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Background. Rod fractures are one of the specific complications of spinal deformity surgery. The number of publications
on this topic is small, and the conclusions are often contradictory.

Aim. The aim of this study is to analyze the current situation concerning the problem of fractures of the rods in spinal
deformities of various etiologies in terms of frequency and risk factors for this complication.

Materials and methods. The study included 3,833 patients who underwent operations between 1996 and 2018.
The inclusion criteria of being over 10 years of age with no history of spinal surgery were applied.

Results. Fractures of metal implant rods were detected in 85 patients out of a total of 3,833 (2.2%). There was
a significant difference between the groups of idiopathic and congenital scoliosis patients. A rod fracture in 62 of the
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85 patients was the reason for reintervention to restore integrity with a connector or a full replacement. An increase
in BMI by one raised the chance of a fracture by 1.07 times (p = 0.019). Increasing the age by one year increased the
possibility of a fracture by 1.03 times (p = 0.039). A statistically significant association of the ventral stage of surgical
treatment (discectomy and interbody fusion with autologous bone) where no fracture was detected (p = 0.403) was
revealed. Being over 15 years old a statistically significant predictor was in the group under 20 years of age (p = 0.048).
For BMI, there was no statistically significant threshold for fracture probability in the group under 20 years of age.
It was confirmed that a hybrid fixation system produced a significantly lower percentage of complications than a hook
system.

A systematic literature review of sources on this topic included international databases (Scopus, Medline, and Google
Scholar) as well as investigating the publications contained in the reference list.

Conclusions. Rod fractures during surgery for spinal deformities of various etiologies are one of the typical
complications. Fracture frequency in large study groups is small. The risk of developing this complication rises with
both increasing BMI and patient age, although there is no statistically significant threshold for BMI relative to the
chances of fracture in the group up to 20 years of age. Modern reticular systems of attachment of the endocorrector to

the vertebral structures can dramatically reduce the risk of rod fracture during the postoperative period.

Keywords: spinal deformities; surgical treatment; rod fractures.

FARATREB A FRAE, B IEHF Hw P
FARWAGN S . A VT 285 8 PR I AORE
5&JEEMPEANYEREMHI AT
KAE (Implant related complications —
IRC) . HribtE. WRETWIZY, ZEMBITIREE,
PR L, SCHEE ST, &N %E)R
SEHPHEAY .. REMMR BRI TH
MEFARBIFHAAE, {H2&IRCH KA 787
e H A, REAFEENE, ROUHIE
NN T E A, HAM TR
EEAEXH1-4],

H U w OB W HF IEFESTE N — A
SR BIE AT ) R CRRATT A A B S A k)
[5-101, 2T, EMINEIA VS
TIX— I RIER R AR, R
PEF AR (mZJLAN), AR
SR SR AR (NOF27%) o X EEH AR
WEFIVER T T e IERR B L) FG G TR 2%
{EAtAT T A I AR B J, T I A M 2
FITETE R R B R R . AT LR
TEMR S W2 R FRAT TR AN B 5 T3 A 1) i )
AR H BB 9T

FEASFEFTAT AW TR BB 8 #RAE20 %
LIR, SR1, LB DA R A S AU
IE70%, EANFRISFERE B B T ARIR T B
FeFE T [FRE R

B K70 b 24 BOIR S B B DR A8 A e T
R PA T LR BT 2R 1 1 L, 55 B8 B A
RIS AN S R PR 3R

MR 5T

AL FEAE 1996 4F 32201 84F [H] 422
2 1 2% R B A e T T R 1113833
R, ERN10E UL, FEEHEA
AR EEZEEETFR: FER
N11-208 26704 & (69.63%),
21-31%8 48524 (22.23%), 31-40%
2524 (6.59%), 41-50% 594
(1.54%) . 10% LA R EHEEIRATHY
ST T 2B (KR IEE)
V897 (TGR, VEPTR) . Frr=4:m)Iif & %E
(FriEREmWr, BRI, 55%)
B —pr BT g fH AL T o AR IEFE
Wi Zd s F 28 = AR T B4 7 — 158
T EDERMBEN, KH TAREK
EIT 75, DRI L 3 T B B ) 4
X e 2B 1 i e AR FR 1 46 %7 o HERR
b BEMIMEAR T H, PLRTZEAFE i
HEFAR fEN—FNHIEREMER T I
ML T E, 4 RZHIEMN T HEK
Bl B . FEAR BT AR 5 HATE], Xk
SEASE R B P AN P AT R MR I SR A

uNLBIISE. BRI R ERSN . BB, 4. 2019



JRAR ORIGINAL PAPERS 17
Zir g AR, fRYEShapiro-Wi 1k IG5 2 gZEE

TEHHRED A REFELEST . A &

SAFEE (p<0.001) . Al LA A7 . 1E3833%1 EEH, S IAG 854 3 kTN

IAITTIDY A3 I R s o &R BRI EERR, 52, 2%,

TEH B H K HAES E4t it Mann-Whitney
UKL 35 1 0% T FE A 95 An (i R R AH 25 1
R, ME9I5%E A X H v & 7 A 1

M.

IR EPHE, #E T RTFAR
IR . B R R R, e T
TR A AR T A 1~ FEA 2 A
P 2 /7, dEd T HPearsontl ok REHHE
e . MIEIRR 2 R =R, BHEE
PR ZE MK p <0, 30081048, 7F K 2
Blrf, 3 FAkaikefd HHEN (AIC),
KHIER M AP KA, B2 HER
2 48 R U 1) g M AR A Sk R AT B s i
T8 I IE 1A A e) 2 K VRS B A Y R
AR o

TEp=0. 051 54 0 & /K EASIG STt
R, Bip<0. 05 NERE G5 Lo
e AR D2 1T PR 280%.

B it HYAERES (R core
Team (2015) HJRstudiofEF (A
1.2.5001 — 2009-20194F, 2EHE) it

TH) e Re— M T Geit it B HIE 5 A

TE3068HIA AR LMY (1S) &,
e TeARET (2.1%), {3740 55 Rk
BAREMY A5 (4. 0%), 391451 5 AS [Fl9 A

HImT (PR YRR —4, &P /REH—L1,
MEPLAMZ —1) A6k (1.5%) . Fiit

&ﬁﬂm,ff%?ﬁﬁw&wﬁﬁf
SUR, HBURR R B A Y A S e R
BHEMMAHAEERARERERZ X (RALK
odds ratio, ORA~O0.51[0.28; 0.97]
(p=0.027)), FEIRKMER MY FH
W2 [y (OR 2.68 [0.97; 8.52]
(p=0.045)) ., FEZRLEEIREN
WIE, SHFERLSG 2 (ED.

TE S R MW 18 3 TR A A 2 3 1
Hr e 4, IXARAFRATN X 4 85 AT
BMELE . THEERH, — Mgt EEENE
R PR 2R A S R A AR R J5 5350 0 AT AR (EL
KT100° o FEIXMHEILT, HriEEBiZ0R
W5, 44 [1.72; 16.38]¥% (p=10.003),

S F d, 602 e
FAR, 24N BREE ETFA, Mifi#EZall
screws RA TR, XUEFAF G = X
(FR2) . £2 (35314 v RpEIEUNT
RSB E (383341)), IXJEH TIER

R H A LAY, R, uRL: https:// FEIEEHSRANG B BIER, (HitbAR
www. R—project. org/) . 10K ML %2 5 5 IEFE T2 ok .
F1
J 1E R IR 24 ) A1 25 R e ey T 1) 9 [
I IR T 5 LY . !
T e m % [95% CI] OR [95% CI] (p, VAEEHIP)
1—Hr R 3068 64, 2.1% [1.6; 2.7] 1-2: 0.51 [0.28; 0.97] (0.027*; 0.068)
1-3: 1.37 [0.59; 3.89] (0.570; 0.570)
2—Se R 374 15, 4.0% [2.4; 6.5] 2-3: 2.68 [0.97; 8.52] (0.045%: 0.068)
3—H A 391 6, 1.5% [0.7; 3.3]

M N T EEZ IR, HBenjamin - Hochberg 7415 T HriE G HIpfH. OR — fL#tl; CI — BEEX A,

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 4. 2019



18 545183 ORIGINAL PAPERS
72
e IE R T 24 (R A5 K P A R [ R 2R Y
o ke A2 K R Ti) 5 < 2% ) ol v )
ERE0RE | S SRR sk
n, % o OR [95% CI] (p, A#[FIp)

1—4y = [E 2 1725 60, 3.5% [2.7; 4.5] |1-2: 1.82 Plthﬂ(mﬁwﬁOﬁw?

- — 1-3: 20.5 [3.5: 8211 (<0.001*: <0.001*
2—RAME 1236 24, L.9% [1.3; 2.9] |9-3; 11.3 [1.8: 463] (0.002*; 0.003%)
3—HES R 570 1, 0.2% [0.0; 0.9]

M NT HBEZIRLE MR, HBenjamin - Hochberg 5 iATHE T HriE G MIpfH. OR — Ltk CT — B X[,

#3

AR B — RRRIE (V= 3529)

A HUH
HIKRESH,
Me [IQR] 19.2 [17.4: 21.2]
M+ CD 19.59 + 3.35
F, %
Me [IQR] 16.4 [14.3; 20.3]
M+ CD 18.43 + 6. 45
ZWr, n (%)
TR 5 16 (0.5 %)

PR
CRE ML RS

352 (10%)

RE S A 2820 (79.9%)
Se R ALY 340 (9.6 %)
I FA

n, % [95% CI] 1039, 29% [28; 31]
o IE A T 2R

n, % [95% CI] 83, 2% [2; 3]

e Cl — BEAEXIE; Me — FAHG TQR — DY fr 4k
[AIEE; M & CD — FRP- I AR e % .

4
R ZF R B 5 547205 LLT #
BE I IE R
R OR [95% CI] K
SR E S 1.07 [0.98; 1.16] 0.126
SRS 1.12 [0.99; 1. 28] 0. 066
IEZN 0.82 [0.43; 1.49] 0. 533
EW 158 1.82 [1.02; 3.38] 0. 048*
#5
BRI ZRIB AR FH 81208 P |
SR I IR AR 2R
A OR [95% CI] K
SR ESH 1,05 [0,95; 1, 15] 0, 326
AR 0,98 [0,92; 1, 04] 0,536
A FAR 0,86 [0,34; 1,92] 0, 723

7F: OR— it I — BEXI,

S1AL G R I — WA IE R BB T
AL R LR Hr IE R & Hr . X IEAE
SERNVEIRIA A B E R ThyTh,, —
16 &%, Th,,-L, — 65, L.-S, —
1% EF. HTRENFIEE (BEMm
Z5| 3 H, device for transverse
traction — DTT) HIBE i FF20A IH -
IR — 4fr B, 2AR — 780 %, 3R —
2hr B, IALARMERIDTT. FRATZ B PAGHE
X—r, RECASE ZER TE, RIS
FIMEI R, HriEREWr R i AL T-DTT
e or, T H I8 B AL T R F K i . X$63
7 8835 AT MDTT 2K 15 4 W 2R i i i 2
BN T, 226 ANVEIE2. 5JEK, 3THANE
BRE3-17JEK, LA BB R AT 0B 3T

fESSh R E T, He2f kKA T IE#E
Wi, RIEFERETFARTI, iR
WMEF ERR 2B EdHk. AR
FRAE A5 R IE AR . 6207 F
I8 RIVEITE R, HFHEMNEARELR
FAR. FERZHIEN T, ARef e B IEE KT
HERvIRT R, RE BT RE T2
HRFER A . BFIETFARTFX38. 4N A )5
(4-1261H) #HATEE T

AU L IERE W R R AR
REFEE (BMDD) . BHEFE . G HEE
A ARFERRZEHRA (RS, @i
FR R A, BRATRIL T

o UNIEBMI¥EHNL, HITHIJLEIEINL. 07H%
[1.01; 1.14] (p=0.019);

uNLBIISE. BRI R ERSN . BB, 4. 2019



JRAR 183 ORIGINAL PAPERS

19

o FRMINLYG, HIHJLRI L. 034F
[1: 1.06] (p=0.039);

o FARIGTHIIEMI CHER B VIBRAR & 5
EARE MR RIS AR 5532 8T
Gt N (p=0.403),

FAN, XF20% K205 DL EAERYH B Hr IE
P 2 fa G R =t AT 0 (R4, 5).

AR20% — FHEEFR KT I58 NE
iR AT, EARHAEEH, B
IEREWT R AR JLER G L. 824% [1. 02];
(p=0.048), {EBMIH, 20% — R4 &
Fra P A BB Geit 2=

205 LA B AL B E R R geit e X
TN A 1

SCHR 3R 81 B

A TScopus. Medline#l
GoogleScholarss [F FrEi s R IWEEA SS it
WwEHEPEE. o, BAEEE S5 3k
IR R B IR -

HHarringtonBf ALK, WHFIEME W
W — BLATAE, (EE RSk O T IX 5
(K45 B4 NHRE (WLR6) « IXAS TR
ZIHW, XIE T ERTHE R .

HRAEFIE L F IHIAE . Coe bl i
43 B 1 633441 T /> AF 4 kA AR Y
(AIS) BIFREFL11]. FRIEHIT
36361 (5.7%), IRCKAZENO0.25%, IR
Richards UL & HABE 5T 71, 7E104647 1S
F, 135%EHEEZ 71726 (12.9%)
HBEFAR[12]. tRH5Carreonbh &z H AR AT
FOh, BAISHIT70244 B35 v 341 HE AR i
BIIEIR R (late failure), FEEH
FAR[2]. WeissHlGoodal 1 %2875 6 34T

T R3] . A 1HE 7B RS F
RIFRARE R A MNOFNSIALE . KRR,
ARG HE R BE 2 B T 5 IE R 2L,
FRHEMok DA S FLARAIE 5 07, BN B B TR E
2 F AR N8I (525, 8%[14]. Fubl K&
HARHE AT 6 AORE AT T 2%k, HAE
152391844 K] 25 i K| 5 BUS AL W 1M 252
FARMEE, FHEBRNISZ[15]. BIFR
FEHC 20200 (8.5%), HHIRCHL. 4%.
TERE R MM Y, EREFARBIE N
7.5% (4524 E 3401, RE—F K4
THrEERZR16] . RHEJain bl M HABHF
FO, FE1002M) )L 2 A FF W T2 B 3
8%I1) BB B EAEBEIRIT, 3. 8% &
HEERETARI3] . (EHEARMLERT
SN K S E . Ahmed L A H A #F
TR 1] 8T T 14354 105822 5 A TS
MFRIGITER . REFEDBREEEZT
HEFAR (5.2%, mHARE3NHN24,
RIGIFERNI0%, RE2HEN124, KRGS
FERN20%, RESFEN10%4. fEEGIH T
Rk PR EE, AR PRI S, AR AR
L (IF — implant failure) KRAERISIZR
NO.TE1.4%[16] . EEFARIEE: g
ME S MRIRET (3), BB (2), jemh
BRE] (2), HriEdEWrR ik (9).

De la Garza RamosUl A HABHTFR
X T45254 JLE A M FARH:AT 74547,
He20520 2BIETF AR (2. 7% . —#1
BN, FREHMIFRAESCNS. 6%, N
16. T%. —HHFARA b 5FAE AR A 1 &
fiE 50, 4%, ferZHrp A5, 3%[17] .

BrIE FEBT R 9 405 . Yang BL K H A
W 5 53 %5 3541 i JE2 5 45 PSO (pedicle
subtraction osteotomy, ZHMETHEHE/K
BE A BEMU AT 75k, Hrp
11% (31D HEE AR T 8 IEME 2L,
de—M, J5 55—, Brf il R E8 & A A
JEES, BRIV BE 2 W Aiger, T A E W
EEIVEH o FARHIRT IERE, HASEC

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 4. 2019



ORIGINAL PAPERS

JE R 18 3C

20

W HABE: — MO FHRGHECNE — 0T CERYWNE BT — 0Sd R HEH L L CE — STV AT — ST “#

M
(%-81) L6 - - - - - N2 928 8103 % Yq8uoaurey],
L fif) = FL
(%L2) L - - - YA “0Sd HE MR | YR 261 9z L102 | W g Tpeaey
% 'S — HZ %L 9T — Hz ) 37 Ya sourey
- BT ‘90 (%L °2) 2507 BT ‘%9°8 - - - 44 L1072 ezien el o(
6 - (%2 "S) GL - - STV 2 ST GETT 9107 | WY F % Yapsuyy
(%8 ‘69)
Bgre0g - — %H9
(hL"€1) OF - - R A€ 1469V CH TR E - =2 162 910z | HWH W QUITUS
- (%6 °0) 6 %8 "¢ - H IR SIVH#EE 481 - 01 2001 G103 W qurel
%L ¥ — 0SdF
‘%2 — 9(0Sd
“(%6) 8T - - - 0Sd “H L& | Ll R ar =2 002 Y102 | W Ayl tus
. (%%
(%2 °G) 8 - - - e STV 61 Gel €102 N Yqemezeyy
%8 "GT — 0Sd
“(%8'9) 0€ - - - 0Sd W L& | Gl HE T 3 A N vy 610z | WE I YQUITUS
0 % °2) 11 (%S L) ¥€ - H L& SIVE #E 971 i 2102 | spreyory ‘ouwey
- (%9°T) 1.8 - (%€ '8) 0207 - SIVE #E el 816£2 1102 T and
0 i %8 "G¢ - HIT®RAE b i A £ Sl S YA 68 600¢ %R A AR
N M
- (%% °0) ¢ (%TL°0) S (%% "ST) 80T LSl EL SIV A 20L 1002 3 rquosdae)
%I1) € (%22) 9 - (%8 °Z) S1 0Sd bt e 5 Y =2l g 9002 M 7 rq3ue)
(%6 2T)
w,ﬂ\wmmﬂ E%M/@\
- %% 1) ST RN E42LT - B L L i) B ST &G 901 9007 X Yaspaeyoty
- (%79 °0) 82 - (%1 "G) 122 H L& ST o 69¢¥ 9007 M Y4200
P Ee e NI ¥EEE EUR e EaNAs [ B I AL S Wt BT | Md 24

9F#

ok 3 VB I G IR o 7 L Sy AT ch = A S B

F4. 2019

B

LRI B R R AN



JRAR 183 ORIGINAL PAPERS

21

MRIE G =, HRIESS, &5 KEM
Wi, fERTE IR EIT, BRERIFITER T
A[18]. LykissasPl ¢ HAMH T AR — I
DR R R, BAEMY TR, BriEss
W 24 1) K AR % 6. 8% (4424 A 3047
ERE4N8. 6%, M AT. 4%, HiE AN
2.4%[19] . Akazawall M HAth A\ G %F15544
ANTAR IR B T R R4 NATS) WA
748 AT TR . B THER N9,
W 46 H . WIgERS, F IR
Cobbfi N61°, JIHXFHKE N0,
8% (5.2%) RAWIEEMNAE. FRATHE
I8N A RAEETIT T &I N
MERERREANEE, H ol bWk A AE
FEAT N [ e MEAAR AL (5]

Dailey A f H AR B 5¢ R R T — 41
24 % wHEW IR Hr IEE T 1, Hd—iR
MIRET SLERSE R, FH BRI, 1F
IE WK T 16]. Kavadi bL A FHABHT
R M T 264 = MR U] bR R 5 B 1E
W24 1) & AE Hi %2 (PSO, VCR (vertebral
column resection—EHFHMEE ). 1ICxK T
T (27%) KRAEFIERERR, 5F1d5 T
MR IEAEWT 2L . T1% A9 45 HE B e IR
A, HADRBITCAL TR A3k
RAEFRGE—FLEAHEN, TR HAH6MLE
BHEVIFFARKZET. TFHHERECNL 2,
R (AR , HE24 JLEMH
Wk, Whe-12 H (7],

Thamrong VA & H A A 55 A 58 1 N
B Rl A R SE 2 B S OE B B 2
R 52644 3, FiN18E80% (K1Y
56.8% ), “FIWMEH N7~ H[10],

E97HL (18.4%) HRHFFIEEWZA, 6147
BEPE - NFIEEINR, 36fBEHETH

PN IERERTE . ANEBANAERIER] T 2 A
FER. VR B BT e SUNTE BRI RIS
NIBIT Ja /0 — TR T Hse Bk
ARJFF1)39. 6 Hid % 1 Hr IEERT R O
STEARINS14 B, 3ESFEN234, 5210

FoR224, 10900 B4 . FE3647 A B
PrigE, WEER| 779 58 BN AT,
MAELNL R, FriEdEa 4w, Hribsk
B LT T AEL,—S ML, -L 719 B 7K
TERHTIRL A, 574 B A M E R IE
Bk, T 5404 B H TR SR AL
R IESRRANMAEAR R B 3252 1 R IETR
PR IERRI A TR B TR Z
MEHTZ W BIEE TR E R I 1] 934 H o

Smi th L S FARA 5T 52 11— R X e
N EL [T TSN BB R B 35T
Ja IR IERE T2 . IX S8 2 FRu O i 5T 2 A
F S AR /NI TR (8, 9, 20] .
— A A MY B B T PSO
FAR. 20124F i 3% 14424 B,
H304 (6.8%) HIINMFIEHE B 2L 1S
H5ERBr IEEA L, B A & IEE W
Al REMEE /DR . 9T% I IE KR M L LK
N FBEYER . 7E304 HE 224 EAR
At T B, MRESER. REEED
BMI N30, BT HEREJawE. 21460 &k
AR IERET L, off i & I P AR 5 IE
Wi, KR HIHr IEFE W 24k AR AE S AN
MR SR . E22450 9, R TDTT (1451]5%

LI LA D U 3050495 I e 8 B A T
RETZL . PSOF AR5, 8% (1144

184) BriEweWr M. FAEHIE
W i 24 22 1) 1) 7 240 sk J) R) B 15, 74N H
(2-T31H) . 30MHBEFF26M AT T
FIEFAR, WA EERAGIE, EE
DLIR 2 S50 B SZHERE 11 1E 35 RENE 3 51 K
1E 4 W 24 5 O WK T - 7 5 00 1 A B 2 1]
PR R

TE20144F KR M) — R LEH, Smithbl K&
HAWHE TR R8T T — 42004 1 B, Hd
1867 (9%) KA THrEHENZ, FFAEPSO)E
F922%15 0 (9]« FESmi thh K AR 7% 51 40
P =R CH, B8 7N
IET TR IR AIE, &I IE R W24 5 550R
N13. 7% (29147 F4047) [20].

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 4. 2019



22

JRAR 13 ORIGINAL PAPERS

W ZAEZE C LW I T Hr I 7 B 209 5
B A& . Wattenbarger P Az HAth#F 72 51 4%
T, A HNTEME, 1034535
P IE R B 2R, 170 AE B AT 45 40 R 1)
HHET, BRI TR (21%),
HeefifrE KRG AL, (FEEET
A[21]. Akazawall S HARHF 5T 51N N ENAR
RE L REFEHE M. FriEE R ER D,
%2 Fh T de it DA S AT FH R R 4T 2 5 A B T
ANIEFFIEEAEPGERREERIG] . GKH
“AEFEMER . AERE. AR B
THIEF IEEREE. Soroceanulh & HAt
WEFL NN, TR 12895 RORE R K AR
Firb, B4R H EEBMT BE L EL[22]
TERfER R &, M52 7 2R
P~ FRIRI IR . fE20144F KK
H— e XA, Smith P A FARAF 7T A vE
BT, fERHRAREEE R WA AR,
i SEAMEAR TR, AR IEAS 1T S 65 A 4
I IERE (9] » Kavadi DL Az HABHT 72 RAF 5L
THAMTAR (PSO. VCR) M55, HE#H
Jir ER A2 0 T A 52 20 1 2 38 i S AR T B AR
WAL B HZR AT E = [7] . ThamrongA
Je FABBIE FE 03 0 #r 1 RO E3E A IR HE R
FRIEMER SRR, W ATAREA 1
A AT EAE J5 ™ B RER B KR
R [10].

MR Yoshihara LA Kz HAth A 55 02 R 12:,
A= MR G SRS bR S——8%
(AW . KL HE S 8 Rt
H4 23], BREBEEMMAENE Tkt
SEEE S, REZUIMRI R & . 15 HE [
E R E R T & & Ay 1% R,
U AR SR . NI R 57 R . X S
BB AR E AR E . s, MEL
K. B, IR EEE R EE,
Kk, Albers. Friskalbl Kk HAhH}5T &
KW, FEISFARAF, A HF M A E M
FRMCR, UUEE 45 f B R om T R 45
[24, 25]. ARHpEsh Ay 3 2R sk b
R B ] LR AR AR b S H

MR AT B R M, XS BUE 5T IR TR
EEREEM (Bt REEY (notch
sensitivity). ARFTREZN, VLRIIR. T1E]
S AR X & B I A B
VR, RN LT e R R AR AR N T B )
B T

BRIEHFEZ A . Lindsey DL S HiAth
W50 R GHER A AN BB AN B IE B it AT 1 12
MR (BJEHE ). d5RKH, EiEEE
(french bender) WIFHBIT, T Hf
L&, B EAEEP — ATl S
Wrd[26]. EZEHMNESRBEHIEE, B
FIEN, TESRET Sk 55 4 @ B 10 o A& I T
Wrd, Kokabull S HARA 7T G R, AR
T 50 AR LA ) T AL BRI A P A ) i
HICR, WTCARRE IR [27] . Atdl Xt
AGHPIATS I AT THEST, KRIMASIEWIE
e RECE— AT Y, M FERIE
P 57 W2

MR AT R =l R P M EE
s, HT1Z R HOAE 5 AR R AT 12 35 o
AF T IX SN . Garg L K HABWE 5T 5138
SR B (3774 EHDTT, 1234 K
fEHDTT) AT EE, X FAISEE A
2, BERAFIEAREIRMEFTHall screw
AR (28] dob, BT E bk
(T RS2 BN, DTTHT BE 2R e R K
JE IR IR . FEXT A NI TR, &5 B
BT, 69%m 5 B O 18 4 R F-DTTI)
f7 8 [29] . Dhawaleld Jz HAhWT 57 53 15 H
TRPIIE W, ATt T 125%ATSE
(T5ZDTTERFE M504 TAISEE) MF KR
BITE R 130] .

T — AR AT B T T & A B E FE Y
F#. Cotrel-Dubousset (CDI) T.E.Hfl
HEEUAEADER IR, BN ERR
REREEEEY, &kFwHI NGk,
MK I[31]. TelesPh Jz 3
AT RN, R R R A E I B

uNLBIISE. BRI R ERSN . BB, 4. 2019



JRAR 183 ORIGINAL PAPERS

23

AN ZEENTIERE, FOARYE AT
Bk, P IEAE ] CLORFPAEAR G 52 AN 24 1)
ffifif (stress—shielding effect — M. /J
R . B0, EREEZmHERT,
Al RE BN I AORE CR3EvE YT [32],

MR, RE R EIERER,
{H S PAE AR OC 1 0] BUAH 24 "™ B . Renshaw
R 7. AT UL, R EEES
R, IR R T R A AT BRI 2 AR B
WEML33] .7 Hawes &t i #2 & & 35 Al
EN, ZFARAREARRGEN34].

Wi

ZER, EEHEEALETHEA TSN
AR AN AT A [ I RORE I A58 R
FEFARMER 2T, GV IR RO T LA
NRERFAPER, BISRER . ALk (R
AMBEIYD o A 2R IR (1 5 fre BN A 5 (1) JF:
FNE . KENIWF TR TR BT RE K
LAadyy, JRAE AT IR H A TRCIA]
ARIFRNE R AR B ARG T AR A I
Hr IR WA TR B R, BT A i e IF
PRI RE AR ) 5 B R MRT il FEUAS B PP A
FRORORA P ) S 2 e o 1

AT M7 0 1w PR B2 /& 2R R 1113833
YBE T REZN, K854 2 W N Ik H
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TR PR I P AR T A, B 14
108 DU 52 TARI) B EHREREWE T 2 b,
DR ik 88 ) LB 1) AR SRS L A AR i B 2
BAMRAKIAT . BV I AE K
A K G R R . SEE (2. 2%) AHXE
BN, Rl BRSSOk TR AR
PR EANE —AMER R ER, (A R PR
b, BriE M 1k R B e, XAl e
re R E R IR VE . R — 2 AF
FERE 70 L JE AR T B S Dl . 45 2R
®U, SERMEMEZ -DNEREERE,

AEFN00° N E. BT BHE
TF CHEMRIZEVIBRAR ), BRI ) =
HAe AT BA b, XA R AR I RE R fE
RlZx. [FIR, BMI4%k. W (CEIE20% i
F20% Ja RS AL, BAEERD, Krhle
PN S IE AR ] 5 2R S B B i 1 I ROAE
Forh R 5 AR [ i T A LR A [
& B A BB IEAR TS, fE155 2208
Z 6], B IEAR W I UG8 0 o B A2
ZRA B S5DTTH B AL B A R B A&
BRNRLAESE. 48R, BATHITRIZ 00
ANEEME N R 2, B A PR A 45 1Y)
R & F s MR K.

RO FTAE BAME R £ 2R IRAE T B4
s tE OV AR 2 Boe Ry R IR
i D

ik

B LW T F AR 5B R R B0 1
ZeRE M IR RIEZ — o & B RALHF 5 /)N
HA L AR RS . BEE B BMIAI4E RS
ISR, X I ACIE AR R AU B 2= 18
X202 LRI —4 B35 kU, BMIS
BT LR AR gt E R A .
BUARTIME 5 R RS0k N HF IEA 1B RIMEAA 45
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