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Stabilization of Fractures and Fracture-Dislocations of the Thoracolumbar Spine

Nam Hyun Kim, M.D. and Jeong Hwan Oh, M.D.

Department of Orthopedic Surgery, Yonsei University College of Medicine, Seoul, Korea

There are many hypotheses of spinal instability after trauma and the concept had been recently ch-
anged from 2-column concept by Holdsworth to 3-column concept by Francis Denis & McAfee and
also there are controversies about the operative management of the unstable thoracolumbar spine
fractures and fracture-dislocations.

So we tried to find some relationship between the spinal instability and the effect of the stabilizat-
ion operation for the fractures and fracture-dislocations in the thoracolumbar spine in this study.

Totally 53 cases that stabilization operation had been performed for the unstable fractures and fracture
-dislocations of the thoracolumbar spine at Yonsei University Hospital, including Yongdong hospital,
from March, 1973 to October, 1984 and followed up over 6 months, were reviewed.

1. Majority of the patients (84.99) was in an active age group (20-49 years of his age) and more

common in males,

2. The first lumhar vertebra was most commonly involved segment (43.3 %) and falling from a hei-
ght was the most common cause of injuries (50.9 %).

3. Injuries to the anterior, middle and posterior column of the spine (58.59%) was the most common
mechanism of injury according to the classification by Francis Denis and McAfee.

4. The wedged deformity of the involved segment over 50 % was usual (71.7 %) and mean wedged
deformity was 57 % of the height of the vertebral body and most commonly associated fractures
besides the body itself was laminae fractures (46.5 %).

5. Seventy eight percent of the angular deformity was corrected after Luque rod instrumentation and
76 %, after Harrington rod instrumentation, 68 %, after posterior wiring, 58 %, after anterior de-
compression and anterior interbody fusion.

6. Forty two point seven percent of the displacement in anteroposterior plain X-ray film and 58.8 %
in the lateral film were corrected by Luque rod instrumentation and 39.5% in anteroposterior fi-
Im and 44.3% in the lateral film were corrected by Harrington rod instrumentation.

7. No significant differences in the recovery of the neurologic signs were found according to the
method of surgical treatments.

8. So Luque rod or Harrington rod instrumentation is now recommended for obtaining the spinal
stability as a method of surgical treatment in the unstable thoracolumbar spine fractures and frac-
ture-dislocations.

Key Words: Spine, Thoracolumbar, Fracture, Fracture-dislocation, Stabilization.
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Table 1. Age & sex distribution

Age Male Female Total (%)
10—19 2 2(3.8)
20—29 8 2 10(18.9)
30—-39 15 4 19(35. 8)
40—49 13 3 16 (30. 2)
50—59 3 1 4( 7.5)
60—69 1 1 2(3.8)
Total(%)  42(79.2) 11(20.8) 53(100. 0)

Table 2. Level of injury
No. of cases (%)

Level of injury

D11 7(11.7)
D12 18 (30. 3)
L1 26 (43.3)
L2 9(15.0)
Total (%) 60 (100. 0)

% Double lesions in 5 cases
% Triple lesion in one case
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+ 184], # o2zl 684 o] drt (Table 1),
2. 2MES
5¢lol A 2742 Fa Ao UAUT 1alo] 4

38 Fal FAo] dgled, Al18F 4] 26
o} (43.3%) & 7}&+ wgste} (Table 2).

3. &4 9ol

Fpaknzt 2740 (50.9%), TEFARL7F 1744(32.1
%), EA osle 4tE wre AL 94d(17.0
%) o] %=} (Table 3).

4. =4 7IH

1970:d Holdsworth 2] 5ol sty £4b7) 2
& EFstd L Az, FF .3 £4bo] 2400 (45.3
%) & 7H ek FFE4bo] 1340 (24.5%), F3
- ohubabe] 119(20.8%), Akl 28k £4bo|
5411 (9.4%) o] 3t} (Table 4),

5.2 8

%A 7= & Holdsworth'™ ' 2] 2.column concept,

Fub QA E9 st f - Foll wje} A &
b4 o2 Yyl ey, 1983 Francis Denis® 2}
McAfee'” 52 3-column concept& %93} Sta-
bility & 4ueledeh. o] €S Ao EHAAR
vl Anterior column, Middle column % Posterior
column £4te] 314l (58.5%) & 7HA wWgtes An-
terior columnz} Posterior column£<to| 134
(24.5%), Anterior column >z} Middle column < 4}
o] 94(17.0%) ] 3t} (Table 5).

A

Table 3. Cause of injuries

Cause of injury No. of cases (%)

Falling from a height 27(50.9)
Traffic accident 17(32.1)
Blunt injury 9(17.0)
Total (%) 53(100.0)

Table 4. Classification by mechanism of injuries

(Holdsworth)
Mechanism of injury No. of cases (%)
Flexion 13(24.5)
Vertical compression 11(20.8)
Flexion-rotation 24 (45.3)
Shearing 5(9.4)
Total (%) 53(100.0)




Table 5. Classification by 3-column concept

No. of cases (%)

Involved column

Anterior column 9(17.0)
+middle column

Anterior column 31(58.5)
+middle column
+ posterior column

Anterior column 13(24.5)
+ posterior column

Total (%) 53 (100.0)

Table 6. Wedging deformity of the vertebral body

No. of cases (%)

Wedging deformity

Less than 50 % 15(28. 3)
51% — 75% 30 (56.6)
Over 75 % 8(15.1)
Total (%) 53 (100. 0)
Mean: 57 %

Table 7. Fractures of other parts of the vertebral
body

Associated injury

No. of cases (%)

Pedicle fracture 9(20.9)
Laminae fracture 20 (46.5)
Fracture of articular process 3(7.0)
Facet joint subluxation 6(14.0)
Fracture of spinons process 5(11.6)
Total (%) 43(100.0)

WA 2 AR A E4AREE Fale A4 13
HEE 243597 v, Fa9 51~75% A4 Wy
o] 309 (56.6%) 24 7} wokir, S3F A4 Wi
L 57%o0|3 o, 50% o|Are] A4 HEy L 384
(71.7%) 01 3L, 538 & F3le] & = AAb o]
A1 g4~ 8 2-column X}y 3-column £A4to] whgre}
(Table 6),

7. MFEHol2e MERY #F

% 43419 TAHF FTa FAHo] 204 (46.5%) =
7b wgkow 19 3T FAHo| 94(20.9%) ,
Facet joint o}&T71 64l(14.0%), =457 €4

o] 5d1(11.6%), WAE7] FAo] 34(7.0%) °l
oAt} (Table 7).
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Table 8. Associated injuries

No. of cases (%)

Associated injury

CNS & facial injury 9(15.8)
Chest injuries 11(19.3)
Abdominal injuries 5( 8.8)
Injuries to upper Ext. 7(12.3)
Pelvic bone injuries 4(7.0)
Injuries to lower Ext. 13(22.8)
Injuries to excretory system 3(5.2)
Others 5(8.8)
Total (%) 57 (100. 0)

Table 9. Interval from injury to operation

Interval from injury to No. of cases (%)

operation
Within 12 hrs 2(3.8)
Within 24 hrs 8(15.1)
Within a wk 11(20.7)
Within 6 wks 24 (45. 3)
Within 3 mos 5(9.4)
Over 3 mos 3(5.7)
Total (%) 53 (100.0)

Table 10. Method of treatment

No. of cases (%)

Method of treatment

Posterior wiring & 9(17.0)
posterior fusion

Posterolateral fusion 4( 7.5)

Anterior decompression & 5(9.4)

interbody fusion

Harrington rod instrumentation 22 (41.5)
& posterior fusion

Luque rod instrumentation & 12(22.7)
posterior fusion

Plate or screw fixation 1(1.9)

Total (%) 53 (100. 0)

% 57418 b £4F FHA £4o] 139 (22.8%)
2 b gsen, 29 FHE4e] 1141 (19.3%),
T8 9 aksl Y £ate]l 94(15.8%), AR £A4be]
7 1(12.3%) ©] 3l =t (Table 8),

9. &AF FEMXY 7|2

EAFE 57209 28 24 Aol SF+
2 A3 A9 109 (18.9%) o] oo ol 7+
of, A& 4 348 BHog 3gn) SHo|gd 24
Az o] Foll 55 AP F AE 434181.1%) =
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A W] x] of 22 stabilization$ $F2 971
o o]t} (Table 9).

oA A4 Hgo] A3, Aflst Askx gos
Z4+8 Zulalx) L A 9o posterior wi-
Y 2HEE APagda, Aot Askz 4A
;‘L] o] 27 AFL 83 Felv Harrlng
ton rody Luque rod & ¢| &3l A& 1A+
Aok B Aol A+ 295 ¥ zd*&ﬂb&
% &Aool 4 Ay Aol Falo] o] Aub gt
£ 83tE ZA9ole Au Aok 4 FgES AY

que rod & o/ % +4¢ AWFHAE Aol 4

I I EE REsaoe JTHL AP} AL

= dgled, Hdm o] 314(57.4%), BE714}
o] 1741 (31.5%), BZX7E 24 5 g A=
2 &3o|y s) £4lo) AAAY, HEA Fo

227 E A8 4 g A = AAAENY £
gog quAg & + gde A7t 691(11.1%)
o] ¢lc} (Table 11),

2. > BES

Table 12. Postoperative complications

Postop. complication

No. of cases (%)

o, A9 Ax, FHd g s Ay £ Gonitoun et
AL neahed A - Fur ot W A2 DHEE A Pemtourmary tract infection (26 3)
3 519wl w}, 5344 Harrington rod instrument- Pressliurfe s.;)re §14 0;
ations}h ¥4 484¢ NPT A7F 2200 (41.5%) aralytic feus
. . ~ Bladder stone 3(5.3)
2 7}4 93t3, Luque rod instrumentation s ¥ . .
A } Wound infection 4(17.0)
v FEE AP 797t 124](22.7%), Poster- Hook dislod . 3( 5.3)
ior wiring ¥ ¥} $¥£E AYL A7 9ol o 1o
(17.0%), A4 ZrE 2 AW 2407 494L A i e 2034
ek 497k 500 (9.4%) o] Sheh (Table 10). e breatage '
Redislocation 1(1.8)
1. 3% 20y Loosening 1(1.8)
Total (%) 57 (100. 0)

4% 929 A% Ay FU4 EE poster-
ior wiring-$- A3} 3} 9 A4y Harrington rod & o]
£¢ Aol F2 431 2 4984, Lu

Table 11. Postoperative external support

Type of postop. immobilization No. of cases(%)

Cast immobilization 31(57.4)
Back brace 17 (31.5)
No. immobilization 6(11.1)
Total (%) 54 (100.0)

Table 13. Follow-up period

Follow-up No. of cases (%)
6 mos —1 yr 19(35.9)
lyr —2yrs 27(50.9)
2yrs —3 yrs 5(9.4) .
Over 3 yrs 2(3.8)
Total (%) 53(100.0)

Minimum: Over 6 mos, Mean: 1 yr 4 mos,

Maximum: 6 yrs.

Table 14. Changes of the angular deformity

Postop.
Method of treatment Preop. - s % of . Loss O.f
Immediate Follow-up(over 6 mos) correction  correction
Posterior wiring & fusion 35.8 11.3 24.3 68 % 13.0
Posterolateral fusion 16.6 8.8 21.7 52 % 12.9
Anterior decompression & 29.4 12.4 25.0 58 % 12.6
interbody fusion
Harrington rod instrumentation 35.1 8.3 17.2 76 % 8.9
& posterior fusion
Luque rod instrumentation 36.8 8.1 10.6 78 % 2.5
& fusion
Plate or screw fixation 10.0 5.0 18.0 50 % 13.0
Average 27.3 9.0 17.8 67 % 10.5
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Table 15. Changes of displacement

Lateral view

Anterolateral view

Method of treatment

Follow-up

% of correction

Postop Follow-up

Preop.

% of correction

(over 6 mos)

Postop

Preop.

Posterior wiring

58.6%

5.0

7.5

18.1

100.0 %

0.0

0.0

1.32

0.2%

15.8

8.75

11.8

24.6 %

13.2

13.2

17.5

Posterolateral fusion

0.1%

21.9

14.9

15.5

%

10.0

10.0

Anterior interbody fusion

44.3%

16.1 21.5

28.9

39.5%

16.7 16.7

.6

29

Harrington rod instrumentation

58.8%

13.1

13.1

31.8

42.7%

17.8

17.8

30.0

Luque rod instrumentation

100.0%

30.0

30.0

30.0

100.0%

0.0 0.0

48.0

Plate or screw fixation

33.5%

15.1 17.9

22.7

57.1%

12.1

9.6

22.4

Average
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Table 16. Neurologic injuries

Neurologic function at follow-up

A B C D E Totl
A |15 7 1 2 27
(=]
ke
2! B 3 4 5
£
a=1
©
5| C 4 2 6
=
S
:g:D 3 3
.8
gl E 12 12
[=]
5
(2]
Z | Total |15 7 4 10 17 53

% Frankel’s classification

gH5e a2 7o) 19¢(28.3%) ol Ry 16
Aol 4E hEados 45T, 3eldlAL o
B Ao 444 AAEL AYsden 23]
15901 (22.4%) 2 7] o] 4 E¢ 3| & 129 ¢]
Ak, 471719 ¥4 Fo = hook dislodgementr}
3o (4.5%) 0|2, FH3e] EdFoll Harring-
ton rod & A A3l 3, laminae failure 14 (1.5
%) , wire breakage 24dl(3.0%)t wire loopE Al
A% ¥ Luque rod & ol §3ted 24 A ehel
o0 redislocation 14l (1.5%), hook?] loosen-
ing 191(1.5%) = JnAos 43 13L& A3t
93¢} (Table 12).

m 2

444 A2 E AYY 530l ek ¥ nF
=9 23, 299 Y P AAE4e 584 5ol
3¢ Fol AT LAt

1 ZA| 38 7|12t

Hel 4 A% J7E 6708 oA, FA 6
W12 i 47172 14 470 Yo e Ta-
ble 13).

2. %4 QIBEol ¥y

Az el =g Fub alR 5o W A §)
9wl ¥} Luque rod instrumentation & 4|3 & 7
$7+ }F 8% F9 FE 24 ¥ Ha
rrington rod instrumentation 2 |33 79+ 3

It 76%, Posterior wiring2 A8t A9+ HF



Table 17. Neurologic status by Frankel’s classification

Frankel’s Frankel’s grade Recovery Improveme‘nt of
Method of treatment grad-e at at follow-up rate neurologic
admission ABCD E status
A 11 1
Posterior wiring B
. . C 3 1 66.7% 36.0%
& posterior fusion
D
E 2
A
Posterolateral B "
. C 11 50.0% 6.25%
fusion
D
E 2
A 2
Anterior decompression B o o
& ALF. C 1 40.0% 14.3%
D 1
E 1
A 8 4
Harrington rod B 11
instrumentation C 1 45.5% 33.3%
& posterior fusion D 1
E 4
A 4 2 1
Luque rod B 1
instrumentation C 41.7% 25.0%
& posterior fusion D 1 1
E
A 4 2 1
B 1
Pla'te & screw c 100.0% 200.0%
fixation
D 1
E 3
A.LF.: Anterior interbody fusion
68%, AW Y o F4 FFES AP Afe A2 wpyel e ge 2PEE FE A F
A 58%2 Fu A= AL 2o =eb4 o Wk e o 2w Adoe W@ &w v

Luque rod ¢} Harrington rod & o] &3} % uld]
o2 b ¥ wHE

L

ol 4k FAjat Axl mAFL] £48 B 4 e,
E 1404 B 5 o= whel o] HF 10.5°¢]

Luque rod & o] &3 +%ol4 7} 22 £4d=
2.5°0] gl c} (Table 14),

3. M9l A

Luque rod instrumentation®] ¢ AHw iy £
A4 HE 42.7%, 39 B4 L34 FF 58.8
%9 RAL ¥olooy Harrington rod instrume-
ntation § Al3h&k AL Hul wlagd £A FF
39.5%, &9 whtd 444 HF 44.3%2 2 S
X.9d on, posterior wiring?] 79+ 3tz} 44
A7k AlshA] @k, screw AL A9 1dR
A EAA st gl Ao g, deiy &
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ul 99 w4 & Luque rod ¢} Harrington rod &
o] 87 FFo| &7 42.7%, 39.5% B kT,
A« F 99l A E Luque rods} Harrington
rod & o| &3t Ao 7z 58.8%, 44.3% ol 3o
=, posterior wirings} screw 232 2Ju]7} $le}
(Table 15),

4. MY 24

1969y Fraenkel®] B-F-wjol] =g} B&31¢wdn}
Stabilization operation& 2|31 8}gw & 534|% 2}
& A7 E4bo] 274 (50.9%) o] g1, HsbA AAE
“bol 141 (26.4%), AR €4l A" A7} 12
o (22.7%) o] Fek. 27419 kA AA £4F 124

=

Fig. 1. Preop. A-P & Lat. X-ray film of 42 ye-
ar old man who had fallen from a height and sh-
owing wedged deformity.

Fig. 3. Postop. X-ray film of posterior wiring
& posterior fusion.

(44.4%) ol A Y24 588 Hgm, 14412 B3l
A AR 4L 25 429 22 9 388 g

t} (Table 16),
5. MAEAe 38

A7 54 352 22yl wel abo] AL
AT + gdodon, A7 £49 3E AEE Fran-
kel's Grade Adll4 E7lz]| & 2tz 1 AHof4 587
2 A4E A F o] § o] 3t 417 38 A
ExE Hol 38 beAE v WEEE AEE
o v& el H4A) 2 Bubdel] =& 3o A -G
YA g 71 ek (Table 17),

Fig. 2. Computerized tomographic finding wh-
ich showed retropulsed bony fragment into the
spinal canal.

Fig. 4. Preop. plain X-ray film of 27 year old
male patient who had fallen from a height and
showed 729%, of wedged deformity and 35° of an-
gular deformity.
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£ 424 2k BAE FYALE QlEd Al &
Foll £4% dx, Bk AArH 2 Ly
stgod, e 741 dd ¥ S L

L

Fig. 5. Postop. X-ray film of Harrington rod in-
strumentation & posterior fusion.

Fig. 6. Follow-up X-ray film showed hook dis-
lodgement.
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A4 A1 aF2 44 "dye] 55%, ¥ FE
7} 22° 9 n(Fig. 1), A 43} =t5-3td A3t middle
columno| HF+RWE Fyt €48 4£73¢ Holx
9l ol 24 (Fig. 2), posterior wiring 3} ¥u} ¢
e Agatrl o, A ¥ 2 ol £3
4 20°8) ¥} YTEE Lol An(Fig 3, 4%

<]

"Fig. 7. X-ray film after removal of the Harring-
ton rod. The angular deformity was 307

Fig. 8. Preop. X-ray film of 24 year old male
patient who had sustained a car accident.



F 2d 647 AR F4] A FualTES} % 1d 2704 974 FA4] i LR o=2 ho-
23°2 ti4 S glon, AAEAe oA 58-S ok 9] dislodgement 7} 2l¢ (Fig. 6), Harrington rod
Blg Felo|ct, + AAsYZ(Fig. 7), AR F4L dFolA 3%

=2 2 5 odch.

N 3 N =8 3

274 &b 22tz Fpapael g A1 839
G2 o b Ab-g dbol oF3lx] ShAlwbu] 2 WU F 244) =} #x12 Apek A B4l sle A 1
i &7 02 72%9) A s 35°8 Fu)ul 839 FF.310&48 2 (Fig 8), <kshxl <t
Tx HYPS Helx ¢low (Fig. 4), Harrington A upu] 2 e} ol 4 posterior wiring ¥ (Fig. 9),
rod instrumentation 3} posterior wiring-3- -4 ¢ AYE g A2 YLEF wire breakage 7} b4

Alggt & whald Ao Y & AR o] L(Fig. 5) 3}ef (Fig. 10), dynamogram-% 4|33}ty 10° ¢

Fig. 9. Postop. X-ray film of posterior wiring Fig. 11. Dynamogram, showing 10° of spinal
and showed correction of the angular diformity. motion.

=

A
{
b

Fig. 10. Follow-up X-ray film, showing wire Fig. 12. Postop. plain X-ray film of Luque rod
breakage during rehabilitative ambulation. ) instrumentation.
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A}o] & Heof (Fig. 11) Luque rod & W ZA L A
shglem AlZohele] 5] 5L QA Sellolet.

V. &% % @

¥ 834 3% 242 Durbin” 3} Jacob' 5|
oEd, 57 e d95 datl st @
FAa Akl Ash 7l F8 f]lolebar dh g, =g
Rothmann® & 34 o] g =l FzF
Fol Fukso] 504 o] F9| xSl o]AH o
3T do] gl shgled, 504 o] F 9l
o] oF 1/34014 A4teg Wysl HF§ WA 5
Adeb ddct AxE] ASE F-8FT B
k4 A 9 FA Tl EF A3 A
e g Foll b gk E, Hd4zke 1641, HAA
2HE 68 Alo] ek,

Westerborn®® 3} Schmorl ¥ Junghauns®® &
Fa 249 50% o] A12 F3-9} A2 834
ol A AR shol, A2 AT A1
8F £4e] 269 (43.3%) = 7H whoket.

LA L EANE Ado] b chE e, Lewis
9} Mckibbin'® & 3}Aka}ast 7 wicta dhgl o
daldez 2oz, REA4T Y ek 4 oY
o g AR oldl, & ATFNAE d4 27
Apmol )5 4kol 712 ghol 270 (50.9% o1 k.

Holdsworth'> !V = $u} olofF9] std § . Fo
web Y 4sh LAY AE £402 FHSUD
Weitzmann® & o] 9e] A4, 5 239 24, 4]
ASAE e 2E€ A3 549 opt Ax
7} 509% o] 4l RE FAE EoHA4 FHoltE
99 2=, Francis Denis" 2} McAfee!” 52 Anterior
column, middle column % posterior column ¢ &
T23}= 3-column concept & %935} stabilityg
A stoier. Holdsworth] $-5del ostel &4
ARE LRAAD oh, 2F -8R Edo] 2400 (453
%) 2 7}& wketar, Francis Denis ¢} McAfeed| 3
-column conceptel] &3} E-F35}51v{v] Anterior,
middle ¥ posterior column$=4lo] 311](58.5%) &
3 sk,

HEA 2 A4 dyds HEE4 B4 A4-F
A E Axb, w4 ZH4RA 4 50% o A A4t
HYS 2AR AU 384A(71.7%) o1 R, FF
AN YL 57%0) Ao, 51~75%2] Aol
7HA skt

Kaufer 8} Hayes' = facet joint$®] o]Ale] HF
o] BolA g okry|4A]Flc}a 19 2=, Holdworth'

£ 2T2old 230 B 5L Qe ol 4ol
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o 39 A4S decty oick. Aze
FA o2l FAS zbol kATl wwaI u}
T3k FHo| 2091 (46.5%) 2 b wkes, F
T ZHo] 941(20.9%), facet joint o}T7L 6
o (14.0%), SA4E71 &4o| 54l(11.6%), HA
E71 EAol 3(7.0%) et ol BF H 39
A BAUE 84 Eo| YR b &4 3
2] £4bo] 13l 2 AHA ggtos, dhx| £4F, A
T A, A8F 34 9 AF 4 wolde

Bohlman $% o] ¢} 5le] 4% 28~48 A]7F ol
FE8he Aol 29%4 AR EE Ho|&ul ud,
FAF T § Ae 8% HEE 24
a, 152l FEdhe Aol 5~8%7HA
&) "ol el 2 Wb £R7 4,
A opul £AH0) YdSddlE FEHoR Foted
Ao 2 A 20% 74219 3E-£8 7Y + U
3 3¢ 3, Guttmann” T 48 2|7} o] Fd] $43lw
=% AA 3] Ed+= #str glos, Munro'® 2} Ka-
hn$ 18l Schneider $* & 48] 7} o] ol 443}
AW B3t gone s 447000 =5
A 28 shedo] FHIT 9. & ATl
24417k o), AE Y AL Aoz s A
7k 104 A2, 1 5Ll F58 A-$71 110
4570 FE¢ A7 1649, 3l FE7E A
27F 5, 3MYFA 3 Al

2 Bubyole oA ko] wom  Bedbrook!
5} Guttmann® & spAlAdd] g A4 FEF &
R BEH ayoR 28sE R £,
g4 A5 9 ude Yasx 4o w4
Tk AAEE AR Ed 284 FA Fdz, 2
3 EAAE okrlA At 92, Frankels”
E A9 AEo] FL A= welelx sgict.
2]} Robert 5 3} LewisE'9-& HEH guwog
Agse A A5 Aoz 47 5 A g7
A 9 o)Al HE WYz &4 F5E
23l A$7F gl 14 .29, Holdsworth'?
%} Kaufer &' & 27 a&dx AEFE WAz
ol AES AYgoas of o]4e AAEAE F3
BT oAby o2 WAFe WS o ubsle 27
dFAg024 5 E Y &+ Aotz
A3 e e wl o Ful £y 4
-9, Harrington rod, ‘Knodt rods, Weiss springs,

Merique-Williams plates 2} Luque rod instrument-
ation$-o] ¢lar, Au} Tdyd] 2]§F 232 Dunn
anterior spinal instrumentasion, Bradford anterior
spinal instrumentation, Harrington rods & Lu-
que rods % Zielke instrumentation 5] ¢lt},
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