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Harrington Distraction Rods without Fusion for Thoraco-Lumbar Fracture
or Fracture-Dislocation

In Kim, M.D,, Kyu-Sung Lee, M.D., Soo-Keun Kim, M.D. and [1-Oh Huh, M.D.

Department of Orthopedic Surgery, Catholic Medical College and Center, Seoul, Korea

Management of patients with unstable fracture or fracturedislocation of thoraco-lumbar spine continues
to be controversial. One area of disagreement involves spinal fusion with internal fixation for prevention of
later spinal instability. ‘

Internal fixation of -the spine without fusion has been advocated in the treatment of the unstable tho-
raco-lumbar fracture or dislocation. During the period of January 1981 to March 1984, thirty-two patients
underwent fixation by Harrington distraction rod without fusion for the treatment of thoraco-lumbar frac-
tures. Eight cases among them had second operation for the removal of the Harrington rods’ in '13.4mon-
ths after Harrington rod fixation and were followed up clinically and radiologically for 1 year at the De-
partment of Orthopaedic Surgery, St. Mary’s Hospital,. Catholic Medical College and Center.

The rationales for this procedure were to minimize the number of permanently stabilized segments and
to provide more spinal mobility. We have expected that spontaneous fusion of vertebral body occur by
the prolonged immobilization with Harrington distraction rods.

After the Harrington rods, the average cormrection rate of kyphotic angle was 41.8% and average cor-
rection rate of height of collapsed vertebral hody or displacement of vertebral body was 42.3% at one year
follow up.

Instrumentations in eight patient were removed at 13.4 months after the initial surgery and the patients
were followed up for one year. At the time of removal of instrumentation, unilateral partial facetectomy
was done for histologic examination of the facet joint which is above the lower Harrington hook in four
patients. The average correction rate of kyphotic angle was 37.5% and the average correctionrate of hei-
ght of collapsed or displaced vertebral body was 40.6% at one year after the removal of H-rods. The
range of spine motions were incresed gradually. But histologic findings of the immobilized facet joint re-
vealed fibrillation, fissures, thinning of the normal cartilagenous surface, decreased cartilagenous cellularity,
and vascular tidemark invasion which are characteristics of osteoarthritis.

Through this study, we obtained following conclusions :

1. Immediate Harrington distraction rodding was effective for the anatomic reduction of the collapsed

vertebral body. And it provided immediate spinal stability, and spontaneous fusion of vertebral body.

2. Prolonged immobilization of the spine by Harrington rods is believed to have deleterious effect on
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articular cartilage of the immobilized facet joint as the degenerative changes of the cartilage of the

facet joint was consistently found in this study. And it was regarded as a predisposing factors in the

development of symptomatic arthritis of the spine.

3. If a fractured and collapsed vertebral body can be reduced by Hamington distraction rods, a sponta-

neous fusion of vertebral body occur. Harrington rodding without fusion could be one of the useful

surgeries for management of the fractures and fracture-dislocation of the spine.

Key Words : Harrington instrumentation, Fracture-Dislocation of spine, unstable, T-L stability after instrumentation.

.M B

Fo349 Ead4 4334 o & 27 A
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o] & ¢i3le Hamington rods(o} 3} H-rods), &=
H-rods W} Luque rod o] sublaminar wiring5-§ =4}
spof wch @ AL YL AL, FAol
A ZAR dig 35 A, F P Ty /3
£4 QAL Aol wuHH ok F Fary
22 $44Y BY Y B A4 A2APE
Long rod £} short fusion(Jacobs$} Casey)™ §l %38}
. 2eu 429 Aol $F 4 sl A
% §$%Ex19] (single motion ﬁnit) o] ks e] o
e g 2oy 4, AJAA 7 343 F
o] H3] gEAIE B4 AFRE} R
H2 s A Fo AFAH o R WAlSE Belg A
ol & 4 Yot o)y R zAadte FHZ
Armstrong 3} Johnson? 5--& long rods without fu-
siond] A d-& HF FA ARo =itz o
o] | Kahanovitz'¥? %@ Kahanovitz 5%¥-& o] & 4§ A
22 e, o]dl AAbEE 1981 1Y5H
1984 34 7A & e AFH s ndol]l Ud
st 44 A2E Be F 589 Aiey WA
% Hrods2 R¥H 3240e A5z 295 2
FEEL AYPa] oL 3249 o] F HF nAH7
13.40 9% H-rods & A AL 2% 34 670140]
4 1d7R 2 2247 sbsslgd 8dld]l oS
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s, Hrods & A A F AF a2 3}, 4
dAdee nYs Ul FT2 A (facet joint) &
o z2AgA W, A, Y5599 A
(flexibility of spine) & Y3l 24 3lgdcl. o Fuldy
AREL FFo Adagle]l BUIA FaFY A
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1) 8¢ % 98 BF

329%F 196ke] Axga, ddda2Es 2097}
169 (50%) 2.8 7}3F ukgic)(Table 1).

2) &49 ¥l

L i v R I DU - & g S R IS N
Faba, FoFFe ARy d ngAne £
2, ol AkdAH &=te Skl slqd Ao
A ®l ) (Table 2).

o

3) &4 29d 2
M1FFA A 3 aF7a 2xsiel e A
183 &£4lo] 14¢ 2 714 w3k} (Table 3).

4) &4 J1M0 ME 2R

1 Z# & Holdsworth'® &} &7l ofe} 157
ﬂ%’i"‘# S ool g Aol 149 (43.8%) 2
7+ ekokel. o] % flexion-distractionel] £]&F 3¢

Table 1. Age & Sex Distribution

Age Sex Male Female Total
21-30 15 1 16
31-40 10 10
41 -50 5 5
51— 1 1
Total 31 1 32

Table 2. Cause of Injury

Cause No. of causes
Coal mining injury 11
Fall from height 10
Direct trauma on back 6
Traffic accident 5
Total 32

E4) A seatbelt injury &} 19 A&} bursting frac-
ture = F7b2] o]4be] o} & ZlAo] HihEle] 9o
G RLe2 By slet2 EF54ck(Table 4).

5 83 =49 Mg

329 % 190 (59%) ol A A=A A E4te] 7
sjgon ba A ulwlols 9] (47%) Art. o
Artul g T3 A g TAA 542 7}
A ok, A7 4ol dsinl A 2 qhtel
9% FANA 7ol 742 wokch(Table 4).

6) SHtel =4

F 329% 159 (46.9%) ol A Tk £4bo] glglo
o 1% 5% F3dol 1lal2 7k vkl (Table 5).

7 AE Wy

A) =M% #—%AI?I

Z 7ol 53k AE Ao 9.0 3zt
RN TR R ) % Aefoll wel 4k 4470
ol A el 4MY7A chokslel, FAFE 1 Fo
Wt 124 (38%) 2 b St 4 1Y o %
o &7l E e IAAEE 114 36%) U HH
o] &L E} B4 ALdE AL ol BEe| g
oh. 219 (66%) 0 A FAHE 2 Folulel A A A
B¢ A =39} (Table 6).

B) 2ty % 2% gH=s

Table 3. Level of Injury

Level of Injury No. of patients

D1l 2
D12 6
L1 13
L2 7
L3

Total 32

Table 4. Type of injury mechanism & neurological status at admission

Injury mechanism No. of cases (%)

Neurologic deficit

None Complete Incomplete

Flexion 3 (9.4 2 0 1
Flexion rotation 8 (25 ) 2 1
Flexion distraction 1 (3.1 0 0 1
Vertical compression 14 (43.8) 7 3 4
Shearing 2 (6.2 0 2 0
Others 4 (12.5) 2 0 2

Total 32 (100 ) 13 10 9
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Ao o] 4 Harrington distraction rods-§& ¢] 83}

BAY A3 AUY P4 A2 wp 8 X M
per hook & E4#4Sl T Y A2 ahv A) Horods 28% MAAl 7R2| #3}
F37k A Ael|, lower hook + = shit 339
FTol) 2 Arsldlgich. ub seat belt &4l A a) Fu0iE 9l 25X g MFo W
BER AdCE AAEE HFAL 7 Yo] Z 324| 9] HF Herods 23772+ 13.470-9 ] gl
&4 39 A3t FE7E wing 02 DAYF F Al tf. o] ZzbE F1AQ XA FAE i Fu
daAY 5% X-4d #9483t AEa F4 ap2 o 272 Lewis 2 Mckibbin™ & uj4] & o] &
4 AE8E A=Esd}. o] F 3ddAe FoFY 3l E4sdn FAHYE oy FAYA A F
9 #2 Zulap= 8 9 5ko (Kyphoization) 22|l ARAL Fold £4¢, FAY 7oA Ay
2eflo| = 8 F AunkZ-8& 38 3led (Lordoiza- Zo zul x99 ZS Bumsting fractured| A= F
tion), H-rods& A F2 ok d 3o] A}E39].0n A FdY o9 44L&, chance fractured] 4= F
84 Ayel 49 AL Hrodsst £ 2 A £390 £019) 37 5% 24 29scHFie. ).
£ wkx)8}7] ¢35k sublaminar wiring-& #3) 3}4 A& ZFypalz o] wAEE vl@ele ¥ 259
o}, A F=e] fal Fubupto]l £ F 14724 HIE
B EL 41.8%% . FAYHRA L FAGYE
Table 5. Associated injury o] 24 349 FwalTe v £F 142 %
Associated injury No. of patients Hxe] LA Fo] 59%% 2= t}-&o] shearing el ¢
Rib fracture 11 3 FAEA F 2R 11° RAPE 50%E debH
Hemothorax 2 QAx, TZYH (A 14°, TAHE 46%), TF -3
Iliac wing Fx. 1 A (A 16°, LAE 45%), 4193 Y seat belt
Brain contusion 1 3 2] £o]gle}(Table 7a, b).
Total : 15 A ol A g AFol HH 41.8%2 Fal W

o LS BYod L% shearing ol ogt FHY

Table 6. Interval between injury & operation

Duration No. of cases (%) Sub-total (%)
Within 24 hours 2 (6)
Within 1 week 12 (38)
Within 2 weeks 7 (22) 21 (66)
T Within | 4 weeks T 4z T
Within 8 weeks 6 (19)
Over 4 months 1(3) 11 (34)
Total 32(100) 32(100)

Fracture Dislocation Compression Bursting Seat belt type

Fig‘.‘l. Roentgenologic method to evaluate the degree of reduction in thoraco-lumbar fracture of fracture-
dislocation.
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Table 7a.

Changes of kyphosis after fixation of H-rods

. . e Post-operativechanges (°) Loss of Total
Injury Mechanism Initial(®) POD 6whs 6mons Lyear comection  correction (%)
Flexion 26 14 14 14 14 0 46
Flexion rotation 29 16 16 16 16 0 45
Flexion distraction 29 10 10 14 14 4 26
Vertical compression 34 9 11 14 14 5 59
Shearing 22 11 11 11 11 0 50
Others (seat-belt) 20 12 11 15 15 3 25
Average 25 12 12 14 14 2 41.2
*Correction rate of kyphotic angle between initial & 1 year follow-up
Table 7b. Changes of shape of vertebral body after fixation of H-rods
Post-operative change (25) .
Injury Mechanism  Initial (%) T T Tem R 50 commetion (%)
Flexion 49 26 26 27 27 1 45
Flexion rotation 58 24 24 27 27 3 53
Flexion-distraction 29 22 22 26 26 4 10
Vertical compression 58 30 30 38 38 8 34
Shearing 44 13 13 14 14 1 68
Others (seat-belt) 50 27 27 28 28 1 44
Average 48 23.7 23.7 27 26.7 3 42.3
*Correction rate of height or displacement of vertebral body between initial & 1 yr. follow-up
T o o) function of oo Pollenis after MY g3 _sing ¢02 2 ol FeiAn. ¥R Horods
IAHF YT 134047 FAH A FI 2
Neurological function at follow up A5 HE FualEz £F TS Fa8 RO
5 ¢ b & Tom EAYsh shearing ¥ T 717 2 HA1 AL
2 vehd, 249 $40Re] 245 9T 34
el A 8 1 1 10 MY £AE 1%2 A FEaAch he F
3 F-sidges myze 242 goev 2As
5| B 2 1 3 AR FA WYL 3%AE Frskdch bl F
gl ¢ 4 2 6 Aty e £F LAY 97 1WF 142y
g sled mA AL A4o] 59%, LI FA HHE 8
21 p %7} Z7}5ted Hamington distraction 0.2 4% 7}
g A fA7L = Az Azl Hel A3 Fuba
Tg E 13 13 Zo] A AYPHE 473 ¥ Ych(Table 7a, b).
E Totaha 8 1 3 5 15 32 b) HyzYe si= . .
Harrington distraction rods 324 ¥ A1 73 upu] -4
7t ARAAY A3k ol Qgloh AAELY 2%
A Aygel ZAE 8% A FUL, TF -3 A& Frankel® & 417 7154 E&/el =teh 2
Aol A= 53%7F, 2 FFH 45% seat-belt Azgen 2 Azt AArkE 2w 108 F 2
o 4%, $HpE 2% 2 Ad 0% wold dolAw $¥AU A4L ngoud FYAnha 9

t}(Table 7a, b).
AEHoR Harrington distraction rods & A}4-3+
A 3 Fululx o] wAL aAqruty shear %

.
T

dlol] 4= =5 one grade ©] A9
ble 8).
ARAEAS 28 A2 E TAFH =le} ¥n

3| 8-¢ B4cHTa

i
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Table 9. Pain

Neurologic deficits Paralysis Total
tal
Fx. mechanism Complete Incomplete None ¢
Flexion 0/0 0/1 0/2 0/3
Flexion rotation 0/5 0/1 2/2 2/8
Flexion distraction 6/0 0/1 0/0 0/1
Vertical compression 0/3 2/4 3/7 5/14
Shearing 1/2 0/0 0/0 1/2
Others(seat-belt) 0/0 0/2 1/2 1/4
Total 1/10 2/9 6/13 9/32
:/; No. of patients ¢ back pain/Total cases according to fracture type '
Table 10. Changes of kyphosis & shpae of vertebral body after removal of H-rods
No.of  Injury . hlitgal EOSt' Postremoval changes Lc(:)sxs'ne(():iion ’I;(c))trz;}sction
cases  mechanism (/%) Htods pOp gwks 3mos 6mos 9mos lyr (/%) (%/%)
Axial
1 compression 25/34 15/21 15/21 15/24 15/24 15/24 0/3 40/29
2 4 20/45 8/25 8/25 9/28 9/28 9/28 9/29 9/28 1/3 55/38
3 14 34/58 14/38 14/38 15/40 15/40 15/40 15/40 15/40 1/2 26/31
4 4 26/49 14/27 26/49 14/27 14/27 14/28 15/28 1/1 42/43
5 Frlsz:zgn 25/32 12/21 12/21 12/22 13/22 14/22 16/22 16/22 4/1 36/31
6 " 29/58 16/27 16/27 18/28 18/28 18/29 20/29 20/29 4/2 31/50
7 Shear 22/44 11/14 11/14 11/16 11/16 11/16 0/2 50/63
Others
8 (seat-belt) 20/50 15/28 15/28 16/28 16/30 16/30 16/30 16/30 1/2 20/40
25.1/ 13.1/ 13.1/ 13.8/ 14.1/ 15.2/ 15.2/
Average 6.3 2.1 251 2.8 ¥ ;71 208 o298 1:5/4.7 37.5/40.6

° /% : kyphotic angle/loss of height or displacement of vertebral body
%/% : correction rate of kyphotic angle between initial & 6 or 9 months follow-up/ correction rate of
height or displacement of vertebral body between initial & 6 or 9 months follow-up

astg o oAl Ralda, FAY A= T
Al A A Hgud AR sl Al E44] A E
o] waldhe A2 Roln] FAF 2447k o] o
Te-& e Fgxiope] 26l A= 4 1A
T HE-E A 4 gt Ao S hnpy)
dol 4 4 ZF4] H-rods& o] §3F A2g HH
L8 AFH ] HEa FolAl HF7FE 3 EA7 =
Aol Al7AEAY 3 E-L s 2A sy + de
Z7eleln 2.

c) & 3

326 F 90l (28%)ell A &F F5& FLdge
= o]F Jddlde FAEY eI A
lower hook 914 55& 4te77k 438190 o
Z SAeteist 19, E9Adsbesl 29, Zelx
Al E4lo] gldiw F=brt 6 olglrl. AP0 R

€ Al 5, TF-slAdYe] 24, 13
I shear 3 Y seatbelt o] zZ+ 144 2Usv} (Ta-
ble 9).

d) Harrington-instrumentation 2| Az}

3201 % 3eloll A 4 7T £F 6, 12 ¥ 13
Fol| lower hook 7} ¥u} s-Fslglon] 4l g3
253 EE¥9de] A HE Y2 qgdes ¥
A sta, =& Hrods7)h 3| Aol = ok okgha
o] #alal x3hsie.

ABEA 24E B&, 6 lde %5 H
rods & A AL Fu} FFUL AR F 59
T 4MYZ ARY qunl § B2IE 2Hg4
ZHrp, Asfd 5 lower hook+ 2dlol4 A4, 5
829 FFo] AxAZ Agct.
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H—RODS FIXATION

CASE 4

INITIAL

Ahn J.M. 34/M

Axial Compression
Fracture with
Imcomplete Paraplegia

PCD

6w 6 M

Fig.2. Unstable fracture of L2 by axial compression force. The kyphotic angle after Hrods fixation was
decreased from 26 to 14°. But this angle after H-rods removal was increased to 16" at 6 months.

AFTER H-RODS FIXATION

CASE b

Song N.Y.

Flexion-Rotation
with Incomplete
Paraplegia.

12 M

FLEX NEUT =g

Fig. 3. Fracturedislocation of L2 by flexion-rotational force. The kyphotic angle after H-rods fixation was
decreased from 25° to 12. Through the 12 months follow-up after H-rods removal, the kyphotic angle was

12 at flexion, 16 at neutral and 16 at extension.
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B) Harrington instrumentation & X7+ £2|
FH B2

a) Fgtors gl FH 2
135}

H-rods 9 AlALE 1wlo]4te] ¥ -
Y daLAA #4224 i%ﬂl o wgel
Z782 43 X-4 C-TY C-T-M3%
FA4" FA7F 93 FEEASE FHalg Foll Al
Ast ek, T2y 46 TF-3AF 24 1o
I shearing 3] 7} seat-belt 3 o] 2tz 1aj9od F
gollol 4 H-rods& Azt HF MAA7E
H-rods 4 13.474 F4lr}(Table 10).

2gH A 2

.Ll.
N
3
o
Jo

%‘ 80”01]/('] 44 thAl gl Herods 243 3 A A

o A F Fubupx o] wisle AR T 25,109
fﬂlul-‘—iﬂ- H-rods 441 % 13.1°2, 2|3 ] A
Follt= 15.2°24 H-rods #| 7 %2 & 24 §L& 37
5% akEsglon 3 1.5°9 Fulalo] g
B AAS Bodoh, £ 44abzr] AT 46.3%Aw

HE Fa 9 oyt =: A9 A7t HorodsA| &
Foll = 25.1%2, 283 H-rods A A Foll = 29.8
Y2 zthsle] F 8ello FF BAEL 40.6%°
e, FAYLZAHE TF -3)ddd 2g 24
A Heuaods Al A F 3 499 HF Fabato| 7}
g 4£AE B oAl Pt bt e AR A5He

Fig. 4. Histologic findings of facet joints in young adult, 24 year old man. T fresh spine Fx. (Fig. 4-A),
and in 32 year old patient one year after the immobilization of spine by Harrington distraction rods (Fig. 4-B)
(H & E stainX 40, X 100). Histologic changes after long-time immobilization in contrast with Fig. 4-A revea-

led fibrillation, fissures, thinning of the normal cartilagenous surface, hypocellularity, cloning of chondrocytes,
and vascular tidemark invasion etc. (Fig. 4-B).
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S5 A4xql Barel asich. ol 4ol WA ¥
of W& Fal2] 47 cht A2 = Horods A A
F FH71zke] BUK 2« »} H-rods & ‘*171
3 84 EFoffA A
A WL o Wi 3

2E e 559, 44549 o3 5L wAg
T glo) Fao FAHAR ATFAHLR

Heo.g stk glr) (Fig. 2, 3).

b) DHES EZ7 #He AN s}

% 8ol % 34 (FFAY 324)o 4 H-rods 13
193 Herods & AlAsEA T304 8
(unilateral partial facetectomy)$, 18| 19 1
a1 2449 ALEE AT BAAAE F4

49% Hrods & nAstgond o« A9
Z FThaAe] d8E A4 AAste F@e ¥
29 A4 FTAAHE B3 A 368 AL
A7 v Lz askgict.

2444 Ak BAAT TS gt n A
A9 4% Aohs pasel dgod dFER
2] fibrillatione] A3 et. E tidemarkF$ 2 Al A4
Was 2 BARPINA £ BAHE ABAE
Z9] cloning ¢ 3&% 4+ JgchFig. 4-A & B).

K
P32

™.

F8F5Y FAe iy 3AdY H HTE
vehte] o]a] gkad kAl nbulE 95% o] Abo| 2hgt
t}(Holdsworth)™,

Zejuh A5 Afele % 326l A el
olgt Fdo] 140l 2 bR vk wbw Al EAH
el A4 T35 sl4el el BAo| 3 A%
o] 8al%F 50(62.5%)7F AutulE 20 E
Awpu] £73E Bt

$a33e g4 2490 A3 ALE, Gu
man® 52 zp4lAel] ot Y PEL Hiln e
Y Robert 9} Curtiss™® % Lewis¢} McKibbin™ &-&
ol A% Ao Aol i BT HAH A o
Ao Aauds 4 25550 248+
olcha 3},31:}_ o]o]] ut3ted Holdsworth", Kaufer
Aol w2A %3 WAz F

] }'\, H_r_'c_ll-z-l 1-1_‘1.0 F'—E_ —T_r_{-ﬁ
2 A2 FotAl Ha7g “é“o“’ﬂ ZpA A A A
’ 15 0Y s 2955

ar

=
b
oX.
A3
X
off
>
Ky
N
N
ke
fhad
off
He
5‘:
3
N
ofr
ol
o
=
2

HIZRE EAZL £ dsdeb sz 29 Lewis
9} McKibbin® = 22 A 3bE B g vpdct,
2 A HE F8FY FHo A7 sbeit £
7)ol #&d = AL 2 Hamington instrumentation &
o] &4t WYL AAFS YRR T glo
o AT ZAEE FAE 1 Fol W) 126 (38
%) QI 2 5ol st 216 (66%) Yrt. Qb HAF
FAAA 27 F¢& Agshe o)foll At Ka
ufer ¢} Hayes'" ¢} Whitesides?” % Dickson*® &-&
As 328 HF AL 555 LY A
EE A FREAE 2A god EH it A
& 49828 $EF WE 3l4g Ao
‘i”ﬂ g Add A

.2_

| gk Aeld qpat
‘]_ o

1

4

%

4 A e, A A 420l fukE ol
Ak 200l zroks FE Aol A7 £%
of Hof mpAlte 2 44F A4 £ET AS £4

3442 ¥H SAe %9 + Ucky sk,
& AT AE ok of wepk Fiobl ool
A 7FFA 44 4] Harrington distraction rod &
ol gated WA Herd P2 ArsAdL F
ofzl H43¢ Ao R 3847 Arle] 4t
Ao 85S¢ vAE Zldg F Y 2w
Atg g},

VLT gL 39 44 Sy
3.9 ¢3}e distraction rod &, 8F5FF 4 Al =

-

A

F Aake] F3F 93k Compression rod & *}%

=] Dickson®® & AulEFqlu 7t LAdstd
distraction rod & A4 EE H3tdod FFo| 2
g B4 FA &7 FA9 Fye] £4hiA
okorS 73-9oll compression rod 7} ] A Fshe
sld T Ao} Ha)FAd| 4 rt distraction rod & A}
|t o} greba stget, Esl Flesch” &2 §85
¥ 24 -gF Aol & distraction rod7} o E3HH
olu] orubz A s Fa 9 Abst FolE zaxLog_ =
3 4 otz dgdet. = # gt distraction® £4
A A2 ol 3 HER Ao Huch o
ol Au AA £4¢] 7158 F ek A&
AN ek, X A7l A5 & ool 4 Harring-
ARSI o] F seat belt &
A 144 TR AR olul Azl Fa 7}
3} & B (over correction) ¥ A}# 7F Aot % 4l
AE4] okt gHn Fol Ty Bol4EE A
g ahe] A B¢t

oA x Zole H-rods7t 73 A &sr 7ol o
sled = obx H4o| glrh. Flesch®” & FAY 4
otz 17§14, DicksonE 5% 7 lever arm®] o %
< s AN 9 ofm 27042, el Purcell

ox B

4 do

ton distraction rod &



e TAY Y 34 A2 88 FIza
A5k 234 o% 29H $7ol hook§ Ao} 512
23§ nAysldof kA sl sl5ict. HZH F
A= long rodel] short fusion 9] 7 3Fe)l %3 (Jac-
obs 8} Casey)™, A28 upper hook: ZTAHYE 4+
T 2w 439 4 FT e, Lower hook
E FAY sy 2w H 32 T A AR
Fupnkdd Herods 44 F 2442 S 4%
ZTVEL HHE 4% 2 B3 v} o o] Hee
H-rod &3} 3 Fu} TH¢EE Jasid o
22159 7ol 41.8%%=t. E4 Yosipovitch
FWe FTAHE HF9 anterior angulation-& Fu}ql
59 o|gkw] Fol H-rodsol] 7Fsl2| axial force
7} gbddte] A7l 24l e FH B AE A4
S 20.5°9 FyFEst £F 11°% 674959
FAAAL 15,62 o] HF 5 FaRe £
Aol dgiet BuEt g}, olof sl FV 5L
Z712k8 Herods AN A E 19818 A4l it
3 Fglen AzEe A AE 444 25°, H-
rods TAF 12° 9 Hd 1d78] AAFAN A=
14224 Hg A3 Fuynbdxd 442 2°9o,
Harrington instrumentation 4] 4} 4342 43
e of 5= sholl Al A B =ao] Uk Gu-
ttman® & 3% LAY T ZFa}¢ forward collapse
7] 22 ¥l FHEEE APk gt
9o, ubw Nicoll® 2 deformity &] H-9] 4l
A Q] Fal ol A FFuct o F
AF}E 714 2otz 4 c}t. Kaufer$} Hayes™
< 20% N A zed Al HFae] Au-FYL A}
ot 19 AF wye] AyP= ddAe Fub
F&E d993dctn 2ustgcl. 4 Jacobs 9}
Casey™ & THH &34 TARITL I Ax
F9 FARY FlAdF 2oy FA FAW &
% (trabeculae) ¥ A2 ASAE gerdn
el AAEY A4 3249 HF3FA A A
H-rods 23 4] Fu} FH¢ed Algs] ggkoen 3
T 1340878 34 X4 g C-T4&AAL FA4Y
FA7F FE otz 235 8oldl A H-rodsE Al
Aste. AAF AL 6MYANA 1d7A F
714 X-A #9E ste] Fubnkte] w3t 9 24
o] Hye] AYPHE 7 ZAEE oY T -3
3 26F Al 6ol A Al wiulo]
A= gle} (Table 10). Z2jvt 2419 T2 - 343
EFAAN A HerodsA AR 33 94U 94 F
A Az A Fuaixo) HF 4 s SobEE
404 ¥ 2728 FAlmate] aTFsH e}, o]
E vl R £ FalEol ¥ & gt F49 A4 H

e dr K

¢ dodot FAY 5+ god =g FalFt
A9 Herods Al AFY 4 Ax7Izbe] ghgtwd A
L dAed, FoF5 EA4Y FHE AR
Ao R HJE F (RS Agq AetE F
A8 A FgEel Yo =g F doele) 47
He o]F 597 Ailde #FF % % P4k
s} A7 FAz A astele} AHRE

T34 E o FAAL YA o R FrkaAty
ql Fa4FY Y Aadg o B 8 F ol A Straight
rod & AHE§re 24, AFaHql A -FukFe] 44
HAY A EFF4 FFAdst o|hs o] ¥l % Har
rington distraction rod LA g vl 2T gl F-4)
2] A 8o] gEAY =& lower hook 7} $Ag F
Toll EF WY 2T FAE dod Qo
€ A Soleh. o] ZAYE $13te Dewald’ &£ &
4 A4 ad 2y 59 F4A FUs
ulE2 H-rods & A%=2 743 A& (Lordoization
or Kyphoization) ¢ 24 F 44| o)ty Fu F
Fauzt wolvt TAR HFA A AHEo
bedl Ak Buitgcel. AzEE 5444 F
854 Fubab(36]) 9 aF4 Aubukd(26)E
RAAZ Herods & Alg8t vk QLo 44 344k
4 H-rods 7} 2H¢ ¥Eele& 73] 9ol  sublami-
nar wiring$- {8 dlg o o]y A$ AA¥e| H-
rods & AHEE 5 YOV AxEL o] &2 &
shaie.

Guttman® 3} Bedbrook® o] &]3}ad HF3FA8 &
Abgl g4 40 3] BL FARA]S £ EL v
#5l7] = Foll HE2FAe ARZAL £48 A4
g AAZ o o] Ak £4HE Fx] YEE sl-
Relzl 3del. £ SHdAE Bk Hggalo)
W} Cauda Equina 4§ 2l 32kl 4 90%0] 4t
oAl A elietE Al75 48 £ RAH o 9
Avte] Falo A Ad AAE A 23,

2717} Harrington distraction rod & .3 = gwl
A3 FT7 A4 A #H3l= dubdq
Aadgde 23 fAastdet. & RdAZY B
Hol BElg QI sjmYPx| Zslgon FatadolA
Foll A & fibrillation 3} <, fddFo] Frl 7} g
ol om HNEFE 2432 424 ITEY clon-
ing 3} 50| tidemark Foll FAHE FAE
o] #ars|glel. olelgr a9 AL wI:
Kahanovitz'® ¢} Kahanovitz 5" ¢ £2 53} dz3}
dor Herods Al A% wk4ldql 95359 flglo] =2
T deee Aasle] FF A4 o4k gy XA
A 24L& A2 ol Jor}.

olate] A2 Mol Bt F8F T4 Y wF
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ol 4 Harmington distraction rod 4] W 2.4 3} §Hril
ZA4E FA8 HEo] A o] R Ak, v E F
o FHEE Agsta grzslE A4 dE AHS
T A& gor RS, & o] F Hide
H-rods T4 ¥ 34 71748 Fdld X-4 53 C-
TS 58 349 F4EE 4 zAksledol 3}
o P02 Qg FFA{AY HIE Qg 8%
54 sle4dol vt E oA st ok & Holrt.

v. d =

F 3249 EtAA FoaF3H FH4 ¥ HTE
Harrington distraction rods & A}-83te Zf3§Hglel
BEA HEEnke Agslgdon] o|F BoldAE
M 13.4049F Hrods & A A H4L 6704
31 17 #A F4 A3, g 2 AE
£ g4,

1. $4 FA9} Hrods 24 94 #AFe 343 %
aheke] 3¢ vimsle Bd {F YA
14°, IAEL 2% 2 14 % AAFY A &
H3lob gloles, detd Fa9 z2kd fggo] o
+ 5% UAY + Yy

2. 3309 A e dubAq 24
BAQY &4 £t webd Herods A A
£ A7e ul4ddq 259 Yo £
FARAAY H3E E 57 Y4},
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