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Differences in percussion-type measurements of implant stability

according to height of healing abutments and measurement angle

Yang-Hoon Park', Richard Leesungbok'*, Suk-Won Lee!, Janghyun Pack?, Jeong-Yol Lee?
Department of Biomaterials and Prosthodontics, Kyung Hee University Dental School Hospital at Gangdong, Seoul, Republic of Korea

’Department of Prosthodontics, School of Dentistry, Kyung Hee University, Seoul, Republic of Korea

3Department of Prosthodontics, Institute for Clinical Dental Research, Korea University Medical Center, Korea University, Seoul, Republic of Korea

Purpose: The purpose of this study was to evaluate the effect of healing abutment height and measurement angle on implant stability when using Periotest and AnyCheck.

Materials and methods: 60 implants were placed into artificial bone blocks. After implant insertion, 2, 3, 4 and 5 mm healing abutments were installed on 15 specimens,

respectively. Insertion torque value, implant stability test, Periotest value were measured. Insertion torque value was controlled between 45 - 55 Nem. AnyCheck was used

for measuring implant stability test and Periotest M was used for measuring Periotest value. Implant stability test and Periotest value were measured at the angles of 0 and 30

degrees to the horizontal plane. Measured values were analyzed statistically. Results: Insertion torque value had no significant difference among groups. When healing abut-

ment height was higher, implant stability test and Periotest value showed lower stability. Also when measurement angle was decreased, implant stability test and Periotest val-

ue showed lower stability. Conclusion: When measuring stability of implants with percussion type devices, measured values should be evaluated considering height of heal-

ing abutments and measurement angle. (/ Korean Acad Prosthodont 2018;56:278-86)

Keywords: Implant stability; AnyCheck; Periotest; Implant stability test; Periotest value; Insertion torque value
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A7IeH) S Aol A1§712 B YA st 7

$7 SPRAS EHE 4 itk Aol ik eeale) &
7§7 1712+ ojn| & &#{ x| = Periotest (Medizintechnik Gul-
den, Modautal, Germany)2} Z|Lo]] 7ir=|o] ZA]H AnyCheck
(Neobiotech Co. Ltd., Seoul, Korea) 5©] 1t}

Periotest= Z/gol 71 A1 AFEo] = 547171 & 5t
Ut 24 ghtj(metal rod)7} HA = QZ2HE AR H o]
HHo] 22 F FAISHA} bl Sote AHE Ssto]
Periotest value (PTV)2 LERATH 4% 59t = 163] E}XI5HY,
PTVZ} 0 o & AJ7H 0.426 millisecondso|t}. HE AL
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9] /g=jl #Eo] 7}—0}E}J— B 15kt 23, Faulkner 542
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Utk YBUVE F30] £ 02, 5 AL FYFES 71718
SIRIA17]31 ISTE Z7%ch An yCheckt x|t 71717 ol
£ 71} 30°01 9 B9 LR 2 QAshEA B H0] 7
s Aol7l50l Q7] wheol, 574 518 28 Hofuk 1o
A 2 wfolo] ofgk SRS E 4 gick. Tt ok 3]
Zre] QAR AFE dolelt SEHR kot B Thayat el
o] AE A7t BE efolct. E olig B
ERIE g Sl A el 74 Lol HAS

-HX'

e Ay
o ot

g A& LEOH ﬂ10}01 E]-7<1H Ao QlZa}
Periotest?} AnyCheck-& AH-8-510f ¢HgAd
A, HAS] 0]o} EpRIzb o] Wate] w2

%] R0l g ZAFsH= Zolc

o}
st xE EE (art1ﬁc1a1 bone block, Sawbones Pacific Re-
search Laboratories, Vashon, WA, USA)& o]HH ¢7to] &35}s!
T & FE AESIGIT Aot FxFe Fet siHE ETt0.31
glem’o]7] wjo], o5 Ms}7| YsiA L=} 0.32 g/em’sl
ESS AHERloH odES E59] Aol | mm FA9] o=
A] THepoxy sheet) 0. &2 AL B2L Zo] 30 mm, YH]
30 mm, =0] 41 mme] 37|2 AEslG ).

60712 CMI IS-1I YZ=HE (Neobiotech, Seoul, Korea)E A}
g3lon 37]= A7 4.0 mm, Z20] 10.0 mmZ R FALS] S
7] YESHEE ARSI} (Fig. 1A). Healing abutment (Neo-
biotech, Seoul, Korea)= 5 Z1730] 4.5 mm$F 0.1, =0] 2, 3,
4,5 mm¢l AZE 247+ 1570 AF&-51gdc}. A8 E A (insertion
torque value, ITV) Z74& ¢Js E= 2}xl(torque ratchet, Neo-
biotech, Seoul, Korea)& A&t}

T2 AT glo) AL vlolag olgale] QxT B
#pzo] Xyt £xo] g2 A AT A= A(INTRA-
surg 300; KaVo Dental, Biberach, Germany)& ©]-835}0] Q1 x=&
B20] Yoo YZVES AP0 [TV 45 - 55 Nem
olo] ZAE glo g2 Aslt} (Fig. 1A). A1g 8L mx=A}
(Neobiotech, Seoul, Korea)ol| Al Al3== 5 A9 HS o
2t Attt A9 =0] 2, 3, 4, 5 mme] HAS 10 Nem2J
YT Jlo g Mdsto] Aze FES 22} 15708 A=
0% 1,2, 3,42 BEF313ch (Table 1).”

Periotest A= = 2008d0o]| £ A]% Periotest M AF8351%
o} JETHE FFHo| AW} £Z|Q1 Aeol|A] Periotest M ¢

279



Back to the Index

USHE healing abutment 0[0+ EFFIZIZ0 2 EFTIMIA USZHE O ZRI170| 27| RfO|

Fig. 1. (A) Cross-sectional view of CMI IS-II implant (4.0 mm diameter, 10.0 mm length) placed into artificial bone block. (B), (C), (D), (E) show radiographic
images of specimens of 2, 3, 4, 5 mm healing abutments, respectively. In the radiographic images, (a) shows healing abutment and (b) shows implant. (c) shows

cortical layer and (d) shows cancellous bone of artificial bone block.

Table 1. Specimen classification by healing abutment height

Group 1 2 3 4
Healing abutment height (mm) 2 3 4 5
Implant diameter (mm) 4.0 4.0 4.0 4.0
Implant length (mm) 10.0 10.0 10.0 10.0
Number of specimens 15 15 15 15

2, & R|Hol| st BaystA HxIA1A
E7ot= e ]% é’gHﬂi 51 917 wiio] o ¢t
1 E% 0°= FRskT) 0° - 90°0] ZHe 2
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Wi 90°% Lieh Aol xJed
27Fo] FE 2 —Hﬂ’\]iﬂ;\q RES ZT2H plated] 2t 7]
quoﬂ 9]X|A17] 5, Periotest M 0°9} 30°A10]] YIXIAIA S5
53t 0°2 &7 A] Periotest M-S X|Hol| F3Y51A|, 7153
A 230 2™ YRIA7 T EXsIGTHY 3007 =
Periotest M& A3} 30°9] ZH & O|F =%, & YEUE S
I 60°7}F HEF AXAR 5 FH5 (Fig. 2).
HA F08] 15 2 AlEIA SRTo0, 21219 o
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(d) 30°
aev'e®

(a) we 35‘““\%

(A)— Measuring device  (c) 0°

(O g

®)— 1

(D)=

Fig. 2. Schematic representation of implant stability measurement. Long axis
of implant (a) was perpendicular to horizontal plane (b). IST and PTV were
measured at the angles of 0° (¢) and 30° (d). Note that measurement angle
of 0°(c) was parallel to the horizontal plane (b). (A) shows healing abutment
and (B) shows implant. (C) shows cortical layer and (D) shows cancellous
bone of artificial bone block.

AnyCheck2 ?J% x}Z=o] AW} 2=%]Q1 Aol A] Any-
Checks Y& Z?—EL]- oz = x|Hy}t Fjoz 9z
A7 ZRE &401 712 gixlolm o ApelME A|wt
P AEE 0° oG 0 - 90°] AEF FAE Bk
g plateE AW} $ZF]o] H|= 5, & 0°F UEIY = Ao] AH

ThSHR|2tEEks|X| 563 43, 2018 102
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3} egsiel 90°% LER Ao] K@t Salo] HEE 9]
NZT EEE Fehad plaed] 2 71EH 4K F

AnyCheckg 0°9} 30°410]] %i]/\lﬁ Z7351nt. 0°2 FH A,
AnyCheckS K|Hof H3jo g2 = 2 E A}Zof 2250 2 7}
53 Rl 2F5HA /IRIAT & FAREITE 30°2 57 Al
AnyChecke AWy} 30°9] ZtE & o]F
3t 60°F o|FE=E XA T ZA5F3T (Fig. 2).
= HA 99| 71 52 A HolA
of| T3l 3 - 4 W Z75} ?c_“’ FXI7F 38 57
£ 7 ASTE HISTZ Aokt

éxé ghdlolgo] gt TA A& Aldstglon, BE A=
SPSS statistics 18.0 AXZE o] 2 73(SPSS, Chicago, IL,
USA)S AHg-5Fo] B350}, one-sample Kolmogorov-Smirnov
testE AHE-SH 1A HAS S5l ITV, PTV, IST Z7 H|o]E{<]
BRI} ATREE 28] 2SS Hlslo] u]na BA EAS

A|385}S T} Kruskal-Wallis testE AJ35to] ZF 159 ITVE H]
o, 2 3,4 5mme HAS A2 12 1,2, 3,4 7S] IST
ol PTVE 4% 3t& 217 wmalgich. 18 1,2, 3, 4 749
ISTS} PTV H] 1l A] Mann-Whitney U testZ 0]-85}0] A4
<= AlsY5Sict. =3k Mann-Whitney U testE ©]-8-5}0] 5 Qs
HA o]0 A] ISTSF PTVE 7}2} 009} 30°2 A3} Z+S A2
Hlaal ik P < 0501918 o BAR feldo] Sirka Wkl

o,

21t

ZF 129] ITVE= Kruskal-Wallis testS A0S uf] P> .052]
Ao} L] tRol, RE 18N SAHCR folat 210

7} QI (Table 2). ITVE QP4 S77ko] Fe m12 & 9l
282 1§ 7 folg Aol7} Y= EAEISI.

AnyCheck& AF&5}0] IST &% Al HAQ] &=0|7} 57184
2 IST7} Wobe 13 2 I} (Fig. 3). ZH=e] Wato] m
£ Alolt, 0°9} 30°% SR 418 NLYS 1 30°2 FHD
IST7 8 58 g LiEktoo EAT02 frole Ko} 33
t} (Table 3, Fig. 4). SHZ= 0°9} 30°0|4 15 13} 2, 18 2
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Table 2. Mean values and standard deviations of ITV, IST, PTV

A Independent-Samples Kruskal-Wallis Test

87.50- g 5
? ab’
85.00 %

(= b’

L 8250 %

2 A
80.001 ° 5
77.50 ;

I 1 1 1
1 2 3 4
Group

B Independent-Samples Kruskal-Wallis Test
8800 3’

- &a’b

g 86.00 be* —_

m

L 8500 é e

2 5400
83.004
82,001
81.00 T T T

1 2 3 4
Group

Fig. 3. (A) Results of Kruskal-Wallis test of implant stability test (IST)
measured at the angle of 0° (n = 15). (B) Results of Kruskal-Wallis test of
implant stability test (IST) measured at the angle of 30° (n = 15). Height of
healing abutments (HA) were 2 mm, 3 mm, 4 mm and 5 mm in group 1, 2, 3
and 4, respectively.

*Different letters (a, b, ¢) indicate significant differences (P <.05).

ot 3, OF 33t 45 vlal A] BAF 2zt gk (P> .05).
Iy 35 133, 25 134, 25 2945 v Al BAA H
OR7} JTH (P < .05).

Group 1 2 3 4
ITV (Nem) 50.8 £4.00 50.33£3.52 50.7+2.6 50.7+2.6
IST (0°) 86.8 +0.56 84.93+£0.88 82.47+0.99 78.53+1.06
IST (30%) 87.93+£0.26 86.53 +0.64 84.93+£0.88 83.13+1.25
PTV (0°) -7.95+0.13 -7.58+£0.33 -6.86 +0.49 -5.7+0.36
PTV (30°) -8 -8 -7.79 £0.28 -7.11+£0.35

IST; implant stability test, ITV; insertion torque value, PTV; Periotest value, Group 1; 2 mm healing abutment, Group 2; 3 mm healing abutment, Group 3; 4 mm

healing abutment, Group 4; 5 mm healing abutment.

CHSHR |2t AEHS|X| 563 45, 2018 10€
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Table 3. Comparison of implant stability test (IST) and Periotest value (PTV) measured at the angles of 0° and 30° by Mann-Whitney U test

0°(n=15) 30° (n=15) P value"
IST (group 1) 86.80 +0.56 87.93+0.26 .000
IST (group 2) 84.93+0.88 86.53 +0.64 .000
IST (group 3) 82.47+0.99 84.93+0.88 .000
IST (group 4) 78.53+ 1.06 83.13+1.25 .000
PTV (group 1) -7.95+0.13 -8 539
PTV (group 2) 758 +0.33 -8 .000
PTV (group 3) -6.86+0.49 7.79+028 002
PTV (group 4) 5.7+036 -7.11+0.35 .000

" Exact significance is displayed for this test.
Group 1; 2 mm healing abutment, Group 2; 3 mm healing abutment, Group 3; 4 mm healing abutment, Group 4; 5 mm healing abutment.

g % A Independent-Samples Kruskal-Wallis Test
g .
g 85 -5.004 — C
2
3 80 ~ b*
% ~IST 0° S 5001 ;
£ 5 -=-IST 30° E .
o ab
B o e 700 o+
0
1 2 3 4 -
-8.00 +
Group 1 : 3 i
Group
Fig. 4. Results of Mann-Whitney U test of implant stability test (IST) of each .
group measured at the angle of 0° and 30°. Height of healing abutments (HA) B Independent-Samples Kruskal-Wallis Test
were 2 mm, 3 mm, 4 mm and 5 mm in group 1, 2, 3 and 4, respectively. IST =
measured at the angle of 30° was greater than IST measured at the angle of 0°. -6.00-] <
As the height of HA increased, difference between IST measured at the angle
of 0° and 30° increased. -6.50
Group 1; 2 mm healing abutment, Group 2; 3 mm healing abutment, Group 3; ‘§
4 mm healing abutment, Group 4; 5 mm healing abutment. E 7.00- 2
(-8
-7.50-1
5t a®
-8.00 T T T T
1 2 3 4
Group

Periotest M& AHE5F0] PTV £74 A, HAS] Eol7} S7teks
. w Fig. 5. (A) Results of Kruskal-Wallis test of Periotest value (PTV) measured
2 =2 PTVE UeRt) (Fig. 5). PTVE ARSE G2 oA & . )
! = LERe (Fig. 5) s 37 at the angle of 0° (n = 15). (B) Results of Kruskal-Wallis test of Periotest

= oJustE R, of= HAY =o|7t 371845 QP/0] WotA] value (PTV) measured at the angle of 30° (n = 15). Height of healing abut-
= PIVZ} ERE AL oujsit}. 0°2 EXF Al 1F 137} 2, 1% ments (HA) were 2, 3,4 and 5 mm in group 1, 2, 3 and 4, respectively.
29} 32 v HL wl= EAE o7} ¢gglon 1 9]¢ v *Different letters (a, b, ¢) indicate significant differences (P <.05).

ollME FYRIZE Ut 30°2 FH Al 15 134 25 Hu s
= AR YR Ilen 11 €]o) vlulo A= foJAk} 8l
At 0°9F 30°2 73 PTVE H]aL A] 30°04] T 22 PTV,
Z o Pg0] 2 RIS UE o] W 1F 16M= B
A SOz} Qigom 1% 2, 3, 40| M= BAR Sox7 9
t} (Table 3, Fig. 6).
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Table 4. Guideline for evaluation of implant stability test (IST) according to
healing abutment height

Standard + 3 mm 7 mm Healing abutment IST +6
Standard +2 mm 6 mm Healing abutment IST +4
Standard + 1 mm 5 mm Healing abutment IST+2
Standard 4 mm Healing abutment IST
Standard — 1 mm 3 mm Healing abutment IST -2
Standard — 2 mm 2 mm Healing abutment IST -4
Standard — 3 mm 1 mm Healing abutment IST -6
0
E 2
5 4
S ~PTV 0°
2 -6 J -=-PTV 30°
-
2
g -8
a
-10
1 2 3 4
Group

Fig. 6. Results of Mann-Whitney U test of Periotest value (PTV) of each
group measured at the angle of 0° and 30°. Height of healing abutments (HA)
were 2, 3, 4 and 5 mm in group 1, 2, 3 and 4, respectively. PTV measured
at the angle of 30° was greater than PTV measured at the angle of 0°. As the
height of HA increased, difference between PTV measured at the angle of 0°
and 30° increased.

Group 1; 2 mm healing abutment, Group 2; 3 mm healing abutment, Group 3;
4 mm healing abutment, Group 4; 5 mm healing abutment.

k]

AnyCheck} Periotest M2 HA] SXE 2HQ2 QUL 2 5}
o] YBHE o] AW o] HES o1, YEUE S
of $xlojn X H} FPsl == 7]7]2 XA A ERsH= Ao
712 9jx|olc}. whEhA] o oM A HIt Feyst AL s
0°=2 AR ofE F Aot FAF Tl efal siuE
o] FUE 7} o} QIESHE Aol 7P 2o Hejolch P ¢

Saeo] oS BUES} e ot RolM Ba] Ea AR,
whalA] o Aol Aot TRIRE Ajdste] Wirr} 032 of
om'Ql QEE B2E ZE AEetod ALEaHIc)”

Ve gEekes] £7] 494 Frtol 9 89 F shi

TR aheb 7t 1 2TV SAHOR §eI% Aol 9]
T, ololl mFE P S7gkel kol w3k BAH RA0] 2g

gtz |2t &EI5|K| 56 45, 2018 10Y

AlAoF & Zlojct. Z1Eut ofH At M ITVE 2 L&
5§17t glle o= YETE Al A 1F 2
£ 45 - 55 Nem©.2 EA|97] whio]u, o ¢io)
A ATV JeE A Q5] et Aol a2y % Wi-e]
ZR]7F BRP7F EAISHH, ITVE 45 - 55 Nem ©. 2 ERFIS o
dolElE B EES th2x] g,

IST= HAQ| Eo7} wobd45 o W2 ISTE YEyth =
08T} 30°2 SRS W o L ISTS Bk ST 3
o] FobI4 o £& 3HE olnlsl] wlEo] AnyCheck
HA®) oIl R 48, R9g 7502 57 718717t AR
2 U 58 A A2 UehiIt T # 4 Qo SRAE 0°
o} 30°0f|lM 15 13} 2, 215 294 3, 115 33} 45 H|aL A FAH
o7 foJgt Apol7t giley % 13 3, I1F 134 4, 15 29

= 3 A B7R 2717} ik ol HA 20| 1mm 7o)
= ISTollA f2J217F QLo 2 mm o) AFol7} v 79 IST
oA Folx7E EAFThE s onlgitt. AlZ=AlA Ag-sh=
AnyCheck ArgAof w2 ™, HAQ] =0]7} | mm =o}R|H IST
7} 29 WolAIthal Shgich (Table 4). o] AelA, 30°2 &
7J Al HAZ} 1 mm =0} IST 1.4 - 1.89] X}o|7} il om o]
= Aol §ARE Angir. et 0= 57 A HAS) ol
7} 1 mm) oSS IST A% 19 - 42 6 ARE 22 8
A% % QI %, 0°% S 297 30°% S90S weh
HA Zolo] w2 e} Al 2% zfo]7} of arhs A gl
S 4 ok FPZ =] WhE xfolE IST 1.1 - 4.69] &fo|7} %
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The macrosomic-at-birth individuals who at the time of birth had a well-balanced development (Subgroup I)
had more than three times higher percentage of premature eruption of deciduous or permanent teeth, relative to
the comparison group. Such individuals were significantly more likely to report a periodic or persistent dry mouth,
periodic or persistent gum bleeding, and bad breath.

The macrosomic-at-birth individuals who had a large body length and a relatively low body weight at birth
(Subgroup 1) have reported significantly more complaints about hypertension. They are sick for a long time and
take medicines more often. They are significantly more likely than persons in the comparison group to have delayed
terms of deciduous or permanent teeth eruption, periodic or permanent bleeding of the gums, and more often
complain about pain or crunching in the temporomandibular joints.

The macrosomic-at-birth persons, who at the time of birth had a large body length and intrauterine obesity
(Subgroup 1l1), have the highest percentage of cases of complaints about teeth hypersensitivity to various stimuli.

The macrosomic-at-birth persons, who at the time of birth had an average body length and intrauterine obesity
(Subgroup IV) on average, were more likely to be sick for a long time more often, had a higher percentage of cases
of allergic diseases, and were more often than the persons in the comparison group born not from the first labor.
The individuals in this subgroup were significantly more likely to have malocclusions, and they had a tendency to

CTOMATONOrIA

increase the number of complaints about the teeth hypersensitivity.
Key words: questionnaire, fetal macrosomia, oral pathology, somatic pathology.
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BU3HAYEHHA CTABI/IbHOCTI IMM/IAHTATIB AK OB’EKTUBHUN METO/,
NMPOrHO3YBAHHA TA OLIIHKU E®EKTUBHOCTI /IIKYBAHHSA
B AEHTAZIbHIA IMNIAHTONOTII

YKpaiHcbKa meauyHa cTomaTosoriuHa akagemia (m. Monrtasa)

38’A30K ny6niKauii 3 n1aHOBMMMU HayKOBO-A0CAIA-
HuUmMU poboTamu. TemaTuka nybnikaLii obymosneHa iHi-
LiaTMBHOM TEMOO HayKOBO-A0CNiAHOT pob0oTK Kadenpu
opToneguyHoi cTomaTtonorii 3 imnnaHTonorieto «Hosi
TEXHOJIOrii, Cy4yacHi i yAOCKOHa/eHi 3y6OTexHiYHi maTe-
pianun B peabinitauii xBopux 3 natonorieto 3ybo-wenen-
Hoi cucTemmn» (oeprkaBHa peectpauis Ne 0111U006304).

Bctyn. Ycnix BigHOBAOBanbHWUX onepauiin 3 BU-
KOPUCTAHHAM [AEHTaNbHUX IMNAAHTATIB 3aNneXuTb Bifg,
6aratbox ¢akTopiB, B TOMY YMCAi Bi HayKOBO O6rpyH-
TOBAHOro BMOOPY MOMEHTY MOYATKY HaBAHTAXKEHHA
OEHTAaNbHUX IMNAAHTATIB | af4eKBATHOI OLHKK iX 34aT-
HOCTi HecTM ¢YHKUioOHasbHE HaBaHTaXKeHHA. Jlikapto
— cTomaTonory — optoneay HeobxifHa AOCTOBipHa iH-
dopmauia npo cTyniHb ocTeoiHTerpauii, 3HaHHA AWHa-
MiKM LbOro npotiecy, 0ocobanBo Ha NoYaTKoBIl cTagil, a
TaKOX METOAMKY A1s 06’ EKTUBHOI OLLiHKM AKOCTI NpoBe-
AeHoi onepauii geHTanbHOI imnnaHTauii [1,2,3].

Ha cyyacHomy eTani po3BUTKY AeHTaNbHOI iMnaaH-
TONOrii  OCHOBHMMM  PO3MOBCIOANKEHUMMU  METOAAMM
OLiHKM CTaHy OCTeOoiHTerpalii BHYTPILWHbOKICTKOBUX
iMNNaHTaTIB, Pa30M 3 KNiHIYHUMMU, € PEHTTEHONOTIYHWIA,
TOPK-TECTYBAHHA 33 AOMNOMOrOK AMHAMOMETPUYHOTO
KAtoYa, mepioTecTomeTpia 3 BUKOPUCTaHHA npubopy
Periotest (Gulden, Himeu4unHa), 4acTOTHO-pPE30HAHCHUIA
aHani3 cTabiNbHOCTI iIMNNAHTATIB 3 BUKOPUCTAHHAM MNpK-
6opa Osstell-mentor (Integration Diagnostics, LLseuin)
[4,5,6].

MeTog nepiotectomeTpii 3anponoHosaHo W. Shulte
y 1985 poui Ana BU3HAYEHHA OLHKM CTaHy NepioaoH-
Ty npupogHux 3y6iB. TibKM 3rogom MpUCTPiA noyas
BUKOPUCTOBYBATUCb AN OLLHKM MILHOCTI KpinieHHA
OeHTanbHWUX iMnnaHTaTie. MeToauMKa nonsarae y Kopens-
il MiXK LWiNbHICTIO KICTKOBOI TKAHWHW B AiNAHLi 3yOHMX

oxana.dobr88@gmail.com

imnnaHTaTie Ta ii AemndepHMMKU BAACTUBOCTAMMU MpuU
YAApPHOMY HaBaHTaXKeHHi [7].

OCTaHHIM Yacom AnA OLUiHIOBAHHA FOTOBHOCTI AeH-
TaNbHUX IMNAAHTATIB A0 ¢YHKLUiOHAaNbHOrO HaBaHTa-
YKEHHA KopucTytoTbea npubopom Osstell Mentor [8]. Y
1997 poui npodecop N. Meredith (YHiBepcutet /iaca,
BenvkobpwuTaHisa) 3BepHyYB yBary Ha 3B’A30K MiXK pe3o-
HAHCHOI YaCTOTOK BUMYLUEHWUX KONMBAHb AEHTa/IbHUX
iMNNaHTaTIB Ta *KOPCTKICTIO KicTKOBOT TKaHMHM [9,10].

lMoKasaHHA Npuaagis, 3aCHOBaHI Ha AMHAMIYHOMY
BMNAMBI, — Ue BiANOBIgHA peaKuia AMHAMIYHOI cucTemm
«iMMNIAHTAT — KiCTKOBA TKAaHMHa» Ha OfHE 3 MOX/INBUX
manux 36ypeHb (yaap, nepiognyHy cuny abo byab-ake
iHWWe), WO BHOCATLCA MPU BMMIiptOBaHHI. KoXKeH 3 uumx
NPUNAAiB [AE KiNbKICHY OLIHKY MILHOCTI KpinaeHHA
OeHTanbHUX imnnaHTaTie. B npunagax Periotest — ue
KoediuieHTn aemndyBaHHs, B npunagax Osstell Mentor
— KoediuieHT cTabinbHOCTi. HeobxiaHO BiA3HAYUTK, WO
obuasa npuaagM AarTb OLIHKY MILHOCTI KpinieHHs
OEHTaNbHUX IMNNAHTATIB HA NiACTaBi HENPAMMUX O3HaAK i
B CBOIX YMOBHMX OAMHUNLAX, Pi3UYHUI 3MICT AKMX HesC-
HUI. TexHiKa YaCTHO-PE30HaHCHOTO aHani3y He 3aBXAu
[03BO/IAE TOYHO BUABUTU PyXoMi imnaaHTaTn. OaHUM
3 NOACHEHb LIiEl HETOUYHOCTI MoXKe ByTM cama npupoaa
LbOro aHanisy, AKMI BUMipIoe CTabinbHICTb iMNiaHTaTIB
B 3a/IE}KHOCTI Bif, *KOPCTKOCTI cuctemu. KniHivHO pyxo-
Mi IMNIQHTATU MatoTb HaZ3BUYAMHO HU3bKY ¥OPCTKICTb
Ta He JAl0Tb CUCTEMI BU3HAYUTb NEPBUHHY PE30HAHCHY
yacToTy. B ubomy BMNaaKy KoeodiuieHT cTabinbHOCTI BU-
ABNAETbCA AyXKE BUCOKMM, TOMY L0 BM3HAYAETHLCA 33
OAHVMMKM BTOPUHHOI PE30HAHCHOI YacToTH, WO NpuU3Bo-
ANTb A0 HEAOCTAaTHLO 06’EKTUBHMX BUMIpIB Ta HEA0CTO-
BipHMX nporHo3sis [8,11,12,13].

B cBOiit poboTi MM BUKOpMCTOBYBaAn npubop
AnyCheck BnpobHuuTsa lMisgeHHOI Kopei gna sumipto-
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BaHHA CTabiNbHOCTI iMNaHTATIB 3@ AONOMOro yaap-
HOro imnynbcey. [leaki acneKkT BUKOPUCTAHHA NPUCTPOO
AnyCheck BMBUYEHO He0CTaTHbO, @ CaMe MaJio BiAoMOcC-
Tel NPo AMHaMIKy NOKa3HUKIB cTabibHOCTI imnaaHTaTIB
B pPaHHi Ta BigganeHi CTPOKM GyHKLIOHYBAHHA iMnaaH-
TaTiB B Pi3HUX KNiIHIYHUX BMNagKaX. TaKOXK 4OCTEMEHHO
He BigomO, un BnaMBae Bepudikauisa ¢pakTy NnepBUHHOT
CTabinbHOCTI, KA BM3HAYAETbCA 33 AONOMOIO0 AAHOIo
NPUCTPOLO, HA MPOrHO3 GYHKLIOHYBAHHA BHYTPULLIHbO-
KiCTKOBOI Onopwu.

Meta pocnipKeHHA. [OpiBHATU pe3yabTaTn CTa-
6iNbHOCTI BHYTPULLHbOKICTKOBMX iMNAaHTaTiB Npu 6es-
nocepegHbOMy Ta BiACTPOYEHOMY HaBaHTAXKEHHi, Ha
Pi3HMX eTanax iMNAaHTaLil: Ha NOYaTKY HaBaHTAXeHHsA,
yepes — MNiBPOKy Ta yepes piK PyHKLiOHYBaHHA NpoTes-
HUX KOHCTPYKLil 3a gonomoroto npuctpoto Any Check.

06’eKT i meToam pocnigxeHHsa. Mpotarom 12 mica-
LiB NpoBeAeHO AMHAMIYHE CMOCTEPEKEHHA 3@ CTAHOM
94 peHTanbHUX imnnaHTaTiB cuctemun Neobiotech (Mis-
neHHa Kopes), AKi BcTaHoBNeHO 52 navljieHTam 3 yacT-
KOBOIO BiCyTHicTIO 3y6iB. Jna nocTaBieHux Uinen go-
cnigykeHHA chpopMoBaHO HACTynHi rpynu. [lo nepuoi
rpynu Haginwnm xsopi (11 ocib), akum nposeaeHo 6es-
nocepegHe HaBaHTa*KeHHA 19 iMnNnaHTaTiB Ha BEPXHil
wesneni NooANHoOKMMM abo 06’eaHAHMMM KOPOHKaMK y
¢dpoHTanbHOMy Ta boKoBOMYy Bigainax. [lo apyroi rpynu
Hagiiwnmn nauieHtn (14 ocib), AkKMm nposeaeHo 6es-
nocepenHe HaBaHTaAXeHHA 23 IMNNAHTATIB Ha HUXKHIN
weneni NooANUHOKMMM abo o6’egHaHMMM KOPOHKaMMU
y ¢poHTanbHOMy Ta 6okoBOMy Bigginax. [o TpeTboi
rpynu Haginwau nauieHtn (14 ocib), SKMM nposeaeHo
BiACTPOYEHEe HaBaHTaXXeHHA 28 iMNNaHTaTiB Ha BEPXHil
weneni NooAnUHOKMMM abo ob’egHaHMMM KOPOHKamMM
y ¢poHTanbHOoMy Ta 60KoBOoMy Bigainax. [lo yetsepToi
rpynu Haginwnm nauieHTn (13 ocib), AkMm nposeaeHo
BiACTpOYEHE HAaBAHTAXKEHHSA 24 iIMNNAHTaTIB Ha HUXKHIN
wesneni NooANHoOKMMM abo 06’eaHAHMMM KOPOHKaMK y
¢dpoHTanbHOMYy Ta 6OKOBOMY BigAdinax. B TpeTiii Ta yeT-
BEpTiV rpyni HaBaHTaXXeHHA BiabysanocA B 3arajbHo-
NPUIRHATI TepMiHM (2-3 MicauAa Ha HUXKHIN weneni Ta 4-5
MicALiB Ha BEPXHIl).

Bci naLieHTV He Mmanu 3arafibHUX NPOTUMNOKa3aHb A0
imnnaHTauii. 3 gocnigKeHHA 6ynu BUKAKOYEHI NaLiEHTH
3 HacTynHMMM GpaKTopaMm PU3MKY: BaKKa CTyniHb OpyK-
CM3My, KypiHHA noHag, 20 curapet 3a foby Ta HagmipHe
BXMBaAHHA aJIKOTOJ10, JIOKaNi30BaHa NpoMeHeBa Tepa-
nif NOPOXHUHK POTA, IMYHOAEMNPECUBHI CTaHU, MPUIOM
KOPTUKOCTEPOIAiB, BariTHICTb, 3aMabHi i ayTOIMYHHI 3a-
XBOPIOBAHHA MOPOXHUHM pPOTa, MOraHa ririeHa Nopox-
HWHU poTa.

KntouoBnm daktopom ana Bigdbopy nauieHTtiB go |
Ta Il rpyn, sKMM NpoBoAMNacb iMNaaHTaLia Ta Heran-
He HaBaHTaXKeHHA, Oyno [OCATHEHHs ONTMMasbHOI
nepBUHHOI cTabinbHocTi He meHwe 40-50 Hcm (Topk-
TecTyBaHHSA). Ha BepxHili weneni gocarHytM aobpoi
nepBMHHOI cTabinbHOCTI, Ae KicTKoBa TKaHMHA 3-ro Ta
4-ro TMNY, MOXNBO 33 PaxyHOK 0cobMBOCTEN MaKpO-
[OM3aiHy iMnaaHTaTa, a came 3aBAAKM CU/IbHO BUCTyNa-
HOUMX BUTKIB Pi3bbu i BEMKOT NoLi NOBepXHi imnnaH-
TaTy. Y CBOil KAiHiYHIN poboTi mu Bigganu nepesary
po36ipHMMm imnnaHTatam cuctemn «Neobiotech», Mis-
neHHa Kopesa. Ui imnaaHTatM KopeHenogibHoi popmm
3 YHiKaNbHUM MNOEAHAHHAM KOHCTPYKLIMHUX 0cobau-
BOCTEl NpU3HAyeHi ANA BCTAHOB/AEHHA B Pi3HWUX TUMNax
KIiCTKM i3 3aCTOCYBaHHAM MITYMKIB. 3aBAAKM HAABHOCTI

TPUXOA0BOTrO MiKpopi3bbneHHA 3ab6e3nevyeTbca 3HU-
YKEeHHA pe3opbuii mapriHanbHOI KicTKM i 36inblyeTbcA
NA0LWA KOHTAKTY KiCTKa — imnaaHTaT. Makpo — i Mikpo-
NMOPUCTICTb BHYTPILWHbOKICTKOBOI YacTUHM iMnaaHTaTa
3abe3nevyloTb HeobXigHi YMOBM Ans OCTeoiHTerpalii.
3BOPOTHUI KYT, PO3TALlOBAHWUIA Ha Pi3aNibHUX BUTKaXx
OCHOBHOTO Pi3bbaeHHsA, CNpUAE aTpaBMaTUYHOMY BBe-
OEHHI0 iMniaHTaTa. Mmboko Bpisatounch B rybyactui
Lap KiCTKKW, NJOCKe 3aKpyrneHe pisbbneHHA fo3BONAE
OOMOTTUCA MAKCMMaAIbHOI NAOLLI KOHTAKTy MOBEPXHi
iMNAIaHTaTy 3 KICTKOBOKO TKAHMHO. 3’ €AHAHHA iMNAaH-
TaT — abaTMeHT BifbYyBa€ETLCA 33 PAXYHOK CMONYYEHHA
KOHYCa i BHYTPIWHbOIO LWEeCTUTpaHHMKa, WO A03BONAE
ONTMMAsIbHO PO3MOAINUT OCbOBI 1 POTaLLiHI CUAM NpK
YKYBa/IbHUX HAaBAHTAXKEHHAX.

BMrotoBneHHA TMMYacoOBOi OpTONeANYHOI KOHCTPYK-
Lii 3pifcHIOBanM Aekinbkoma cnocobamu: BUTOTOB/IEH-
HA TUMYACOBMX KOPOHOK He3nocepesHbO B MOPOXKHUHI
poTa no cunikoHoBoMy LWabnoHy, nepebasyBaHHA 3a-
3panerigb BUTOTOBNEHUX KOPOHOK, 3HATTA BigbUTKIB
BiApasy nicna onepadii 3 HacTynHoto dikcaujieto npoTesa
yepes KibKa roauH.

MeTog, obcTeXkeHHA XBOPOro A0 iMniaHTauii Ta Ha
eTanax AMCNAHCEPHOro KOHTPO/IKO BKAKOYANM KAiHiKO-
pPEeHTreHONOoriYHI meToau.

Mpn nepBMHHOMY 3BEpPHEHHI MPOBOAMIOCH aHKe-
TYBaHHA XBOPMX 3 METOK BM3HAYEHHA 3aralbHOCOMa-
TUYHUX MPOTUMNOKAa3aHb, OMAL Ta IHCTPYMEHTasibHe
OOCNIAMKEHHS NOPOXKHUHM poTa Ta 3ybHUX pagais. OTpu-
MyBann BiABUTKKU Ta BigNMBanM AiarHOCTUYHI Moaeni.
PiBeHb ririeHM NOPOXKHWHM POTaA OLLiIHIOBANM 3a FiriEHIY-
HUM iHaekcom Green, Vermillion, BusHaBanu naowy
M’AKOrO HaniTy Ha KOPOHKOBIM YacTuHi 3y6iB. CTaH cau-
30B0i 060/10HKM BM3HAYanu 3a iHaekcom Silness, Hiloe
[14,15].

PeHTreHonOriYHe OBGCTEXKEHHA BK/OYANO OPTOMaH-
ToMorpadito, NpULINbHY BHYTPULWHbOPOTOBY PEHTIEHO-
rpadito Ta Komn’toTepHy Tomorpadito.

MocTaHOBKa imniaHTaTiB NpoBogmaach nig, micue-
BMM 3HEBONEHHAM.

KniHiko-peHTeHONOrYHE A0CNIOKEHHA CTaHy imn-
NaHTaTiB AOMNOBHANAM aHaNi3oM cTabifibHOCTI iMniaHTa-
TiB 3a gonomoroto npuctpoto AnyCheck Big NeoBiotech.
BiH He BNAMBaE Ha CTiMKICTb iMnAaHTaTa i HE BUKIMKAE
iHLWWX YCKNAZHEHb.

AnyCheck ue npucTpiit, AKWIA BM3HAYa€ MiLHICTb
KOHTAKTY a/IbBEONAPHOrO BiAPOCTKY 3 iMM/IaHTAaTOM 3a
O0MOMOro yaapHoro imnynabcy. BiH npoctuin y BUKO-
PUCTaHHI 332 paxyHOK HEBE/IMKOro Ta /IerKOro Au3anHy
KOpMycy, KpiMm TOro 3HATTA MOKa3aHb MOX/IMBO 32 Ha-
ABHOCTI GOpPMYyBayiB ACEH Ha iMNIaHTaTax Pi3HUX CUC-
TeM, OT)e Hemae HeobxigHocTi npuabaHHA wWTHoTIB
SmartPeg ak gna Osstell ISQ. TpuBanicTb ycboro Umnky
BMMIpIOBaHHA CTaHOBMAA 3 ceK.

Mepwunin UMK — NOPYLUEHHA MeXaHiYHOro yaapHoO-
ro imnynbcy i nepegaya moro Ha 6oMok. Cuna ygapHoro
imnyabcy 3meHweHa Ha 30% B NOPIBHAHHI 3 Npuaazom
Periotest. pyruii LMK — NpUIAOM BiZKNMKAHHA MeXa-
HiYHOI cucTemu i nepegava iHdopmalii Ha Mikponpo-
uecop. MNig yac poboTn NPUCTPOO HAaKOHEYHMK 3a[a€
ON5 IMNNaHTaTa NEBHUIM MEXaHIYHWUIM iMnyabc, @ NOTiM
peecTpye MoOro BiANOBIAHI aKyCTUYHI KOAMBAHHA, AKi
BifgobparkatoTbca Ha LCD — ekpaHi npuctpoto. CTyniHb
oCTeoiHTerpauii BM3Ha4yaeTbcA B gianas3oHi sig 30 go
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85 oauHULb i no3HavaeTbesa AK IST (Initial Stability Test)
aHaNoriyHo Wwkani 1SQ.

Habinbwy nepeBary oOTpMMyBanu, BUMIpHOIOYM
CTabifNbHICTb KiNIbKOX iMNaHTaTiB ogHOYacHo. Y Bunaa-
Ky HeAoCTaTHbOI ocTeoiHTerpauii imnnaHTaTis, poboTa
NPUCTPOIO aBTOMATUYHO NPU3YNUHAETLCA MiCNA LBOX
yAAPHMX iMNynbCiB. B iHWKWX BUNaAKax, KiNbKicTb yaap-
HUX iIMNYbCiB AOPIBHIOBA/IO LLECTHU.

Yum 6inbwMiA NOKA3HWUK BYB BU3HAUYEHWUIN ANSA KOXK-
HOrO OKPEeMOro iMniaHTaTa, TUM Kpalluii CTaH OCTeo-
iHTerpay,ii. [lnAa oCcTeoiHTerpoBaHUX iMNAAHTATIB ONTU-
Ma/bHi 3HAYEHHSA BENIMYNH 3MIHIOKOTLCA B MeXax Big 65
00 85 ogMHMLUb. BUMipsiHe 3HaYeHHA BKA3yETbCA YEPBO-
HUM KONbOPOM Npu NokasHmkax 30-59, nomapaHyesnum
60-64, 3eneHnm 65-85 ognHULb.

IHAEKCHA OLLiHKa CTaHy IMMNAaHTaTiB BK/IOYana KpuTe-
pii epeKkTMBHOCTI imnaaHTauii 3a Smith, Zarb (1987) [15].
KpuTtepii epektnBHocTi 3a Smith-Zarb nepenbavatoTtb:

- HEPYXOMICTb OKPEMOrO iMMAaHTATy NPU KNiHIYHO-
MY OOCNIAXEHHI,

- BiICYTHiCTb pe30pbuii KiCTKOBOI TKAHWUHW HAaBKOJIO
imnaaHTaTa no gaHum peHTreHorpadii,

- BiACYTHICTb pe3opbuii KiCTKOBOI TKaHWUHU B MpwU-
LWMAKOBIN AiNAHL Nicna Neploro poKy HaBaHTaXKeHHs,

- BiICYTHiCTb 60110, ANCKOMOPTY, iHbIKYBaHHA B Aji-
NAHUj iMANaHTaTy.

O6CTeeHHA TKAHWMH HABKOMO iMMAAHTaTiB MPOBO-
OMAN HAa MOMEHT BCTAHOBJ/IEHHA IMM/AHTaTiB, HA MO-
MEHT QYHKLIOHAaNbHOrO HaBaHTAXXeHHA opToneauYHU-
MM KOHCTPYKLiAMM, @ NOTim Yyepes 6 Ta 12 micauis.

Pe3ynbTati gocniaxKeHHa Ta ix o6roBopeHHsA. MNpu
6e3nocepe/HbOMY HaBaHTaXKEHHi BHYTPULLHbOKICTKO-
BUX iIMNNAHTaTIB BUXiAHI 3HayeHHs cTabinbHOCTI iMmn-
naHTaTie B | Ta |l rpynax B cepegHbOMy CTaHOBWAM 3a
AaHnmm AnyCheck 66,8+4,7 IST. CtabinbHicTb imnaaHTa-
TiB HA BepxHii weneni 6yna HUxK4e 65,6+4,2 IST, y no-
pPiBHAHHI 3 HMXKHbOLO Wenenoto 68,0+5,1 IST. HezHauHO
HMXKYe BUXigHI NOKAa3HUKKU NPU NOCTAaHOBL,i iMNAaHTaTIB
y 6oKoBOMY BiaAini y NopiBHAHHI 3 GpPOHTaNbHUM Big-
nosigHo 67,4+5,1 IST Ta 64,2+5,5 IST Ha BepxHil wene-
ni, Ta 68,2+3,6 IST i 67,8+4,8 IST Ha HUXKHIN Weneni.

CepepHi NOKa3HUKM TecTyBaHHA imnaaHTaTie B Il Ta
IV rpynax, 6yan meHwWi y nopiBHaHHI 3 | Ta Il rpynamum 3
6e3nocepeHiM HaBaHTAXKEHHAM, Ta CKNaZanu B cepes-
Hbomy 63,143,9 IST. Lle Biabynocs 3a paxyHOK TOro, Lo B
I Ta Il rpynu 6yno o6paHo iMNIAHTATK 3 LOCUTb BUCOKMM
3HaYyeHHAaM IST, @ iMnNIaHTaTK 3 MEHLIMMM NOKA3HUKaMM
CTabiNbHOCTI HaAiMWAM 40 rpynu 3 BiACTPOYEHMM Ha-
BaHTa)XeHHAM. Ha BepxHili weneni BUXiAHI NOKA3HMUKM
CTabiNbHOCTI BYNM HUXKYI, YUM Ha HUKHIN, BignoBigHO
61,9+3,4 IST i 64,3+4,4 IST.

Y ¢poHTanbHOMY BiaAini ctabinbHicTb iMmnaaHTaTiB
B Il Ta IV rpynax Buuie y NopiBHAHHI 3 6OKOBUM Biaai-
JIOM AIK Ha HUXKHIN TaK | Ha BEPXHil, Ha HUXKHIN wene-
ni BignosigHo y ¢poHTanbHOMY Ta HOKOBOMY BiaAini
65,1+4,9 i 63,5+3,9 IST; i Ha BepxHilt weneni 60,9+3,7
ISTi62,9+3,1 IST.

Ha MOMeHT po3KpuTTa imnaaHTaTie B rpynax Il Ta
IV, BcTaHOBNEHHA GpOpPMYBaUiB ACEHEBOT MaHKETKM 3Ha-
YyeHHA cTabinbHOCTI iMnaHTaTiB 36iNbLWIMAOCL ¥ cepea-
HbOMy A0 68,6+4,6 IST Ha BepxHilt weneni, i ao 71,0+5,5
IST Ha HUXKHIM weneni. Y ¢poHTanbHOMY Bigaini Bepx-
HbOI Wenenu ao 69,1+4,3 IST; y 6okoBoMY BiaAini Bepx-
HbOI Wwenenu go 68,0+3;7 IST, y dpoHTanbHOMY Biaaini

HUXHbOI Wenenu go 71,2+5,8 IST, y 6okoBomy Biaaini
HWXKHbOI Wwenenn — go 70,8+5,2 IST.

Micna 6 micauiB HaBaHTaXkeHHA NOKa3HUKKU cTabinb-
HOCTI iMNNAHTATIB NPU BIACTPOYEHOMY HABAHTAMKEHHI
y Il Ta IV rpynax matoTb TEHAEHLiO 40 36inbleHHs. Y
dpoHTanbHOMY BiaAiNi BEPXHbOI Wenenu crabinbHicTb
36inblyBanacb oo 72,4+4,0 IST, y 6okoBomy Biaaini ao
70,9+4,2 IST; y dppoHTaNnbHOMY BigAini HUXKHbLOT Wenenu
0o 75,1+43,5 IST, y 6okoBomy Biaaini oo 72,2+4,2 IST; 8
Linomy Ha BepxHin weneni ao 71,65+4,0 IST, No HUKHI
weneni go 73,65+3,8 IST; B cepegHbomy no obom wene-
nam go 72,65+4 IST.

Yepes 12 micauiB GyHKLIOHAbHOTO HaBaHTaXKEHHS
y lll Ta IV rpynax 36inblweHHs cTabinbHOCTI imnaaHTaTIB
[OCATHYNI0 HACTYMHUX NOKa3HMKIB: Ha BepXHiN weneni
no 75,3+3,5 IST, BignosiaHo y ¢poHTanbHOMY BigAini
BEpXHbOI Wwenenu go 75,8+3,8 IST, y 6okoBoMy Biaai-
Ni BepxHbOi wenenu 74,7+3,9 IST; Ha HWXKHIK weneni
NnokasHMKKM cTabinbHocTi goxoamnn go 79,5+3,1 IST,
BiANOBIAHO Yy GpPOHTANbHOMY BiAAINT HUMKHBOI Wene-
nn 80,1+3,0 IST; y 6bokoBOMY BigAini HAXKHbBOI Wenenm
78,3+ 3,1 IST. B uinomy no BepxHiit Ta HUXKHIN Weneni o
71,843,1 IST. Bci imnnaHTaTv 6yau iHTErpoBaHi.

Y I Ta ll rpynax npu 6e3nocepeAHbOMY HaBaHTAXKEH-
Hi iMNNaHTaTIB MaKCMManbHiI MOKa3HUKM CTabinbHOCTI
iMnnaHTaTiB NpoTarom 6 micAuiB 36iNbLIMANCL B cepes-
HbOMY Ha BEpXHii Wweneni go 69,9+3,5 IST, BignosigHo y
dpOoHTaNbHINM AinaHUi BepXHboi wenenu o 70,8+3,5 IST;
y 6bokoBoMy Bigaini BepxHboi wenenun go 69,1+3,4 IST;
Ha HUXHIN Weneni B cepegHbomy ctaHoBuaun 71,3+3,0
IST, BignoBigHO y GPOHTaNbHIM AiNAHLI HUXKHBOI Wene-
nn go 72,1+2,9 IST, y 6okosBilt ginadui go 70,5+3,1 IST.
Yepes 12 micauiBa ¢yHKLIOHAaNbHOIO HaBaHTAXKEHHSA
NMOKa3HMKN CYTTEBO HE 3MIHMAUCL, aNe AOCATN MAKCU-
MaJIbHOTO 3HAaYEHHA: HA BEPXHIN weneni 74,3+2,1 IST Ta
75,3 +1,3 IST. Y ABOX NaL€EHTIB Ma/In 3HAYHE 3MEHLLEH-
HA NOKa3HWKIB cTabinbHocTi IST imnnaHTaTiB (4 imnnax-
TaTa) 8o 35 oAMHMLb, L0 BKA3yE Ha NepeBaHTaXKeHHs.
Taki imnnaHTati 6yno BMAaneHo.

TaKMM YMHOM, MPU NOPIBHAHI MOKAa3HUKIB cTabinb-
HOCTI iMNAaHTATIB B Pi3HUX BigAinax BEpPXHbOi Ta HUXK-
HbOT Wenenun Ta Npu PisHMUX NPOTOKOIAX HaBaHTAXKeHHA
iMnnaHTaTiB MOXHa 3p06UTM HACTYMNHI BUCHOBKMU:

- ¥ BCiX KNiHIYHMX rpynax MakCMmMasibHe 3HAa4YeHHA CTa-
6inbHOCTI iMNNAHTATIB PEECTPYETLCA Yepes OAMH piK. Liei
baKT foBeAeHO y CTaTUCTUYHO J0CTOBIPHOMY 36inblueH-
Hi (p<0,05) cTabinbHOCTi iMnaaHTaTa B 060X rpynax;

- BMXigHi 3Ha4YeHHA cTabinbHOCTI iMNiaHTaTIB vy Cce-
peAHbOMy Mo 06OM Liesenam He MakTb AOCTOBIPHOT
pi3HULi Npu 6e3nocepesHbOMY abo BiACTPOUEHOMY Ha-
BaHTa)KeHHi 66,8+4,7 IST npotn 63,1+3,9 (p >0,05);

- BMXiAHIi NOKa3HMKKM cTabiNbHOCTI iMnnaHTaTIiB
Ha BEPXHil Weneni HUWXKYE HiXK Ha HWXKHIW weneni B
65,6+3,8 i 68,0+4,8 IST ((p<0,05));

- 3HUKEHHSA KoedilieHTa cTabinbHOCTI iMnnaHTaTiB
nif, Yac HaBAHTAXKeHHA BKA3Y€E Ha HAsABHICTb NepeBaHTa-
YKEHHA JAHOro iMNAaHTaTa;

- OfHaK BMKOPUCTOBYBATM [aHWIA MPUCTPIA oNA Be-
pudikauii dakTy nepsuHHOI cTabiNbHOCTI HeAoLiNbHO,
OCKI/ZIbKM NOKa3HUKKW NpuAagy He Nos’A3aHi 3 NPOrHo3om
bYHKUiOHYBaHHA BHYTPULLHBbOKICTKOBOI onopwu. Lle csia-
YnUTb NPO Te, WO HaBITb NPU HEAOCTATHIN NEPBUHHIN Me-
XaHiYHiM dikcauii imnaaHTaTa Npwm BiACTPOYEHOMY HaBaH-
TaXKeHHi MOKHa OYiKyBaTW Ha MOAIMLWEeHHs cTabinbHoCTi
imnnaHTaTa 3aBaAKM BionoriyHin ¢asi octeoiHTerpatii.
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Omxke npucTpii AnyCheck ponomarae nposectu
KOHTPONb OCTeoiHTerpauji imnaaHTata nig 4ac ¢asu
iMNNaHTaLi, @ TaKOX Nicna opToneanYyHoOro NikyBaHHA,
3 METOI0 BUAB/IEHHA HEraTUBHUX 3MiH Ha paHHin cTagil.

MepcnekTnMBM NoaanblUMX AocniaKeHb. B nogans-
LWOMY MW MJIAaHYEMO AOCAIAKYBATU CTabinbHICTb iMmn-

naHTaTiB 3a gonomoroto npuctpoto AnyCheck Ha eTanax
opToneauyHoi peabiniTauii. Y BnAMBae BTpaTa KOPTK-
KaNbHOI Pe4YOBUHM aNibBEONAPHOI KiCTKM, AKA BU3Ha4Ya-
€TbCA 32 AOMOMOTOI PEHTreH-AiarHOCTUKM, Ha MOKas-
HUKK cTabiNbHOCTI iMniaHTaTa HanexuTb 3'AcyBaTy B
npoueci NikyBaHHA.
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BU3HAYEHHA CTABI/IbHOCTI IMMJIAHTATIB AAK OB’E€EKTUBHWIA METOZ MPOrHO3YBAHHA TA OLIHKWU
EDPEKTUBHOCTI NIIKYBAHHA B AEHTA/IbHIN IMNIAHTONOTIT

[o6posonbcbKa O. B.

Pe3stome. CTaTTa NpMCBAYEHA BU3HAYEHHIO MEXAHIYHOT CTabiNbHOCTI eHA0CaNbHUX AEHTaNbHUX IMNAaHTaTIB
Ha eTanax ocTeoiHTerpaLii B 3a/IeXKHOCTi Bif, CTPOKiB GYyHKLIOHANbHOTO HaBaHTaXeHHs. MexaHiyHa cTabinbHicTb
iMnnaHTaTa € Ba*K/IMBUM MOKA3HMKOM HOPMasibHOI ocTeoiHTerpauii. CTabinbHicTb iMnnaHTaTiB BMU3Ha4YaAM 3a A0-
nomoroto npuctpoto AnyCheck. MpoBeaeHo NOpPiBHAHHA MOKA3HUKIB CTabifibHOCTI iMNIaHTaTIB B pi3HUX Bigdinax
BEPXHbOI Ta HUXHbOI WEeNenu Ta Npu pisHUX NPOTOKOaX HaBaHTaXKeHHA iIMNNaHTaTIB: 6e3nocepeHe Ta BiacTpoyeHe
HaBaHTaAXEHHA.

KniouoBi cnosa: mexaHiyHa
nepiotectomeTpis, OCTeoiHTerpaLiis.

CTabiNbHICTb  AEHTaNbHUX IMNNAHTATIB, YaCTOTHO-PE30HAHCHUK  aHanis,

ONPEAENEHNE CTABU/IBHOCTU MMMIAHTATOB KAK OBbEKTUBHBIA METOM, NPOrHO3UPOBAHUA W
OUEHKU 3PDEKTUBHOCTU JIEYEHWUA B AEHTA/IBHON MMIM/IAHTONI0TUU

[Oo6posonbckan O. B.

Pestome. CTaTbsA NOCBALLEHA OMNPeAeNeHNI0 MeXaHUYECKON CTabMAbHOCTM 3HA0CA/bHbIX A€HTa/IbHbIX MMMIaH-
TATOB Ha 3Tanax OCTEOUHTErpaLLMM B 3aBUCMMOCTM OT CPOKOB GYHKLMOHANbHOM HArpy3ku. MexaHuyeckas cTabuib-
HOCTb MMMIAHTATa ABNAETCA BaXKHbIM MOKa3aTe/leM HOPMasibHOM ocTeomHTerpaumm. CTabuabHOCTb UMNIAHTATOB
onpeaensanu ¢ nomouisto npubopa AnyCheck. MposBeseHo cpaBHeHWe NoOKasaTenei CTabuabHOCTU MMMNNAHTATOB B
Pa3/INYHBIX OTAENAX BEPXHEN U HUMKHEN YeNtoCTM U NPW PasIMYHbIX NPOTOKOMAX Harpy3K1 MMMNIAHTATOB: Henocpes-
CTBEHHAA M OTCPOYEHHanA Harpyska.

KnioueBble cn0Ba: mexaHM4YecKas CTabuNbHOCTb AEHTa/IbHbIX MMM/IAHTATOB, YaCTOTHO-PE30HAHCHbIN aHanwus,
nepuoTecToMaTpums, OCTEOMHTErpaLms.

DETERMINATION OF STABILITY OF IMPLANTS AS AN OBJECTIVE METHOD FOR PREDICTING AND EVALUATING
EFFICIENCY TREATMENT IN DENTAL IMPLANTOLOGY

Dobrovolskaya O. V.

Abstract. This work is dedicated to stability of the dental implant in stages of osteointegration by the method of
resonance frequency analysis. Mechanical stability of implant is an important parameter of a normal osteointegra-
tion. Implant stability was determined by the analysis method AnyCheck.

The success or failure of bone implants has been demonstrated to be related to the quality of the bone—implant
interface which provides the support to transfer loads from the implant to the bone. New bone apposition at the
bone—implant interface requires a good primary implant stability with limited micromovements at the interface;
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this primary stability is provided by the mechanical engagement of the implant in the bone. In facts, relative
displacements between the bone and the implant above 50—-150 um can lead to fibrous bone formation, providing
a very poor long-term secondary stability; secondary stability is the biologic stability provided through bone
regeneration and remodeling. The necessity of limiting these so-called ‘micromovements’ has induced the setup of
follow-up protocols where functional loads are applied after a prescribed period of time (3—6 months, according to
the original protocol).

As a general rule, devices not requiring an additional element in contact with the abutment are considered to
be safer: the Periotest, AnyCheck belong to this category, while the Osstell requires screwing the magnetic peg on
the top of the abutment with 10 Ncm torque, and this might affect the bone—implant interface at the early healing
stage. On the other hand, no-contact device results are hampered by a lack of repeatability, since small deviations

CTOMATONOrIA

in the location of the impact point result in significant variations of results.

When comparing the stability of implants in different departments of the upper and lower jaw and different
protocols of loading the implants, we can draw the following conclusions:

- the maximum value of implant stability is recorded after one year in all clinical groups. This fact was proved in
a statistically significant increase (p <0.05) of implant stability in both groups;

- the initial values of the stability of the implants on the average for both jaws do not have a significant difference
with direct or delayed loading 66,8 + 4,7 IST against 63,1 +3,9 (p> 0,05);

- a decrease in the implant stability factor during loading indicates that the implant is overloaded;

- however, it is not advisable to use this device to verify the primary stability fact, as the instrument’s performance
is not related to the prognosis of intraosseous support. This indicates that even with insufficient initial mechanical
fixation of the implant with delayed loading, one can expect to improve the stability of the implant due to the

biological phase of osteointegration.

Therefore, AnyCheck helps to control the implant osteointegration during the implantation phase and after
orthopedic treatment, in order to detect negative changes at an early stage.
Key words: mechanical stability of dental implants, resonance-frequency analysis, osteointegration.
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YCYHEHHA NNEPYYT/TIUBOCTI 3YbIB:
noeaAHAHHA KOHCEPBATUBHOIO TA XIPYPII4YHOIO JNIIKYBAHHA

YKpaiHCcbKa MeguyHa cTomaTtosioriyuHa akagemis (m. Monrtaea)

38’A30K ny6niKauii 3 nNAaHOBMMM HayKOBO-A0-
cnigHumm poboramu. CtaTta € PparMeHTOM HayKOBO-
aocnigHoi pobotn Kadeppwu xipyprivHoi ctomaTtonorii
Ta LWenenHo-nueBoi Xipyprii 3 naacTMYHO Ta pe-
KOHCTPYKTUBHOLIO Xipypri€elo ronosu Ta WKi YKpaiHCbKa
MeAMYHa CTOMaTo/IoriyHa akagemia (m. lMonTasa) 3a
Temoto «[liarHOCTUKA, XipypriyHe Ta MegMKaMEHTO3He
NiKyBaHHA NaUieHTIB 3 TpaBMamu, gedeKkTamu Ta ge-
bopMaLiasmMM TKaHWH, 3aMafbHUMKM NpoLLecaMmu wenen-
HO-/IMLEBOI OiNAHKU (AepyKaBHUI peecTpauiiiuin N
0119U102862).

Bctyn. Y cyyacHMx ymoBax y 6inbliocTi KpaiH EBpo-
nun 3HaYyHO 36inblUMAACD KiJIbKICTb 3BEPHEHD A0 /iKapiB-
CTOMATO/I0rB 3 NpuBOAY NiABULLEHOT YyTANBOCTI 3ybiB
[1,2]. HeobxigHO 3a3HAYNTK, WO aKTya/IbHICTb BUBYEH-
HA npobnemu rinepuyTamsocTi 3y6is (I3) nos’s3aHa He
TiIbKM 3 BMCOKOI YacCTOTO Ta MyNbTUQAKTOPHICTIO re-
He3a 4aHOro 3aXBOPHOBaHHA, A 1 TUM, L0, XO4a BiKOBUI
[iana3oH TakMX NaLEHTIB € OCTAaTHbO LWMPOKUM, Ta BCe
X NepeBarkHy YaCTMHY MaLieHTIB CTaHOBAATb 0cObM MO-
noporo Biky [3]. Kpim Toro, 601b0Bi Big4yTTA Pi3HOI iH-
TEHCUMBHOCTI, AKi € OCHOBHUM KAIHIYHWUM MPOABOM LbOrO
NaToNOrYHOro CTaHy, 3HAaYHO NMO3HAYAOTbCA HA AKOCTI
UTTA Ta Npaue3faTHOCTI nauienTis [4].

MowyK meToaiB NikyBaHHSA, AKi 6 3abe3neynnn Ha-
AiliHe ycyHeHHs '3, TpUBAE BXKe He OAMH AeCATOK POKiB.
LLInpoKuMiA cnekTp TpaauLUiMHMX | HOBUX MeTOAiB Ta 3a-

ivanytskaos@ukr.net

cobiB NikyBaHHA LbOro 3axBOptoBaHHA 6a3yeTbcA Ha
BMBYEHHI NMOpyLlEeHb 3aralbHMUX 0B6MIHHMX NpoueciB Ta
CTPYKTYPHUX 3MiH Y TKaHWHaxX 3yba 1 napogoHTy [5,6].
MpoTe i poci BUBip onTMmanbHOro metoady Tepanii y
KOXHOMY K/lIHIYHOMY BUMNAZKYy MOXKe BUK/AMKATU MEBHI
TPYAHOLLi HaBiTb Yy AOCBIAYEHMX NiKapiB-CTOMATONOrIB.
Lle y cBoto Yepry npnsBoauTb 0 TOTO, Lo ePeKTUBHICTb
MOro NikyBaHHA He 3aBXAM € AOCTAaTHbOK Ta NPOOH-
rosaHoto. Kpim Toro, ocobnunsy ckNagHicTb BUKANKAOTb
BUNaaKu 3, AKi BUHMKaAlOTb Ha POHI peuecii sceH [7].

Tomy npu CKNagaHHi NAaHy NiKYBAHHA MNALLiEHTIB i3
NiABULLEHOO YyTAMBICTIO 3yHiB HAA3BMYAHO BaXK/IMBO
NPaBUAbHO BU3HAYUTK i KNiHIYHY dopMmy, a TaKoXK BU-
ABUTM MicLeBi M 3arasbHi YUHHWUKM, WO CNPUSAIOTb BU-
HUWKHEHHIO LLbOro NaTo/I0MYHOr0O CTaHy Ta YCKIAAHIOTb
noro nepebir. BapTo TakoX nam’staTu, WO micuesa Ta
3arasibHa KOHCepBaTUBHA Tepanisa 4OCUTb YacTo MaE Mno-
€4HYBATUCb 3 TUMM YM iIHWMMU METOANKAMU MapOLOH-
TANbHOI PEKOHCTPYKTUBHO-BIAHOB/OBANLHOI  Xipypril.
Hepo3ymiHHA LbOro 40CUTb YacTo obepTaeTbCA BiacyT-
HIiCTIO NO3UTMBHOTO PE3ynbTaTy NiKyBaHHA, a Le, Y CBOIO
yepry, BUKAMKAE Y NaLEHTIB NOYYTTA pO34apyBaHHA Ta
HeJoBipKU A0 NiKapA.

MeToto Hawoi poboTH € YAOCKOHANEHHA NiKYBaHHSA
rinepyyTMBocTi 3y6iB 3aBAAKM KOMMAEKCHOMY Migxoay
00 1l YCYHEHHA.
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The reliability of Anycheck device related to

healing abutment diameter

Dong-Hoon Lee, Yo-Han Shin', Jin-Hong Park, Ji-Suk Shim, Sang-Wan Shin, Jeong-Yol Lee*

Department of Prosthodontics, Institute for Clinical Dental Research, Korea University Medicine, Korea University, Seoul, Republic of Korea

PURPOSE. The purpose of this in vitro study was to examine the reliability of the Anycheck device and the effect
of the healing abutment diameter on the Anycheck values (implant stability test, IST). MATERIALS AND
METHODS. Thirty implants were placed into three artificial bone blocks with 10 Ncm, 15 Nem, and 35 Ncm
insertion torque value (ITV), respectively (n = 10). (1) The implant stability was measured with three different
kinds of devices (Periotest M, Osstell 1ISQ Mentor, and Anycheck). (2) Five different diameters (4.0, 4.5, 4.8, 5.5,
and 6.0 mm) of healing abutments of the same height were connected to the implants and the implant stability
was measured four times in different directions with Anycheck. The measured mean values were statistically
analyzed. RESULTS. The correlation coefficient between the mean implant stability quotient (ISQ) and IST value
was 0.981 (P<.01) and the correlation coefficient between the meant periotest value (PTV) and IST value was
-0.931 (P<.01). There were no statistically significant differences among the IST values with different healing
abutment diameters. CONCLUSION. There was a strong correlation between the Periotest M and Anycheck
values and between the 1SQ and IST. The diameter of the healing abutment had no effect on the Anycheck

values. [J Adv Prosthodont 2020;12:83-8]

KEYWORDS: Implant stability; Periotest; Implant stability test; Insertion torque value; Implant stability quotient (ISQ)

INTRODUCTION

The stability of a dental implant is used to predict the prog-
nosis of the implant. The stability of an implant was
defined as the ability of an implant to resist vertical, hori-
zontal, and rotational forces and was employed as an indi-
rect index of osseointegration and successful healing.!
Osseointegration occurs in two stages, the primary and
secondary stages.” In the primary stage, implant stability is
mainly achieved from mechanical engagement with cortical
bone. In contrast, in the secondary stage, implant stability is
achieved through bone regeneration and remodeling.’
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Adequate primary stability is a prerequisite for acceptable
osseointegration. It is, therefore, imperative to quantify
implant stability at several time points and predict long-term
prognosis based upon the obtained implant stability mea-
sutements.

There are several methods to measure primary stability
and some techniques involve non-invasive quantitative anal-
ysis, such as resonance frequency analysis (RFA) and damp-
ing capacity analysis (DCA).*” One of the RFA devices, the
Osstell ISQ Mentor (Osstell, Goteborg, Sweden), uses a
sensor (smart-peg) coupled with an implant fixture and
measures resonance frequency values that are converted
into an arbitrary implant stability scale values called the
implant stability quotient (ISQ).* DCA systems are designed
to measure the damping characteristics of implants based
on the contact time.

One DCA system device, Periotest M (Medizintechnik
Gulden, Modautal, Germany), converts the measured con-
tact time into arbitrary implant scale values called Periotest
values (PTV).6

Some studies have investigated the ability of these non-
invasive devices to measure implant stability and confirmed
their reliability.>*'* However, the correlation and reliability
of both methods are controversial.!' Some studies have
shown a strong correlation between ISQs and PTVs, where-
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as others have shown no correlation.'*!® Because of these
discrepancies, standard implant stability values have not yet
been established and evaluations have been made with other
methods of analysis, such as radiographic and clinical exam-
inations, and measurement of insertion torque.

A new damping capacity method device, Anycheck
(Neobiotech, Seoul, Korea) was introduced in 2017. This
device measures the time of contact between the impacting-
rod and the healing abutment. It strikes the healing abut-
ment six times over during three seconds and converts the
time into the implant stability test (IST) values. This device
strikes the healing abutment with less force compared to the
Periotest M and has a function to stop automatically when
the stability is low, to protect the implant. However, little is
known about the reliability of this device or the factors
affecting the IST values. The purpose of this 7z vitro study
was to examine the reliability of the Anycheck device and
the effect of the healing abutment diameter on IST values.

MATERIALS AND METHODS

An artificial bone block (Sawbones, Pacific Research
Laboratories, Vashon, WA, USA) with 0.32 g/cm’ density
was used in this experiment." Three artificial bone blocks
of the same size (Horizontal X Vertical X Height: 80 mm X
10 mm X 20 mm) were prepared (Fig. 1).

Thirty CMI IS-1I implants (Neobiotech, Seoul, Korea)
with 4.0 mm diameter and 10.0 mm length were used in this
experiment. CMI IS-1I implants were installed into three
artificial bone blocks with 10 Ncm, 15 Nem, and 35 Ncm
insertion torque values (ITV), respectively (n = 10). Different
drilling processes were applied to each block. For 10 Nem
ITV, the drilling process included point lindemann drill, sur-
gical drill (92.2, 3.0, 3.5, 4.0 mm) and cortical tap drill to get
even ITV value. For 15 Ncm, the drilling process included
point lindemann drill, surgical drill (2.2, 3.0, 3.5, 4.0 mm).

4.2mm 35mm

20mm

For 30 Nem ITYV, the drilling process included point linde-
mann drill, surgical drill (2.2, 3.0, 3.5 mm). The distance
between the implants was 3.5 mm and the space between the
edge of the block and the implant was 4.2 mm on each side.

For examining the reliability of Anycheck device, experi-
mental groups were established according to the I'TVs and
the devices used to measure implant stability (Table 1). The
sensor, smart-peg, was coupled to the CMI IS-IT implant fix-
tures (n = 30, I'TV: 10 Nem, 15 Nem, 35 Nem). ISQ values
were measured in each implant in four different directions
(buccal, lingual, mesial, and distal) and the mean ISQ values
wete recorded by one examiner.

Healing abutments (Neobiotech, Seoul, Korea, Diameter
X Cuff: 4.0 mm X 4.0 mm) were connected to the CMI
IS-II implants (n = 30, ITV: 10 Nem, 15 Nem, 35 Nem).
Lines were drawn 1 mm under the top of the healing abut-
ment (Fig. 2) to standardize the height of the healing abut-
ments for measurement by Periotest M and Anycheck.

Three bone blocks were fixed parallel to the ground and
the rods hit perpendicular to the long axis of the healing
abutment. Periotest M and Anycheck were used to measure
implant stability when the devices were parallel to the

Table 1. Experimental groups used for correlation tests of
the reliability of Anycheck values

Insertion torque (Ncm)
Measuring device

10 15 35
IST
(Anycheck value) (n=10) (n=10) (n=10)
1SQ
(Osstell Mentor value) (n=10) (n=10) (n=10)
i (=10 (n=10) (n=10)

(Periotest M value)

80 mm

Fig. 1. A mimetic diagram of the block bone model. The size of the artificial
block bone was: horizontal length, 80 mm; vertical length, 10 mm; and height;
20 mm. Ten CMI IS-1l implants were installed with distances of 3.5 mm
between the implants and spaces of 4.2 mm from the edge of the block.

84

Fig. 2. Healing abutment with the
line marked on it. A line was
marked on each healing abutment
1 mm from the top of the healing
abutment to standardize the
heights for measurement by
Periotest M and Anycheck.
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ground. The PTVs and IST values were measured in four
different directions (buccal, lingual, mesial, and distal) (Fig.
3) and the mean values were recorded by one examiner.

For examining the effect of healing abutment diameter
on IST value, experimental groups wete established accord-
ing to the healing abutment diameter and I'TVs to deter-
mine the effect of the healing abutment diameter (Table 2).

Healing abutments (diameters: 4.0 mm, 4.5 mm, 4.8
mm, 5.5 mm, and 6.0 mm, cuff: 4.0 mm) were connected to
the CMI-II implants (n = 30, I'TV values: 10 Ncm, 15 Nem,
and 35 Ncm) with 10 Nem torque using a torque ratchet.
The IST values were measured in four different directions
(buccal, lingual, mesial, and distal) (Fig. 3) and the mean val-
ues were recorded by one examiner.

Statistical analyses were conducted with SPSS statistics
20.0 (IBM, Chicago, IL, USA). Pearson’s correlation test was
conducted to analyze the correlation between ISQ and IST
and between PTV and IST. One-sample Kolmogorov-
Smirnov tests were conducted to test the normality of the
obtained data and, based on the result of this test, two-way
ANOVA tests were conducted to analyze the effect of the
healing abutment diameter on the IST value. Tukey’s post-
hoc tests were conducted.

@ {

(@) me) ) e ()

‘D GD L

Fig. 3. Measuring the Anycheck value. Healing was con-
nected to the implant with 10-Ncm torque and the
implant stability was measured with the Anycheck device
in four different directions (buccal, lingual, mesial, and
distal).

Table 2. Experimental groups for correlation tests of

Anycheck
Diameter Insertion torque (Ncm)
(Healing abutment,
mm) 10 15 35
4.0 (n=10) (n=10) (n=10)
4.5 (n=10) (n=10) (n=10)
4.8 (n=10) (n=10) (n=10)
55 (n=10) (n=10) (n=10)
6.0 (n=10) (n=10) (n=10)

RESULTS

The correlation coefficient between the mean ISQ value
and the mean IST value was 0.981, demonstrating a strong
positive correlation (P < .01) (Fig. 4). In addition, the corre-
lation coefficient between the mean PTV value and the
mean IST value was -0.931, demonstrating a strong negative
correlation (P <.01) (Fig. 5).

75.00

70.00

ISTAVG

65.007

$5.00 60.00 65.00 70.00 7500 80.00
ISQAVG

Fig. 4. The result of Pearson’s correlation between the
mean 1SQ values (ISQAVG) and mean IST values (ISTAVG).
The correlation coefficient was 0.981 (P < .001).

75.007

70.00

ISTAVG

65.007]

T T T
-6.00 -4.00 -200

PTVAVG

8—
g
8

Fig. 5. The result of Pearson’s correlation between mean
PTV values (PTVAVG) and mean IST values (ISTAVG). The
correlation coefficient was -0.931 (P < .001).
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The IST values were proportional to the ITV of the
implants, indicating that the IST value could be an indirect
index of primary implant stability based on the insertion
torque (Fig. 6). When the ITV was 10 Ncm, the mean IST
value according to healing abutment diameters are as fol-
lows: 62.67 + 1.19 (4.0 mm), 62.32 + 1.93 (4.5 mm), 62.15 £
1.09 (4.8 mm), 61.52 = 1.5 (5.5 mm), 61.35 £ 1.77 (6.0 mm).
When ITV was 15 Ncm, the mean IST values are as follows:

78

76

74 !
72
70
68
66
64
62 :
)
58

4.0

IST value

W 10 Ncm

. 15 Nem

I ) I I I M 35 Nem
4.5 4.8 55 6.0 (mm

65.97 £ 1.16 (4.0 mm), 65.12 £ 0.81 (4.5 mm), 64.72 = 0.83
(4.8 mm), 65.32 £ 1.26 (5.5 mm), 64.6 + 0.67 (6.0 mm).
When ITV was 35 Ncm, the mean IST values are as follows:
74.82 + 1.69 (4.0 mm), 73.52 £ 2.48 (4.5 mm), 73.75 £ 1.65
(4.8 mm), 74.6 £ 1.46 (5.5 mm), 74.4 + 1.55 (6.0 mm) (Fig
7). However, there were no statistically significant differences
among the IST values with different healing abutment diam-
eters (P =.505).

)

Healing abutment diameter

Fig. 6. The implant stability test (IST) values of implants with different insertion torque values (ITV). The IST values were
significantly different among the implants installed with different ITVs with different healing abutment diameters.

IST value

[}
N A

[o)]
(@]

72 i
70
68
.o IIII_
§
58 I I I I
10 15 35

W 4.0mm
4.5 mm
W 4.8 mm
W 55mm

6.0 mm

(Nem)

Insertion Torque

Fig. 7. Implant stability test (IST) value of implants with different healing abutment diameter. The IST value had no statistically
different among healing abutment diameters with the same ITV value.
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DISCUSSION

Studies have reported that both the Periotest and Osstell
ISQ devices could reliably measure implant stability.
Lachmann ef al. insisted that both the Periotest and Osstell
ISQ showed acceptable reliability in predicting the stability
of implants in an 7z vitro experiment.” Pang e al'' also
showed a strong association between the ISQs and PTVs
after surgery and two months later. An animal study demon-
strated a strong correlation between I1SQs and PTVs."? In
addition, some studies reported that although both the
Periotest and Osstell ISQ systems were useful for evaluating
implant stability, the Osstell ISQ system performed more
accurately than the Periotest device, showing high reliabili-
ty.'®"” However, some studies have reported conflicting
results for both the Periotest and the Osstell ISQ devic-
es.!*!® Considering this controversy, both the Periotest and
the Osstell ISQ devices were tested with Anycheck device.
In addition, there was no information about healing abut-
ment dimeter. Iz vitro test for the reliability and effect of
healing abutment diameter would be appropriate for setting
conditions for further 7z vivo experiment. The results
showed that the IST values were strongly correlated with
both the PTVsand ISQs, suggesting that the IST values fol-
low the tendency of PTV and ISQ values.

There are well known limitations and inconveniences of
the Periotest and Osstell devices. Long-term data of
Periotest have shown that it can be an objective measure-
ment of implant stability."** However, some studies have
pointed out that these devices lack sensitivity.?"** This is
because Periotest, designed for natural dentition, measures a
wide dynamic range (-8 to 50). However, the dynamic range
used for measuring implant stability is limited to between -5
and +5."* Other studies have suggested that an even nat-
rower dynamic range of -4- to -2 or -4 to +2 is needed for
clinically osseointegrated implants.”** Moteovet, PTV can-
not identify implants with borderline stability or those in the
process of osseointegration.”® PTVs have also been criti-
cized for lack of resolution and vulnerability to operator
variables.*

The Osstell ISQ is a noninvasive method that can mea-
sure implant stability and based on the principle of structural
analysis.”” This device can be faitly reliable when an implant
has achieved osseointegration and the bone-implant inter-
face is rigid. However, when the bone-implant interface is
not rigid or doubtful, the ISQ tends to fluctuate.®®* In addi-
tion, use of the Osstell ISQ requires removal of the upper
component of the fixture (cover screw or healing abutment)
and connection of the smart-peg when measuring implant
stability and this may cause inconvenience and limitations.

The newly developed Anycheck device values were con-
sistent with ISQ values. In addition, the Anycheck device
values ranges from 1 to 99. The tapping motion was also
improved with lesser tapping times and forces applied to the
implant, resulting in safer measuring of implant stability than
that of the Periotest. Use of the Anycheck does not require
unscrewing the healing abutment and thus the process is eas-

ier than that of Osstell ISQ.

One study used the Periotest device to measure implant
stabilities, regardless of whether the patients had single
crowns, abutments, or healing abutments. The results
showed that the diameter of the implant supra structure did
not affect the IST value. If this idea can be applied to the
Anycheck device, there is a possibility of measuring implant
stability not only before the delivery of the prosthesis but
also after the delivery of prosthesis. However, further stud-
ies investigating the effect of the curvature of the prosthe-
sis and prosthetic material on IST values of the final pros-
theses are required before the Anycheck device is used clini-
cally.

The limitation of this 7 vifro study was that the reliability
of Anycheck was based on the correlation between the other
devices and the agreement rate of each device was not mea-
sured in this experiment. In addition, the study design can-
not compare the devices in osseointegrated implants and
turther 7n vivo studies are required for the clinical usage. The
correlation between the devices may reveal tendencies toward
implant stability but cannot suggest exact values indicating
implant prognosis. Further studies are required to determine
the reliability of the Anycheck device for clinical use.

CONCLUSION

Within the limitations of this study, we can conclude that
the IST values had as strong positive correlation with the
ISQ values and a strong negative correlation with the PTVs.
In addition, based on the results of this study, the diameter
of the healing abutment had no statistically significant
effect on the IST values. The Anycheck device demonstrat-
ed relative reliability based on the reliability of Osstell and
Periotest M. The device can be applied to the various diam-
eters of healing abutments because the IST values were not
affected by the diameter of the healing abutments.
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Comparison Study of Periotest M and AnyCheck for Tooth Stability Measurement
at the Incisal Edge of the Crown During Active Orthodontic Treatment: A
Suggested Protocol

Eduardo Yugo Suzuki', Boonsiva Suzuki'
'Department of Orthodontics, Faculty of Dentistry, Bangkokthonburi University, Bangkok, Thailand

Abstract

Assessment of tooth stability (TS) during orthodontic treatment provides relevant information regarding the
biomechanical behavior of the periodontium. Therefore, the purpose of the present study was 1) to compare the
performance of the Periotest M and the AnyCheck in assessing tooth stability, 2) to compare the measurement of
TS values obtained from the middle and the incisal edges, and 3) to develop a protocol of tooth stability measurement
during the active phase of orthodontic treatment. Comparison of reliability of the Periotest M (Medizintechnik
Gulden, Modautal, Germany) and the AnyCheck (IMT-100, DMS Co., LTD. Gangwon-do, Korea) was performed on 20
participants. Both devices are designed to provide objective measurements by assessing the damping capacity.
Since the periotest values are displayed in PTV values and AnyCheck displayed in the iST scale (Implant Stability
Test), a conversion equation to convert PTV into IST values was developed. A comparison of tooth stability values
obtained from the middle and the incisal edge was performed to allow measurements during the active orthodontic
treatment. Data was collected and analyzed statistically. Significant differences in TS measurements between the
middle and incisal sites were observed. The Periotest produced the largest discrepancies (42.2%, + 22.2%) between
the middle and incisal readings. (p<0.001) Measurements of the posterior teeth were not possible with the Periotest
due to the bulky head size. The AnyCheck produced reduced discrepancies between the middle and incisal readings
(6.8%, SD 1.9%) with no significant changes in the posterior teeth. Relatively simple measurements were possible
with AnyCheck. The correlation coefficient between the mean Periotest M and AnyCheck values was 0.870 (P<0.01).
A strong correlation between the Periotest M and AnyCheck values was observed. The use of incisal edge for tooth
stability measurements provided reliable and consistent tooth stability measurements. Moreover, it allows measurement

during the active phase of orthodontic treatment.
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Introduction

Assessment of tooth stability has shown to be
an important clinical indicator of the health status and
biomechanical behavior of the periodontium during
orthodontic tooth movement."* The continuous remodeling
of the periodontal tissues during orthodontic tooth move-
ment promotes the increase in tooth mobility.' Therefore,
the assessment of tooth mobility changes can be used
as an important evaluation tool for the evaluation of the
biomechanical characteristics of the periodontium.?
Consequently, the assessment of TS values can be used
as a clinical indicator of the tooth movement and treatment
duration. Moreover, it is commonly accepted that tooth
mobility increases during orthodontic treatment and is
gradually restored to baseline levels after completion of
orthodontic treatment.®® Therefore, the assessment of
tooth stability changes during orthodontic treatment and
at the retention period has been investigated."” Tanaka et al.
had performed the longitudinal measurements of tooth
mobility during orthodontic treatment using a Periotest.*
However, measurements were performed only on the
anterior teeth.

Several studies had been performed to assess
the values of tooth stability in permanent dentition using
different approaches.”*” However, their acceptance has
been limited because of the subjectivity associated with
their use.’ The Periotest is a non-invasive, electronic device
that provides an objective measurement of the reaction
of the periodontium to a defined impact load applied to
the tooth crown. Consequently, the assessment of tooth
stability with the Periotest as a special test for assessing
the periodontal status of teeth in children that have
suffered trauma has been broadly used.”"

This method has been described as an efficient
and reliable method to assess tooth mobility."" The
Periotest measures the mobility and damping of natural
teeth by measuring the acceleration in response to an
applied impact.”* The periotest values are displayed in

PTV values (-8 to +50), with a higher scale representing

10  JDAT-DFCT (Supplement Issue) VOL.71 2021

lower stability or higsher mobility. The Periotest values
are related to clinical tooth mobility through a simple
correlation.’

Recently, a new measuring device, AnyCheck
(IMT-100, DMS Co., LTD. Gangwon-do, Korea) has been
introduced to assess the stability of dental implants.’"
This device uses the tapping method which measures the
time the tapping rod of the device contacts the implant
fixture. The result of measurement is displayed in the
iST (Implant Stability Test) scale (1 to 99) with a higher
scale representing greater stability or lower mobility.

Both the Periotest M and the AnyCheck devices
are dynamic devices designed to provide objective measure-
ment of tooth mobility and implant stability by assessing
their damping characteristics. However, the AnyCheck device
has not been tested for the measurement of tooth stability.
Moreover, according to the manufacturer’s instructions, the
handpiece must be oriented perpendicular to the tooth’s
long axis with the tapping rod being placed towards the
middle of the anatomical crown.** However, the middle of
the anatomical crown is often the selected place for the
orthodontic buccal brackets placement. Consequently,
monitoring tooth stability with such devices during the
active phase of orthodontic treatment is not possible.

To avoid these limitations, the authors propose an
alternative measurement method by modifying the point
of impact of the tapping rod to the incisal edge of the
anatomical crown, consequently allowing the measurement
of tooth mobility throughout the orthodontic treatment.
However, the impact of these changes on the reliability
of the measurements has not been investigated.

Therefore, the purpose of the present study
was 1) to compare the performance of the Periotest M
and the AnyCheck in assessing tooth stability, 2) to
compare the measurement of TS values obtained from
the middle and the incisal edge, and 3) to develop a
protocol of tooth stability measurement during the

active phase of orthodontic treatment.
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Materials and Methods

Assessment of Tooth Mobility
Periotest M vs AnyCheck

In the first part of the study, the selection of the
best equipment for tooth stability measurement was made.
Therefore, the comparison of Periotest M (Medizintechnik
Gulden, Modautal, Germany) and the AnyCheck (IMT-100,
DMS Co., LTD. Gangwon-do, Korea) in assessing tooth stability
was performed on 560 teeth of 20 volunteer participants.
(Fig. 1 A-C) Measurements were performed of all maxillary
and mandibular teeth.

Tooth stability assessment was performed following
the instructions of the manufacturer. Measurements were
performed with the participants seated in the dental chair in
an upright position with a stable headrest. The tapping rod
of the measurement device was placed in the middle of
the anatomical crown. For the Periotest M device, the
tapping rod was placed in a horizontal position 0.5-2 mm
away from the tooth surface. Measurements are performed
with the handpiece positioned perpendicular to the long
axis of the tooth. (Fig. 1D-G) Measurements were performed
by two trained examiners. Each measurement was performed
twice for each tooth and was averaged for analysis.

Conversion Formulas

i)

(¢

/o

Figure 1 Close-up pictures of the tips of the AnyCheck and
Periotest M devices. Measurement devices were placed
in the middle and the incisal edge of the tooth crown

Both the Periotest M and the AnyCheck are dynamic
devices designed to provide objective measurement of
tooth stability by assessing damping characteristics of the
periodontium. The periotest values are displayed in PTV
values (-8 to +50), with a higher scale representing lower
stability or higher mobility. In contrast, the AnyCheck values
are displayed in iST (implant stability test) values (1 to 99)
with a higher scale representing higher stability or lower
mobility. Therefore, to allow the comparison of the
standard deviations of the two devices, a conversion
formula was created for both converting the PTV values
intoiST values. Moreover, since the Periotest M was designed
to provide tooth stability values and the AnyCheck was
designed to provide stability values, the conversion
formula was proposed to represent the stability values.

The conversion of the PTV values into the iST
values to assess stability was performed using the following
equation: iST = 99 — ((PTV+8) * 99/58)

In this formula, the PTV values, which range from
-8 to +50, thus containing a 58-unit scale, were converted
into a 99-unit scale. The 0 to 99 scale is used for the
iST assessment.

In this formula, the higher PTV scales represent the
lower stability or higher mobility, while the higher iST scales
represent higher stability and lower mobility.
Alternative Target Point for Tapping. (Middle versus
Incisal edge)

In the second part of the study, the selection
of an alternative target point for the tapping rod was
performed to allow consistent and repeatable measure-
ments during the active phase of orthodontic treatment.

For the conventional measurement for TM, the
tapping rod of the measurement device is positioned at
the middle of the anatomical crown perpendicular to the
tooth’s long axis. (Fig 2.) However, this position interferes

with measurements during the active phase of orthodontic
movement since this position coincides with the site where

the orthodontic bracket is placed. Therefore, an alternative

target point for the tapping rod was performed to allow

Suzuki and Suzuki, 2021 11
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consistent and repeatable measurements during the active

phase of orthodontic treatment.

Figure 2 Illustration of the tapping position perpendicular to the

tooth’s long axis

All measurements were performed using the
Periotest M and the AnyCheck device. The periotest values
were converted into iST values using the proposed formula
to allow comparison between devices.

Therefore, the selected point for the anterior incisors,
canines, and premolars was the incisal edge perpendicular
to the long tooth axis. For the molars, the selected point

was the incisal edge of the mesial cusp. (Fig. 3)

ok

» Mesiobuccal cUsp
Incisal ¥

Figure 3 lllustration of the middle and the incisal edge target
sites for tapping
The selected target point provides a reliable
reference for tooth stability measurements during all
phases of Orthodontic treatment, including at the baseline

active and retention periods. (Fig. 4)
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Figure 4 Assessment of tooth stability during active orthodontic
treatment

Measurements performed at the middle and the
incisal edge of the dental crown were performed to detect
the differences between the different sites.
Participants

Assessment of tooth stability was performed on
560 teeth from 20 pre-orthodontic patients at the Graduate
Clinic, Department of Orthodontics, Faculty of Dentistry,
Bangkokthonbuti University between Jan 2018 - Jun 2018.
This study was approved by the Human Experimentation
Committee, Faculty of Dentistry, Bangkokthonburi University
(Approval Number: 26/2561). Informed consent was obtained
from all participants before the initiation of the study.
Inclusion and exclusion criteria

The overall inclusion criteria were; participants
with good general health, excellent oral hygiene with
sound teeth with normal shape and size, no periodontal
disease nor bone loss visible on panoramic radiographs.
Also, they should have no history of dental trauma nor
previous orthodontic treatment with an absence of large
restorative treatment such as large filling or crowns as
well as no missing teeth except for the third molars.
Inter and intraindividual calibration

For the reproducibility and reliability of the

measurements, inter-and intraindividual reliabilities were



Back to the Index

performed using the intraclass correlation coefficients
(ICC). Tooth stability was conducted twice at the incisal
edge and the middle of the dental crown. For the middle
of the dental crown measurements, the ICC was 0.850
and 0.915 for the inter-and intraindividual reliabilities,
respectively. Whereas for the incisal edge of the dental
crown measurements, the ICC was 0.801 and 0.844 for

the inter-and intraindividual reliabilities, respectively.

Statistical Analysis

SPSS version 27.0 (IBM Corp., Armonk, NY, USA)
was used for statistical analysis of the results. The paired
t-test was used to compare the Periotest M and AnyCheck
measurements at the middle and incisal edges. The agreement
between the Periotest M and AnyCheck values measurements
was evaluated with Pearson’s correlation and coefficient
and Bland-Altman analysis. The level of significance was
set at 95% (P<0.05).

Periotest

Periotest M vs AnyCheck

Results of tooth stability measurements using
the Periotest M (PTV values were converted in iST*) and
AnyCheck values (iST) are shown in Table 1. There were no
observed significant differences in the tooth stability values
between both measurements. However, the Periotest M
device could not perform measurements in the posterior
molar area due to the large head. The Anychek device,
presenting a longer and thinner tip for measurement,
allowed simple measurement in both the anterior and
the posterior teeth. The correlation coefficient between
the mean Periotest M and AnyCheck values was 0.870
(P<0.01). Figure 5 Bland-Altman analysis demonstrated
good agreement between the Periotest M and AnyCheck
measurements. The results indicate that there is no consistent

bias of one approach versus the other. (Fig. 6)

Figure 5 Correlation of the Periotest M and AnyCheck values
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Figure 6 Bland-Altman analysis to compare the reliability of the two measurements
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Table 1 Assessment of tooth stability at the incisal edge using Periotest M and AnyCheck

Periotest M (PTV)

AnyCheck (iST)

PTV iST* iST P value
Mean SD Mean SD Mean SD

Maxilla Central Incisor 14.2 2.3 61.1 59 66.2 a7 0.335
Lateral Incisor 12.5 2.2 64.0 a7 64.7 4.3 0.464
Canines 4.8 2.3 77.1 4.9 73.5 4.2 0.715
First Premolar 9.5 2.2 69.1 4.0 72.6 4.0 0.468
Second Premolar 57 37 75.6 59 715 4.2 0.406
First Molar 4.1 53 78.3 5.1 76.2 39 0.626
Second Molar n/a 73.9 a.7 n/a

Mandible Central Incisor 15.0 25 59.7 4.3 62.0 3.7 0.457
Lateral Incisor 13.8 2.7 61.8 5.8 64.4 4.3 0.476
Canines 7.7 3.0 72.1 5.1 73.1 5.0 0.696
First Premolar 7.8 2.6 72.0 4.6 74.9 4.4 0.732
Second Premolar 8.0 4.1 71.6 53 74.4 4.9 0.484
First Molar 2.3 6.7 81.4 9.9 80.1 3.5 0.665
Second Molar n/a 76.2 3.9 n/a

PTV values were converted into iST* values using the conversion equation

Paired t-test, significant at P<0.05. n/a = Not applicable

Alternative Tapping Point (Middle versus Incisal)

Comparisons of tooth stability measurements
between the middle and the incisal edge of the tooth’s
crown with Periotest M and AnyCheck are presented in
Tables 2 and 3. Significant differences in tooth stability
between both sites were observed.

For the Periotest M, a significant increase in the
overall incisal readings (42.2%, SD 22.2%) was observed

(p<0.001). The largest differences were observed in the

anterior teeth. In Table 2, a moderate correlation (0.421)
between the middle and incisal edge measurements
was observed. (P<0.01) (Table 4)

For the AnyCheck, although an overall decrease
in all incisal readings (6.8%, SD 1.9%) was observed, no
significant changes in the tooth stability readings in the
posterior teeth were observed. Table 3 A strong correlation
(0.868) between the middle and incisal edge measurements
was observed. (P<0.001) (Table 4)

Table 2 Comparison of tooth stability values between middle and incisal sites using Periotest M

Periotest M (PTV)

Middle Incisal Diff
(%) P value
Mean SD Mean SD Mean SD

Maxilla Ul 7.37 273 14.2 2.3 6.8 -0.5 93.0 % <0.001***
U2 9.15 3.19 12.5 2.2 3.3 -1.0 36.4 % <0.001***
U3 4.01 2.50 4.8 2.3 0.8 -0.2 20.0 % 0.002**
ua 5.72 1.79 9.5 2.2 3.8 0.4 66.7 % <0.001***
U5 4.41 1.00 57 3.7 1.3 2.7 29.5 % 0.002**
ué 3.67 1.39 4.1 53 0.4 39 12.0 % 0.004**
u7 n/a n/a

14 JDAT-DFCT (Supplement Issue) VOL.71 2021
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Table 2 Comparison of tooth stability values between middle and incisal sites using Periotest M (cont.)

Periotest M (PTV)

Middle Incisal Diff
(%) P value
Mean SD Mean SD Mean SD
Mandible L1 11.05 1.07 15.0 2.5 4.0 1.4 36.2 % <0.001***
L2 10.87 1.94 13.8 2.7 29 0.7 26.9 % 0.005%*
L3 591 1.32 77 3.0 1.8 1.7 31.0 % 0.006**
La 5.64 1.91 7.8 2.6 2.2 0.6 38.7 % 0.008**
L5 543 2.34 8.0 4.1 2.6 1.7 48.3 % <0.001***
L6 1.47 0.91 23 6.7 0.8 58 56.1 % 0.004**
L7 n/a n/a
Mean 6.2 1.8 8.8 33 2.6 1.4 41.2 % <0.001***
Paired t-test, * P< 0.05, **P < 0.01, ***P < 0.001. n/a = not applicable
Table 3 Comparison of tooth stability values between middle and incisal sites using AnyCheck
AnyCheck (iST)
Middle Incisal Diff
(%) P value
Mean SD Mean SD Mean SD
Maxilla U1 717 4.3 66.2 a7 5.4 -0.4 7.6 % 0.042*
U2 715 57 64.7 4.3 6.8 13 9.5% 0.048*
U3 78.4 55 73.5 4.2 4.9 1.3 6.2 % 0.025*
ua 78.4 4.2 72.6 4.0 59 0.2 7.5 % 0.036*
U5 76.2 4.2 715 4.2 4.6 0.0 6.1 % 0.124
ué 81.4 a.4 76.2 3.9 52 0.6 6.4 % 0.126
u7 77.1 55 73.9 a.7 3.2 0.8 4.2 % 0.133
Mandible L1 68.6 6.1 62.0 3.7 6.6 2.4 9.6 % 0.048*
L2 70.5 4.6 64.4 a3 6.1 0.3 8.7 % 0.040*
L3 79.8 3.7 73.1 5.0 6.6 -1.3 83 % 0.137
L4 789 3.1 74.9 a4 4.0 -1.3 51% 0.234
L5 79.4 32 74.4 4.9 5.0 -1.7 6.3 % 0.244
L6 83.1 2.0 80.1 35 3.0 -1.5 3.6 % 0.246
L7 80.2 a.7 76.2 39 4.0 0.7 5.0 % 0.181
Mean 76.8 4.4 71.7 4.3 5.1 0.1 6.7 % 0.056

Paired t-test, * P< 0.05, n/a = not applicable

Table 4 Correlation between measurements at the incisal edge and middle of the crown using Periotest M and AnyCheck

Incisal and Middle P-value
Periotest M 0.421 0.007**
AnyCheck 0.868 <0.001%**

Pearson correlation coefficient, significant at* P< 0.01 and **P < 0.001

Suzuki and Suzuki, 2021 15
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Discussion

The orthodontic force applied to teeth generates
specific compressive and tensile mechanical loading patterns
that create complex biological responses in the periodontal
tissues surrounding the loaded teeth.” As a result, the
remodeling of the alveolar bone occurs accompanied by
the widening of the periodontal ligament to allow the
dental movement towards the compressive direction.”"°
These sequential events play an important role in tooth
stability. Therefore, the accurate determination of the
tooth stability values at the baseline, and the changes
during the active and retentive phases of orthodontic
treatment provides relevant information regarding the
biomechanical behavior of the periodontium."®

However, limited information is available regarding
the tooth mobility at the baseline and the changes during
the active orthodontic treatment. Since most of the measurement
devices use the middle of the clinical anatomical crown,
monitoring tooth stability with such devices during the
active phase of orthodontic treatment with conventional
buccal appliances is not possible.

In the present study, the authors describe a
protocol for the measurement of tooth mobility and
stability that can be applied during the active phase of
the orthodontic treatment.

The Periotest M method has been described as
an efficient and reliable method to assess tooth mobility.'*
Consequently, most studies involving assessment of
tooth mobility utilize the Periotest M device to obtain
reliable data. Recently, a new stability-measuring device,
AnyCheck, has been introduced in the field of dental
implantology. '*** Similar to the Periotest M device, the
AnyCheck device measures fixture stability by using damping
capacity analysis. Comparison of the sensitivity and reliability
of the Periotest M and the AnyCheck for the assessment
of the stability of dental implants have demonstrated a

28 | eeetal,

strong correlation between measurements.
observed a strong correlation between Periotest M and
AnyCheck values in an in vitro study." Later, Lee et al.

observed similar results in an ex vivo experiment.”
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In the present study, the comparison of the sensitivity
and reliability of the Periotest M and the AnyCheck for
clinical assessment of tooth stability have demonstrated
a strong correlation between measurements.

To the author’s knowledge, the clinical use of
the AnyCheck for assessing tooth stability values has not
been performed. Moreover, to allow the comparison of
tooth stability values obtained by both devices, a conversion
formula was elaborated to convert PTV values into iST values.

In the present study, Bland-Altman analysis
was performed to compare the reliability of the two
measurements. No significant difference was found
between the Periotest M and AnyCheck readings in the
incisal sites. Moreover, a significantly strong correlation
between both measurements was observed. The results
are in agreement with previous studies that compared the
Periotest M and AnyCheck values of implant stability."*"

However, the Periotest M could not perform
adequate and reliable measurements on posterior teeth.
Repetition of several measurements was needed to
obtain final tooth stability readings. This difficulty became
more evident in the measurement of the posterior teeth.
This difficulty was also reported by previous studies
due to the difficulty of positioning the device as per the
manufacturer’s manual.'"

Moreover, the Periotest M was hard to handle
and measurements were time-consuming with several
tooth measurements readings and the assessment of the
second molars was not possible. The main reason for this
difficulty was the large number of tapping times required
for measurements, and relatively heavy tapping forces
applied to the tooth. Moreover, the bulky size of Periotest
M tips (large and short) and the need to maintain a constant
clearance distance (0.5 to 2.0 mm) from the tooth surface
to allow measurements, including difficult measurements
with the Periotest M.

In contrast, the AnyCheck device was relatively
simple and easy to handle. It allowed for relatively more

simple and easy measurements of tooth stability in both
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the anterior and posterior sites. Therefore, compared to
the Periotest M, the AnyCheck device is more “user-friendly”.

Comparison of different sites of tooth stability
between the middle and incisal edge of the tooth’s crown
showed contrasting results between the Periotest M and
the AnyCheck results.

For the Periotest M, a large discrepancy between
the middle and incisal edge measurements was observed.
The incisal edge site produced the largest tooth mobility
values compared to the middle sites. The higher differences
were observed more in the anterior teeth, in particular to
the maxillary incisors. However, only a moderate correlation
between reading between the middle and the incisal
edge measurements was observed. Such discrepancies
might be explained by the differences in the distances
from the tooth’s center of resistance, which is located in
the middle third of the roots.

For the AnyCheck device, the significant differences
between the middle and incisal edge readings were observed
only with the anterior teeth. Moreover, the differences
between the middle and incisal edge readings were eight
times smaller than the differences observed with the
Periotest M readings. In the posterior area, no significant
differences in the middle and incisal edge readings were
observed. This might be explained by the relatively short
clinical crown observed in the posterior teeth and the
relatively small distances between the middle and incisal
edges observed in the posterior teeth.

Therefore, based on the results of this study, the
AnyCheck device might be considered as an alternative
equipment for evaluating the damping capacity of
tooth stability.

A limitation of the present study might be the
presence of inter-individual variation, such as the skeletal
pattern, gender, and age. Therefore, further studies are
necessary to assess factors related to the differences
in tooth mobility.

In the present study, the authors had proposed
an alternative measurement protocol for tooth stability

by using the AnyCheck device and by modifying the point

of impact of the tapping rod to the incisal edge of the
tooth’s anatomical crown. Such modifications have provided
reliable and consistent tooth stability measurements.
Consequently, the assessment of tooth stability throughout
the active phase of the orthodontic treatment can be easily
and consistently performed following this protocol.
Although it is generally known that an increase
in tooth mobility occurs during orthodontic treatment,
limited information regarding the amount of tooth mobility
changes or the limits of safe tooth mobility values during
active orthodontic treatment is available. Moreover, the
possibility of using the tooth mobility analysis for predicting
quantitatively the amounts of tooth movement might
allow the construction of algorithms to precisely predict
the overall optimum treatment duration. Therefore,
further studies to assess the physiological values of the
tooth mobility at the baseline, during the active and the
retention phases of the orthodontic treatment, should

be investigated in future studies.

Conclusions

1. A strong correlation between Periotest M and
AnyCheck values in clinical measurements was observed.

2. The use of the incisal edge for tooth stability
measurements provided reliable and consistent tooth
stability measurements. Moreover, it allows for measurement
during the active phase of orthodontic treatment.

3. The AnyCheck device allowed for relatively
more simple and easy measurements of tooth stability
in both anterior and posterior sites. Therefore, it might be
considered as an alternative and reliable equipment
for evaluating the damping capacity of tooth stability.

4. A protocol of tooth stability measurement
using the incisal edge of the tooths’ crown during the
active orthodontic treatment with the AnyCheck device

has been presented.
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Abstract

Purpose: This study aimed to evaluate the factors affecting the primary stability of a new implant
design based on minimally invasive implantation (MAGICORE"; INNOBIOSURG Co. Ltd,,
Daejeon, Korea) using the evaluation index of Periotest value (PTV), implant stability quotient (ISQ),
and implant stability test (IST).

Materials and Methods: A total of 1056 implants were implanted in artificial bone, imitating human
bones DI, D2, D3, and D4. The PTV, ISQ, and IST values of all implants were measured according to
the manufacturer’s guidelines for each measuring instrument. To compare the factors affecting the
stability of the implant for each measurement method, one-way ANOVA was performed, and post-
hoc analysis was performed using the Games—Howel test (p < .05). In addition, a stepwise multiple
linear regression analysis was performed to evaluate the weight of each factor.

Results: Implants with diameters greater than 50 mm showed significantly lower PTV values and
higher ISQ and IST values. Implants with 11 mm length showed the lowest PTV and highest ISQ and
IST values. A cuff size of 2 mm showed the highest implant stability among all the measurement
methods. In this study, poor bone quality decreased the primary stability.

Conclusion: As the cuff size increased, the stability decreased, and the larger the diameter of the
implant, the longer the length and higher the primary stability. The bone quality and diameter of the
implant contributed more to the stability of the implant than to the length of the implant and cuff
size.

Keywords: Implant primary stability, Implant stability quotient (ISQ), Implant stability test (IST),
Minimally invasive implant (MII), Periotest value (PTV)

| . Introduction

Dental implants have been used to restore tooth loss for the past 60 years since Professor

Journal of implantology and applied sciences Vol. 26, No. 1, 2022 1
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Branemark discovered the osteophysiological phenomenon of titanium implants with the concept of
osseointegration and have provided a stable function through bone fusion with alveolar bones." The
success rate of implants has been reported to be associated with good bone formation at the bone-
implant contact, which provides support for transmitting loads from the implants to the bones.”
Deposition of new bone at the bone-implant contact requires good primary stability of the implant with
limited micromovements, which is associated with the mechanical union of the implant.’

Various studies have been conducted to improve the mechanical stability of implants, innovative
surface treatment methods have been developed to allow implants to form a better bone-implant contact
than before. This development has led to the concept of “early loading” or “immediate loading” of
implants.*® Therefore, a quantitative evaluation of the degree of osseointegration of the implant and
methods for evaluating the implant stability are required. To evaluate the stability and osseointegration
of implants, biopsy and reverse torque tests were initially proposed; however, they were invasive,
making them difficult to apply in clinical practice or breaking the already formed bone adhesion.
Therefore, various noninvasive tests have been proposed that are simple and clinically safe to apply.*””
Currently, two common test tools used in clinical practice are resonance frequency analysis (RFA) using
the resonant frequencies of electromagnetic pulses and damping capacity analysis (DCA) using the
mobility and damping characteristics of teeth and implants."’

As the surgical techniques for implants have continued to change, interest in minimally invasive
implant surgery that minimizes the invasive nature of traditional implant surgery, such as immediate
implant surgery or flapless implant surgery, has increased in recent years.""> MAGICORE® IBS
IMPLANT (INNOBIOSURG Co. Ltd., Dagjeon, Korea) is an implant system that was developed based
on the concept of minimally invasive implants (Fig. 1). It is a one-piece implant made of a single body
of implant fixtures and abutment and is designed to obtain high mechanical bonds from the intact bones
between threads due to a unique type of thread called “Magic Fin Thread”. In addition, by applying
guide pins and trephine-type drill designs, it is designed to allow minimally invasive implant surgery by

Fig. 1. MAGICORE® : Tapered one-body, tissue level implant system with a wide and deep square
shape thread for minimal invasive implant surgery. Depending on the shape of the residual bone and
the amount of soft tissue, a good soft tissue appearance can be obtained by using an appropriate cuff
size. D, L, and C designates diameter, length, and cuff size respectively.

Journal of implantology and applied sciences Vol. 26, No. 1, 2022



Back to the Index

Kim et al.

Drilling Speed 3 A
2,000rpm N : 2,000rpm

Fig. 2. lllustration of MAGICORE® implantation protocol according to the manufacturer’s guideline
(A-F) and dlinical photos (G-). (A) Use pin drill in the intended implant site, (B) Then insert a guide pin
and obtain a cone beam computed tomography (CBCT) image to check the direction of the implant.
The guide pin is also an internal guide system that helps in drilling accurately in the direction identified
in the radiograph, (C) Check the depth and the diameter with the depth drill, (D) Insert the tap guide
pin and check the depth & direction again, (E) Use the tap drill according to tap guide pin, (F) Place the
implant with the hand torque ratchet, (G) Guide pin are inserted in the region of 46 and 47 via flapless
surgery, (H) The location and direction of implant placement can be checked using CBCT and modified
without making a surgical stent before surgery and modify it again in the dental unit, (I) Post-operative
radiograph of minimal invasive implant placement in then 46 and 47 area.

using guided drilling without surgical stents, digital guide systems, or additional gingival flap elevation
for implant drilling (Fig. 2).

The purpose of this study was to evaluate the primary stability using three different measurement
methods in an artificial bone block according to the implant data and bone quality for a newly designed
implant system based on a minimally invasive implant and analyze the factors affecting the primary

stability of the implant.

Il . Materials and Methods
1. Artificial bone block and implant data

Artificial bone blocks used a total of four blocks, one artificial dummy each imitating the human bones
D1,D2,D3,and D4 (Fig. 3). AMAGICORE® IBS implant was used, with 88 types being used according
to the diameter, length, and cuff size (Table 1). Three implants were used for each implant type, and a
total of 1056 implants were implanted in four types of artificial bone blocks. All implants were implanted

according to the manufacturer's instructions by a clinician specializing in MAGICORE®.

Journal of implantology and applied sciences Vol. 26, No. 1, 2022 3
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2. Measurement of implant stability

To evaluate the primary stability of implants, the RFA method was used to determine the implant
stability quotient (ISQ) value using Ostell™ moment (Integration Diagnostic Ltd., Savedalen, Sweden).
The DCA method was used to determine the Periotest value (PTV) and implant stability test (IST) using
Periotest M (Medizintechnik Gulden, Modautal, Germany) and Anycheck (Neobiotech Co. Ltd., Seoul,
Korea), respectively. All implants were measured by a clinician immediately after implantation according

to the standard guidelines of each instrument’s manufacturer by a clinician. (Fig. 4).

3. Statistical analysis

In this study, statistical analysis was performed using IBM SPSS Statistics ver. 21.0 (IBM Co.,

Fig. 3. Artificial bone block : D1 = All cortical, D2 = 3 mm cortical, D3 = 1 mm cortical, and D4 = All
cancellous.

Fig. 4. The stability of the implant was measured in three different ways : (Left) Periotest M, (Middle)
Osstell mentor, (Right) AnyCheck. All measuring devices are used according to the manufacturer's
instructions to measure the stability of the implant,

Table 1. Summary of the included studies

Diameter Length Cuff N
30,35 11,13 2,3,4,5 16 types
4.0,4.5,55,6.0,6.5 7,9,11 2,3,4,5 72 types
*unit : mm

Journal of implantology and applied sciences Vol. 26, No. 1, 2022
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Armonk, NY, USA). In each measurement method, one-way ANOVA was performed to analyze and

compare the differences in stability according to the specifications of the implants and the bone quality

of the artificial bone block, and post-hoc analysis was then performed using the Games—Howel test. (p

<.05).

We also performed stepwise multiple linear regression analysis to evaluate the weight coefficients of

the factors influencing the implant primary stability.

lll. Results

Among the 1056 implants measured by three different methods in this study, the average and standard

deviation of the primary stability according to the cuff size, diameter, length of the implant, and the bone
quality of the artificial bone block are shown in Table 2. The mean PTV of all MAGICORE® measured

Table 2. Mean PTV, ISQ & IST according to implant data(cuff size, diameter, length) & bone type

Mean

2 425

3 315

Cuff 4 191
5 037

30 0.13

35 03

40 053

. 45 037
Diameter 50 421
55 444

60 411

65 504

7 —0.98

9 346

Length 1 ~326
13 ~027

DI 532

D2 411

Bone type D3 275
D4 23

Total 24

3.95
435
5.34
529
3.85
3.53
7.22
6.03
2.85
248
437
231

7.2
3.52
3.55
3.58
223
224
2.86
6.88

4.98

Mean

57.5
55.7
522
49.8
41.8
432
48.7
50.3
585
582
60.6
61.5
51.8
571
554
53.0
60.1
58.1
533
43.7

53.8

SD

10.0
10.6
11.3
11.6
79
72
114
10.2
7.1
7.1
11.5
6.2
129
9.0
10.5
7.1
8.1
7.6
9.1
12.1

113

IST
Mean SD
76.2 6.9
73.0 8.1
70.3 93
67.7 9.0
722 2.7
72.7 4.0
65.8 11.1
65.8 109
732 6.3
74.0 6.3
74.1 10.2
77.0 6.0
68.2 12.0
719 9.0
74.2 5.8
72.7 3.1
76.6 53
74.7 4.6
722 55
63.7 12.1
71.8 89

Journal of implantology and applied sciences Vol. 26, No. 1, 2022
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in this study was —2.42 &+ 4.98, the mean ISQ was 53.8 + 11.3, and the mean IST was 71.8 £ 8.9.

The PTV value showed a statistically significant difference according to the cuff size (p <.05) (Fig.
5). Implants with a cuff size of 2 mm showed the lowest PTV value of —4.82 = 3.84 on average. At the
longest cuff size of 5 mm, the average PTV was 1.7 £ 3.28, showing the highest value, which is the
statistically highest value (p < .05). In comparison between implant diameters, the 4.0 mm diameter
implant showed the highest PTV value at 0.53 + 7.22 but showed no statistically significant difference
from the 3.0 mm, 3.5 mm, and 4.5 mm diameter implants (p > .05). The 6.5 mm diameter implant had
the lowest PTV value of —5.04 + 2.31, but there was no statistically significant difference from the
5.0—6.0 mm diameter implants (p>.05). Overall, implants with a diameter of 5.0 mm or greater showed
statistically significantly lower PTV values than implants with a diameter of 3.0-4.5 mm. At PTV
values according to the implant length, 9 mm long implants (—3.46 + 3.52) and 11 mm long implants
(—3.26£3.55) showed statistically low PTVs compared to 7 mm long implants (—0.98 =7.2) and 13 mm
long implants (—=0.27 £ 3.58) (p < .05). Finally, the PTV value according to the bone quality of the
artificial bone block was D1 to D4, and as the bone quality softened, a statistically significantly higher
PTV value was measured (p < .05). Similar values were obtained when D1, the highest PTV (=5.32 =

A Mean PTV B Mean PTV
6 10
4 8 =
6 |
cz, I { L . L ' {
C 2 ‘b
5] b 0 b [b e b \
8 2
g 5 } T | a a I 7
-6 - 1 {
8 2 I \
a - 1
-10 -10
2 3 4 5 30 35 40 45 50 55 60 65
» Cuff size (mm) Diameter (mm)
C Mean PTV D Mean PTV
8 12
6 10 -
8
4 6
2 4 d
°1 ' = /L
29 0 +
2 b
5 4 L] l
6 6
8 -8
10 -10
7 9 1 13 D1 D2 D3 D4
Length (mm) Bone type

Fig. 5. A graph showing PTV according to the specifications of an implant (length, diameter, and cuff
size) and bone type. Different lowercase letters denote significant differences among the groups by
one-way ANOVA test and Games-Howel post-hoc test at a=.05.
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2.23) was used, and when D4, the lowest PTV (2.32 + 6.88) was used.

Similar to PTV, the ISQ value showed a significant difference according to the cuff size (p<.05) (Fig.
6). The cuff size showed the highest ISQ value (59.8 & 3.8) at 1 mm and decreased significantly with
increasing length, showing the lowest [SQ value at 37.4 4 3.3 at 5 mm cuff size (p <.05). In comparison,
according to the diameter of the implant, 3.0 mm (41.8 + 7.9) and 3.5 mm (43.2 £+ 7.2) diameter implants
(41.8 = 7.9) showed statistically significant lower ISQ values (p <.05). The 4.0 mm diameter implants
(48.7 £ 11.4) and 4.5 mm diameter implants (50.3 + 10.2) showed significantly higher ISQ values than
those with lower diameter but had significantly lower ISQs than those with larger diameter (5.0—6.5
mm) (p <.05). Implants with6.5 mm diameter (61.5 = 6.2) showed statistically significant higher ISQ
values than the 5.0 mm (58.5 = 7.1) and 5.5 mm diameter implants (p < .05). However, the 6.5 mm
diameter implants showed no significant difference from the 6.0 mm diameter implants (60.6 + 11.5
mm). Similar to the PTV measurements, the ISQ measurements also showed a significantly higher ISQ
value as the bone quality of the artificial bone block became harder (p <.05). The mean [SQ was highest
in D1 at 60.1 + 8.1 and lowest in D4 at 43.7 + 12.1 (p<.05).

Unlike other measurement methods, the average IST showed the lowest value (68.3 £ 9.1) for the 4

A Mean I1SQ B Mean I1SQ
80 80
70 + a 70 a
| b b c c b b
60 60 -+ 2
50 +— - - - - || 50 4 q
40 | 40 + B B B OB B BE B
30 +— e —— — — |30+ B B B N -
20 + - - - || 201 I B i -
10 1 10 +
0 0
2 3 4 5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5
Cuff size (mm) Diameter (mm)
C Mean ISQ D Mean I1SQ
70 - i a a = 80 -
60 70 1 a b c
50 | 60 -+ - d
50 - L d
40
40 + — - — . - -
30
30 “— — K S C—
20 + 561 i l ! i
10 + 10 | ! :
0 0
7 9 11 13 D2 D3
Length (mm) Bone type

Fig. 6. A graph showing ISQ according to the specifications of an implant (length, diameter, and cuff
size) and bone type. Different lowercase letters denote significant differences among the groups by
one-way ANOVA test and Games-Howel post-hoc test at a=.05.
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mm cuff (Fig. 7). However, there was no statistically significant difference from the 5 mm cuff implant
(68.5 £ 3). Similar to the previous two measurement methods, the highest average IST value (76.4 +7.5)
appeared at a cuff size of 2 mm (p < .05). IST, according to the implant diameter, showed statistically
significantly lower mean IST for 4.0 mm (65.8 & 11.1) and 4.5 mm diameter implants (65.8 + 10.9) (p
<.05). The 6.5 mm diameter implant (77 + 6 mm) showed the highest IST value; however, there was no
significant difference from the 6.0 mm diameter implant (74.1 £ 10.2 mm). The average IST value
showed a significant difference according to the implant length (p <.05). The 11 mm long implant (74.2
+ 5.8) showed the highest average IST, followed by the 9 mm long implant (71.9 + 9) and the 13 mm
long implant (72.7 £ 3.1). The lowest average IST value was for the 7 mm long implant (68.2 + 12). The
difference in the IST values according to the bone quality of the artificial bone block was similar to that
of the previous two methods. In D1, the mean IST was 76.6 + 5.3, indicating the maximum value, and
in D4, the mean IST was 63.7 £ 12.1, indicating the minimum value.

Table 3 displays the results of the stepwise multiple linear regression analysis for primary implant
stability in this study. In the DCA method (PTV and IST), the bone type had the greatest influence on
implant stability, followed by the implant diameter. In contrast, in the RFA method (ISQ), the diameter
of the implant had the greatest effect on stability, followed by the bone type.

A Mean IST B Mean IST
' ' |
2 3 4 5 3.0 3.5 4.0 45 5.0 55 6.0 6.5
Cuff size (mm) Diameter (mm)
c Mean IST D Mean IST
90 85
a
80 ¢ b 7 b 80 b (4
70 d
60 B ]
50 ) - ! g = | |70 +
40 65 - e
30 : s | -
20
10 55 b
0 50
7 9 11 13 D2 D3 D4
Length (mm) Bone type

Fig. 7. A graph showing IST according to the specifications of an implant (length, diameter, and cuff
size) and bone type. Different lowercase letters denote significant differences among the groups by
one-way ANOVA test and Games-Howel post-hoc test at a=.05.
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Table 3. Stepwise multiple linear regression analysis to evaluate implant primary stability according to
implant data(cuff size, diameter, length) & bone type

Unstand Stand 95% confidence
Stability Variable coef. coef. interval for B
test B
Constant 5.617 0.917 6.127 3.818 7417
Cuff 1.287 0.085 0.289 15.110 1.120 1.454
PTV Diameter —2.374 0.096 —0.524 —24.782 —2.562 —2.186
length —-0.739 0.055 —0.286 —13.528 —0.846 —0.632
Bone type 2445 0.085 0.549 28.703 2278 2,612
Constant 30.190 1.707 17.689 26.841 33.539
Cuff —2.660 0.159 —0.263 —-16.776 —2971 —2.349
1SQ Diameter 7.037 0.178 0.683 39458 6.687 7.387
length 1.251 0.102 0213 12.310 1.052 1451
Bone type —5.369 0.159 —0.531 —33.863 —5.680 —5.058
Constant 55.939 1.675 33.398 52.653 59.226
Cuff —2.831 0.156 —-0354 —18.193 —3.136 —2.525
IST Diameter 3.579 0.175 0.440 20.450 3.236 3923
length 1.939 0.100 0418 19.436 1.743 2.135
Bone type —4.098 0.156 —-0.513 —26.339 —4.403 —3.793

*p <.001 in all variable
R square: PTV =0.613, 1SQ=0.740, IST = 0.600
Abbreviations: Unstand coef = unstandardized coefficients, Stand coef = standardized coefficients, SE = standard error.

IV. Discussion

Implant stability can be divided into primary and secondary stability. Primary stability is caused by the
mechanical bonding of the implant inserted into the bone.” Secondary stability is the biological stability
that occurs through bone regeneration and remodeling."” The relative displacement of 50—150 pm or
more between the bone and implant contact can result in fibroblastic bone formation, which can greatly
reduce the long-term secondary stability.'*"

The RFA and DCA methods are widely used to quantitatively evaluate the stability of implants.'’ The
RFA measurement method numerically represents the stability of an implant using electromagnetic
resonance frequency (ISQ). After connecting a magnetic “smartpeg” to the implant, the probe vibrates
at a certain frequency to display the returning frequency value numerically.” This value is higher when

the binding contact between the bone and the implant is stronger, and the range is between 1 and 100.

Nedir et al."® proposed an ISQ value of 49 or higher for traditional delayed loading and 54 or higher for
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immediate loading.

The DCA method includes Periotest, which was used traditionally, and AnyCheck, which has recently
been developed and released. Periotest is determined by measuring the time at which the metal rod
touches the surface of the healing abutment or implant prosthesis and then returns, converting it into a
PTV between —8 and +50.% Periotest has a cutoff of —2 and provides reliable predictability.'” AnyCheck
was launched in 2017 as an implant stability measurement device using the DCA method. It examines
the implant prostheses or abutments six times in three seconds, measures the contact time, and displays
them as IST values. The IST is expressed as a range between 1 and 99; a higher number was associated
with a shorter contact time and higher implant stability level."® Extensive research data on measurements
and stability are lacking; however, clinically, an IST of 1-59 indicates low stability, 60—64 indicates
moderate stability, and >65 indicates high stability. It is also equipped with a safety control function that
immediately stops the diagnosis if it detects low stability of 59 or less.

Three main factors influence the initial stability of the implant: implant design, surgical technique, and
bone quality."” Bone quality is a variable related to patients, and the classification method proposed by
Lekholm and Zarb,” classified as D1 to D4 according to the thickness of the cortical bone and the
quality of the bone marrow, has been widely used to date. A greater thickness of the cortical bone is
associated with lower micromovement of the implant. When the cortical bone is thin, the density of the
bone marrow significantly affects the stability of the implant.”' Recently, image data from CBCT have
been used to evaluate the bone quality of the implant placement position before surgery, and changes in
surgical techniques or implant design can be considered in advance to overcome this.””

Compared to implant design, primary stability is reported to be higher in tapered implant designs than
that in cylindrical implant designs, especially when the bone quality is insufficient.”*** McCullough and
Klokevold* compared the stability (ISQ value) of implants using traditional V-shaped threads and
deeper and wider knife-edge threads. Their study reported that traditional thread-design implants had a
steady decrease in stability during a 4-week follow-up period; however, the stability in deep and wide
knife-edge thread-type implants were not significant for 4 weeks or increased in some implants. Other
considerations for implant design include the form of the implant fixtures and abutments. Hermann et
al.”’ reported that when one-piece implants and two-piece implants were compared, two-piece implants
showed more crestal bone changes, which were caused by the micro-gap and micro-movement between
the implant fixture and the abutment.

Several surgical techniques have been studied to overcome the poor bone quality of implant placement
sites. Shadid et al.”® reported in their systematic review that undersized drilling techniques, osteotome
techniques, and flapless procedures can improve the primary stability of implants, especially the flapless

procedure process, which can improve the primary and secondary stability of implants.
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The MAGICORE® implant used in this study was designed to adopt a knife-edge-type thread with a
tapered body. During implantation, a trephine burr-type drill capable of minimizing trauma to soft and
hard tissues is used, and a tapping drill is used to maximize the contact area between the residual bone
and the specially designed implant thread to increase the mechanical stability at the bone-implant
boundary. In addition, since it has a one-piece body in which the fixture and the abutment are not
separated, it is possible to prevent the resorption of crestal bone due to the micro-gap and micro-
movement of traditional two-piece body implants, and no additional surgery is required to replace the
implant abutment. Cuff sizes ranging from 2—5 mm with a machined surface above the alveolar bone
can be selected, thereby promoting appropriate soft tissue recovery according to the amount of remaining
soft tissue of the patient.

In case of implant prosthesis that has been implanted, the Magicore® implant uses a ferrulized crown-
type prosthesis. This design reduces micro-movements and provides structural reinforcement that resists
the functional force of the implant.”

The implants used in this study showed stable primary stability of —2 or lower in the case of PTV, ISQ
of 53 or higher, and IST of 72 or higher in the bone marrow of D1-D3. However, since all three
measurements of D4 showed low stability, it would be safe to consider surgical techniques (undersized
drilling techniques, osteotome techniques, and flapless procedures) that can improve the initial stability
of successful implants with poor bone quality, such as the posterior maxilla.

The primary stability of the implant decreased as the cuff size increased. Biomechanically, as the
length above the implant fixture increases, the action of the type 1 lever increases, and it is believed that
the implant mobility increases. In addition, Meridith et al.* reported that the supracrestal implant height
and RFA value had a strong negative correlation, which is similar to the results of this study. However,
the role of the cuff in MAGICORE® was designed to take consider the abutment of conventional two-
piece implants and also secure the biological width without any surgical procedures in sloping bones or
irregular alveolar ridges. Therefore, selecting the appropriate cuff size according to the condition of the
soft and hard tissues will be helpful in the placement of successful implants.

In their in vitro study on the stability of implants, Arosio et al.”'

reported that a larger diameter of the
implant and a longer length are associated with higher stability and that the increase in diameter stabilizes
the implant more than the increase in length. Similarly, in this study, implants with diameters greater
than 5.0 mm showed significantly higher primary stability, while implants with a length of 7 mm showed
significantly lower stability than implants with a length greater than that. However, since additional
surgical treatment to overcome insufficient bone quality is accompanied by the risk of failure and
complications, implants with a short length and large diameter implants may be considered to ensure

primary stability in these limited situations.
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The MAGICORE® implant used in this study was first released in 2013; however, there is still little
accumulation of experimental and clinical data. In addition, since the primary stability was compared
using a single implant in this study, the difference from other implants under similar conditions could
not be directly compared. Furthermore, stability evaluation of various additional clinical factors, such as
placement location, number, and implant prosthesis form, are necessary along with long-term evaluation

and primary stability in the early stages of implant placement.

V. Conclusion

1. The mean PTV of the implants used in this study was -2.42 + 4.98, the mean ISQ was 53.8 + 11.3,
and the mean IST was 71.8 + 8.9.
2. The smaller the cuff size of the implant, the higher the primary stability.
3. The 11 mm long implants showed significantly higher primary stability in the three measurement
methods used in this study.
4. The primary stability of an implant with a diameter of 5.0 mm or more was significantly higher than
that of an implant with a diameter lesser than that.
5. Bone type and diameter of the implant had a greater influence on primary stability than the length
of the implant and the length of the supracrestal height (cuff size in this study) of the implant.
Based on the results of this study, experimental and clinical studies should be continued to further
strengthen the theoretical background and clinical significance of minimally invasive implants.
Clinicians can identify the factors that affect the primary stability in implant procedures and select
implants for minimally invasive implant surgery. Furthermore, MAGICORE® used in this study is an

appropriate implant system for minimally invasive implant surgery with favorable primary stability.
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Abstract

Recently, implant thread design has been developed for purpose of achieving the proper primary stability. Also,
a new device for evaluating implant stability has been introduced. However, the effect of aggressive thread design and
the reliability of the device still lack knowledge. The aim of this in vitro study is to investigate the primary stability of
aggressive thread design implant (BLX) compared with nonaggressive thread design implant (BLT) and to evaluate the
correlation between implant stability quotient (ISQ) values and implant stability test (IST) values. Thirty-two implants
were used in this study; sixteen implants were for each group. All implants were digitally planned and placed in 3D
printed model with two edentulous premolar spaces using computer-assisted guided surgery. Postoperative implant
stability measurement was performed immediately after implant insertion. Implant stability was measured by Osstell ISQ
for ISQ value and AnyCheck for IST value. The data was analyzed using the Spearman correlation and Mann-Whitney
U test. The mean ISQ value was 71.86 and 68.00, for BLX and BLT, respectively, while the mean IST value was 69.50
for BLX and 48.50 for BLT. In conclusion, the aggressive thread design implant (BLX) showed superior stability to the
nonaggressive thread design implant (BLT) in both ISQ and IST groups. Moreover, there was a correlation between ISQ
and IST in both implant designs.

Keywords: implant stability, implant stability test, implant stability quotient, aggressive thread implant, non-aggressive
thread implant

1. Introduction

Implant stability is one of the most crucial factors for successful dental implant treatment. The
satisfying stability during the healing period might prevent excessive micromovement and disruption of bone
formation (Aspenberg et al., 1992). Primary stability is the stability of the implant at the time of implant
placement, which is a critical factor for achieving osseointegration. Several possible aspects that have an
influence on primary implant stability are bone-related factors, implant characteristics, and surgical technique
(Atsumi, 2007; Meredith, 1998).

Since bone density or bone quality can determine the success in obtaining primary stability. Various
bone assessments have been proposed, they were commonly classified into four bone types based on the
compact bone to a trabecular bone ratio (Lekholm et al., 1985). According to Misch (1990), bone density can
be categorized into D1 to D4, in which D1 comprised the majority of dense compact bone, D2 bone is
composed of dense to the porous compact cortical bone on the outside and coarse trabecular bone on the
inside, D3 bone is composed of porous, thinner cortical bone and fine trabecular bone, and D4 bone is
composed of fine trabecular bone with very low density and little or no cortical crestal bone. The volume of
available bone and its density are significantly correlated with the surgical intervention and implant type, and
these factors are fundamental to the successful outcome of dental implant surgery. Recently, material which
commonly use to replicate jaw bone for a mechanical-test in laboratory experiment is polyurethane foam
block (Sawbones®; Pacific Research Laboratories Inc., Washington, USA). Polyurethane foam is generally
accepted as the standard for mechanical testing of orthopedic implants. Furthermore, the physical properties
of this biomechanical test material are uniform and consistent, preventing the variation which can occur when
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testing with human cadaver bone (Devlin et al., 1998). In addition, some in vitro study has been striving to
achieve the utmost simulation of the intraoral implant surgery and decrease the limitations. The three-
dimensional printing models with the edentulous area were used and attached to the phantom head, to mock
a real intraoral surgery, also position and visualization of the operator (Sittikornpaiboon et al., 2021; Yeung
et al., 2020).

Regarding surgical technique, optimal implant placement is critical for providing a prosthesis design
that is suitable for long-term success and maintenance. The conventional guide technique provided an
acceptable outcome by using a surgical stent that was converted from a radiographic stent with an opaque
radiographic marker. The stents enable the surgeon to observe the appropriate prosthesis location
intraoperatively. This technique is frequently referred to as a free-hand technique. However, the exact implant
position is highly dependent on the surgeon's ability and expertise in this technique. Lately, new digital
technology called static computer-assisted implant surgery (CAIS) has been used to plan implant position
and design surgical guided stent before surgery, considering the bone quality and quantity, the location of
important anatomical structures, soft tissues, and teeth, and the final prostheses. A 3D-printed surgical guide
is used to transfer the planned implant location to the surgical site. Through a metal sleeve placed in the
surgical guide, guided surgical drills control the angulation and depth of the implant osteotomy. Moreover, it
has been stated that guided implant surgery has higher precision and accuracy than conventional surgical
guides or free-hand implant surgery (Smitkarn et al., 2019; Yeung et al., 2020).

Another potential factor that can influence the stability of the implant and long-term success rate is
implant characteristics. The main features of the implant are such as implant material, implant micro-design,
and macro-design (Bolind et al., 2005; Huang et al., 2008). Currently, new material has been developed,
which is a hybrid of titanium and zirconia. According to the study by Kobayashi et al. (1995), it provides
greater strength and biocompatibility. As a result, the risk of fracture is reduced, allowing the dentists to
choose a smaller diameter implant in case of anatomical limitations. Moreover, most implant companies offer
taper implants, due to the advantage of lateral compression in poor bone implant sites and situations with
anatomical limitations. Currently, the aggressive thread design was introduced. This implant design provides
a special ability to cut the bone during insertion and obtain better primary stability after implant placement
(Irinakis & Wiebe, 2009).

To determine or predict the outcome of implants, various techniques for evaluating implant stability
have been developed, including invasive and non-invasive clinical test methods. Insertion torque (IT) is one
of the objective and non-invasive measurement techniques. Some studies have previously reported implant
stability using IT measurements (Akca et al., 2010; O'Sullivan et al., 2004). Implant stability could be
determined by a high torque number (Ncm). However, following implantation, this procedure could not be
reproduced. Consequently, Resonance frequency analysis (RFA) was introduced. RFA is a non-invasive
electronic instrument that has excellent repeatability and reliability for monitoring changes in implant stability
(Meredith, 1998). The implant-bone complex's stiffness was determined and reported as an implant stability
quotient (ISQ) value ranging from 1 (least stability) to 100 (highest stability). In the last decade, the RFA has
been employed increasingly to provide a quantitative assessment of implant stability. ISQ measurements were
taken periodically throughout the healing period to detect changes in implant stability as a result of successful
osseointegration. (Bischof et al., 2004; Huwiler et al., 2007; Meredith et al., 1997; Nedir et al., 2004).
However, in the process of ISQ measurement, the healing abutment must be unscrewed and the transducer of
a metal rod (a peg) must connect to the implant. As a result, the routine of unscrewing the healing abutment
and a peg back and forth may affect implant stability and osteointegration during a critical period.

Consequently, an implant stability test (IST) device (AnyCheck: Neobiotech, Korea) has been
developed to detect the stiffness between alveolar bone and implant by means of slightly tapping at the healing
abutment. AnyCheck can also be utilized without having to unscrew the healing abutment. It strikes the
healing abutment six times over three seconds and converts the time into IST values. As a result, this device
provides a safety measure for detecting initial implant stability, however, research on AnyCheck is limited,
and more studies are needed (J. Lee et al., 2020).
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However, none of the studies that have assessed primary stability using the ISQ and IST values have
investigated the impact of the aggressive thread implant. The advantages of identifying factors affecting
implant stability are substantial. It will enable clinicians to select an implant that minimizes or eliminates
implant instability during the early stages of bone remodeling, allowing a greater number of cases to meet the
criteria for immediate or early loading while maintaining a high degree of predictability and a successful
treatment outcome.

2. Objectives

1. To investigate the primary stability of aggressive thread design implant (BLX) compared with the
nonaggressive thread design implant (BLT)

2.To evaluate the correlation between implant stability quotient (ISQ) values and implant stability
test (IST) values.

3. Materials and Methods
Materials

Polyurethane blocks

Rigid polyurethane blocks (Sawbones®; Pacific Research Laboratories Inc., Washington, USA)
were utilized at various densities to represent bone in a laboratory setting. The American Society for Testing
Materials recommends using synthetic polyurethane foams as a standard material for mechanical testing of
orthopedic devices and equipment because they have a density and mechanical qualities comparable to human
bone. Following Misch’s classification of bone density, polyurethane blocks at a density of 40 pounds per
cubic foot (PCF) were represented as D1 bones, polyurethane blocks at a density of 30 PCF were represented
as D2 bones, polyurethane blocks at a density of 20 PCF were represented as D3 bones, and polyurethane
blocks at a density of 10 PCF were represented as D4 bones. All blocks were standardized using the same
batch and weighed accurately. To imitate mixed cancellous bone at the implant insertion site, each density of
polyurethane blocks was cut into a cylindrical shape and randomly stacked.

Implants

The implant used in this study is BLT Straumann® dental implant system and BLX Straumann®
dental implant system (Straumann®, Switzerland). Every single placed implant is Roxolid® with SLActive®
surface. All implants were placed by using digital guided surgery, according to a standardized surgical
protocol following the manufacturer’s instructions.

Methods

Model preparation

The method was adapted from a previously published study by Sittikornpaiboon et al. (2021); Yeung
et al. (2020). This research used a subject with bilateral edentulous sites at the maxillary first premolar. To
create a suitable digital U shape full-arch model with a bar, an intra-oral scan file (Standard Tessellation
Language; STL) was created and uploaded into Meshmixer software version 3.5.474 (Autodesk Inc.,
California). At both edentulous sites, a cylindrical hollow space of 7 mm in diameter and 16 mm in length
was designed to conform to the implant implantation locations. Thirty-two digital models were produced
using a 3D printer (Straumann CARES P30+, Straumann AG, Basel, Switzerland) using a model resin
solution (P Pro Master Model Gray, Straumann AG, Basel, Switzerland) with a layer thickness of 0.05 mm.
Afterward, the models were completely cleaned with isopropyl alcohol and treated with UV light to cure. To
replicate mixed cancellous bone at the implant insertion site, the hollow area at each site was packed with a
computer-generated randomized pattern of four different kinds of polyurethane blocks (Sawbones,
Washington, United States); each density of polyurethane blocks was cut into a cylindrical form of 7 mm in
diameter and 4 mm in length, according to the total height of the hollow space. Each polyurethane piece was
randomly stacked up into four layers, to mimic diverse bone densities in different areas of the human bone
jaw. The polyurethane was ensured to fit completely in the hollow space and secured to the model by using
cyanoacrylate glue. A computer-generated randomization list was carried out by a statistician who was not
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engaged in implant planning design or placement and each model was given a number from 1 to 32. All 32
models were chosen for the procedure in order from 1 to 32.

Figure 1 Sample of U shape full-arch model with bilateral edentulous sites at the maxillary first premolar

Implant planning procedure

Each implant was digitally planned and a surgical guide was created on a software (coDiagnostiX
software version 9.7, Dental Wings GmbH, Chemnitz, Germany) using Digital Imaging and Communications
in Medicine (DICOM) file and STL file. To create a DICOM file, all models’ imaging data were taken using
a cone-beam CT (CBCT) machine (X- mind Trium, de Gotzen S.r.1.-Acteon Group, Varese, Italy). The CBCT
machine was set to 6 mA, 86 kV, 54 seconds exposure time, 0.15 mm voxel size, and 80 x 80 mm field of
view. Moreover, the models were then scanned for 3D files, using a desktop scanner (Cares 7 SERIES,
Dentalwings, Montreal, Quebec, Canada) to create an STL file. Thirty-two implants were determined a final
planned position on the software. All implants were planned by one investigator. The optimal position placed
at the center of the polyurethane block: 1.5 mm of the surrounding area, measured from implant shoulder to
outer margin of the block and 2 mm deeper from the top of the block. 16 implants for each of the two drilling
protocols. Each protocol specifies the particular surgical kit, the sleeve height, the sleeve location, and the
implant design. All 32 surgical guides were designed with an embedded guide sleeve, to achieve the optimal
implant position and angulation in all subjects and to control the error from the 3D printing process of the
model. Additionally, implant diameters varied slightly between the two groups, owing to the variance in
implant diameter available throughout various systems. The implant length was set to ensure that all groups
had the same free-drilling-distance length. As a result, two distinct procedures were used: group A used a 4.1
x 12 mm bone level tapered implant (Straumann AG, Basel, Switzerland), while group B used a 4.0 x 12 mm
BLX implant (Straumann AG, Basel, Switzerland).

The surgical guides were generated identically using the coDiagnostiX program. All 32 surgical
guide templates were created with four inspection windows. Between the surgical guide and the tooth, a gap
of 0.05 mm was established. All surgical guides were printed using a 3D printer (Straumann CARES P30+,
Straumann AG, Basel, Switzerland) with a layer thickness of 0.1 mm from a 2 mm thick medical grade
surgical guide resin material (P Pro Surgical Guide, Straumann AG, Basel, Switzerland).

Surgical protocol

The models were attached to a phantom head in a supine position, in order to simulate the real
procedure in the patient. The operator is seated in the right rare position. The surgical guide was placed on a
model and evaluated the fitting through the inspection window before the implant placement procedure. All
guided implant surgeries were conducted by one operator. The two drilling systems were applied in this
experiment. The same design of implant used the same protocol. The drilling procedure was carried out
following the manufacturer’s instructions. Using each system's guided adapter, the implants were inserted
fully guided. The BLX was placed at the upper left premolar area while the BLT was placed at the upper right
premolar area.

[186]

Proceedings of RSU International Research Conference (2022)
Published online: Copyright © 2016-2022 Rangsit University



Back to the Index

RSU International Research Conference 2022

https://rsucon.rsu.ac.th/proceedings 29 APRIL 2022

Outcome measurement

All measurements were performed by one trained evaluator. After implants were placed, the final
insertion torque value (Ncm) was recorded immediately. Implant stability was measured by an Osstell ISQ.
A standardized SmartPeg was hand-screwed into the implant fixture with an amount of 4-5 Ncm of torque
which means ‘finger tighten’ or ‘finger torque’ as the manufacturer’s recommendation. The probe of the
device was held close as much as possible to the peg in the buccal and mesial direction. The space between
the probe’s tip and the top of the SmartPeg should be a few millimeters without touching. Another
measurement of implant stability was used by using AnyCheck IST device with a standard height of healing
abutment of 4 mm (AnyCheck: Neobiotech, Korea). This device needs to maintain the contact angle between
0 to 30 degrees downward based on the ground level (Figure 2). The measurement was performed at the
buccal and lingual aspects of the healing abutment. The ISQ and IST measurement was performed 3 times
separately on each side.

Figure 2 AnyCheck device needs to maintain the contact angle
between 0 to 30 degrees downward based on the ground level

Statistical analysis

The data were analyzed with IBM SPSS Statistics software version 22 (SPSS Inc., Chicago, Illinois).
Shapiro-Wilk test verified the non-normality of the data distribution. Thus, the Spearman correlation test was
used to analyze the correlation between the ISQ value and IST value. P values <.05 were set as statistically
significant. Mann-Whitney test was used to compare the implant stability of BLX and BLT.

4. Results and Discussion
4.1 Results

A total of 32 implant sites in 16 models were included in this study. 16 BLT Straumann® dental
implants and 16 BLX Straumann® dental implants were placed in each model. The mean implant stability
value and standard deviations were shown in Tablel. The mean ISQ value was 71.86 and 68.00, for BLX and
BLT respectively. Also, the mean IST value was 69.50 for BLX and 48.50 for BLT (Figure 3).
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BLX BLT
mISQ =IST

Figure 3 Mean ISQ and IST value of BLX and BLT implant

Regarding the implant type, the implant stability between BLX and BLT was analyzed by the Mann-
Whitney test and found statistical differences in both ISQ value and IST value (p-value <0.001) (Table 1).

Table 1 The implant stability in each group

Group BLX BLT P-value*
ISQ <0.001
Mean 71.68 68.00
Median 71.50 69.50
Std. Deviation 3.36 3.97
Min-Max 66.00-77.00 59.00-72.00
Range 11 13
95% CI 69.90,73.48 65.89,70.11
IST <0.001
Mean 69.50 48.50
Median 70.00 48.50
Std. Deviation 3.43 6.39
Min-Max 63.00-74.00 40.00-57.00
Range 11 17
95% CI 67.61,71.33 45.10,51.90

*Differences between BLX and BLT were analyzed using the Mann-Whitney U test

R? Linear = 0.644
72.00 °

69.00 °

° y=43.83+0.5"x

66.00 °

1SQ

63.00

60.00

40.00 45.00 50.00 55.00 60.00

IST

Figure 4 Correlation between ISQ and IST in BLT
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Figure 5 Correlation between ISQ and IST in BLX

The correlation between ISQ value and IST value was found in both implant types (p-value < 0.001)
as shown in figure 4, and Figure 5. Besides, the ISQ value has been found to have a higher number than the
IST value in both implant designs.

4.2 Discussion

This study aimed to investigate the primary stability of aggressive thread design implant (BLX)
compared with the non-aggressive thread design implant (BLT) and evaluate the correlation of implant
stability quotient (ISQ) values and implant stability test (IST) values. Resonance frequency analysis (RFA)
was introduced by Meredith et al. (1996) and has been commonly used as a non-invasive electronic device
that is a reliable and repeatable tool for assessing implant stability during the healing process. The RFA
analyzes the implant-bone complex stiffness and displays it as an implant stability quotient (ISQ) value. The
ISQ value is determined by three key factors: the transducer design, the stiffness of the implant-bone junction
(implant characteristics, cancellous to cortical bone ratio, and implant-tissue interface stiffness), and the total
effective length (Sennerby & Meredith, 1998).

Implant body design and surface modifications have been proposed to increase implant success in
low-quality bone by improving anchoring and giving a larger surface area of load to alleviate stress on softer
bone types. According to a finite element analysis study, the distributions and magnitudes of bone stress
might vary depending on the implant geometry. Additionally, threads are employed to optimize initial contact,
enhance stability, increase the surface area of the implant, and facilitate the absorption of interfacial stress.
Moreover, according to Lozano-Carrascal et al. (2016), conical implants achieve higher ISQ values and
insertion torque values than cylindrical design implants. Rokn et al. (2011) suggested that tapered implants
gain more lateral compressive force on the surrounding bone, thus in the area with inadequate bone quality
and quantity, the tapered implant is recommended to achieve better primary stability.

Regarding the macro-design of implants, this present study showed the difference between the two
implant designs. The aggressive thread design has been determined to have a greater ISQ value and IST value,
which agrees with the study by McCullough and Klokkevold (2017). It has been shown that macro-thread
design affects implant stability; indicating the novel knife-edge design implant had an overall higher mean
ISQ value compared to a standard V-shape design. Moreover, the previous studies reported the highest ISQ
value in NobelActive which interestingly created extensive grooves in the apical part, while the imprint was
considerably smaller for BLT and Astra (Karl & Irastorza-Landa, 2017). The aggressive thread design implant
presented the advantage in fresh socket extraction of non-molar teeth cases resulting in a very high initial
stability (Irinakis & Wiebe, 2009).

The result showed that there was a significant correlation between ISQ value and IST value in both
BLX and BLT groups. Moreover, a study by D. H. Lee et al. (2020) has reported similar results, the IST
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values were strongly correlated with ISQs, suggesting that the IST values follow the tendency of ISQ values.
Also, there was no information about appropriate healing abutment diameter for in vitro or clinical settings.

Currently, The Osstell ISQ device has been increasingly performed in clinical research to evaluate
the development of implant stability during the healing periods. The ISQ tends to vary when the contact of
the bone-implant is not strong or certain. On the other hand, when an implant has attained osseointegration
and the contact of the bone-implant is firm, this device seems to be rather reliable. Furthermore, while
assessing implant stability with the Osstell ISQ, the uppermost part of the fixture (cover screw or healing
abutment) must be removed and the SmartPeg connected, which may create difficulty and limitations (Friberg
et al., 1999; Nedir et al., 2004). However, since the AnyCheck does not require unscrewing the healing
abutment, the procedure is less difficult than with the Osstell ISQ. Also, the measurements of the newly built
AnyCheck device were consistent with ISQ values, the AnyCheck device values range from 1 to 99.
Moreover, the tapping motion was optimized by using shorter tapping intervals and applying less force to the
implant, resulting in a more secure method of determining implant stability.

Besides, computer-assisted implant surgery (CAIS) was utilized in this study for controlling the
position of the implant in every model and guaranteed that all implants would be placed in the cylindrical
polyurethane block. According to Smitkarn et al. (2019), the static CAIS showed significantly less deviation
than free-hand surgery in all parameters. Six out of nine measurements were shown remarkably higher
accuracy in the CAIS group. Moreover, in a split-mouth study by Farley et al. (2013), inserted implants using
the CAIS technique were found to be more accurate in all dimensions compared to implants placed
conventionally. However, the authors stated that a limitation of the research was the fit of the CAD/CAM
guides, some of which required relining with the transparent acrylic resin prior to surgery. Therefore, in this
study, the surgical guide was individually created and confirmed fitting in advance of the procedure to
eliminate the instability of the guide.

The limitation of this in vitro study was the research design of this in vitro investigation did not
allow for comparison of the devices in osseointegrated implants, and more in vivo studies are necessary before
the devices may be used in clinical settings. The correlation between the devices may reflect
tendencies toward implant stability, but it cannot provide precise numbers indicating implant prognosis since
the devices are not connected. Further research is needed to determine the reliability of the AnyCheck device
in clinical settings.

5. Conclusion

According to the result of this study, the aggressive thread design implant (BLX) showed superior
stability to the nonaggressive thread design implant (BLT) in both ISQ and IST groups. Moreover, within the
limitation of this study, we conclude that there was a correlation between ISQ value and IST value which the
ISQ value was higher than the IST value in both implant designs.
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Abstract

Background: Several devices have been developed to measure implant-bone stability as an indicator of successful
implant treatment; these include Osstell® which measures the implant stability quotient (ISQ), and the more recent
AnyCheck®, which relies on percussion for the implant stability test (IST). These devices make it possible to measure
implant stability. However, no studies have compared the performance of AnyCheck® and Osstell® (i.e,, IST and 1SQ
values) in clinical practice. Therefore, this study aimed to determine the correlation between primary and secondary
implant stability using the Osstell® and AnyCheck® devices.

Methods: Ten patients (7 women; age [mean =+ standard deviation]: 49.1 4 13.3 years) with partially edentulous jaws
who received a total of 15 implants were included. IST (AnyCheck®) and 1SQ (Osstell®) values were measured imme-
diately after implantation and at 1, 2, 3, 4, and 6 weeks post-implantation. Each measurement was performed three
times, and the average value was used as the result. The correlation between measurements obtained using the two
devices was determined using Spearman’s rank correlation coefficient.

Results: The IST values ranged from 79.1 +2.87 to 82.4 +2.65. The 1SQ values ranged from 76.0 +2.8 to 80.2 +2.35.
Spearman’s rank correlation coefficient was r=0.64 immediately after implantation, r=0.29 at 1 week, r=0.68 at

2 weeks, r=0.53 at 3 weeks, r=0.68 at 4 weeks, and r=0.56 at 6 weeks. A positive correlation was found in all cases,
except at week 1 when the correlation was weak; the IST and 1SQ values decreased the most during the first postoper-
ative week and increased during the second week. The IST values were also slightly higher at all measurement points.

Conclusion: The ability to assess implant stability without removing the abutment during healing is essential for
determining the timing of loading without the risk of bone resorption. The results of this study suggest that AnyCh-
eck® is useful for determining primary and secondary implant stability.

Keywords: Dental implant, Implant stability quotient (ISQ), Implant stability test (IST), AnyCheck®, Osstell®

Background

In recent years, the use of dental implants has become
widespread in the field of dentistry, and various techno-
logical advancements have been proposed to improve
treatment outcomes [1-3]. For instance, several devices
have been developed to measure implant stability as an
*Correspondence: kawana@kdu.ac.jp indicator of the success of implant treatment. The Oss-
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stability quotient (ISQ) using the resonance frequency
analysis (RFA) method, whereas the Periotest® device [5]
uses the percussion method. More recently, the AnyCh-
eck® device, which also relies on the percussion method,
has been developed [6]. Importantly, the insertion torque
(IT) of the implant into the bone influences the success of
implant treatment; therefore, the ability of these devices
to quantify and evaluate implant stability has contrib-
uted greatly to the success of implant treatments [7, 8],
benefitting both dentist and patients. There are two types
of implant surgery: those that allow submerged implant
healing and those with non-submerged implant healing.
Submerged implant healing is often considered when
the primary stability is poor or when bone grafting has
been performed [9]. In non-submerged implant healing,
removal of healing abutments prior to superstructure
placement has been reported to be a cause of acceler-
ated bone resorption [10]. Therefore, the concept of “one
abutment—one time,” in which the abutment is placed
immediately after implantation to control bone resorp-
tion, is popular [11]. Despite its long history of use, the
Osstell® device requires removal of the healing abutment
and the attachment of smart pegs. Of note, AnyCheck®
does not require the healing abutment to be attached
or removed; therefore, it can measure implant stabil-
ity without promoting bone resorption. Although there
have been various reports on implant stability, thus far,
no study has compared the ISQ and implant stability test
(IST) values in clinical practice [12]. To address this gap
in knowledge, the present study aimed to investigate the
correlation between implant stability for the Osstell® and
AnyCheck® devices.

Materials and methods

Patients

Ten patients (7 women, 3 men) with partially edentulous
jaws who underwent implant treatment at our university
hospital (n=15 implants) were included in this study. The
mean age (Estandard deviation) was 49.1+£13.3 years.
Patients were selected based on absence of systemic dis-
eases, smoking status (non-smokers), and non-require-
ment of bone grafting. The IT was set at 35 Ncm using
micromotor and torque wrench for all patients. Healing
abutments of the following diameters were attached to
the implants: 2 mm in one implant, 4 mm in nine, and
6 mm in five implants. This study was approved by the
institutional ethics committee of our hospital (approval
#739), and written informed consent was obtained from
all patients.

Surgical procedure
All patients were instructed to take an oral dose (1 g) of
amoxicillin hydrate (Sawacillin Capsules®; LTL Pharma,
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Tokyo, Japan) 1 h before surgery. After administration
of the anesthetic (Lidocaine/Adrenaline bitartrate®;
Showa Yakuhin Kako Co., Ltd., Tokyo, Japan), the alveo-
lar mucosa, including the periosteum, was incised at the
top of the ridge and separated. After drilling, implants
were placed according to the implant system protocol;
the torque and depth of placement were adjusted with a
torque ratchet. All implant placements were performed
via freehand insertion; additionally, all surgeries were
performed in a non-submerged fashion. The implant
system used was Straumann® SLActive ¢ 4.1 x 10 (bone
level tapered implant; Basel, Switzerland). All surgeries
were performed by the same doctor, a teaching Associ-
ate in the Department of Implantology at our university
hospital.

Measurement of the IST and ISQ values

The IST values were measured using the AnyCheck®
device (Neobiotech Co., Ltd.,, Seoul, South Korea)
(Fig. 1). The bone-to-implant stability index was set
based on the ISQ values (0-59, not recommended for
loading; 60-99, good stability, recommended for load-
ing); the IST and ISQ have similar reference values.
Osstell® was used instead of Periotest® in this study.
Briefly, to determine the IST value, the healing abut-
ment was struck six times over 3 s, and the contact time
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Fig. 1 The AnyCheck® implant stability test (IST) device
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with the healing abutment was measured to calculate
the stability. Notably, in accordance with the manufac-
turer’s recommendations, the patient was placed in an
upright position during measurement, and the contact
angle was set at 0°~30°. Since AnyCheck® uses a stand-
ard healing abutment height of 4 mm, values for heal-
ing abutment heights other than 4 mm were corrected
as recommended by the manufacturer (Table 1).

The ISQ values were determined using the Osstell®
ISQ device (Integration Diagnostics Ltd., Goteborgs-
vagen, Sweden) (Fig. 2). In principle, magnetic pulses
based on the RFA method stimulate and resonate the
smart peg (Integration Diagnostics Ltd.) attached to the
implant body in the patient’s mouth, making it possi-
ble to quantify stability. At the time of measurement,
the intraoral healing abutment was removed, and the
smart peg was attached to the implant body via hand
tightening.

Both the IST and ISQ values were measured imme-
diately after implantation and at 1-, 2-, 3-, 4-, and
6-weeks post-implantation. Each measurement was
taken three times, and the mean was used as the defini-
tive result. The ISQ was measured following assessment
of the IST. For all implants, impressions were obtained
at 4 weeks after placement, and provisional restorations
were placed at 6 weeks. All measurements were taken
by the same dental surgeon.

Statistical analyses

Correlations between the IST and ISQ values were
assessed using BellCurve for Excel (Social Sur-
vey Research Information, Inc., Tokyo). Spearman’s
rank correlation coefficients were used to determine
correlations.

Sample size was calculated by one-way analysis of
variance using G-Power (version 3.1.9.2). The sample
size required to obtain 80% of the effect size of 0.4 at
a=0.05 was calculated.

Table 1 Corrected IST values, measured using the AnyCheck®
device, based on the healing abutment height

Healing abutment height (mm) IST value
7 +6
6 +4
5 +2
4 +0
3 -2
2 —4
1 —6

IST, implant stability test
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Fig.2 The Osstell® implant stability quotient (ISQ) device

Results

The IST values immediately, 1 week, 2 weeks, 3 weeks,
4 weeks, and 6 weeks after implantation were 81.0 +2.82,
79.1+£2.87, 79.7+2.83, 80.5+2.71, 80.9+4.0, and
82.4+2.65, respectively. The ISQ values immediately,
1 week, 2 weeks, 3 weeks, 4 weeks, and 6 weeks after
implantation were 79.8+2.89, 76.0+2.8, 77.8+£2.63,
79.2+2.44, 79.7+2.77, and 80.242.35, respectively
(Fig. 3). Of note, both the IST and ISQ values decreased
the most in the first week after surgery and increased in
the second week; additionally, the IST value was slightly
higher at all measurement points. The Spearman’s rank
correlation coefficients for each measurement period
were as follows: r =0.64 immediately after implantation;
r=0.29 at 1 week; r=0.68 at 2 weeks; r=0.53 at 3 weeks,
r=0.68 at 4 weeks, and r=0.56 at 6 weeks. A positive
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Fig. 3 Comparison of the mean implant stability test (IST)
and implant stability quotient (ISQ) values at different times
post-implantation
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correlation was found in all cases, except at 1 week when
the correlation was weak (Fig. 4).

Discussion
This study compared the changes in implant stability
using the Osstell® and AnyCheck® devices. Our analysis
indicated that the measurements exhibited a positive cor-
relation of > 0.5, except after 2 weeks. This suggested that
AnyCheck® had the same performance as Osstell®.
When the IT is high, bone resorption is promoted.
Optimization of the IT is considered the key to suc-
cessful implant treatment [13—15]. In this study, all the
implants had an IT of 35 Ncm. However, even in cases
of low IT, the use of AnyCheck® allows safe assessment
of implant stability. The IST and ISQ values in this study
were high. Zwaan et al. [16] placed 163 implants in the
maxilla and compared the IT at 50 Ncm, 40—45 Ncm,
30-35 Ncm, and <30 Ncm and found that the ISQ val-
ues were 76.2+5.3, 72.3£5.3, 70.0+6.7, and 68.1+6.2,
respectively. The ISQ values were also reported to be
higher for tapered implants than for straight implants.
Van Eekeren et al. [17] compared bone-level with tissue-
level implants and revealed that the ISQ values (at the
time of placement and 2, 3, and 12 weeks postopera-
tively) were 77.8, 75.6, 76.3, and 79.1, and 74.0, 71.8, 72.6,
and 76.8, respectively. Importantly, the above results sug-
gest that ISQ values tend to vary according to bone qual-
ity, implantation site, and implant shape, in line with the
findings reported elsewhere [18]. As reported above, the
authors of this study think that the high value was due to
the use of bone-level and tapered implants. Oates et al.
[19] reported that the stability of SLActive® implants
changed from a decrease to an increase at 2 weeks after
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placement, in line with our results. In the present study,
the weakest correlation was observed after 2 weeks. This
may be explained by individual differences in the decline
of primary stability, resulting in large differences in IST
and ISQ.

Park et al. [6] placed an implant into an artificial bone
block to verify the accuracy of AnyCheck®; interestingly,
the stability decreased as the height of the healing abut-
ment increased and as the contact angle decreased from
30° to 0° (perpendicular to the long axis of the implant
and parallel to the ground). Subsequently, Lee et al.
[20] placed implants at 10 N, 15 N, and 35 N into arti-
ficial bone blocks together with five different diameters
of healing abutments of the same height, measured the
IST values using AnyCheck®, and compared them with
the ISQ values determined using Osstell®. Importantly,
they reported that the diameter of the healing abutment
did not affect the ISQ and IST values, which exhibited
a strong correlation. Consistent with these results, Lee
et al. [21] also found that the results for the AnyCh-
eck® and Osstell® devices were correlated in the context
of both internal-connection and external-connection
implants (within pig bone). Of note, they also reported
that the IST values were higher for both implants and
that there was no significant difference between the IST
and ISQ values. However, neither the IST nor the ISQ
values are known to be accurate; they should only be con-
sidered as one among several indicators.

In clinical practice, Al-Jamal et al. [22] demonstrated
that there was a significant correlation between primary
stability and IT using the AnyCheck® device in the con-
text of 40 implants. However, they did not compare their
findings with measurements obtained using the Osstell®
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device. The present study is the first in which the IST
and ISQ values were measured and compared weekly in
clinical practice, from immediately after implantation to
4 weeks later. While the Osstell® is a device with a long
history of use and has been explored in many studies to
date, its use requires removal of the healing abutment
and attachment of the smart peg. The recently released
Osstell Beacon® is cordless. However, as before, it still
requires a smart peg, and the healing abutment must be
attached and removed. Esposito et al. [23] reported that
the removal of the healing abutment (three times after
implantation until the time of superstructure attach-
ment) led to 0.16 mm of bone resorption per year (ver-
sus non-removal of the healing abutment). Similar results
were obtained by Bressan et al. [24]—0.43 mm of bone
resorption over 3 years in healing abutment removal
versus non-removal contexts—as well as by Koutouzis
et al. [25]—0.13 mm versus 0.28 mm bone resorption in
6 months after implantation in the without versus with
healing abutment removal context). Importantly, AnyCh-
eck®, which allows the measurement of stability without
the need to attach or to detach the healing abutment,
reduces bone resorption and can be applied to low-
torque cases. In the present study, a positive correlation
of >0.5 was observed at all measurement points, except
after 2 weeks. Considering the risk of bone resorption
and other factors, the AnyCheck® is expected to per-
form as well or better than the Osstell®. Since there are
no reports comparing the two devices in clinical practice,
further validation of this matter is necessary. Further-
more, this study has some limitations. The sample size for
this study was small. This was due to the limited number
of patients in whom implants of the same system, diam-
eter, and length were placed. In addition, in vitro stud-
ies cannot assess changes in implant stability over time.
Therefore, studies using models could not be conducted
previously. In the future, it is necessary to distinguish
between bone quality and implant diameter to obtain
more detailed data.

Conclusion

The ability to assess implant stability without removing
the abutment during healing is essential for determining
the time at which load can be applied without the risk of
bone resorption. Altogether, our results suggest the simi-
lar performance of Osstell® and AnyCheck®, and, conse-
quently, the usefulness of the latter for the determination
of implant stability.

Abbreviations
ISQ: Implant stability quotient; RFA: Resonance frequency analysis; IT: Insertion
torque; IST: Implant stability test.
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Abstract: Background and Objectives: To evaluate the stability of a dental implant and the effective-
ness of a newly designed damping capacity assessment device by improving the number of blows
and strength evaluated by a prospective clinical study. Materials and Method: The stability of dental
implants was measured in 50 implants in a total of 38 patients. Measurements were performed using
Anycheck and Periotest M devices, twice in total, divided into buccal and lingual directions. In ad-
dition, measurements were performed on the day of surgery, two weeks, one month, two months,
and three months after surgery for a total of five times. After the standardization of the measured
values, the differences and changes over time for each device were observed. Result: No difference
in standardized values between the two devices was observed at any time point. In both devices,
stability decreased at two weeks postoperatively but gradually increased thereafter. No differences
were observed in the values according to the measurement direction. Conclusions: The damping
capacity of Anycheck was similar to that of Periotest M. After a slight decrease in stability two weeks
after implant placement, implant stability increased over time.

Keywords: dental implants; stability; dentistry; analytic device

1. Introduction

Osseointegration of dental implants is affected by various factors such as the type of
implant surface, density of the alveolar bone, age of the patient, whether or not a bone
grafting is performed, and the volume of the alveolar bone [1]. Various methods of meas-
uring the stability of dental implants have been used in clinical practice. The insertion
torque value measurement method, such as the Osstell method using resonance fre-
quency analysis (Osstell device, Integration Diagnostics AB, Sa"vedalen, Sweden), and
Periotest M method using damping capacity assessment (Periotest M device, Gulden
Messtechnik, Bensheim, Germany) have been widely used [2—4]. Each measurement
method has its characteristics. Osstell is a non-contact measurement method, and its
measurement values are internationally standardized. However, a separate measuring
device (Smartpeg) is required, and there is a risk and inconvenience in releasing the heal-
ing abutment for the measurement. Periotest M is convenient and safe for measuring the
stability of a healing abutment. However, the measured value is affected by the angle of
impact and the high strength of the blow, and the number of blows is rather high (16
times) causing a feeling of rejection in the patient.

Medicina 2022, 58, 1570. https://doi.org/10.3390/medicina58111570
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The recently developed modified damping capacity measuring instrument
(Anycheck, Neobiotech Co., Ltd., Seoul, Korea) has high reproducibility, and it is possible
to directly contact the measurement target by improving the hitting method [5]. The num-
ber of measurements was also reduced to six, and when the stability measurement was
less than 70, the function of hitting the implant was decreased to two times to reduce the
impact on the implant. There are several in vitro and animal tests, but there are still few
studies on their effectiveness in clinical practice [5,6].

In this clinical study, the stability of implants during the healing period was verified
using this new damping capacity assessment device. In addition, the similarity of the
measured values was evaluated and compared with that of the existing Periotest M equip-
ment.

2. Materials and Methods

Patients who visited the Korea University Anam Hospital from January 2020 to De-
cember 2021 and who had healing abutments placed after implant placement under local
anesthesia were included in the study. The following patients were included in the study:
those who planned to have a dental implant and healing abutment placed on the day of
surgery and those who were older than 19 years who had a firm willingness to participate
in this study and eventually agreed to participate in the study. Patients were excluded if
the implant was replaced due to previous failure, placed immediately on the same day
after tooth extraction, or if the procedure included a large amount of vertical augmenta-
tion of the alveolar bone or sinus grafting due to severe bone loss. A total of 38 patients
with 50 implants were included in this study. This prospective clinical study was con-
ducted with the approval of the Institutional Review Board of Korea University Anam
Hospital (No. 2020AN0105).

Implant-first surgery was performed under block or infiltration anesthesia using 2%
lidocaine epinephrine (1:100,000 epinephrine containment) in the outpatient clinic. If bone
defects, such as dehiscence, existed, bone grafting using xenografts (BioOss, Geistlich
Pharma AG, Ziirich, Switzerland) was performed simultaneously with implant place-
ment. Only bone level and internal hex connection fixtures (LUNA, Shinhung Co., Ltd.,
Seoul, South Korea; ISII or ISIII, Neobiotech Co., Ltd., Seoul, Korea) were used for im-
plant placement. The healing abutment was placed after implant placement, and if the
incision was previously made, sutures were made using nylon without tension. Implant
stability was measured as previously described. After pressure dressing with a sterile
gauze bite was performed, postoperative caution was explained to the subjects. An anti-
biotic (cephalexin 1000 mg, t.i.d.) and a non-steroidal anti-inflammatory agent (zalto-
profen 80 mg, t.i.d.) were prescribed for 5 days, and 0.12% chlorhexidine solution mouth
rinse was administered daily.

Implant stability was measured twice each on the buccal (labial) and lingual (palatal)
sides using two different damping capacity analysis devices (Periotest M, Anycheck). The
stability value measured by Periotest M is referred to as the Periotest value (PTV), ranging
from —8.0 to +50.0, which is closer to —8.0% when the material has more rigidity. It was
measured through 16 tapping motions. The value of the implant stability test (IST) meas-
ured by Anycheck was designed to be similar to the implant stability quotient value (ISQ
scale), ranging from 0 to 100, and was measured through six rounds of slight tapping mo-
tion. The IST value was then calibrated according to the height of the healing abutment
according to the manufacturer’s instructions: no calibration at 4 mm height, +2 per 1 mm
shorter, and -2 per 1 mm longer than the height of the healing abutment. When both de-
vices are driven at a point 2-3 mm away from the healing abutment, the stability value is
derived through effective hitting (Figure 1).
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Figure 1. Clinical application of Anycheck and Periotest M equipment. (A) Anycheck, (B) Periotest
M).

The participants were instructed to visit the clinics at 2 weeks, 1 month, 2 months,
and 3 months after the first implant surgery. At each follow-up, stability measurements
were performed in the same manner as on the operative day. After 3 months, the patients
were referred to the prosthodontic department for implant prosthesis restoration, if no
major complications occurred, or additional follow-ups were arranged if the stability
value was considered insufficient to be loaded (Figure 2). In addition to implant stability,
implant sites, type of fixtures, diameter and length of the fixtures, the gingival height of
the healing abutments, and bone grafting were recorded at all follow-up periods.

Patient Check-up /
Visiting Pre-OP Implant Impression
Schedule Check-up Surgery Stitch-out Check-up Check-up Taking
® ® @ @ (3] ®
-Twks Day 0 POD POD POD POD

2wks Tmonth  2months 3mqnths

Demographic Implant Stability
Data Data AnyCheck | Periotest M

(IST) A (PTV)

Figure 2. Schematic diagram of the clinical trials.

For statistical analysis, the implant stability measured by damping capacity analysis
devices after implant placement was evaluated using covariance analysis of repeated
measurements implemented using SAS Proc Mixed (SAS Institute, Inc., Cary, NC, USA).
The device (Periotest M or Anycheck) was the between-subject factor and time (on the day
of surgery, 2 weeks, 1 month, 2 months, 3 months) was the within-subject factor.
MEAN/SD is the observed mean and standard deviation and LSMEAN/SE is the predicted
mean and standard error of the statistical model. The scales of the two measurement de-
vices were standardized using the Z-score standardization method. Statistical significance
was set at p < 0.05. Analyses were performed for the buccal (labial) side, lingual (palatal)
side, and total values. Statistical analysis was performed using the Statistical Analysis Sys-
tem version 9.4 (SAS Institute, Inc., Cary, NC, USA).
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3. Results

The characteristics of the participants and the implants are presented in Table 1. The
mean age was 66 years, and 20 men and 18 women were included in the study. Twenty-
three implants were placed in the maxilla, 27 in the mandible, 4 in the anterior region, and
46 in the posterior region. Implant fixtures from the following three manufacturers were
used: LUNA (Shinhung, Seoul, Korea), 22; ISII (Neobiotech, Seoul, Korea), 20; and ISIII
(Neobiotech, Seoul, Korea), 8. For the fixture size, six short implants and 49 regular im-
plants were used. For the height of the healing abutment, 4 mm was used the most (26
pieces). Bone grafting was performed on 21 patients.

Table 1. Demographic data of the patients and characteristics of the dental implants.

Investigated Item Number
Patients 38
Age, mean (range) 66 (36-89)
Sex
Male 20 (53%)
Female 18 (47%)
Total implants 50
Jaw
Maxilla 23 (46%)
Mandible 27 (54%)
Location
Anterior 4 (8%)
Posterior 46 (92%)
Fixture (manufacturer)
LUNA (Shinhung) 22 (44%)
ISII (Neobiotech) 20 (40%)
ISIII (Neobiotech) 8 (16%)
Fixture (size)
Length
Short (<8.0 mm) 6 (12%)
Regular (8.0-11.5 mm) 43 (86%)
Long (>11.5 mm) 1(2%)
Diameter
Narrow (3.5 mm) 1 (2%)
Regular (4.0-5.0 mm) 49 (98%)
Wide (>5.0 mm) 0
Healing abutment (GH)
3 mm 4 (8%)
4 mm 26 (52%)
5 mm 12 (24%)
6 mm 7 (14%)
7 mm 1 (2%)
Bone grafting 21 (42%)

The mean values and standard deviations of measured stability at each follow-up
period are presented in Table 2. When stability was measured using Periotest M, the av-
erage stability immediately after surgery decreased at two weeks but gradually increased
thereafter, showing overall higher stability at the end of three months than immediately
after surgery. In the case of Anycheck, similar to Periotest M, the average of the measured
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Anycheck

TIME

values decreased in the second week after the operation, but gradually increased thereaf-
ter and showed higher stability than immediately after the operation from one month.
(Table 2, Figure 3). This trend was similar for the buccal, lingual, and average scores. Con-
trary to the pattern of the measured values, both the standardized Z-scores of Periotest M
and Anycheck showed a significant increase with time after a decrease at two weeks post-
operatively (Table 3, Figure 4) (p < 0.0001). This is illustrated in Figure 4. This trend was
significantly observed in the buccal, lingual, and average areas. It is observed that the
“stability dip” is formed between two weeks and one month after implant placement, and
the stability increases rapidly as it reaches the third month. At all time points, no differ-
ence in the standardized values was observed between the two instruments, Periotest M
and Anycheck (p > 0.01).

Table 2. The mean value and standard deviation of measured stability at each follow-up period.

Device Post-op Period Mean SD
Op -4.72 292

2W -4.25 4.37

Periotest M 1M -4.62 3.50
2M -4.57 3.34

3M -5.29 2.84

Op 76.10 6.89

2W 75.82 9.87

Anycheck 1M 76.40 8.42
2M 76.50 7.85

3M 77.48 6.92

Abbreviation: Op, operation day; 2 W, post-operative 2 weeks; 1 M, post-operative 1 month; 2 M,
post-operative 2 months; 3 M, post-operative 3 months.

A. Observed Value (Buccal / Labial) B. Observed Value (Lingual / Palatal) C. Observed Value (Mean)

Periotest M
Anycheck

Periotest M
Anycheck
Periotest M

TIME TIME

Figure 3. The observed values over time. (A) Buccal, (B) lingual, (C) mean.
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Table 3. The implant stability measured by damping capacity analysis devices after implant place-
ment.

Tapping Location Mean SD LSMEAN SE p-value

Periotest M 0.000 0.999 0.04322 0.07911 0.6626
Anycheck 0.000 0.999 -0.0030 0.07911
o) -0.014 0.861 -0.014 0.06071
2W both -0.090 1.219 -0.107 0.08685
1M -0.005 1.025 -0.037 0.07259  <0.0001
2M 0.005 0.942 0.028 0.07063
3M 0.157 0.837 0.231 0.06275
Periotest M 0.000 1.000 0.021 0.1192 0.9275
Anycheck 0.000 1.000 0.006 0.1192 '
orP Buccal -0.078 0.933 -0.078 0.09283
2W -0.072 1.172 -0.096 0.1178
1M -0.016 1.061 —0.058 0.1063  0.0325
2M 0.086 0.875 0.099 0.08901
3M 0.148 0.861 0.201 0.09207
Periotest M 0.000 1.000 0.066 0.1058 05173
Anycheck 0.000 1.000 -0.024 0.1058 '
OP Lingual 0.049 0.782 0.049 0.07777
2W -0.108 1.270 -0.120 0.1278
1M 0.006 0.995 -0.012 0.0998  0.0031
2M -0.076 1.003 —-0.050 0.1093
3M 0.165 0.819 0.238 0.08636

Abbreviation: Op, operation day; 2 W, post-operative 2 weeks; 1 M, post-operative 1 month; 2 M,
post-operative 2 months; 3 M, post-operative 3 months. Device (Periotest M or Anycheck) was the
between-subject factor and time (OP, 2 W, 1 M, 2 M, 3 M) was the within-subject factor. MEAN/SD
is the observed mean and standard deviation and LSMEANY/SE is the predicted mean and standard
error of the statistical model. The scales of the two measurement devices were standardized using
the Z-score standardization method. Statistical significance was set at p < 0.05.

A. Predicted Value (Buccal / Labial) B. Predicted Value (Lingual / Palatal) C. Predicted Value (Mean)

Anycheck
Periotest M

TIME

Anycheck Anycheck
Periotest M Periotest M

Predicted
Predicted

TIME TIME
Figure 4. The predicted value over time (Z-score standardized, (A) buccal, (B) lingual, (C) mean).

4. Discussion

The results of this study showed that the damping capacity of Anycheck at all time
points and in all hitting directions showed a tendency similar to that of Periotest M. Alt-
hough the measured values were different, in the corrected values, the results of the two
instruments were almost identical. In addition, after a slight decrease in stability two
weeks after implant placement, implant stability increased over time, and both devices
showed a significant difference with time.
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Currently, the most widely used devices for measuring dental implant stability are
Osstell, which can measure ISQ values based on resonance frequency analysis, and Peri-
otest M, which is based on damping capacity assessment, as mentioned in the introduction
[7]. The advantage of Osstell is that there is no tapping of the implant during measure-
ment; therefore, there is less discomfort for the patient. However, for each implant prod-
uct, a smart peg with a matching inner surface must be provided, and the smart peg fas-
tening process may affect the fixation of implants with weak initial stability [8,9]. In the
case of Periotest M, there is no such connection process, but the blow is strong and the
number of blows is relatively large (16), which can cause patient discomfort, and the meas-
ured value can be affected by the blow angle [10,11].

The Anycheck device is an improved version of these two devices. It does not require
a superstructure connection process such as Osstell for measurement, and the strength
and frequency of blows have been dramatically improved compared with Periotest M [5].
In addition, to increase the user’s intuition, it is displayed differently in red, orange, and
green depending on the range of the measured value, in order that stability can be recog-
nized without reading the number [5]. Therefore, the Anycheck device makes it easier to
measure implant stability than existing devices. However, despite having a wider effec-
tive striking angle than Periotest M, it can only be measured when the striking angle is in
the range of 0° to 30° from the ground, and the final result value must be corrected because
the resulting value may vary depending on the length of the healing abutment [6].

Implant stability is divided into two types: primary and secondary. Primary stability
refers to the initial mechanical stability, which occurs because of friction through contact
between the bone and implant surface [12]. If the initial fixation is insufficient and the
micro-movement reaches a level exceeding 50-100 um, osseointegration may be damaged,
and as a result, tissues other than bone, such as fibrous tissue, may be formed around the
implant [13]. Secondary stability refers to the stability of the biological form through bone
regeneration and remodeling at the implant-tissue interface [14]. Differentiating osteo-
genic cells migrate to the implant surface to form a mineralized interfacial matrix around
the implant and then undergo remodeling to complete osseointegration [15]. Total im-
plant stability is composed of synthesizing this primary and secondary stability, and most
of the studies on total implant stability report that the value decreased slightly immedi-
ately after implant placement and then gradually increased thereafter [16-18]. This pat-
tern has been described as a drop or dip [19]. In one study, it was mentioned that this dip
exists between two and four weeks using a mathematical model through curve-fitting
[20], and a similar pattern of stability change was also observed in this study. At the sec-
ond week after the operation, the measured values of both devices showed a decreasing
pattern and then gradually increased thereafter. This means that the theoretical stability
dip is also observed in actual clinical practice. Furthermore, this suggests the need to eas-
ily and conveniently measure implant stability in order that implants can be loaded at the
right timing.

There are many studies on the comparison of Osstell, and Periotest M, which are
existing devices for measuring implant stability, and the clinical similarity between the
two devices has been verified to some extent [3,6,21-26]. The Anycheck device was devel-
oped relatively recently; therefore, there are not many studies using the Anycheck device.
In particular, no clinical studies have yet been conducted. However, a high similarity be-
tween Anycheck and other devices can be observed consistently in existing studies and in
this clinical study. In a validity analysis of an ex vivo study using porcine bones, a very
high correlation was observed between the measured values of Anycheck, Osstell, and
Periotest M, and a linear relationship between the insertion torque and the measured val-
ues was observed [6]. Similarly, in one in vitro study, a high correlation between the three
devices was observed, and it was observed that the diameter of the healing abutment did
not affect the measured value, unlike the healing abutment length, which affected the
Anycheck measured value [5]. A previous study observed a linear correlation between the
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vibration frequency and the Anycheck value measured while controlling the peri-implant
artificial bone level [27].

This clinical study has some limitations. Although Osstell and Periotest M showed
almost equal reliability in numerous studies, Osstell was not applied in this study. How-
ever, if comparison with Osstell were performed, abundant results would have been de-
rived. In addition, the fact that the effects of the jaw arch, implant specifications, and bone
graft could not be controlled is another limitation of this study. Nevertheless, in the re-
sults, a similar and uniform tendency of the Anycheck device could be observed when
compared with Periotest M, and the similarity along the timeline could also be observed;
therefore, it is considered that the clinical significance of this study is sufficient. Through
this prospective clinical study, the new damping assessment device with reduced patient
discomfort and high clinical versatility suggested the possibility of clinical replacement
by showing implant stability measurements similar to those of existing equipment.

5. Conclusions

During the observation period of three months, the damping capacity of Anycheck
showed a similar tendency to that of Periotest M. After a slight decrease in stability two
weeks after implant placement, implant stability increased over time. Through this study,
the clinical substitution potential of the Anycheck device, which has a simpler measure-
ment method and equivalent implant stability measurement power, was observed.
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