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Effect of the cutting flute of the orthodontic miniscrew on
insertion and removal torque
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Jeong-Hui JF, Woo-Yong Jeon’, Min-Ho Lee’, Tae-Sung Bae””
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"Dental Engineering, Kwangyang Health College, Kwangyang-si, Republic of Kore

The purpose of this study was to evaluate the structural characteristics of the thread length of orthodontic mini-screws and
the effects of insertion and removal torques according to the formation of the cutting flute. Two types of mini-screws were
made, with a thread length of 6,0 mm and a thread length of 3.3 mm, In order to examine the effect of flute formation,
the experiment group was divided into a miniscrew test group with flute formation and an experiment group without flute
formation, To evaluate the effect of flute formation, two flutes were formed at 180° on the circumference, and at the tip of
the mini screw, up to 4 mm for thread length of 6.0 mm and 2.4 mm for thread length of 3.3 mm. A biomechanical test
block formed of 2 mm cortical bone and 10 mm cancellous bone was used to eliminate the influence of the difference in
cortical bone thickness and bone density according to the insertion site, 1 mm diameter guide hole was drilled on the test
block and the mini-screw was placed vertically. Using a 0.1 N - cm precision digital torque gauge, the maximum torque value
was recorded at this time by embedding it to the top of the screw under a static load of 1.2 kg and the value when it was
removed in the opposite direction. The insertion torque values for the 6,0 mm and 3.3 mm length mini screws were (29.53+1.84)
N - cm and (26,84%2.15) N - cm, and the removal torque values are (14.50%+1.37) N - cm and (13.15£2.89) N - cm, respectively.
There were no statistically significant differences (P)0.05). The flute of 6,0 mm mini-screws had no statistically significant difference
in both insertion and removal torque values and increased to (30.1311.97) N - cm and (18.65+1.10) N - cm (P)0.05). In experiments
with 3.3 mm mini-screws, the insertion and removal torque values decreased to (20.99£3.94) N - cm and (11.32£2.03) N - cm,
respectively, showing a statistically significant decrease only in the insertion torque values (P<0.05). The insertion and removal
torque values of the mini-screw were not significantly increased even when the screw length was doubled, and the flute formation
effect was different with the screw length,
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B AFo M= AA 4 mm Ti-6Al-4V ELI (Fort Wayne
Metals Research Products Co,, Fort Wayne, IN, USA) &=
H-& CNC (Cincom L20, Citizen Machinery Co., Ltd,,
Nagano, Japan)& 7}&3te] 274 1.4 mm WY2IFE
AzFFGAT). Y AAR7= AR dolo whet o]t
6.0 mmel AL 16,002 g1 Zo]7} 3.3 mmSl AL
13302 BF3I3c) B3 flute A JTS AuH )
S8l HY2T74] tipS BFE 6.0 mm 4= 4 mm L
3.3 mm A= 2.4 m7HA flues FAJ5HAT) flues
Pk & 1FS Fo, 12|l Y5249 180° $1A]o
2709 flutes FAZ 1FS 28 EF3}30} Figure 1&
AR Zol7t 6.0 mmo]aL fluteE FAJS vy F
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2 AF(L3.3F2) 9] FARAARAR] A (SNE-4500M Plus, SEC,
Suwon, Korea) ©]w]x|o|t} 16,0F0, L6,0F2, 13.3F0 L&
L3.3F2 F 4709 vt F 10709] viy2a77t Aol
AHE-H A
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(Sawbones Inc,, Vashon, WA, USA)< ©]-8-3} tH(Figure



2). JF=Ee HEEY =S Ads] S8 2 A 2. & H HA ET A
2 mm short fiber-filled epoxy sheet®} 7] 10 mm cellular
polyurethan rigid foam (95% open cell, 15 pch)-S AHE3FS
THTable 1).

ol FFo]| diamond tapered bur (F104R, Shofu, San
Marcos, CA, USAZ F7 1.0 mm 2 Zo] 5.0 mme] guide
holeg @5 the Efo|HE 3] o|Fdh= 7lo|= A3

Table 1, Mechanical properties of the biomechanical test block

. Compressive Longitudinal Tensile
' Density
T (g/em®) Strength Modulus Strength Modulus
(MPa) (MPa) (MPa) (MPa)
Short fiber-filled epoxy sheet
1.64 157 167 1 1

(Simulated cortical bone) 8 ° 6700 06 6000

Cellular polyurethan rigid foam 032 54 137 ) )

(Simulated cancellous bone)

*Note: Material property data based on ASTM D-1621,

Figure 1, HR FE-SEM images of experimental mini-screws, (a) L6.0F2, (b) 1L3.3F2. (Red arrow: flute) Since two flutes are present
at 180°, one more flutes are present on the opposite side of the cross section shown in the picture above,
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Figure 2, Biomechanical test block (Sawbones Inc,, Vashon, WA, USA),
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Tukey-multiple comparisons test= %

Table 2, Mean insertion and removal torque values

B2 0.05 f2]g=<tollA SPSS Win 25.0 program (SPSS
Inc, Chicago, IL, USA)S o|&3te] F49314),

2 1

Table 2= Q&= Zo] 6.0 mm& Zo] 3.3 mmY

Y2375 AYE wel AAS we] B2 g vER
Aoty Ay EA k2 o] 6.0 mme}t Zo] 3.3 m9
Y23 7oA Z42F (29.5311.84) N - cm@}b (26.84+
2.15) N+ em&, 22l AA B2 gk 2} (14.50+1.37)
N - cm$} (13,15%£2.89) N - cmZ YARE2] Zo]¢} cutting

m rlr

6.0 mm long 3.3 mm long
FO F2 FO F2
Maximum insertion torque (N - cm) 29053+1.84 30.13+197 26.84+2.15 2099+3.94
Maximum removal torque (N - cm) 1450+£1.37 18.65+1.10 13.15£2.89 11.32+£2.03
FO: mini-screws without flute, F2: mini-screws with 2 flutes,
50
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Figure 3. Mean insertion and removal torque values (*p<0.05).
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FTATHOZ {2t Ao)E Ho|X|& &UTHP)0.05). A0] 3.3 mm H|YX2IAFAME AT} AA EA ghe 2+
(20.99%3.94) N - cm$} (11.32£2.03) N - cm& &8] ZAaHA=t] AU B2 golxrt sAH o2 Fo3t #as
BHATHP(0.05). MU2T 79 443t AA EA g2 AR dojrt 28] SVt AedE & F203 F71HA
AL, flute FA P AR Hojo we} vh2A vt

Mol B : MY23RF, EE, Flue, A4 B, A7 B2
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