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ABSTRACT

Dysfunction of the anterior and dorsal muscles of the trunk have been studied in relation to low
back pain of many years. Many muscles of the trunk are capable of contributing to the stabilization
and protection of the lumbar spine, recent evidence has suggested that transversus abdominis may be
critically involved and has been the focus of rehabilitation. The delay in onset of contraction of trunk
muscles associated with movement of the upper or lower limb in patients with low back pain indicates
a significant deficit in the automatic motor command for control of disturbance to the spine. The
function of transversus abdominis has been largely ignored in the evaluation of spinal stabilization and
protection. The most essential stabilizing muscles for the lumbar column are the transversus abdominis
and the multifidus., v

Sling exercise therapy(SET) concept consists of a system of diagnosis and treatment. The system
of diagnosis involves testing the muscle’s tolerance through progressive loading in open and close

kinetic chains. The SET system contains elements such as relaxation, increasing the range of
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movement, traction, training the stabilizing musculature, sensorimotor exercises, training in open and

close kinetic chains, dynamic training of the mobilizing musculature, cardiovasc+ular exercises, group

exercise, personal exercise at home. Sensorimotor training is an essential element of the SET concept.

The emphasis is on closed kinetic chain exercises on an unstable surface, thereby achieving optimum

stimulation of the sensorimotor apparatus.

Key Words : Low back pain, Stabilization, Exercise, Sling Exercise Therapy.
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3 o) "ojAm, ¥ FA(center of force)o] FHO
2 o] ojFHoA Aok A

AolA A7 o] BEYE0] 288 dodE
AAAA o d ol d EAEC] 2522 s

TYTE PPAAE I Ea A4} Yk

CH(global) 2 £(local) 2=

1. HZ=

N H &35 FES YAH 2R F3tE o
AE AAd @2 PRI 2% Ay
(multisegmental) Z-§o]2t & 5 YT, Fol 7HiAI=
Yol FAL EAE = 59 94 3l 0
& 23S FAsted Feste I5E0lIth 718

A F3he Wl U §3 Aol g, o
FYHE Bol FFIHL Ak hT R St

= =

2gAE A3 /YT YEAD, ABAZ, 23
L

.

[e]

“

, 2HEE T2 2] o, e 8
gt v T2 4L s dIFod

(Magee, 1999; Bergmark, 1989).

2
2ZHEL FEH A(intersegmental) ZEEZ B
28E0] H2aA 7N st AR BAH

| 2252 239 232 fA%E, 339

£
[

= 2t fFAsle 28 4TS

ot &2ZF S3te IFAE thE Hmulifidus)
flone
i

=
=

o

interspinalis), & E-7FX(intertransversus)©|

A THMagee, 1999; Bergmark, 1989).
259 7lsx 28

1. ANRAIZ

R A 22 A Heonic muscesyol®] A3 94
7 skob 4 S4BT, 55 Aol malnh &
F92 2ovl W2/t F PAHA YT T2 A
2 FASE T3 F2 DAY 32 T B
(o joing) 2%0] BOH, ol7t Lol w
(lghtnes)o] WAHE SHL HAKE 1. 5 32
A byperoniye AOA A% 2GHE ofrl @,
Y §HOE 53 WA AAA T ostural
holding) 842 Aot LAFYe] WA B
Agol gt A2SL WF/1PIH 29EL, o]
P TERCEERE £

o] At

2. =2(phasic)

&322 AT GX7} Fol AN AsiA
v & Aol odith £33 AI7HE nj ¢ waw,
FEYT g I WE $YL 9o £+ 4l

- 27 -



& 259 FY(ecruitment)o] & o] FA|H,
Y #A(one joint) THEC] hF-E-olch Fofrt &
A 270 FF(hypotonia), LSS Yoz 2
AT 4A A F 01T &2 AFse 2
SolE YT 252 252 127 24 U2

23 25 To) YUrhMagee, 1999).

A7) A% wEe AT Ak

1. S2ZHeH(intraabdominal pressure)

Eag 3739 g8 37 Z9A(pelvic floon) 255
o] FAo| %% 3 HY E4uel ¢Eol A%
& B2E @ gk oy

TFAds FRI THELS JEIH YEAL,
2 opdl &
&€ W& o o go] F7tH, ojuf H3 o 7}3)
= ek 3} AT shear forceys £ FA Pk

N

-+

2 F olry

A3 Fface) A FHGE Wt FEHY 3
= Z7Ninterspinous) 1He} =Hsupraspinous) <ITH
= %98 Auithoracolumbar fascia)3} $HA| 2 3o
HlAE 22 2EHAY 24-55%S FIIT °]
E QUELS B3 & et e geEd
FAE 7 e APA-717 A A (prestressed beam) 2
LS 3, F2 T A AFS Gk

i

3. 2% Z9(thoracolumbar fascia)
EIo F2 For Zue AN,

290 1A 8-Z3F & 7Hantiflexion effect)?}
BAEY, 2&o 3 AP 2EHAE ¢
30% 7HAA AF 7149 H ZHexpansion)S A
Fig-id=

~
>0
™
r
0
1o
e

3484 4=(co-contraction)
ZHEY Y 5 A &
o] WA Q Aotk EF23 HAZL A7t
< HA3) 1YL 9
2rgatn, Fukg 71g0)x

FE o]FoiA
o] HABA 2 Lstability synergists) O 2 E-F 5] 0]
Atk JF71HIL FF A2 F ASF 289

4318 A5 liocostalis) 3 & AZ(longissimus) 2. 2
ojfoA Ut &N HAAI L JFE FWer 7
A FE Aol 4oy, 8F A53E {FEH
op7HA 2 Zgste] Bl o3 A" =l
3 AFE FHOE FANIIE 929 75e
Bz o) 27t 28 23 EAE 427
Ale] HEZ AZH de HF AHIY AT
H(endurance) > FHET T FIHTUL T
Kollmitzer $(2000)2 17§92 28 AAZ
3t ¥ T2 343 ¥ =290 AHE
A3 FYd A= IS LT 74,
o8 73t FH e & A AAY Aol o o
BAHY, 48 FEATAAME ZolE BolA Futt
I A, 85 e A MR 9] FstE oY
7] 18 AY FA Q0 A2 P FES
HIEA] EA A Sty ZFES A

2

- 28 -



obxis} # P(stabilization training)

orxfslel Iy

Magee(1999)= PR3] i H & Algo] 9
A Ee FoFoz A-gAY & T v
 2HYE 2AE F e FHolHT TE o
t}h.

2 39] A8t Al 7EA] Al R A Al (subsystem) 2
"ot & 55 AH5-A Al(passive subsystem)2} 5
F A F-A) Al(active subsystem) 123 AZAA M HA|
Al(neural subsystem)©] THPanjabi, 1992). & A £
Ae B8 Gner) 23 F FF Wy 34, 3704,
Aoy, FAG T & A9 93] o]FolX = ¢t
e guistn, Y A Y(neutral zone)oll A9} St

Hmm

?.

3‘“’“3 7‘011-[*3’_
AA= A ATKstiffness)S Z7HA7) =6 2

9] U SFFHMVO 25% 132 A
3 2N Aok Y 3 FFRA HAF
Zd(hypomobility)o] A& ® F9] FHolE B 24
o7 Fg 22U Fd)-2F A (hypermobility)
o WAR. oleie FALTHoIF e} AEL
Z A M2 E T&o] A3 2ARA F3A 2
o £ A(instabilicy)o] A ETH AAA HEA
AL 3UAAS} THEEDANT 93 74
250) AFFA A& W Aok LFNAL

i
£ I‘

733}71] en} 013161 471”‘
I 259 733 (stiffness) S 3u)

e “’F%
(autogenic) A1 ¥
AE F7MIG
O}X’]ﬁ}. 05_04 EJQ.Q_ .:l..,?‘.j_]. %Z}O‘J Z}(é .‘*:.1‘:5’
< FEAF17] A% Ao, Al 2% A A
g IFAA F3W ol =AU Aol Al
A7 &utE A Y(alignmenty 43t H A3}
7] 8- B3E < &F ZZkinesthesic sense)©]
2319, o] &5 A7 AP I 17
T BHe £xHo| e A5 LI FE Y
7t A9 93 A FFE P hMaffeyward F,
1996). Bt 2% A ARE 4 do] oflH,
A8H ¢F FTEL I A EAFS EF¥S
MAstes W3R o]Fojz|of Fri(Johansen 5,
1995).
O'Sullivan §(197)2 HFEFH 52 4A
AL AT 4479 ] 25 ¢SS Yt
2 9% B3} 5 EHE drSich d¥Eee

0% ¢ 93354 4U29 43 £5E A

HEE A)

-Ll

A% 5 Sl fold 2718 B3

Z&! X|tH(neutral zone)

FTH ANE ATt 5 H(passive)Ql
3 AFEHE B2t vi¢ A 33 FAE F
g o HF Alo]o| A §E(intervertebral motion)] &
Ut FHE wachPanjabi, 1992). o] ¥
F71 RS FASeH YRR v 28

20 9

- 29 -



LOAD

Range of Motion _ Flexion

Neutral Z‘one 8

1
DISPLACEMENT

Extension

a8 3. &8 Xich(resting zone)

F9ejtkad .

o] o] Tt HFRY &oy 2 o
St dod 4 qlon, ojs} v 2 A3 B
#2502 Q3 o|E & gtk o] XY= =
Fosteophyte) FA oW & 1A == I 7
SHE 53l AElgtAl &5 AwS dod & gtk
Ao AH FAH YE Aol T FEC] FH
Ad Yol A 2-9] AL S fAS=E M 2
&L 433}3 QI THCrisco®} Panjabi, 1990). Wilke
51999 &3 4-5% ¥AHo] T AdolA ¢A
g fFASH= 23 014 ¥EE i 99

3l oz sk

2% osll Z28 H¥2 = 28

GE3E A3 AR AAF dd £HT
(intersegmental) ZHolgt & 4 YW, SELNIZE
FEEE g A gk o] 28EY Aot &

7] o ¥-g AZHreaction time)o] vl W2,

2 HFE 3o 2 I H(ocking XA FOLZA Al
A B

259 o3 AL 479 23S

% Y SKneutralize) A7)0 T8 Fob 2% &4
Al 2] Z9F 0] o ¢ w2 A FAYE o). Hides
(1996 2.5 FA A thE29] F3les A2
AAHA Af7E oA ey o, F
4 259 7 90%2 Bx7} 235 Ul AAF
240] dojuhrt, ol gt #AEQ] 60-80%7} 13
ojuiell At =E] o]l t & FAET gtk

PEIZE A BE W2 53 FPS A
TE5E 4o B3 Az 2FYE doE
THE B0 UA £5E FHCresswell 5, 1994).
Hodges9} Richardson(1997)2 2% ZAto| Q= Al
Eol AR % A E wEA Ho)A S o 3
o] /M4 1A 58S dozon, 2% s
o] Aol A%} AE 23U o JEZo| 7t
WA FEA AT AT

e

2l Al=(open chain)®t 28l AES(close
chain) 25

SEY
9oz a9y paol wAE 4dz A% 8
o £5go] Yoluk A ofmjaie, w3 4
A AF Fa7k AR e AHE 2
o] $¥L F2 39 o A7Y BHS 24
2 AHg Rt 183 2859 N84 £ A
AL S QPRSI 2EE BF F
EHA Aol AL AT SFole ¥ FE gk

ool Wl B4l AlE $FL A9 Aol 1R

do

g Alg 2EolE &5°] dojve B
3
O

¢ Lo
T of

o

S
2

ot o

-3
si7} HalR AN ol RoiAE EolT &%
2 HAAH3) 127 FAF(concentration)sH A 3HA] @
o o] EEHE Ui/l R, 29, A+ Ashet
2225 273 A A A8 & Utk o) B

- 30 -



9. [o)
=z °
o] QHAA o] FAHT, £Fo] doju= FAH F
FE523 Ag2o] § B4 S (cocontraction) =
A T

A= A d2(shear forces)

e
849 54 2450 3t Ak 17,
weik )2 B Al $5E 4X B & flE A
4 A £5L o83 TAL SAY F o

€ 285 ¢ w2 £ AgdFor 27
2=
=2

A $EL W 08 S5 Ytk 18 O &
5 pajas AAHOE 27N AC gk,

Z12+-2= Z24(sensory-motor training)

8587 ZHproprioception) ] & Z&o) g 7, Q1

o, B¢ 22 g Re] EXH U= VIAA 7

id
ok
o
i.,{_'/
rir
-
jrtad
oX
2L
i
tjo
el
%
5
2

B

8
>

Garn, 1988). XF5&7H2H2 A7) 28U 7%

AA 7] A= ZA, AR
tH 2% 859 A
t} ol @ AT F
o] o|u] s} ANA BRE
old SJAMAA S A HX 1 AHE

< 53 I8 A9t HH@
A gk olefdt Ao HHF S A&
(sensorimotor control)©] 2} STHIY 2). 8F
$087% 522 245 PHoz 24

2 77+ A AKposition sense)7} FE AHEH

Ho

A3

ﬁ
o
e}
tlo

r

o
@
o
off
o
N r
2
it
X,
e
k3

of
oL Es{_:
i)
2

i
jﬂ‘.(i{o

e X P Ho an
> £
X ol

X

fr

Ho

o

i

ot
>,

p

o

A 4z ot N
-{]I do }"N
[V

lo

o, o] AP it ASE AR o]n] o]FoiH
91 tHBrumagne =, 1999). Newcomer S(2000)2 &
23 Bl 2577k A 7ke] olHe] ANY AA R
58S v ag dolM, 8520 v
257 vl 53] AA FFANA A go] {9
A o =4 Jebdth ol £%0] SiE #xlEl
IHFERLE A dde AS gulEd, F5
HoR HF FAd EFAEE o7l Bdt
(Ebenbichler =, 2001). 22222 QX FAo|A o]
e 25 2 FHE 85 A5 AL A
of w9 "5 24 T 4 gtk 2F X Fo
ol 3t Fio) Ht= Al I EoJ %o} FriLuoto F,
1998).
A7 AT A ZASES 7122 85 84
AgA 23 AE $5E 59 242 EFHS AL
e AL vl uzt e F2dels & & ok

F

re

ok} T12|(Weak link)

st 2@ AAT o4H 2HES W o83
of o HAE 54 & W oW # 259 20|

-3 -


MIN
스탬프


°l 71%€ 737 UF g3tdo] e dHd 2

+ %3 27 eAHUGE & F Y AL
Bl AA 1 7150 g PIAE ol o
3 22 & Follol 252 ANA F= ARE
djoF & Aotk

MAH| A7H-FE 71H(self-locking
mechanism)

% B SAAE 2 form] 2 B
2 Yool ST W7 7140] $YHOZ 48
o2 o|ojat. 721 AYE BFo| AE el
28 9= £¢ 724 Fu 99 0|70, T
A 98 FAE A% 1Y2H HED, fHolF2
293 e A8 o8 olFol AT LRy

o] Mutzte] Z7tE HF2] HZHautation)o] Lo
W H3, A3 AgsAe ) X A Z(long dorsal
sacroiliac) QU 9HE A &5ty B E FulR o] Qg &
o] AFHAA Bt PHHE QFF7H AR 5
Al AR °]EH0] B3 31A F}. Vieeminge
A dell Z2H-A-2HLE AA= = €%0ling)°l
A= AE F oa}ﬁ’&t}- A& I8-0-2% €
(longitudinal muscle-tendon-fascia sling)S T ¥ o] 5
7 A A A (sacrotuberal) 1t 18X 3P 7]Y o]
A2 dAZs=el gy, B FoF I
(thoracolumbear fascia), thE 0] A2 AAEHE A4

S-A-29 & Y(oblique muscle-tendon-fascia sling)
°] M2 AFH 7l5g e Aot oH@
Vieeming®] 70'd-S o] 43 8% <At &5 A&
god B aAAY Aot o & & F
-3 HZ T2 AA6A FHkE Y2 £ %E]
5 T 9 550 ZNHE A F &
2 &9 A=Y e ZE Fot der B

ot FW e

mio
X

==
Ix
oF

tlo
ot do rir

rlr

ke

$ 77 B UE B0e A2 LA 2o ol
G HA ISAE T AT RE B 5 9
Roltt. AL F2o] HEH A 3ol
832 SAAE PPN ALl 2
ROV A AR
AN &2 °]3‘]§} & P (muscles sling)©]
g 3jo] 230] YA PAATNE ohe KA

[+]
el $FojkKirkesola, 2001).

tlo

&2 235 x| &(Sling Exercise Therapy)

€82 o188 &5 AEE MEL 7] ofY
o A AA 22 A A fHoll Loprpuizt o
A3HAAM 29 ofste] B4 Hol& o] S A
25p7) A o r £FEEAES €98 o
g 857t AMSE )R] 7] Attt o] A8
=99 §<&(Thomsen) X8 F=59] A&d-2v)
2(Gutherie-Smith) 5ol ¢j3] LA oH ) o] &7
Ago B F£FolM 58 1 42 F A= A
54 8% & FYHE AAT ™= 2714 A5
S5E AR F Atk AEA FHE AGA
Aol d = JAF 3 AEHolFL & F Utk 1
F Aoluh7}t AlgRRA] 7] Al ZEHHA o] &8 XE
T AAZE TR 1990 24 0)8] EA R
ALet SJALE O o] thA] AFHT A8 7IHE]
Marslo)x]7] AFE e, dAl H MAHeE
AL BolT U= ¢HA Kstabilization) 59 7
‘€3'4’ HA EFAE O|EES HEIA ARE &

g9 3 TPz AYE FA HAdk
—% +5 X S(sling exercise therapy)T= 5 5(active)

.32 -



SEHolE AstE Aol 7 AAd wHol 2 A
ojtt. daAl $-27t Y32 U= EEXEIIHES
R o] FFH(passive) FHoleh FolA o
3L o8 SFARE 1 vt AT & F
9l thKirkesola, 2001). 53 A g&Holgtr & 4
£ #8715 %(oint mobilization)] 0] &% A% A
57198 AN =d B2 7148 ¢ Zdd 2
&l E(Freddy Kaltenborn)= ©] €% &5 A&7} ¥
A5 Fopoll MFX T &A Bl 2 &
AT g v Qi A o] HIHLE FHE F
o2 wAse] 92 Ul Y& 18X el F
o2 WE £22 AT k.

2 2 A= &Y

£¥E o4d &F ABIAME ‘=89 &
(helping hand) Y2]"7} H49 & ek @A & &
A FALE ] EA e BEAE A g3} A3 FAL
AR} B2 5& £02 B3 AEE AAE 9
th AA 2 B BAE FAL 849 B 1

A7 AE FAE F8t] I 799 dHE
At A doE A2 o FSolHAM o
g oA g st AoldE FESdE ve B
Aol ot €8 ol&3te] ARG AL B g
AAG FHE A9 F2 FAFA ey o
B ARE dofd F JAETHE AL BA.

€% ¥ ABAME EA9 A AAH
22 Fopls gEY FH & T JAdE 5 3
ok ool AR v & F3 LEl(weak link)E
I A 5 2 AE 25 B3 Fohly,
HAY A8 Foll %3} 287} o FA Wsts )R]

7V B3 @A A g Add. g8
[ FG LS T3l gohd EAMLS 3H

re

""‘Olm

3 &5 HHE FAIA AT o 5 W
HEL AFE ZEIPOZ ey glo] FaX
FAFEOl 4A ©] 48 & A Hol Aok

B B EAEREH 5 e ol
< #AE O 7 AWLE JAXE A& 5E
g J=E /MY FH ZE2I3(home training
program)& A|F3j oF gt A A= o] T
€% 5 A=57F gt 3, AP, 739,
Aotz 12X k913, FrlelAs, A% 25t
a8 YuRIES A%E A7) A% I EY
2 FAPHOE HEHo AL Yok

20
7H5 J(mobility) X]F 9} A1 (streeching), Z2-EF
FA 123 389 IS &F, <Y A3 &7,

Z 7 Jofof 3tk €8 5 AFAA AHEE F
AE XNE £33 M3 242 E, dAHOE &8
< g AY F @5 H(hanging point)2] H3}7}
Ak A5 olFS Tl EFol ol -9
o B3E Y F 3oH 58 FE Y =H &
g 52 3= ¢ ERXEA VM FE B
A& (manual resistance)’= Ui-¢- T A QL Q2 Lolm,
oA AHE3E E(operS BHA 0] e ©Y
W E(elastic cords)®] o] &% 7V, Fol AdS
F& FAeighs)E 2ot & YT Aok T2
+E2 e AEY Zolg s F& A
(ever) Y] 8} S0l vl 23 A& 258 AT
A7t €8 Abg &5S AAEET gEME

-33-



81 A (Suspension point) L= F°l vl F2 ARE g &5 3
WE a4 o= HeH 27 st A FHAe Ao o] 5ol oy
] ] o S 7ol e FHE FEE 5 gl
o2 7k e o] 5ol U 5 AT, 7 dF
Ao mt &5 a3E gt A5FS 94
o] dolx &5 &) JFS vk £9 Fol=
+50l dolv= A2 #A JHsiAE 4Fe
W3t 7MLt 8442 & A3, T vS
53 2 S 9% A5, 59 g3
E FEE™HIE 3, 19 9.

% A5 (axial P 0] E5°] doly= B2
HE 2 U= FHE ojule g3 Y] 4
At 722 wgo g dojuy, 50 dojy= ¢
Z oA BF 8o e B4 Yo 3
ol & oF7he] qhuto] et 55 d4 3 (cranial
SPE o1& 1 52 ES(covend ZEE 17
o dojdtt HF &5 A AAHRE Eoke o #
S2lo| SN e MAsiy £ 3t7F Adot. dAd = ¢t 237 oy 350

BAEE ALos AHLER] ) u]E @5

%8 9] &4 (suspension point. SP)O) T ¢l A 1) (caudal SP)2 2 E{concave)3t &= AZE /A, &
S slele Wo R BE Ao] ez A%

ANE EolE e A9AH FHdE A

& 5% (Suspension point) (decompression) A 37} dojdth £Fo] Yojye
B 75 @53 o4 R oz ¢
% @5 A(lateral SPYE Aol Y& 3 vy
2 £F01H & W Aol YA, Yo Yo
UE A2E AMS 230 WS 85 3 (medial SP)
< S AT VAR A5y 3 oA
e o o] WA, &5 AZ L b ke
APARS wt dojdth FH B4 H(neural SPRE
P A AR st & o AHdete
o2 T 49 nF dFFE o)Ltk ojn
FAWFO R YrH 3d, &5 253

.1..0,.,40

N

et ol
rlo - d

N



mopo g Yojut BHAE Ut AP AT
JojuA] ghent.

WA 2¥E oSN A BAE 1Y 5% 2
AAE A Bk 1 TS B &

9298 H92 WA E5A Bk
AQEFHE A7) 93 et B
o] & AEZ T 92 5o} Lot

i3

I'F!

of lr
rl‘iiﬁ

ok3k
g5 R

0]
4z
ro
0z
o
Mo
0

i

fo ™
—u
i
2
o
RIS
4 =
X
N
do
o 2
o
rH
K9
M
rH
tlo
[o off
>,

e ko
)y
il
My o ru
o
ok
2,
N
e
Ho
[

o e
d
]
=
Ty
2
tfo

offt
L
o
B
g
2

)
= o

o

=S )
fgg I
fo i fo Ao

)
lo
il
re o
lo
i
tlo ©

2
o
X
M
i}
N
L
Ho
ol

@A AFE S0k HD2, 4205 EHE o
Bo] €& F Atk +Fol AY9AE AA =
€% FAE AR L FOE o|FAIIY FaFS
F7HE F Utk o] EFNA Vieemingd] 25

MEE 013 FE Atk § FEE &7 ¥
L spes e L & o= 9

$EE AASE F O 4 252 8 5 W

ay =

oX

il ol
4

2

e o

Mt lo
£

- 35 -



[

B 2 2F A¥3 28

Ho

o 3R 2/ 5\’4_ JEZ o] Foj Ao} gt} ol

@X}h o] &3t g 72 Ao £59
oA 2327 M FE o AA3) A=

E°]~9-‘3]' ol g #F & 109 HHEd) o] &5

Mg APL o 714 2 ZA

Al g do AAE FEY 94

Feog °153ﬂ 7“3]' Z d5H9 9

—v—'

[ T—_)
it
R0
o
&
o

£ e o _Q.
H1
it
! IN

39 8& oF 7% SERV MR A T on ama 9%e %%1% °l%6}°4 =R IEE
a Aotel g ZAAQ $F1 A F A% 21 exe @ % A @A AQ TdolTh £
S AN G2 BN FROZ AN E vz A7 28 W7 A8 BAE NS WF

%°1% ol EolTE 2R O, WA ME AL gjof Aol B} AFIEL WY +53 5
2 9ol 5T dIE olge 298 3 oml IPAE FIeAE ¥ £TLE L

SHABNI|Z BE FOE JhE Ko] Wigdrt TEAA71E0] AsH Y. oy AZR-S
ol 37t AZ AAAY F2 2 FXE ¢ = 14_2_ Eo] 27 o] £7o] g7 st 5727 1.

i=]

- 36 -



“*3}3 F4¢ 108 WETE £Fol AAAE &

B2 AE U HEZRE AFste HA EEL
B
©2 vjgot ¥aFH 2P & P dol=E 37
Ao

b nd

dE

2FE A7) AA F2A SHH AL §8 1
I7 874 2902 B4 49 Agd =29
of itk AWH BAZA AAT QAT £
3 AH 2R 197 &4 dud BAY 294 &
o) 7ha ZHA oA Wtolz} & & 9L Re)

A Y Ao HH FFAHA e Allocal) ZF
o] 39| A “(Stabxhty)— ‘é““ﬁ}‘“ ¢ F2
228e IAE] B2 AFES 58 WA
JeH, o] ZKES iJrJSLE 733kA1717] 9
Eo] dFHAT Atk €9 &F A
(sling exercise therapy)v— fgdd e &S 0] 83)
Hi ALLEFS O s I AERH &
THAFEY —"‘-*‘01177}11 I FgAe] vl
< 7HAZ o, A7t FF5 Hive) 22 A 50l
FA& A E F de Il 2F FAEA
IHFERge) 48 715 " 59 AE
4 el v ¢ F23 Bl L5 F2 9l
L3 AY Bt AW AT A &
T2 77}-2F(sensorimotor) FHE 7HssHA & F
At olHF X5l 7 HA &9 &
T A8 T F A& Aotk E =FAME oY
g st &5 el £YelingS 0] &F &

S 53t & 9 B2 A8 7H54E AAE

2 A =H A

o mlﬂ

ke

et
o
b

J

a2

2 43

Hd

|

Bergmark A. Stability of the Lumbar Spine. A study
engineering. Acta  Orthopaedica
Scandinavica Supplementum 23(6): 20-24. 1989.

in  mechanical

Brumagne S, Lysens R, Spacpen A. Lumbosacral
position sense during pelvic tilting in men and women
without low back pain: test development and reliability
assessment. J Orthop Sports Phys Ther 29(6): 345-351,
1999.

Cooper RG, Forbes W, Jayson MIV. Radiographic
demonstration of paraspinal muscle wasting in patients
with chronic low back pain. Br J Rheumatol 31: 389-3%4,
1992.

Cresswell AG, Oddsson L, Yhorstensson A. The
influence of sudden perturbations on trunk muscle activity
and intra-abdominal pressure while standing. Exp Brain .
Res 98:336-341, 1994.

Crisco JJ Il Panjabi MM. Postural biomechanical
stability and gross muscular architecture the spine. In:
Winters JM, Woo SL-Y eds. Multiple Muscle Systems,
Springer-Verlag, New York ch 26 p438-450, 1990.

Ebenbichler GR, E Oddsson LI, Kollmitzer J, et al.
Sensory-motor control of the lower back: implications for
rehabilitation. Med Sci Sports Exerc 33(11): 1889-1898,
2001.

Field E, Abdelmoty E. The effect of back injury and
load on ability to replicate a novel posture. J Back
Musculoskel Rehab 3: 199-207, 1997.

Gill KP, Callaghan MJ. The measurement of lumbar
proprioception in  individuals with and without
low-back-pain. Spine 3: 371-377, 1998.

Grabiner MD, Koh TJ, el Ghazawi A. Decoupling of

- 37 -



bilateral paraspinal excitation in subjects with low back
pain. Spine 17(10): 1219-1223, 1992.

Hides JA, Richardson CA, Jull GA. Multifidus Muscle
recovery is not automatic after resolution of acute,
first-episode low back pain. Spine 21: 2763-2769, 1996.

Hides JA, Stokes MJ, Saide M, et al. Evidence of
lumbar multifidus wasting ipsilateral to symptoms in
patients with acute/subacute low back pain. Spine 19:
165-172, 1994.

Hodges PW/, Richardson CA. Contraction of the
abdominal muscles associated with movement of the lower
limb. Physical Therapy 77: 132-142, 1997.

Hodges PW, Richardson CA. Feedforward contraction
of transversus abdominis is not influenced by the direction
of arm movement. Exp Brain Res 114: 362-370, 1997.

Johansen F, Renvig L, Kryger P, et al. Exercises for
chronic low back pain: A clinical trial. J Orthop Sports
Phys Ther 2: 52-59, 1995.

Kirkesola G. Advanced musculo-skeletal course. The
s-e-t concept using the terapimaster system. Course book.
Norway, 2001.

Kishino ND, Mayer TG, Gatchel RJ, et al
Quantification of lumbar function. Part 4: Isometric and
isokinetic lifting simulation in normal subjects and
low-back dysfunction patients. Spine 10(10): 921-927,
1985.

Kollmitzer J, Ebenbichler GR, Sabo A, et al. Effects
of back extensor strength training versus balance training
on postural control. Med Sci Sports Exerc 32(10):
1770-1776, 2000.

Laasonen EM. Atrophy of sacrospinalis muscle groups
in patients with chronic diffusely radiating low back pain.
Neuroradiology 26: 9-13, 1984.

Lehto M, Hurme M, Alaranta H, et al. Connective
tissue changes of the multifidus muscle in patients with
lumbar disc herniation: An immunohistologic study of
collagen types I and III and fibrinonectin. Spine 14:
302-309, 1989.

Luoto S, Aalto H, Taimela S, et al. One-footed and
externally disturbed two-footed postural control in
patients with chronic low back pain and healthy control
subjects. A controlled study with follow-up. Spine 23(19):
2081-2089; discussion 2089-2090, 1998.

Maffeyward L, Jull G, Wellington L. Toward a clinical
test of lumbar spine kinesthesia. J Orthop Sports Phys
Ther 6: 354-358, 1996.

Magee DJ. Instability and stabilization. Theory and
treatment. 2nd. Seminar Workbook, 1999.

Mayer TG, Smith SS, Keeley, et al. Quantification of
lumbar function. Part 2: Sagittal plane trunk strength in
chronic low back pain patients. Spine 10: 765-772, 1985.

Mayer TG, Smith SS, Kondraske G, et al
Quantification of lumbar function. Part 3: Preliminary
data on isokinetic torso rotation testing with myoelectric
spectral analysis in normal and low-back pain subjects.
Spine 10(10): 912-920, 1985.

Mayer TG, Vanharant H, Gatchel RJ, et al
Comparison of CT scan muscle measurements and
isokinetic trunk strength in postoperative patients. Spine
14: 33-1436, 1989.

Newcomer KL, Laskowski ER, Yu B, et al. Differences
in repositioning error among patients with low back pain
compared with control subjects. Spine 25(19): 2488-2493,
2000.

Nies N, Sinnot PL. Variations in balance and body
sway in middle aged adults. Spine 16(3):325-330, 1991.

- 38 -



Nordgren B, ScheileR, Linroth K. Evaluation and
prediction of back pain during military field service. Scand
J Rehabil 12: 1-7, 1980.

O‘Sullivan PB, Twomey LT, Allison GT: Evaluation
of specific stabilization exercise in the treatment of chronic
low-back-pain with radiologic diagnosis of spondylolysis
or spondylolisthesis. Spine 24: 2959-2967, 1997.

Panjabi M. The stabilizing system of the spine. Part
I: Function, dysfunction adaptation and enhancement.
Journal of Spinal Disorders 5: 383-389, 1992.

Panjabi M. The stabilizing system of the spine. Part
II: neutral zone and instability hypothesis. Journal of
Spinal Disorders 5: 390-397, 1992.

Parkhurst TM, Burnett CN. Injury and proprioception
in the lower back. J Orthop Sports Phys Ther 5: 282-295,
1994.

Snook S, Campanelli RA, Hart JW. A study of three

preventive approaches to low back injury. JOM 20:
478-481, 1978.

Taylor JR, Twomey LT. Physical therapy of the low
back. 3rd ed. Churchill Livingstone, pl. 2000.

Tertti MO, Salminen JJ, Paajanen HEK, et al. Low
back pain and disc degeneration in children. A case
control MR imaging study. Radiology 180: 503-507,
1991.

van Tulder MW, Koes BW, Bouter LM. Conservative
treatment of acute and chronic nonspecific low back pain.
A systematic review of randomized controlled trials of the
most common interventions. Spine 22(18): 2128-2156,
1997.

Wilke HJ, Wolf S, Claes LE, et al. Stability increase
of the lumbar spine with different muscle groups: a

biomechanical in vitro study. Spine 202: 192-198, 1995.

-39 -





