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Telescopic rod % F\724if B & O3 AT
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83 - BIMVEE SR W7o B PR HIE R X, ) ¥ S RIAIAVE E 2 2 Vv 72 Tlizarov 303
K& EBIZENY, HSEINRERGIE, FXRE~NOBEIIICH I NS, V) ¥ 7RG E E 5
X, N—=TE L EIAX—FEHCTHEEZEET S LT, MR NFNEEE Y S TE L
R E e s L COREEL AT 5 —F, BETZROZ L THR ZE4 ICE8H» T 2 L A3 5E
THY, 5HE® Compression-Distraction % ¢ & 7 2 BjAI/LE g & L TORBED AT
b. FTOIFRNEEIE, BEC LTINS DEEEREEHME L, @R VSV AT LD
FHHPEMIZETH O NI SN TS, ) v ZFRIANE SIS & A EEE R, (BTG
%> docking site TO [ E DBFIZHERRT 5. 3 HEALHEISIC compression % 2T 72B5ICA L 5 09
&A%, 100~2,000 puStrain THILETREERICERTH 5 EHMERH 525, V) ¥ ZFEEIVEE
BT D, FOEMBETOIFFEIIHS 2%k o> Tz v, Telescopic rod (LLF, IE
i) ZHARATZIEARN % 4ring system Z BT 12285 L, #AIICW ERHIIH e — Nt
WEOTART =TV Zg L AN AT, EEIT T AmEZ 0 L7z, M= 5 mm~
55mm T 100 uStrain ## 2, frEEIX 148~164 N Z5Hll L7z, ARBFZEIC X o THME R 120
T 5, HFEMEEDSH S 2% 5 7.

F—TJ— K wE, TR BEA AUHFo7

&

V) > 7 RIRALEE T A Tlizarov BFMEESHE, [HY
HDTXYTOM], 7 )VH>® Dr. Gavriil Abramovich
Ilizarov 25 1951 4R \ICRZ L 72 ik ThH 5. W
PRFGETHID TR N 7zD1d 1981 FFI2 7 - TH
LTHY, TOHMED S MFIE K Uz im#E ik
ThHb. 2R EMHEIZFEET S EREEZ, 80
HBTIEET ALV ZONFENREREOZD
Compression-Distraction Apparatus & FFIZ LT w»
5V, Tlizarov A1/ E 251, BEME 4 OIEIE
L OEREZZER LA TIZLD, 600 Ff%H 2 48
ARG ST THERD Y, &E, FrLwY
v 7 RIBIANE RS ORI XY, HRICHET 5 X
) B AEREEb Iy a—% FCEBIETae S
T LR EAEICH T 2 E3TE, IR ED I ZHEET
HETHRELTWDY. 2ok ed £k
MR, IBPBAEE, EREZ, BRIEWHEE ELIEICH
D, WEREEMRIRICE > TR TR LRV

il

By — D=2l oTWVAD,

izarov B E € %7 O ) F#FEENIE, BEEIC LT
WHMOD HEEL L L, $H, VY RAT
A DN FE TH L M EN TV B,

) ¥ 7 RELEIAVRE 2 %5 D compression (2 & 5 3H [
L, BBIETEEOEHER docking site TR EIZH
WSNTW AR, 30 B b i B2 3745 B i1 12
LT, 2HI2025mm 92 2 #H compression % 2*
J5ZLICEoT2RBDFHAVHEONIZE VD
WELHY, BRNAREIEWZ LIFHERICE-
THEFATH 5. 5 H M EI I compression
OB T B O A AHY100~2,000 pStrain T
HIUIF AR TH 5 L BT THE ST
TWBH, V) v ZRIANNEESRICBIT 2 ME, O
HRDNFEREZ b2 o Ty, & L2 o
22 212X D, docking site TOEEFI OFRiIC
HG5TAHREND S, RUSEOHMIX, Vv 7R
A A 5E 2#12 B 1T B compression D B2 A U 5 i
BEOTAEZRETLILETHA.
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Smith & Nephew #:# ® Ilizarov A4} & ¥ A
TARH L7z, BERHBZMAAALLEY) VTV AT
2 s (FRSEEIreT V) (CEAEL, B¥m
WCWEFHIHa—-FeL, OFATST—TV2REL,
0.25 mm § DO DR S E-BRICA U S MEE A
ZEH L 7.

Ilizarov BIAE %E %3 O B &

V) > 7%, llizarov stainless steel ring (Smith &
Nephew, Car. no. 10-1306, Memphis, Tennessee,
USA) w7z, VY 7Y AT AORBITEHER
R4V 77—k L7 180mmAHN—7Y 7
Z2OHWIV) v rEL, BE1TARICHLTIK
(ZnY 7)) R L B R, AR
LCE28 (7)) »27) L, BEME I
WL D Sem b, mEMOHTE Lz Sk
(Mi%& 0L LT, 451, 1351, 2255, 315 %)
THREL4AOTY FTY U ZFMZ2EELE. &)
IR LT 2R OD llizarov AL —ZA T £ ¥ —
90 BEOMEE LT LHITHAL.

Tizarov BIAE & %% D % 2 S

ARV &, wire fixation slotted bolts (Smith &
Nephew, Car. no. 100-700, Memphis, Tennessee,
USA) ZHWw/, gy F2) ¥ ZICHET DB

L NEFN

ANV M, 25N ICTHR V2 L v F (GEK030-C3A :
KTC) 12 CikiE L 72,

VYIS AT 4 Y —0i%iEIL, Dynamometric
Wire Tensioner (Smith & Nephew, Car. no. 10-
3101, Memphis, Tennessee, USA) ZHWT7 A4
¥ —12130kg DIEI 2 2 FEMNE T A XY =KV b
TN THEE (Kla). &fr, @y~ 7 i
MR % 4 REMPECREIZE L, compression DRI
AR W TR 22 0.25 mm 3D %5 S EHI L 7.

MEEHN eZT, eLM-1000N (Bkai&xthA < %)
w7 (X 1b). FHNZEHE 10 mm F TOfMf
25 EH L PEEE R L7

B OO AL, KEGS MWHBE O TATr =
(PRSI ESR) 2 Bl o o7 B, 5 i
U — VN A TSI E L, Ehei 1A
. BT oL, MEEREO 7 — T HEE A 24
AU F—=IMRASGME, T (20215C),
g omBELEHlL, Y= I RIE (BEgoxL v
WP EIL 600 e, &Y HITIZEN 4372 ue,
AL 4914 e, IR AR BiE T A7 0137237, 3 A
0.1221001) #=A7-7z. BEEF LT AT — VDM
A NI R L, SPATICERE LR o 03
AAEHI L 72, WX 100 pStrain % ¥ 2 % Fii =
WA T AEMALS (K1), MrEEHM & [
FRIC 5 WIEH L2 OS54 2 5l L7z,

a: MEREGZMARAT4
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Telescopic rod % V7275 & O A EHA
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400
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2 MR 025 mm $O DM T EDOMEE 2,
10 mm D45 T 3685 N & 72 7=,
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1. R (1X2)

X, 0.25 mm 3O DRI T S HEE %
FHAIL, 10mm £ CEHMIL 7z, fr & 1385120
U7z 10 mm O % & T, &R M55 Mm0E
1333 3685+1317 (N) THo 7.

2. O AR (K 3)

N9 AE 100 puStrain Z#B Z2 5 F TREAI L 72 A&
Begwwr Ao, EAWo 2 75— 2 5Hi.

5mm D4R 900£74 (uStrain), EL
i 1015 = 90 (uStrain), 55 mm THAZM 1039 £
64 (uStrain), {7l 1178 =81 (uStrain) THIF
100 pStrain # 2 5 HEHR & %2> 72. 5 mm~55mm
TOMEE %2R, 100 uStrain ##8 2 A E® T
1665 N~185N TH b Z &hamEInsz (K4).

£z £

FIHEANOFIEE B E 5 2 5 HRDEIRD -
FEBBMTEIZ LD HE ST B 1960 4F,
Pauwels (X BITHNZAAET 5 G 2BEBORITIC & -
THEEGL T 2 LD TS L2Y. JIFTEKED
3R 2 kw2, kg /e~ & R 5L
WASE D, —, BIRIIIC X B O AAHIHERAM
o % &3 B X ORI I e S, Ml
g - FRHER RN S & 5 L BERO T 72, Perren
& Cordey SIZEIH 2 EEZ2MEx2 352 LT,
BmE 2 MRAET S LB, Goodship & Kenwright
¥ micromotion I & o THES 70 AR EH LN
HERE LD, EAETIE BHE BHHO
gap size, BIERESL L OMEI GBS ICEET S
HHNTHHLLLDRICE > THESN TV 2.
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T F I (pStrain) T T
100 “‘9/
20 .“‘,‘M
§5 4% B (om)
B 3 O3 AEHM. AL 55 mm @ % R T 1039

uStrain ZEHI L7z, @7 5 mm OFEHiF T 101.5
uStrain % 5l L 7-.

FE (N)

250

200

i

1] 1 2 3 4 5 b

AR (nm)

4 JHHEE 5~55mm TOXISHE % 783, 5mm
T 1665N, 55 mm T 185N TH - 72.

ZNOEEE 2B, BRMWIEHINTWE DI
W A A LRIV ER I L ABRETH D, EHE
P AME B B TR S e 3 - BN g e &
FEBRRICTH A Z LA, FRICHN - BRI SE
BREE 25 2 L%V, FIEOIMTIZE R &
Vo ZZRERHRR IS & 2 A B %L, EEMEAMVE
BHE ORI - BT Z W2 RAE L 2 A5
BT LEPVPEETHL. TOH, €V T4 F—
Evio i d Y75 MEMAIL, RF - kiR
HMAROR A IR/RNRIC L, G HTEh % 5R R 2 T &
LREMERIIEFICHHTH Y, P TS
TWAIHEERGETH 5. llizarov BIAMEE O Fig &
LT, BRHZEmEICEE S5 HNEEEEE
CET A LMz, e L TR %
WAIIE 2T EBURETH Y, 5H D Com-
pression-Distraction 251 B8 T A B FE Ear & L
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TOWRDHET L L) HThb. @HOBIIEE
X2 U TNV RS T, /MR EE TR E 2 [E e S
BONDLERLRFETH LY, fBETH LR FEE
FEIZEoTHEE LTS5 mm 282 5 &) 7% fracture
gap ¥ EAR, BRAWmEOANZEEZ D257,
Lutz X BIHEFHEET VT lmm 22 5 gap size
F—RUEEESEZHEL, 2mam 2B A5 L9 %
fracture gap |&, ‘HEAIIBIT DIRFIBEIAFI 2
FETHY, FNICHET ZER OB X IXE T
WG L v i Lz2Y. Lutz & gap size 13/
Sy, WP s E 725 L, gap size
AN EWIT EH F [ @ micromotion 12 & 0 FEETF
WERERT EHRE LS. 2mm (T EDOHEED
gap size \IMEIEHZE < 7 HMEEICH 555, HTF
WIPEAME T L, 6 mm 22 % X9 % d 0B
b5 % & XTw5. Hannu i35S DAL
& LT, fracture gap 28 1 mm Kifi TH 0, dynamic
WM 52185 1) IMEEZNTHZETH
HEME LY. gap size Z/ELLBaryy s b
oL, BRUNMLERETH 5N —/N— 2
OFME & HITHATF Y OFAEIZL Y —KTEEE
EREOoNL. B emEIXE 51Z, Anchoring
Callus B & ¥ Bridging Callus K Z L, —
REFEEIRONE. WEZ 2T LEIE I
LB 09 AD, 100~2,000 uStrain TdH LB
BIIHMTH D EHEDDH SHY. Dynamic (2
WHEZPITAZ LI TOTAEZAELZ LAWY
PTHY, MM R SELHIM CRBNICHEL
PG EEN T oA TRE LA,
0% FREOREFROENELLZZEHEL TV
B0 RKAFZE Tl lizarov B E 2RI TE S
%) v 7 HRIAANEEEZ HV, WEE T AOEHIZ
fTo7z, EEHIIFERRLFEMOBICAHINS
Y=V THY, TOHIZE, BKRIE 1B,
BIEGIE, BHGH L LW b5. BRI &
FEHEHMIMET S Z & T, histogenesis |2 & A #
MREAEXTRTH S, EEHETH W
compression (X, BT TOEMEBEER, BRE)
¥ D docking site ~OEHFEE THH I 5.
BT RI BN E e 2 & Iee L, ) > 7 BIBIALE R A
) v W EEMT A L BWEICEATN LY, &
FriAsRENC B e S, EEIZ KD S SIZEEED
B9, JEARRBIC XY, BBETER docking site T
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L NEFN

FRUIMEEBIE SN D & & D IR T 25 &
n, MEFAELMRFENREY, BRI ES S
EHEM S, WHRREICKT L Cid ) v SRV E T
DD S NG, L LEBOBRKROBIY;ICE
Wi, FEfmICBWT, CoOREOMERE
FHEHERBEZETIUIRWLHEIC > TELT, fifk
i o/ TATIED B &) fiTE OFEERR
FEIZXBEZANPKE W, docking site Tl 4H
fifk, BBECIHEAEAESMETH Y, e
R A BEIER - docking site DFEEAL, FYH I
X B HIEK, cross pinning & & 5 [ & ) 0 Bk 7%
EHi2 O EBE HLNTWAEY, bhvbhud, R
Vs L2 B A ICHE R 20 TH 2 /RO
#& [100 uStrain] ZA4 U s HMHEEICEH LIWIZE L
72, AL O O AL 5 mm OB E 1665 N
"C 100 uStrain 2 # Z, JTAL WG 124 = 5.5 mm :
185N T2 SiERE o7z, BEAKOERIC X
DA - IO O T ARICERPIE L TWBED, H
MEIZEPT AR E o TWD. ABIZETOMH
MARTEBEET THOAERTTRERVZ &P
Limitation & L CTHEIFoN 5. WIKTHHINS
llizarov Bl E E % TlE, BHAOMEL X5 L
IS - A - W L W o 2R ERRLRR S T
WCRECEELTL A, SROWETIE, 4 v 7
TV—2a%mm/hY v IR E LRI Z 4T - 7228, 52
B THEAL - I 1) v RRELZ2Y v
77 L — L T® compression D Ko EwEH %2 7
fERE L TiTo 7z, FEiiZ»TThH, mE) LA
5, BERRAR A EE il I A 5 VP T < AR
Rotational Slip I 2R S, 2) v 7 7L — A4
TOMEFHINIATZ R Do TRV H 5. HEERAT
@ compression (dF HKRDKLE - A & v o 72k
AR X o THEAS - BE 3N TEB Y, B A
TONME= L), RN TOMERII LA TLIL
WBPEEINE. FHUISL, AHEHN S 725554 5~
55 mm & U b G T O A DY 100 uStrain % i@
ZHHEEERD N, FEBDOEK O compression &
HETLIULEND L. T2, AWFZE T L 7o
i, EELCEHIISh2EThy, 7—% B
KELRRLIZ L Do 72h, T4 Y — - g ok
WIEFHDZEITRXETH L.

Lag screw technique IZfAE I N L EH % A 7
V) 2 —CIEAREEd 5 HiEkE, 2500 N~3,000 N O
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Telescopic rod % V7275 & O A EHA

WA EEINLD, FRICHELNEL, Fir
compression {2 & 2 FEILOW IV EE 2 5
N5, —% 547 cid, 1,000~3,000 uStrain @
OFAPAELD L sNY, IMERE KIBHEERIC
B BMEHED 2 EEITTZEATT A DX 8L
V. ARE) R RIS 100 pStrain % 8 2 A IR O
compression # 27 % Z & 1%, gap size = WHEZ IR
DN LR 7258, BRAZIESTAMLT
BETHHLEEZONA. AWIZEICLD, BN 4
VY77 L— A TOHEMBRIZ BT 5 EE 0§ A
LN R 572,

BE OARWIEICE L, WFZEREA & #E 4 L CTHV 72 Smith
& Nephew 112, T2 THTFEZH L LIFE.
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LOAD AND STRAIN MEASUREMENT USING A TELESCOPIC ROD

Kaoru SATO, Tomohiro YASUDA, Masayuki ARAI,
Koki NAKAMURA and Koji KANZAKI

Department of Orthopedic Surgery, Showa University Fujigaoka Hospital

Abstract —— Fracture treatment including an external fixator and leg lengthening by the Ilizarov
method uses the ring type external fixator; it is applied for the treatment of closed fractures, deformation
correction, and bone defects. When treating pseudarthrosis and fixing at a docking site, a pressing and
fixing procedure utilizing shortening by an Ilizarov external fixator is applied. In animal experiments,
when compression is applied to the bone contact area, it is reported that it is advantageous for callus for-
mation if the strain generated is from 100 to 2,000 uStrain. However, the mechanical properties in the
bone contact area in external fixation have yet to be clarified. We investigated the load and strain gener-
ated when pressing and fixing using a telescopic rod (hereinafter, an extender). A ring fixation system
equipped with an extender was mounted to a simulated bone. A load cell, for load measurement, and a
strain gauge were attached to the bone fracture surface to measure the load and strain generated when
shortened 0.25 mm at a time. The ring fixation system used was a standard four-ring frame system. The
load with 5-5.5 mm shortening on the simulated bone was 148-164 N. Through this study, it was possible
to clarify the load and strain in the contact area in the standard four-ring frame system.

Key words: load, strain, bone healing, Ilizarov
(ZAf 12 H 10 H, =¥ :12 H 28 H, 2018)
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