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Table 1. Principal properties and dimensions of the mini-screws used in this study

L e
Partial cylindrical Combined
parallel part parallel part
Screw design Pure cylindrical + +
Gradually increasing core Taper part
diameter part
Corporation Biomaterials Korea Jeil Medical Ortholution
Body length (mm) 7.0 8.0 7.0
Thread length (mm) 6.0 7.0 6.0
Thread diameter” (mm) 145 (15) 16 (16) 16 (20)
Core diameter (mm) 1.0 1.0 1.0
Taper length (mm) - 15 2.5
Chemical composition Ti-6Al-4V Ti-6Al-4V Ti-6A1-4V

* The dimensions in parentheses of thread diameter mean the dimensions of the screw shaft, and the dimensions of core
diameter are the dimensions in the parallel part of the screw.

Type A

Type B Type C

Fig 1. Schematic diagram of the mini-screws evaluated
(unit; mm).

Fig 2. P oto image o
Korea, Seoul, Korea).
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Fig 3. Time - insertion torque graph and the definitions of
measurement values.

=
oy 23R o] Q1 AAFL B3 Sojvt
AT FAFE AYsr] AJ&e f7h| 9] A2 Q 5=
AlZHE I3t (Fig 3)

T Al 44 ko 2 vy A28 AR}
Kl Y £2F B3 A€ Y
& AA WBEoR AAHAITIEA YAR7R]
FH  ZZ3(QuickDataAcg, SDK
Developer, UK)2 ©]-83] 0.1% ©98 E9F e

My 2557 ADBE B 5

=
M
OXl

=
>
fuki)

2 Ag71el BFe) 470 gol FARE Baad
t}. 529 237 AR W) o]y 2279 4t
%} ZHol& A stnAt 0.01 mm7A] ASE 5
%) dial indicator depth gaugeS AM-&-313ich ztzhe)
z}
o

538

A Hole WA Zolz A3kl (Table 1).
IAF A0 3] 10712 vy 2382 Algla}
AA 120709 vy AZAFE AMIEATH

3. Pull-out 2= A& (Fig 4)
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Fig 4. Schematic diagram of Pull-out strength test.
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Alol ] 2] & B $JlA] two-way ANOVAR &
A A 88} 1, Tukey's Studentized Range TestE &
gt &9 AR Ak 449 typeol] Hal %‘J%‘u
E9.29) kel Mgshel JBEE otns] 9
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HAPMA
2= Al AlZE (Cortical Bone Insertion
Time)
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Table 2. Cortical bone insertion time (sec) according to cortical bone thickness {mean + SD)

Type A 94 £ 055 144 + 537

Type B 63 = 2.05 103 £ 579 130 £ 6.04 1 <15 <2 mm
Type C 122 + 148 132 + 3810 159 + 39.97 1 <15 <2mm
Tukey's Type B <A <C Type B<C=A Type B<C <A

Statistical significance was determined by Tukey's studentized range test; p < 0.05.

Table 3. Maximum insertion torque (Ncm) according to cortical bone thickness (mean + SD)

om0 0

T
0.10 2033 + 011 2034 £ 013 0<1=15=2mm

1673 + 0.12 2033 £

Type A

Type B 23.09 £ 0.50 30.31 £ 0.27 36.20 £ 091 3801 = 1.06 0<1<15<2mm
Type C 2391 £ 0.45 3539 + 040 37.89 £ 2.23 4097 = 3.86 0<1<15<2mm
Tukey's A<B<C A<B<C A<B<C A<B<C

Statistical significance was determined by Tukey's studentized range test; p < 0.05.

Table 4. Pull-out strength (N) according to cortical bone thickness (mean + SD)

Type A 5003 + 22.2 603.3 = 3.0 679.2 + 247 5779 + 51.0 0<2=1<15mm
Type B 5583 £ 187 5985 + 181 7005 + 218 6627 £ 245 0=1<2=15mm
Type C 442.8 + 7.3 4831 £ 42 5731 £ 46.3 5214 + 202 0=1=2<15mm
Tukey's C<ACB C<B=A C<A=D C=A<B

Statistical significance was determined by Tukey’s studentized range test; p < 0.05.

Ao (p < 005), Type C= A2 P 1L5mm @55 A 49 223 glol AP S7H W

9} 2 mmol| A EZ HA7F Hr} (Table 2). W, Type BE 92 Z 7| 1.5 mmolA 2 mm=E Z7}
e weol Hu Ay EeA ghel ZvhEo] zhAist

o A2l E23 (Maximum Insertion Torque) At} w3 RS DAdE T A Type C > Type B
> Type A9l A E ) 4FY B gho] &ttt

RE Typeol Al Aslo] TuE = AlFdA Hie (p < 0.05)(Table 3).

E9A S Btk Type A= FAIwo=2 IAH

ETETeE BdF3e] 9 A A AY Boa Pull-out 2%

Zrol Z7ystg A (p < 0.05), 1 mm, 1.5 mm, 2 mm

A 9AE Atoloxl= ALl Apolrt gl (p > BE Typeoll Al JAZ FA7F 1.5 mmd o} 7Hg

0.05). Type B} Type C= HA= A7} F7HE5 Z Pullout =8 HYGT (p <005, L5 IZF F

H AR Eo A HE 27T (p < 0.05). 1H Aol X Type C2} Pull-out 73 =7} Type Atk Type Boll

U} Type C= 3 &A-F S71 | mmo| A 2 mm= 7} v)af A ZHeke} (p < 0.05)(Table 4).
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Table 5. Pearson correlation coefficients for each variable

CBT 087
CBIT 0.75° . 0.48° 0.80° 0.64"
MIT 0.77 0.81% 0.72"

CBT, Cortical bone thickness; CBIT Cortical bone insertion time; MIT, Maximum insertion torque; POS, Pull-out
strength; * p < 005 "p < 001 Fp < 0001 ¥ p < 0.000L

2 wi4S Alolo] Aak o Type A HABE oo HAE FA%4 4
#glol EQA kol A9 YA T 71&7E 7HAHA
< Typeolld 9d& F79 FJdF A Azt -7}0}111 FAgnor FAH RS AYsid
’\}01 1 T2 ABEAZE AJT (p < 0.001). H 4 A T daEglo]l vlmA 43 A A
4 239 Pullout FEoNN FAHCR Fo 051 el BHART, oIk oldle] 9 | &
AEAA A U eH(p < 001) sAE FA S o o BXA Hd g FA F7 #Agle] 2=
A B A bl B% &2 ARdAVE #EHUT A7 HAF AteldAe] o] A AR
(p < 0.001)(Table 5). the A3ksl ABA gl FEolth $Y¥EXS v
Y 2379 72 FolM Akl BEA ol 43S
o )X 2R gAdEy HSde FEolg A4
= Type Ax HE-E AL A7 €538 o
o] FHEANA 2379 Aol FadFe WA Egolgtd fAdF HE3he FEY HAo] 94
T RAEE FR AATY QFLES AR Dol F A ST R %A Bo] STk = @]
T8 T 23 F YUAIF AY 9 U= wolgl Aztech wehA A& FA7 S E
of thelx AFsti gk Brown 53 Homolka 2 HA4ZE Eed dele Aite] F7HE BolA
5,” 283 Hitchon 5] 41 E0 A9} FUE A} 7 o)F= Ak diEiM H%E Eod F7HES
old& feld AHTAZE Ak 3Few, Kido ZBAEA AU A Eod #E AY dFEE &
£%3} Brown £7& Pull-out 7%=9} UL Alo]o] F Ut (Fig ).
o3 ddgel doka akcth A Clarelli e Type BN E HAZe] A7} $7 253 A9
B A771E oA #2239 Fk(strength) H B3 gol Ertatdnh 2y d-AE FA7L 1
734 (stiffness) 2 I .9} WHgEA (orientation)ol] H] & mmol] A 1.5 mmz Z7131S o] A Ay EoH
Sttt G A o FAE YA oy e HEE e F7HERTE 15 mmolA 2 mmE FTHE
o] A skA 7] W Eol E]d B HAR % o] A 4te) E9= ke F7Eo] Zstt). Type
tha XAt meba] B dFols Edkehe BE UalE ] QIR RO YGo] ZFH Z7}etEA
HEE A AalA 4G F-9lo maka #3kA] AZA HZHE oy FEo| &A= 1 T
w3 A A Bx g VAW, 354 Zro] AatY] A= 23l 1.5 mm FEHT ©f
bone screw2] HE ATE gk ASTM F1839 3t 12 E o) @z FA wakd Hd
(American Society for Testing and Materials) 77 ol Aol E o= zhe Type Aol H|S|A ©f Zo|7} Hol-
oj Azt g uf 2 A thg A - H3l Absre] UAgt 2 F7te] 1.5 mm Z=dA FHAE FAVE
-“éﬂr ARG B 3 BelA AEE AEFE A% 1.5 mmo| A 2 mmZ 27t & 1 gholls E 2}o]
élfﬂ& JAFE AlHE AHEIAT 7} ¢l Aeolgt AZET) (Table 1, Fig 6).
B AFelA ZF vy 2379 YAl W}% A Type CE H&AZ FA7 27183 A4d ELF
b EQ_EI.% S48t vwg 1, 43 45y grol Z7kstH o Type BETHE o] F318HA 57}
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Torque {Ncm)

0 50 100 180 200 250 300 350 400 450
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Fig 5. Superimposition of time - insertion torque graphs
for different cortical bone thickness (Type A). A represen-
tative graph for each cortical bone thickness was chosen
and shown in this figure.
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Fig 6. Superimposition of time - insertion torque graphs
for different cortical bone thickness (Type B). A represen-
tative graph for each cortical bone thickness was chosen
and shown in this figure.
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g 25 - —
T 20 r——

0 50 100 150 200 250 300 350
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Fig 7. Superimposition of time - insertion torque graphs
for different cortical bone thickness (Type C). A represen-
tative graph for each cortical bone thickness was chosen
and shown in this figure.
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ORIGINAL ARTICLE

Evaluation of Insertion torque and Pull-out strength
of mini-screws according to different thickness
of artificial cortical bone

Young-Youn Song, DDS, MSD, PhD,* Jung-Yul Cha, DDS, MSD,’
Chung-Ju Hwang, DDS, MSD, PhD*

Objective: The purpose of this study was fo evaluate the mechanical performance of mini-screws
during insertion into artificial bone with use of the driving torque tester (Biomaterials Korea, Seoul,
Korea), as well as testing of Pull-out Strength (POS). Methods: Experimental bone blocks with different
cortical bone thickness were used as specimens. Three modules of commercially available drill-free
type mini-screws (Type A; pure cylindrical type, Biomaterials Korea, Seoul, Korea, Type B, partially
cylindrical type, Jeil Medical, Seoul, Korea, Type C; combination type of cylindrical and tapered
portions, Ortholution, Seoul, Korea), were used. Results: Difference in the cortical bone thickness had
little effect on the maximum insertion torque (MIT) in Type A mini-screws. But in Type B and C, MIT
increased as the cortical bone thickness increased. MIT of Type C was highest in all situations, then
Type B and Type A in order. Type C showed lower POS than Type A or B in all situations. There
were statistically significant correlations between cortical bone thickness and MIT, and POS for each
type of the mini-screws. Conclusion: Since different screw designs showed different insertion torques
with increases in cortical bone thickness, the best suitable screw design should be selected according
to the different cortical thicknesses at the implant sites. {Korean J Orthod 2007;37(1):5-15)
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