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Resonance frequency analysis (RFA) has been used in dentistry to evaluate

implant stability, but not in orthopaedics. The aim of this study was to use RFA to analyse pedicle
screw stability and examine its relationship with micro-CT parameters. Biomechanical test
materials: the implant stability quotient (1SQ) calculated from RFA was preserved in high-density
materials, unlike traditional test forces (insertion torque and pull-out strength) with repeat screw

insertion and create ‘' loosening’ . Human vertebrae: Traditional test forces showed the strongest
correlations with BS/TV (insertion torque: R=0.681, pull-out strength: R=0.689). 1SQ showed the
strongest correlations with the number of branch points of the cancellous bone network: N.Nd/TV(R=0.
533). Stepwise forward regression analysis showed that the predictions of traditional test forces
improved when combined with BS/TV and pedicle diameter. The prediction of I1SQ improved when combined

with N.Nd/TV and pedicle length.



(Eur Radiol, 2014)

600

)

(Multi-detector row CT)
/
2009

(dual-energy X-ray absorptiometry)

Wichmann

Dual-Energy CT DECT)

Pedicle Screw Pull-Out Strength (N1) &
I

Wichmann

1 L 1
0.1 02 0.3 04
Bone Mineral Density (g/cm®)

color mapping

1
05

(

)



)
PS

N |

2012

AUTOCRAPH

R=0.663

RFA(Z

R=0.726

DT - EEEET

R=0.918

BIEREN/BAMLIE
BIABORBRENERETHS




@ M 3

CT BS/TV
N.Nd/TV

a b c

i p=081 s Pp=0.730 p =0.607
p<4.96x10"7 p<164x 1012 ol p<4.01x102 - .
= & = 8
é:s- i E:s- s E I
= ’ > (LTS S
E [ E 'g od | e .y
8 20 LTy o A
=4 I - gt vty
; ; g, o
i ; i i S
o . " > e
i <L s 3 Uk
1ol : g g g g e YL — ! R T ' et e e
[ 200 400 600 800 1000 1200 0 100 200 300 400 500 €00 700 0 10 20 30 40 50 60
Peak torque [N - m) Pull-out force [N] the 1SQ value [a.u)
d , @ f
o] p=0730 | sl p=0893 | | p=0515
p<7.87x10" S p<164x107 S A p<352x10° .
= D = B T | 4 P
501 a7 5o e F E . Damit p
E R .E. B+ . :. o 104 . . ’:
g . g Pt E O i
B 404 . 2 40 . . 084 e* 25
- . - - . Ly LI
g S v g LT e O § o] e
30 e . 30 - . ¥
- ook ol T,
20-/- \ \ \ \ . : 20— . ; , | , \ . 02— \ , . v y y
] 200 400 800 800 1000 1200 4] 100 200 30 400 500 600 T00 0 10 20 ¥ 40 80 &0
Peak torque [N - m] Pull-out force [N] the I8Q value [a.u)

a: ¥ BS/TV b: Y]
BS/TV c: (the 1SQ value) p
N.Nd/TV d-f: a-c

PCHEIURH 0TS A

mBRE
L—HF—RTF L ’

| wame
B T S S

®

ATS50k

Ko7 A 1 —i5iE
# (F7AN—EHE # mm)




2

Nakashima Daisuke, Ishii Ken, Nishiwaki Yuji, Kawana Hiromasa, Jinzaki Masahiro,
Matsumoto Morio, Nakamura Masaya, Nagura Takeo. Quantitative CT-based bone strength
parameters for the prediction of novel spinal implant stability using resonance
frequency analysis: a cadaveric study involving experimental micro-CT and clinical
multislice CT. European Radiology Experimental, Jan 22;3(1) 2019:1
DOl: 10.1186/s41747-018-0080-3.

Nakashima Daisuke, Ishii Ken, Matsumoto Morio, Nakamura Masaya, Nagura Takeo A study
on the use of the Osstell apparatus to evaluate pedicle screw stability: An in-vitro

study using micro-CT. PLoS One Jun 28;13(6) 2018 :e0199362
DOI: 10.1371/journal .pone.0199362. eCollection 2018.
16
21
2018
33

2018

33 2018

48 2018

NakashimaD Mikami K KitamuraT Hasegawa N OkadaH Kondo S NishikinoM Kurahashi
S ShimadaY NaguraT MastumotoM NakamuraM Establishment of a novel measurement
technique for orthopaedic implant stability LASER resonance frequency analysis
47th Annual Meeting of the Japanese Society for Spine Surgery and Related Research
2018

Nakashima D Mikami K Kitamura T Hasegawa N Okada H Nishikino M Kurahashi S
Shimada Y Nagura T Kawana H Fujita N Matsumoto M Nakamura M Establishment of
a novel measurement technique for pedicle screw stability LASER resonance frequency
analysis 45th International Society for the Study of the Lumbar Spine (ISSLS) 2018

2017
CT

2017

2017

2017
NakashimaD NaguraT Ishii K KawanaH Jinzaki M MatsumotoM NakamuraM Resonance
frequency analysis of pedicle screw stability: a cadaveric study with micro-CT
International Society for the Study of the Lumbar Spine (ISSLS) 2017

Daisuke Nakashima, Takeo Nagura, Ken Ishii, Masahiro Jinzaki, Morio Matsumoto,
Masaya Nakamura. Resonance frequency analysis of pedicle screw stability: a
cadaveric study with micro-CT Orthopaedic Research Society Annual Meeting 2017

46 2016

- 31
2016



2016

2015

2016-028225
2017

2017-177109

2018
(€D)
ISHII, Ken
8 00276289
JINZAKI Masahiro
8 80216259
@

NAKASHIMA Daisuke

8 40594528

25



