanismi ir saistiti ar sensorajam struktiiram ap zobu implantatiem.

1.2. Darba novitate

Latvija implantatu popularitate un izmanto$ana pieaugusi pedgjos 10 - 15
gados. Latvijas sobarsti, straddjot ar dazadam implantatu sistémam, parsvard izmanto
rietumvalstu pieredzi. Ne tikai Rietumeiropas valstis, bet arT Latvija plasi tiek apspriesti
implantatu estetiskie un biologiskie aspekti. $aja darbd analizétais zobu implantatu
fiziologiskas integritates jautajums palidzés arstiem precizak izprast mutes sensoras

uztveres mehanismus dazadas Kiiniskas situacijas. ST izpratne varétu sekmét optimalaku

pacienta arstéSanas plana veidoSanu, kas nodrodindtu protétiskas restauracijas

ilglaicigu kalpo§anu mutes dobuma.



2. Promocijas darba mérkis un uzdevumi

Darba mérkis
Dabigo zobu un osseointegrétu implantatu taktila jutiguma salidzino$a izpéte.

Darba uzdevumi

1.

Noteikt vienmérigi augosas intensitates aksiala spiediena absoliito slicksni
zobiem un implantatiem aug§Zokli un apak3§ZokIi.

Noteikt vienmérigi augo$as intensitates aksiald spiediena diferencidlo
slieksni zobiem un implantatiem aug§Zokli un apak8Zokli.

Salidzinat daadas lokalizacijas zobu un implantatu taktilas jutibas
parametru kvantitativas vértibas.

Novértét izmeklgjamo personu vecuma un dzimuma ietekmi uz zobu un

implantatu taktilo jutibu.



3. Materiali un metodes

P&tijuma piedalijas 43 pacienti, kuriem gan implantacija, gan protezéana tika
veikta RSU Stomatologijas institlita. Zobi un implantati tika novertéti gan ar intraoralu
izmekl&§anu, gan rentgenologiski. P&c rentgenologiskas apskates dabigie zobi sadaliti 2
grupas — endodontiski arstéti zobi (EAZ) un endodontiski nearstéti zobi (ENZ). Péc FDI
(Pasaules Zobarstu Federacija) nomenklatiiras par endodontiski arstétiem tika uzskatiti
zobi, kam pulpas kamera un/vai sakgu kanila(-os) atrodas rentgenkontrast€joSs
materials (Jimenez-Pinzon un lidzstr, 2004). Periapikalais statuss tika noteikts,
izmantojot periapikalo indeksu (PAI), kur 1- periapikali nenovéro izmainas, 2— nelielas
izmainas kaula struktora, 3- izmainas kaula struktira ar minerdlvieln zudumu, 4-
periodontits ar izteiktdm rentgenologiski redzamam robezam, 5 — smags periodontits
saasina§anas perioda (Orstavik un lidzstradnieki, 1986).

Kritériji personas iek]ausanai p&tfjuma :
- vismaz 18 gadu vecums;
- pacienti, kuriem ir gan dabigie zobi, gan implantati;
- zobu periapikalais indekss 1 vai 2;
- implantati ievietoti vismaz 5 méneSus pirms pétijuma veikSanas,
- atseviski stavos$i zobi un implantati;
- zobu kustigums fiziologiskas normas robeZas;
- asimptomatiski zobi un implantati.
Kritériji personas izslég§anai no pétijuma :
- zobi vai implantati, kas ieklauti blok&tas konstrukcijas — tilti, bloketi kroni;
- slikta sadarbibas iespé&ja ar pacientu;
- zobu periapikalais indekss 3 un vairak;
- pacienti ar sidzibam par sapém, jutigumu gan izmekl&jamos, gan blakus
stavosajos zobos un implantatos;

- mutes atvér§anas griitibas, sipes temporomandibularaja locitava.

Merijumi notika Rigas Stradipa universitates Cilvéka fiziologijas un biokimijas
katedra speciali pétijumam iekartota telpa. Visas izmeklgjamas personas pirms pétijuma
tika iepazistindtas ar izmeklgjuma norisi, ka arl parakstija RSU Etikas komisijas

apstiprinatu pétjuma piekrifanas protokolu. Izmeklgjumi notika klusd telpa, péc



iespgjas ierobeZojot argjo faktoru jetekmi uz rezultatiem. Bez izmeklgjamas personas
telpa atradas 2 cilveki — slodzes testu veicgjs un datu registrétajs. Slodzes testi veikti ar
datorizétu spiedienjlitigu mérinstrumentu (,,Power Lab” Data Acquisition System -
modelis 4/25T, sensors — modelis MLT003/D; ADInstruments), kas modificéts

pétijumiem mutes dobuma (1. un 2. attels).

2. attels. Slodzes testa mérinstruments modificéts pasiva taktila jutiguma sliek3na
meriSanai zobarstniecibas krésla



Meérinstrumenta kalibré§ana tika izmantoti atsvari. P&tfjuma laika pacients
atradas zobarstniecibas krésla sédus poza, viga acis bija aizvertas. Lai atvieglotu
procediru, tika izmantots mutes pletgjs. Atseviski stavosi zobi un implantati tika slogoti

aksiali, tas ir, vertikala virziena paraléli garenasij (3.attéls).

3.attels. Slodzes testa shematisks att€lojums

Pacientam rokds bija signalpoga. Dabigiem zobiem un osseointegrétiem
implantatiem datoriz&ti tika registréti slodzes absolutas un diferencialas jutibas
parametri, testgjot ar vienmerigi pieaugosu aksialo spiedienu:

1. P1 — minimala spiediena v&rtiba (N), kuru pacients sajuta ka sensora pieskarienu
(pasivais absolitais taktilais slieksnis) (4.attgls).
2. P2 - minimala spiediena v&rtiba (N), spiedienam vienmérigi palielinoties, kas

tika at8kirta no P1 (5.attéls).
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4. attels. Slodzes testa likne: A- mérijuma sakumpunkts, sensors vel nebija pieskaries,
B- bridis, kad pacients sajuta pieskarienu un nospieda signalpogu, C- uz liknes tika
nolasits atbilsto§s merfjums niitonos (N) - $aja gadijuma P1 (pasivais absolitais
taktilais slieksnis) bija 0,353 N

S.attels. Slodzes testa turpinajums: D- bridis, kad pacients sajuta spiediena picaugumu
attieciba pret pasivo absoliito taktilo slieksni , E - uz liknes tika nolasits atbilstoss
merfjums giitonos (N) - $ajd gadijuma P2 bija 4,181 N



Pirms pétfjuma uzsdk§anas tika veikti vairaki izméginajuma testi, lai pacients
saprastu procediiras biitibu. Pirms katra slodzes testa izmeklgjamai personai tika
pazinots mutiski par ta sdkumu. P&tjjumu veico§as personas sava starpa sazinajas ar
nosacitiem apzimé&umiem, lai savstarpgja komunikacija neietekmétu izmeklgjamas
personas uzmanibu. [zmeklgjamais zobs vai implantats tika iedalits p&c lokalizacijas un
statusa. Lokalizacija tika noteikta p&c zobarstnieciba pienemtas klasifikacijas, kas ietver
kvadranta numuru un kartas numuru. Statusa noteikSana tika piepemts: A -
endodontiski nearstéts zobs; B — endodontiski arstéts zobs; C- implantats. Piem&ram,
244 — otra kvadranta ceturtais zobs, endodontiski nearstéts; /6B — pirma kvadranta
sestais zobs, endodontiski arstéts; 35C — implantats tre§a kvadranta piekta zoba rajona.

Slodzes testi tika veikti 80 implantatiem, 173 endodontiski nearst€tiem
zobiem un 63 endodontiski arstétiem zobiem. Katram atseviski stavoSajam zobam vai

implantatam mérfjumi tika atkartoti 3 reizes. Pavisam tika veikti 948 slodzes testi.

Statistiska analize

Datu analizé izmantotas apraksto§as un analitiskas statistikas metodes. Tika
aprekinatas dabigo zobu un osseointegrétu implantatu registréto spiedienu P1 un P2
vidgjas vértibas. Vid&jo vertibu atikiribas statistisko ticamibu noteica, izmantojot t-
testu. Par atkiribas statistiskds ticamibas limeni tika piepemta p vértiba 0,05. Taktila
jutiguma savstarpgjas saistibas ar vecumu un dzimumu izvertéSanai izmantoja ANOVA
variandu analizi.

Lai analizétu sakaribu starp kairindtdja stiprumu un sajiitas intensitati, tika
izmantots Vebera likums. Diferenciacijas spgju kvantitativai verté€Sanai izmantoja
diferencialas jutibas (Vébera) koeficientu :

C=(P2-P1)/P1.
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4. Rezultati

Pétfjuma piedalijas 43 pacienti, no kuriem 65,1% bija sievietes (n=28) un
34,9% (n=15) — virie$i. Pétijuma dalibnieku vidgjais vecums bija 40,1 gads (vecuma
diapazons no 21 lidz 71 gadam). Sievietém vidgjais vecums bija 38,3 gadi, virie§iem —

43,4 gadi.
4.1. Pasivais absolitais taktilais slieksnis dabigiem zobiem un osseointegrétiem
implantatiem

Pasiva absoliita taktila slick$pa (PATS) raditaji zobiem — endodontiski arstétiem

un nearstétiem — un implantatiem paraditi 6., 7. un 8. attéla.
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6.attels. Pasiva absoliita taktila sliek$na vidgjie raditaji (standarta novirze) augdZokli
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8.attels. Pasiva absoliita taktila sliek3na vid&jie raditaji (standarta novirze) abos Zoklos
kopa
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Implantatu PATS vid&jie raditaji ka aug§Zokli, ta arl apaks§zokli un abos Zoklos
kopa bija ievérojami augstaki par zobu — endodontiski arstétu un nearstétu — PATS
raditajiem.

Aug§zokli novéroja statistiski ticamu atSkiribu PATS vid€jos raditajos
endodontiski nearstétiem zobiem un implantatiem (p<0,0001), ka ari endodontiski
arstetiem zobiem un implantatiem (p<0,0001). ST bitiska atikiriba saglabajas ari,
salidzinot PATS raditdjus visiem zobiem, neatkarigi no endodontiska stavokla, ar
implantatiem.

PATS vidgjie raditaji apak§zokli arT batiski atSkiras endodontiski nearstétiem
zobiem un implantatiem (p<0,0001), endodontiski arstétiem zobiem un implantatiem
(p=0,0001) un visiem zobiem kopa, salidzinot ar implantatiem (p<0,0001).

Tadu paSu statistiski ticamu at8kiribu augstadk minétajos raditdjos novéroja ari,
salidzinot abos Zoklos kopa endodontiski nedrstétus, endodontiski arstétus un visus
zobus ar implantatiem (visos tris gadijumos p<0,0001).

Statistiski tiéamu atSkiribu PATS vidgjos raditajos endodontiski nearstetiem
zobiem, salidzinot ar endodontiski arst€tiem zobiem nekonstat€ja ne aug$zokli, ne
apak§Zokli, ne ar abos Zoklos kopa.

Salidzinot aug$Zokli un apaksZokli, statistiski ticamu atSkiribu PATS raditajos
noveroja tikai implantatiem (p=0,042).

4.2. Vecuma jetekme uz zobu un implantatu taktilo jutigumu
Statistiski ticamu saistibu starp PATS vidgjiem raditdgjiem un vecumu
nekonstatgja ne aug§Zokli, ne apak$zokli, ne ari, analizgjot abus Zoklus. PATS vidgjie

raditaji nebija saistiti ar vecumu, proti, nenovéroja raditdju palielina8ands vai

samazina§anas tendenci lidz ar vecuma pieaugumu.
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4.3. Dzimuma ietekme uz zobu un implantatu taktilo jutigumu

Vidgjo PATS raditdju salidzinajums augdZokli un apakiZokli atkariba no
dzimuma paraditi 9. un 10. attéla.
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9.attels. Pasiva absoliita taktila sliek3na vidgjo raditaju (standarta novirze)
salidzinajums augiZokli atkariba no dzimuma
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10.attels. Pasiva absoliita taktila sliek$na vidgjo raditaju (standarta novirze)
salidzinajums apak3§Zokli atkariba no dzimuma (* p=0,04)
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Salidzinot vidgéjos PATS raditajus aug8Zokli un apak§Zokli atkariba no
dzimuma, statistiski ticamas at¥kiribas starp sievietém un virieS§iem nekonstatgja,
iznemot endodontiski arstétus zobus apak§zokli, kur pasiva taktild sliek$pa vid€jais
raditajs sievietem bija zemaks neka virieSiem (0,46 N, salidzinot ar 0,96 N, atSkiribas

p=0,04).

4.4. Lokalizacijas ietekme uz zobu un implantatu taktilo jutigumu

Lai analizétu zoba vai implantata atra§anas vietas ietekmi uz taktilo jutigumu,
péc lokalizacijas tika izdalitas 2 grupas — frontalais rajons un distalais rajons. Frontalaja
rajond tika ieklauti visu 4 kvadrantu 1.-ie un 2.-ie zobi un implantati (incisivu rajons),
savukart distalaja rajona tika ieklauti visu 4 kvadrantu 5.-ie un 6.-ie zobi un implantati
(2. premolara un 1. molara rajons). Vidgjo PATS raditaju salidzinajums zobu un
implantatu grupas aug§zokli, apak¥?oklT un abos Zok]os kopa atkariba no lokalizacijas
paraditi 11., 12. un 13. attéla.
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11.attéls. Pasiva absolata taktila slick3pa vid&jo raditaju (standarta novirze)
salidzinajums aug8zokli atkariba no lokalizacijas
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13.attéls. Pasiva absoliita taktila sliek$na vid&jo raditaju (standarta novirze)
salidzinajums abos Zok]os kopa atkariba no lokalizacijas
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Atkariba no lokalizacijas implantatu PATS vidgjie raditaji ka augszokli, ta art
apak§Zokli un abos Zoklos kopa bija statistiski ticami augstaki par zobu PATS vidgjiem
raditajiem.

Aug§zokli noveroja statistiski ticamu atskiribu PATS vidgjos raditajos zobiem
atkariba no lokalizacijas (p=0,028) — frontala rajona zobiem PATS vidgjie raditaji bija
zemaki ka distala rajona zobiem. Savukart aug§Zokla implantatu PATS vidgjo raditaju
at§kiriba atkariba no lokalizacijas nebija statistiski ticama.

PATS vidgjie raditaji zobiem ari apak§Zokli statistiski ticami at8kiras atkariba
no lokalizacijas (p=0,036) - frontala rajona zobiem PATS vidgjie raditaji bija zemaki ka
distala rajona zobiem. ApaksZokla implantatu PATS videjo raditaju at¥kiriba atkariba
no lokalizacijas nebija statistiski ticama.

Abos Zoklos kopa PATS vidgjie raditaji zobiem distalaja rajona bija statistiski
ticami augstdaki ka frontalaja rajona (p=0,011), savukart implantatu PATS vidgjo
raditaju at¥kirTba atkariba no lokalizacijas — frontali vai distali - nebija statistiski ticama.

Salidzinot aug§Zokli un apak$zokli, zobiem noveroja statistiski ticamu at8kiribu
PATS vidgjos raditdjos gan frontalaja, gan distalajd rajona (p=0,05), savukart
implantatiem statistiski ticamu at8kiribu aug8§Zokll un apak¥Zokll konstatgja tikai

distalaja rajona (p=0,022).

4.5. Diferenciala taktila jutiba dabigiem zobiem un osseointegrétiem

implantatiem

Miniméla spiediena vertibas, spiedienam vienmerigi palielinoties, ko

izmekl&jamas personas at§kira no PATS, paraditas 14., 15. un 16. attéla.
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Natoni

Zobi Implantati

14.attels. Augs¥ok]a vid&ja minimala spiediena vértiba (standarta novirze), spiedienam
vienmeérigi palielinoties, kas tika atgkirta no pasiva absoliita taktila sliekspa

45 - — S

TTT4,21(1,37)

4

3,5 1

3,16(1,45)

3]

2,5

Nutoni

2

1,5 4

Zobi Implantati

15.attels. ApaksZokla vidéja minimala spiediena vértiba (standarta novirze),
spiedienam vienmerigi palielinoties, kas tika at§kirta no pasiva absoliita taktila sliek3na
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6 - 5,74(2,42)

4 3,65(1,85)

Natoni

Zobi Implantati

16.attéls. Augdzokla un apk$Zokla vid€ja minimala spiediena vértiba (standarta
novirze), spiedienam vienmérigi palielinoties, kas tika atikirta no pasiva absolita taktila

slicksna

Diferencialas jutibas koeficients zobiem un implantatiem paradits 17., 18. un

19. attgla.

8,19(8,40)

Zobi Implantati

17.attels. Vebera koeficients (standarta novirze) zobiem un implantatiem augsZokIi
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633449

Zobi Implantati

18.attéls. Vébera koeficients (standarta novirze) zobiem un implantatiem apak$ZokiT

- 7,27(6.76)

740129

Zobi Implantati

19.attels. Vébera koeficients (standarta novirze) zobiem un implantatiem abos Zoklos
kopa

Vébera koeficients zobiem ka augsZokli, ta arT apak§Zokli un abos Zoklos kopa
bija ievérojami augstaks par implantatu raditajiem. Statistiski ticama Vebera koeficienta
atskiriba zobiem un implantatiem bija augdZokIi (p=0,0002), apaksZokIi (p<0,0001) un
abos Zok]os kopa (p<0,0001).

Salidzinot augi¥okli un apakszokli, statistiski ticamu at¥kiribu Vebera

koeficienta raditajos noveroja tikai zobiem (p=0,048).
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5. Secinajumi

Slogojot zobus un implantatus, sensord reakcija ir at8kiriga.

Pasivais absolutais taktilais slicksnis osseointegrétiem implantatiem ir augstaks
ka dabigiem zobiem, tas ir, pacienti implantatu slogojumu sajit pie lielaka
speka salidzinajuma ar zobiem.

Pasivais absolitais taktilais slieksnis endodontiski &rstétiem un endodontiski
nearstétiem zobiem neatskiras.

Pasivais absolutais taktilais slieksnis implantatiem ir augstaks aug§Zoklt
salidzingjuma ar apak$Zokli, tas ir, apak§Zokll pacienti implantatu slogojumu
sajlit pie zemaka spEka salidzindjuma ar aug8Zokli. Zobiem pasivais absoliitais
taktilais slieksnis aug§Zoklt un apak§Zokli neat§kiras.

Taktilo jutigumu neietekmé vecums, proti, nenovéro pasiva absoliita taktila
slick$pa raditaju palielina$ands vai samazinafanas tendenci lidz ar vecuma
pieaugumu.

. Nenovéro dzimuma ietekmi uz zobu un implantatu taktilo jutigumu.

Pastvais absoliitais taktilais slieksnis frontéla rajona zobiem ir zemaks ka distala
rajona zobiem, tas ir, priek§zobi ir jutigaki par sanu zobiem, savukart implantatu
taktilo jutigumu neietekmeg lokalizacija frontali vai distali.

Diferencialés jutibas (Vébera) koeficients zobiem ir augstaks ka implantatiem,
tas ir, zobiem ir japielick ievérojami lielaks speks, lai sajustu spiediena
pieaugumu salidzinajuma ar pasivo absolito taktilo slieksni.

Veicot arsté¥anas planoanu, svarigi ir saglabat dabigos zobus ar veselu

periodontu.

21



6. Rezuméjums

Saja pétijuma tika konstatéts, ka, slogojot zobus un implantatus, veidojas
at¥kiriga sensora reakcija. Zemakais pasivais absoliitais taktilais slieksnis tika registréts
endodontiski nearstétiem zobiem, nedaudz augstaks tas bija endodontiski arstétiem
zobiem, visaugstakais — implantatiem. Iegiitie dati liecina, ka dabigiem zobiem un
osseointegrétiem implantatiem atikiras taktilais jutigums — zobi ir jutigaki par
implantatiem. Lai gan implantdtu izmantoSana Jauj protetiskajai konstrukcijai
veiksmigak fiziologiski integréties mutes dobumd, tomér implantatu balstitas
restauracijas nesasniedz tos fiziologiskos un subjektivas apmierinatibas raditajus, kadi
ir individiem ar dabigiem zobiem. Sensords un motoras iespgjas pacientiem ar
implantatiem balstitim protézém ir zemidkas ka pacientiem ar dabigiem zobiem.
Pilnvértiga orala taktila funkcija ir atkariga no dabigajiem zobiem. Tapéc, veicot
arstéSanas planofanu, svarigi ir saglabdt zobus ar veselu periodontu. Pacientam
individuali izstradats arstéSanas plans, kas balstits uz biologiskajiem, biomehaniskajiem
un fiziologiskajiem principiem, ka ari precizas un pamatotas kirurgiskas un protetiskas
manipulacijas ir priek¥nosactjums ilglaicigai implantatu un uz tiem balstitu konstrukciju

kalpoganai.
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1. Introduction

1.1. Topicality of theme

Teeth are part of the digestive system, with their main function being trituration of food.
World Health Organization has stated that total loss of teeth in a human can be equalled to a loss of
a body part. After tooth loss progressive resorption and remodelling of the alveolar bone occurs,
lips are not supported and the facial shape changes. Removable dentures alone made for
replacement of missing teeth (both total, and partial) cannot restore and ensure function to a full
extent, as well as provide the best aesthetic and psychosocial comfort. Thus a complete tooth loss
affects the individual's quality of life (Laurina and Soboleva, 2006).

In 1965 Professor Per-Ingvar Branemark and his colleagues introduced osseointegrated
dental implants to provide a better support, stability and retension for dental prostheses for
replacement of missing teeth. This was considered a major development in dentistry in the
restoration of the masticatory system. Implants could now be used as supportive structures for
prostheses much like natural teeth, restoring all masticatory functions and with it improving the
quality of life for the patient.

Nowadays replacement of missing teeth by dental implants is a recognized and widely
used method. Implants can be used in restoration of any tooth loss starting from a single tooth to
edentulous alveolar ridge. However, there are still several aspects associated with dental implants
that are not fully understood. One such issue is the sensory mechanism that governs masticatory
function for, unlike natural teeth, dental implants lack the periodontal ligament that provides
sensory input to the central nervous system (CNS). Without this physiological function it is not
clear how the implants affect the functionality of the masticatory system.

By receiving information from the receptors in orofacial region, the brain controls the oral
motor functions — biting, chewing, speech, etc. (Trulsson, 2006). The periodontal ligament,
enveloping the root of natural tooth, consists of collagen fibres and microneurovascular tissue. The
periodontal ligament transfers occlusal forces to the maxillary and mandibular alveolar bone and
acts as a mechanical buffer (Hoshino et al., 2004). Periodontal receptors perceive the force of
occlusal load and detect its direction and speed, and therefore have a significant role in Sensory
perception and in controlling jaw movements (Klineberg and Murray, 1999). After tooth extraction
the periodontal ligament and its receptors are lost, thus altering sensory perception (Abarca et al.,
2006).

Implants, replacing the natural teeth, have a direct contact with bone (within a few

nanometers) and lack periodontal ligaments. Therefore the CNS cannot receive sensory messages



from the periodontal receptors and consequently the control of oral motor function might be altered
(Trulsson, 2006). Due to lack of the periodontal complex, bone surrounding the implants perceive
occlusal forces biomechanically differently in comparison to the natural teeth. In cases of implant-
supported prostheses, one can observe various complications, such as fractures of implants,
abutment fracture, screw loosening and fracture, porcelain fracture etc. A better understanding of
biomechanics and physiology of bone supporting osseointegrated implants might help to avoid
such complications.

Osseointegration of implants has been widely studied histologically, biomechanically and
microbiologically. However, physiological integration of implants has received less attention
(Abarca et al., 2006). There have not been adequate studies conducted on how neurophysiological
mechanisms, which produce jaw movements, are connected with sensory structures around the

dental implants.

1.2. Originality of research

While esthetical and biological aspects of dental implants have been discussed and
analysed extensively, the issues of implant physiology have not been widely studied. In the current
clinical study the passive tactile sensibility of natural teeth and osseointegrated implants was
measured. In order to make measurements, computer-controlled pressure sensitive device (,,Power
Lab” Data Acquisition System; 4DInstruments) was used, which was modified for application in
the oral cavity. This method for determining the tactile sensibility of teeth and implants allows to
understand more precisely the local sensory perception mechanisms, which are the basis for
understanding the different types of mechanoreceptors, as well as various mechanisms of formation
of tactile sensation in the oral cavity. In the current work the analysis of the issues of physiological
integrity of dental implants will allow the dentist to understand more clearly the oral sensory
perception mechanism in various clinical situations and assist in designing an appropriate dental

treatment plan ensuring longevity of prosthetic restoration in the oral cavity.



2. Aim and objectives of research

Aim of research

To compare the tactile sensibility of natural teeth and osseointegrated implants.

Objectives of research

1.

To determine the absolute threshold of increasing axial pressure on natural teeth and
implants in maxilla and mandible.

To determine the differential threshold of axial pressure on teeth and dental implants in
maxilla and mandible,

To compare the quantitative values of tactile sensibility parameters for teeth and dental
implants at different sites in the mouth.

To assess the influence of the age and gender on the tactile sensibility of the teeth and

implants,



3. Material and methods

Forty-three patients who had received both dental implants and prosthetic treatment at the

Riga Stradin§ University, Institute of Stomatology participated in the study. The teeth and implants
were assessed both clinically and radiologically by intraoral examination and by long cone
periapical radiographs respectively. After the radiological examination, natural teeth were divided
into 2 groups — endodontically treated teeth (ETT) and non-endodontically treated teeth (NETT).
According to FDI (World Dental Federation) nomenclature, a tooth was considered to be
endodontically treated if it had a radiopaque material in the pulp chamber and/or in the root canal(s)
(Jimenez-Pinzon et al., 2004). Periapical staus was assessed radiologically using periapical index
(PAI), where 1 - normal periapical appearance, 2 - minor changes in the periapical bone appearance,
3 — changes in the bone structure with some mineral loss, 4 — periapical periodontitis with well-
defined radiolucent area, 5 — severe periodontitis with exacerbating features (Orstavik et al., 1986).

Inclusion criteria for participants:

- aged 18 years or over;

- have both natural teeth and implants;

- dental periapical index of 1 or 2;

- dental implants inserted at least 5 months prior to the study;

- individual (not splinted) teeth and implants;

- tooth mobility within normal physiological limits;

- asymptomatic both teeth and dental implants.

Exclusion criteria:
- teeth or implants in connected constructions, e.g. bridges, splinted crowns;
- dental periapical index of 3 or more;
- symptomatic teeth or implants;
- sensitivity of examined teeth or implants, and/or the adjacent teeth and implants during
examination,
- difficulties of adequate mouth opening, and/or temporomandibular pain;

- poor compliance.

The study was conducted in the Department of Human Physiology and Biochemistry of
Riga Stradip$ University. Prior to the study all participants had the purpose of the study and the
process of the examination explained in detail, and signed an informed consent form approved by

the RSU Ethics Committee. Examinations took place in a quiet room, minimizing the influence of




external factors as much as possible. Aside from the examined person, there were two other people
present in the room. Load tests were done by a computer-controlled pressure sensitive device
(,Power Lab” Data Acquisition System — model 4/25T, sensor — model MLT003/D;
ADInstruments),specially modified for intraoral use (Figure 1 and 2). The instrument was calibrated

using the standard weights.

Figure 2. Load test device modified for measuring the passive tactile sensibility threshold in a
dental chair

y



During the examination patient was seated in the dental chair and was asked to close their
eyes. A cheek retractor was used to aid the procedure. Pushing forces were applied by the device

parallelly to the vertical axis of the tooth and dental implant separately (Figure 3).

Figure 3. Schematic of load test

The participant was holding a signal button which he/she was asked to activate when the
pressure was felt as increasing loading was applied. For natural teeth and osseointegrated implants
the absolute and differential sensitivity parameters of load were registered, tested by steadily
increasing axial pressure:

1. P1 — minimum pressure value (N), perceived by the patient as a sensory touch (passive
absolute tactile threshold) (Figure 4).

2. P2 -minimum pressure value (N), pressure steadily rising which was distinguished from P1

(Figure 5).



Figure 4. Curve of the load test: A- starting point of measurements, sensor has not contacted the
tooth or implant, B- moment when the patient felt the touch and pressed the signal button, C-
cotresponding measurement was registered and measured in Newtons (N) - in this case P1 (passive

absolute tactile threshold) was 0,353 N

T te
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Figure 5. Continuation of the load test: D- a moment when the patient felt the pressure rise in

relation to passive absolute tactile threshold , E — corresponding measurement was registered and
measured in Newtons (N) - in this case P2 was 4,181 N.




Prior to commencing the test several trials were run to familiarize the participant with the

procedure. Before each load test, the subject was informed verbally of the starting of the

experiment. The staff communicated with previously agreed non-verbal signs to avoid distracting

the participant. The examined tooth or dental implant was identified according to localisation and

status and labeled according to the FDI classification. Endodontic status and dental implants were

identified as follows: A — non-endodontically treated tooth, B — endodontically treated tooth, C —

implant. For example, 244 — 4™ tooth of the second quadrant, non endodontically treated; 168 — 6"
tooth of the first quadrant, endodontically treated; 35C — dental implant in the site of the 5" tooth of
the third quadrant.

Load tests were conducted for 80 implants, 173 non-endodontically treated teeth and 63
endodontically treated teeth. For each particular tooth or implant the measurements were repeated 3

times. In total, 948 load tests were undertaken.
Statistic analysis

Descriptive and analytical statistic methods were used for data analysis. Mean values of
registered pressures P1 and P2 of natural teeth and osseointegrated dental implants were calculated.
Statistic significance of the difference of mean values was determined using t-test. P-value of 0.05
was used as a level of statistic significance for the difference of mean values. Association of tactile
sensibility to the age and gender was assessed using ANOVA variance analysis.

In order to analyse the association between the intensity of the irritant and the sensory
intensity, the Weber law was used. For the quantitative evaluation of differentiation abilities,
differential sensibility (Weber) coefficient was used :

C=(P2-P1)/P1.
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4. Results

After the selection forty-three patients were deemed eligible and took part in the study; of
which 65.1% were females (n=28) and 34.9% (n=15) males. Mean age of participants was 40.1

years ranging from 21 to 71 years. For females and males the mean age was 38.3 and 43.4 years

respectively.

4.1. Passive absolute tactile threshold for natural teeth and osseointegrated

implants

The values of passive absolute tactile threshold (PATT) for teeth both endodontically treated
(ETT) and non endodontically treated (NETT) — and implants are shown in Figure 6, 7 and 8.

A e —— (7 %) I
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Figure 6. Mean values of the passive absolute tactile threshold (standard deviation) in the maxilla.
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Figure 7. Mean values of the passive absolute tactile threshold (standard deviation) in the mandible
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Figure 8. Mean values of the passive absolute tactile threshold (standard deviation) in both jaws
together

The mean values of implants PATT in both maxilla and mandible separately, and in both

jaws together were considerably higher than PATT values of both endodontically treated and non

endodontically treated teeth.
In the maxilla there was a statistically significant difference in mean PATT in non

12



endodontically treated teeth and in dental implants (p<0,0001), as well as in endodontically treated
teeth and implants (p<0,0001). This significant difference remained also when comparing the
PATT values of all teeth (NETT or ETT) and implants.

The mean PATT in the mandible was also statistically significant when comparing NETT
with implants (p<0,0001), ETT with implants (p=0,0001) and when examining all teeth together
and implants (p<0,0001).

The same statistically significant difference in the above-mentioned values was observed
also when comparing NETT, ETT and all teeth with implants (in all three cases p<0,0001) in both
jaws together.

A statistically significant difference of mean PATT in NETT, in comparison to ETT was
not found either in the maxilla, or mandible, nor in both jaws together.

When comparing the results for maxilla and mandible, statistically significant difference in

mean PATT was detected only in dental implants (p=0,042).

4.2. Effect of age of subject on tactile sensibility of teeth and implants
A statistically significant correlation between mean PATT and the age was not found either

in maxilla or mandible, nor both jaws together. The mean PATT was not associated with the age,

i.e., the values neither increased nor decreased with the age.
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4.3. Effect of gender on tactile sensibility of teeth and implants

A comparison of mean PATT in the maxilla and mandible in both genders, is shown in

Figure 9 and 10.
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Figure 9. Comparison of mean values of passive absolute tactile threshold (standard deviation) in
the maxilla depending on the gender
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Figure10. Comparison of mean values of passive absolute tactile threshold (standard deviation)
depending on the gender (* p=0,04)
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When comparing the mean PATT in the maxilla and mandible of both genders, no

statistically significant difference between males and females was found, except for endodontically

treated teeth in the mandible, where the mean values of passive tactile threshold in females was

lower than in males (0,46 N, comparing to 0,96 N, differences p=0,04).

4.4. Effect of localisation on tactile sensibility of teeth and implants

In order to analyse the effect of implant position in the dental arch on its tactile sensibility,

all teeth and dental implants were divided in two groups according to their localisation. The frontal
group included the 1% and 2™ teeth (the central and lateral incisors) and implants in the

corresponding area in all 4 quadrants. The distal group comprised of the 5% and 6™ teeth and

corresponding dental implants (2°¢ premolar and 1% molar area) in all 4 quadrants. Comparison of

mean PATT of teeth and implant groups in the maxilla, mandible and both jaws together, depending

on the localisation, is shown in Figure 11, 12 and 13.
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Figurel1. Comparison of mean values of passive absolute tactile threshold (standard deviation) in
the maxilla depending on localisation
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Figure 12. Comparison of mean values of passive absolute tactile threshold (standard deviation) in

the mandible depending on localisation
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Figure 13. Comparison of mean values of passive absolute tactile threshold (standard deviation) in
both jaws together depending on localisation

Depending on the localisation, mean PATT for dental implants in maxilla, as well as in

mandible and in both jaws together were statistically significantly higher than mean PATT for teeth.
In the maxilla there was a statistically significant difference of mean PATT for the teeth

16



depending on their localisation (p=0,028) — in the frontal teeth mean PATT was lower than the
mean PATT in the distal teeth. On the other hand, the difference of the mean PATT for the implants
in maxilla depending on their localisation was not statistically significant.

Mean PATT for the teeth in the mandible differed statistically significantly depending on
their localisation (p=0,036) — the frontal teeth mean PATT was lower than the mean PATT for the
distal teeth. Similarly, there was no statistically significant difference of mean PATT for the dental
implants in mandible irrespective of their localisation.

In both jaws together mean PATT for the distal teeth was statistically significantly higher
than those in the frontal region (p=0,011), while the difference of mean PATT for the dental
implants depending on localisation — frontally or distally — was not statistically significant.

When comparing the maxilla with mandible, the teeth had a statistically significant
difference in mean PATT both in the frontal and distal areas (p=0,05), while implants had a

statistically significant difference in mean PATT in the maxilla and mandible only in the distal

region (p=0,022).

4.5. Differential tactile sensibility of natural teeth and osseointegrated

implants

Minimum pressure values with steadily increasing pressure recognised by the examined

person as different from PATT, are shown in Figure 14, 15, 16.
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7,01(2,39)

Newtons

TEETH IMPLANTS

Figure 14. Mean minimum pressure value of the maxilla (standard deviation), with pressure
steadily increasing, which was differed from passive absolute tactile threshold

“ E e L " 4,21(1,37)

Newtons

TEETH IMPLANTS

Figure 15. Mean minimum pressure value of the mandible (standard deviation), with pressure
steadily increasing, which was differed from passive absolute tactile threshold
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3,65(1,85)

Newtons

TEETH IMPLANTS

Figure 16. Mean minimum pressure value of the maxilla and mandible (standard deviation), with
pressure steadily increasing, which was differed from passive absolute tactile threshold

Differential sensibility coefficient for the teeth and implants is shown in Figure 17, 18 and 19.

i [ _s19me

2,02(1,57)

TEETH IMPLANTS

Figure 17. Weber’s coefficient (standard deviation) for teeth and implants in the maxilla
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Figure 18. Weber’s coefficient (standard deviation) for teeth and implants in the mandible

3 - s . . e =
7,27(6,76)

TEETH IMPLANTS

Figure 19. Weber’s coefficient (standard deviation) for teeth and implants in both jaws together

Weber’s coefficient for the teeth in the maxilla and in mandible, as well as in both jaws
together was considerably higher than that for the dental implants. There was a statistically
significant Weber’s coefficient difference for the teeth and implants in the maxilla (p=0,0002), in
the mandible (p<0,0001) and in both jaws together (p<0,0001).

‘When comparing maxilla with mandible, only teeth had a statistically significant difference

in Weber’s coefficient (p=0,048).
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5. Conclusions

. Teeth and implants differ in their sensory response to loading stress.

. The passive absolute tactile threshold for osseointegrated implants is higher than that for
natural teeth, i.e., higher forces on implants than on natural teeth are required for patients to
have a sensory response.

. Passive absolute tactile thresholds in endodontically treated and non endodontically treated
teeth do not differ.

. The passive absolute tactile threshold for implants is higher in the maxilla than in the
mandible, i.e., lower forces on dental implants in mandible are required to produce a
detectable sensation of pressure. In opposite, for the teeth, passive absolute tactile threshold

in the maxilla and mandible does not differ.

5. Tactile sensibility is not affected by the age of the subject.

. Gender does not affect the tactile sensibility either of teeth or dental implants.

7. In frontal teeth the passive absolute tactile threshold is lower than in the distal teeth.

However, implants’ tactile sensibility is not affected by their position in the dental arch.

. The differential sensibility (Weber) coefficient for the teeth is higher than that for the dental
implants, i.e., a greater force has to be applied on tooth in order to feel the increase of
pressure in comparison to passive absolute tactile threshold.

. When designing a dental treatment plan, it is important to preserve the natural teeth with a

healthy periodontium.
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6. Summary

This study has shown that natural teeth and osseointegrated dental implants express
different sensory response to loading forces. The lowest passive absolute tactile threshold was
recorded in non endodontically treated teeth, slightly higher in endodontically treated teeth, with the
highest in dental implants. The results show that tactile sensibility for natural teeth and
osseointegrated implants differ — natural teeth have significantly higher tactile sensibility than
dental implants. Although the use of osseointergrated dental implants allows prosthodontic
treatment a wider scope and carries excellent long term prognosis along with good physiological
and psychological acceptance by the patient, prosthesis supported by natural teeth have been shown
to be subjectively superior judged by patients' satisfaction. Sensory and motor abilities for patients
with implant-supported prostheses are lower than for patients with natural teeth. Thus, when
planning the treatment, it is important to preserve the teeth with a healthy periodontium. An
appropriate treatment plan based on biological, biomechanical and physiological principles, as well
as evidence based surgical and prosthetic treatment, are preconditions for the quality and longevity

of the dental implants and the implant supported dental prosthesis.
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